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MEANINGFUL USEMEANINGFUL USE



“Meaningful Use”

Health Information Technology for Economic and
Clinical Health (HITECH) Act
 Eligible health care professionals and hospitals can

qualify for Medicare and Medicaid incentive payments
when they adopt certified EHR technology and use it to
achieve specified objectivesachieve specified objectives

Two sets of regulations
 Incentive Program for Electronic Health Records

Medicare and Medicaid Services (CMS)

 Standards and Certification Criteria for Electronic
Health Records
Office of the National Coordinator (ONC)
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Meaningful Use stages
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Continue/enhance standards work in response to U.S.Continue/enhance standards work in response to U.S.
government priorities and feedback from “real” usegovernment priorities and feedback from “real” use

NLM’S LONG RANGE PLAN 2006NLM’S LONG RANGE PLAN 2006--1616
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government priorities and feedback from “real” usegovernment priorities and feedback from “real” use
in electronic health recordsin electronic health records

-- e.g., Unified Medical Language System (UMLS),e.g., Unified Medical Language System (UMLS), key clinicalkey clinical
terminologies (SNOMED CT, LOINC,terminologies (SNOMED CT, LOINC, RxNormRxNorm))



STANDARD VOCABULARIESSTANDARD VOCABULARIES

(Biomedical terminologies(Biomedical terminologies(Biomedical terminologies(Biomedical terminologies
and ontologies)and ontologies)



London Bills of Mortality



Many biomedical terminologies

 Diagnoses / Diseases / Conditions
International classification of diseases (ICD)

SNOMED CT

 Procedures
Current Procedural terminology (CPT)Current Procedural terminology (CPT)

ICD10-PCS

SNOMED CT

 Drugs
RxNorm

 Laboratory tests
LOINC
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Standard vocabularies for Meaningful Use

 Diagnoses / Diseases / Conditions
International classification of diseases (ICD)

SNOMED CT

 Procedures
Current Procedural terminology (CPT)Current Procedural terminology (CPT)

ICD10-PCS

SNOMED CT

 Drugs
RxNorm

 Laboratory tests
LOINC
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SNOMED Clinical TermsSNOMED Clinical TermsSNOMED Clinical TermsSNOMED Clinical Terms



SNOMED CTSNOMED CT Characteristics (1)Characteristics (1)

Current version: January 31, 2013 (2 annualCurrent version: January 31, 2013 (2 annual
releases)releases)

Type: Reference terminology / ontologyType: Reference terminology / ontology

Domain: Clinical medicineDomain: Clinical medicine

Developer: IHTSDODeveloper: IHTSDO
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Developer: IHTSDODeveloper: IHTSDO

 Funding: IHTSDOFunding: IHTSDO

AvailabilityAvailability
 Publicly available: Yes* (in member countries)Publicly available: Yes* (in member countries)

 Repositories: UMLSRepositories: UMLS

URL:URL: http://www.ihtsdo.org/http://www.ihtsdo.org/



SNOMED CTSNOMED CT Characteristics (2)Characteristics (2)

Number ofNumber of

 Concepts: ~300,000 active concepts (Jan. 31, 2013)Concepts: ~300,000 active concepts (Jan. 31, 2013)

 Terms: ~1.1M active “descriptions”Terms: ~1.1M active “descriptions”

Major organizing principles:Major organizing principles:
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 Utility for clinical medicine (e.g.,Utility for clinical medicine (e.g., assertionalassertional ++
definitional knowledge)definitional knowledge)

 Model of meaning (incomplete)Model of meaning (incomplete)

 Rich set of associative relationshipsRich set of associative relationships

 Small proportion of defined concepts (many primitives)Small proportion of defined concepts (many primitives)

 Formalism: Description logics (EL++)Formalism: Description logics (EL++)



SNOMED CTSNOMED CT Top levelTop level
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SNOMED CTSNOMED CT ExampleExample
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RxNormRxNormRxNormRxNorm



RxNormRxNorm Characteristics (1)Characteristics (1)

Current version: April 1, 2012 (monthly releases)Current version: April 1, 2012 (monthly releases)

Type: Controlled terminologyType: Controlled terminology

Domain: Drug namesDomain: Drug names

Developer: NLMDeveloper: NLM
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Developer: NLMDeveloper: NLM

 Funding: NLMFunding: NLM

AvailabilityAvailability

 Publicly available: Yes*Publicly available: Yes*

 Repositories: UMLSRepositories: UMLS

URL:URL: http://www.nlm.nih.gov/research/umls/rxnorm/http://www.nlm.nih.gov/research/umls/rxnorm/



RxNormRxNorm Characteristics (2)Characteristics (2)

Number ofNumber of
 Concepts: 213,500 drug entities (April 2013)Concepts: 213,500 drug entities (April 2013)

 Terms: ~1.3 term per conceptTerms: ~1.3 term per concept

Major organizing principles:Major organizing principles:
 Generic vs. brandGeneric vs. brand
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 Generic vs. brandGeneric vs. brand

 Combinations of Ingredient / Form / DoseCombinations of Ingredient / Form / Dose

 No hierarchical structureNo hierarchical structure

 Links to all major US drug information sourcesLinks to all major US drug information sources

 No clinical informationNo clinical information

 Formalism: UMLS RRF formatFormalism: UMLS RRF format



RxNormRxNorm NormalizedNormalized formform

IngredientStrength

Strength

4mg/ml

Ingredient

Fluoxetine

Dose form

Oral Solution

Semantic clinical drug component
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Dose formIngredient

IngredientStrength Dose form

Semantic clinical drug component

Semantic clinical drug

Semantic clinical drug form



Rx NormRx Norm GenericGeneric vs.vs. BrandBrand

 GenericGeneric
 IngredientIngredient

(IN)(IN)

 Clinical drug formClinical drug form
(SCDF)(SCDF)

 Clinical drug componentClinical drug component

 BrandBrand
 Brand nameBrand name

(BN)(BN)

 Branded drug formBranded drug form
(SBDF)(SBDF)

 Branded drug componentBranded drug component
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 Clinical drug componentClinical drug component
(SCDC)(SCDC)

 Clinical drugClinical drug
(SCD)(SCD)

 Branded drug componentBranded drug component
(SBDC)(SBDC)

 Branded drugBranded drug
(SBD)(SBD)

tradename_of



RxNormRxNorm RelationsRelations among drug entitiesamong drug entities
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Logical Observation Identifiers,Logical Observation Identifiers,Logical Observation Identifiers,Logical Observation Identifiers,
Names and Codes (LOINC)Names and Codes (LOINC)



LOINCLOINC Characteristics (1)Characteristics (1)

Current version: 2.42 (Dec. 2012)Current version: 2.42 (Dec. 2012)

Type: Controlled terminology*Type: Controlled terminology*

Domain: Laboratory and clinical observationsDomain: Laboratory and clinical observations

Developer:Developer: RegenstriefRegenstrief InstituteInstitute
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Developer:Developer: RegenstriefRegenstrief InstituteInstitute

 Funding: NLMFunding: NLM

AvailabilityAvailability

 Publicly available: YesPublicly available: Yes

 Repositories: UMLSRepositories: UMLS

 URL:URL: www.regenstrief.org/loinc/loinc.htmwww.regenstrief.org/loinc/loinc.htm



LOINCLOINC Characteristics (2)Characteristics (2)

 Number ofNumber of
 Concepts: ~70k active codes (2.42)Concepts: ~70k active codes (2.42)

(2 annual releases)(2 annual releases)
 Terms: n/a*Terms: n/a*

 Major organizing principles:Major organizing principles:
 No hierarchical structure among the main codesNo hierarchical structure among the main codes
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 No hierarchical structure among the main codesNo hierarchical structure among the main codes
 6 axes6 axes

 Component (analyte [+ challenge] [+ adjustments])Component (analyte [+ challenge] [+ adjustments])
 PropertyProperty
 TimingTiming
 SystemSystem
 ScaleScale
 [Method][Method]

 Formalism: “DLFormalism: “DL--like”like”



LOINCLOINC ExampleExample

 Sodium:SCnc:­Pt:SerSodium:SCnc:­Pt:Ser//Plas:QnPlas:Qn
[the molar concentration of sodium is measured in[the molar concentration of sodium is measured in
the plasma (or serum), with quantitative result]the plasma (or serum), with quantitative result]

Axis Value
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Axis Value

Component Sodium

Property SCnc – Substance Concen­tration (per volume)

Timing Pt – Point in time (Random)

System Ser/Plas – Serum or Plasma

Scale Qn – Quantitative

Method --



QUALITY ASSURANCE OFQUALITY ASSURANCE OF
STANDARD VOCABULARIESSTANDARD VOCABULARIES



Analytical framework for QA researchAnalytical framework for QA research

 Special issue of JBI on “Auditing terminologies”Special issue of JBI on “Auditing terminologies”

Zhu et al. JBI 2009 review articleZhu et al. JBI 2009 review article

Analytical frameworkAnalytical framework

 What is analyzedWhat is analyzed
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 What is analyzedWhat is analyzed

 Which source of knowledgeWhich source of knowledge

 Which methodWhich method

Zhu, X., J.W. Fan, D.M. Baorto, C. Weng, and J.J. Cimino, A review of
auditing methods applied to the content of controlled biomedical

terminologies. J Biomed Inform, 2009. 42(3): p. 413-25.



What is analyzedWhat is analyzed

Term/conceptTerm/concept

 Coverage (missing terms/concepts)Coverage (missing terms/concepts)

 Wrong synonymy relationWrong synonymy relation

 Redundant conceptsRedundant concepts

RelationRelation
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RelationRelation

 Missing relationsMissing relations

 Inaccurate relationsInaccurate relations

CategorizationCategorization

 Wrong categorizationWrong categorization



Which source of knowledgeWhich source of knowledge

 IntrinsicIntrinsic –– the terminology itselfthe terminology itself

 Terms/ConceptsTerms/Concepts

 RelationsRelations

 CategorizationCategorization

ExtrinsicExtrinsic –– external resourcesexternal resources
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ExtrinsicExtrinsic –– external resourcesexternal resources

 CorpusCorpus
 Text corpusText corpus –– identify terms in textidentify terms in text

 Annotation corpusAnnotation corpus –– identify relations from coidentify relations from co--occurring termsoccurring terms

 MappingMapping



Which methodWhich method Main categoriesMain categories

LexicalLexical

 Properties of the termProperties of the term

 StructuralStructural

 Properties of theProperties of the organizaorganiza--
tionaltional structure (relations)structure (relations)

Ischemic enteritis

Acute Ischemic enteritis
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tionaltional structure (relations)structure (relations)

 SemanticSemantic

 Semantic properties of theSemantic properties of the
concept (semantic type)concept (semantic type)

 StatisticalStatistical

 Associations among entitiesAssociations among entities

Chronic Ischemic enteritis

Acute Ischemic enteritis

Modifier Head



Which methodWhich method Main categoriesMain categories

LexicalLexical

 Properties of the termProperties of the term

 StructuralStructural

 Properties of theProperties of the organizaorganiza--
tionaltional structure (relations)structure (relations)

Endocrine system diseasesEndocrine system diseases

Adrenal gland diseasesAdrenal gland diseases

DiseaseDisease
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tionaltional structure (relations)structure (relations)

 SemanticSemantic

 Semantic properties of theSemantic properties of the
concept (semantic type)concept (semantic type)

 StatisticalStatistical

 Associations among entitiesAssociations among entities

Adrenal gland diseasesAdrenal gland diseases

Adrenal cortexAdrenal cortex
diseasesdiseases

Adrenal glandAdrenal gland
hypofunctionhypofunction

Adrenal cortical hypofunctionAdrenal cortical hypofunction

Addison’s DiseaseAddison’s Disease



Which methodWhich method Main categoriesMain categories

LexicalLexical

 Properties of the termProperties of the term

 StructuralStructural

 Properties of theProperties of the organizaorganiza--
tionaltional structure (relations)structure (relations)

Disease or Syndrome

Body Part, Organ,
or Organ Component

location of

Semantic Network
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tionaltional structure (relations)structure (relations)

 SemanticSemantic

 Semantic properties of theSemantic properties of the
concept (semantic type)concept (semantic type)

 StatisticalStatistical

 Associations among entitiesAssociations among entities

Metathesaurus

Adrenal
Cortex

Adrenal
Cortical

hypofunction

location of



Which methodWhich method Main categoriesMain categories

LexicalLexical

 Properties of the termProperties of the term

 StructuralStructural

 Properties of theProperties of the organizaorganiza--
tionaltional structure (relations)structure (relations)

gene1 – term1

gene1 – term2

gene2 – term1

gene2 – term2

gene3 – term1

gene3 – term3
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tionaltional structure (relations)structure (relations)

 SemanticSemantic

 Semantic properties of theSemantic properties of the
concept (semantic type)concept (semantic type)

 StatisticalStatistical

 Associations among entitiesAssociations among entities

gene3 – term3

term3

term1

term2



Which methodWhich method Additional methodsAdditional methods

Compliance with ontologicalCompliance with ontological
principlesprinciples

 Operational definitionsOperational definitions

ComparativeComparative

Lister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical Communications 37

 Comparisons betweenComparisons between
ontologiesontologies (mapping)(mapping)

TransformativeTransformative

 Representation formalismRepresentation formalism

Use in an applicationUse in an application

“Each concept, except for the
root, must have (at least) one

parent concept”



Which methodWhich method Additional methodsAdditional methods

Compliance with ontologicalCompliance with ontological
principlesprinciples

 Operational definitionsOperational definitions

ComparativeComparative
MedDRA SNOMED CT
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 Comparisons betweenComparisons between
ontologiesontologies (mapping)(mapping)

TransformativeTransformative

 Representation formalismRepresentation formalism

Use in an applicationUse in an application



Which methodWhich method Additional methodsAdditional methods

Compliance with ontologicalCompliance with ontological
principlesprinciples

 Operational definitionsOperational definitions

ComparativeComparative
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 Comparisons betweenComparisons between
ontologiesontologies (mapping)(mapping)

TransformativeTransformative

 Representation formalismRepresentation formalism

Use in an applicationUse in an application



Which methodWhich method Additional methodsAdditional methods

Compliance with ontologicalCompliance with ontological
principlesprinciples

 Operational definitionsOperational definitions

ComparativeComparative

MAOUSSC: Using UMLS for the
description of medical procedures
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 Comparisons betweenComparisons between
ontologiesontologies (mapping)(mapping)

TransformativeTransformative

 Representation formalismRepresentation formalism

Use in an applicationUse in an application



Identifying errors in SNOMED CTIdentifying errors in SNOMED CT

Rector AL, Brandt S, Schneider T,Rector AL, Brandt S, Schneider T, Getting the footGetting the foot
out of the pelvis: modeling problems affecting useout of the pelvis: modeling problems affecting use

of SNOMED CT hierarchies in practicalof SNOMED CT hierarchies in practical
applications. J Am Med Informapplications. J Am Med Inform AssocAssoc,, 2011.2011. 18(4):18(4):

pp.. 432432--440440..



Alan Rector's motivation

 Knowledge source for clinical applications
(industrial collaboration)

 Retrieval of clinical records for a given diagnosis

 Decision support

 Eligibility for clinical trials

 Development of ICD 11
(WHO Health Information Modelling TAG)

 Ontological component for ICD 11

 ICD hierarchies derived from SNOMED CT



Investigation methods

 Technology-assisted review by domain experts

 With focus on the CORE problem list (clinical
relevance)

 Methods

 Leveraging description logics Leveraging description logics
(stated version converted to OWL, module
extraction, OWL classifiers, scripting against OWL
API)

 Lexically suggest-logically refine (association
between words from labels and roles)

 Navigation (up and down the hierarchies for
missing/extraneous ancestors/descendants)



Findings – Qualitative (1)

 Errors of omission

 Primitive concepts

 Ischemic heart disease: due to ischemia, but not defined

 Missing axiomsMissing axioms

 Morphology

 acute endocarditis (disorder): not clinical course = acute; morphology:
acute inflammation

 Other

 Myocardial infarction: not due to ischemia



Findings – Qualitative (2)

 Errors of commission

 Wrong

 Diabetes mellitus isa Disease of the exocrine pancreas
(true of type I, not type II)

 Subdural hemorrhage: finding site Subdural space structure
(intracranial is implied by usage, but not formally represented)

Wrong (but only indirectly) Wrong (but only indirectly)

 Hypertension isa disorder of soft issue
 Hypertension: finding site Systemic arterial structure (→ soft tissue)

(not clinically thought of as a disorder of soft tissues)

 Neoplasm of cranial nerve: isa Neoplasm of cranial nerve: isa
Neuropathy
(neuropathy denotes functional disorder of nerve)

 Anatomy (branches inherit from root)

 Structure of right popliteal artery isa […] isa Structure of pelvic region
(“getting the knee out of the pelvis”)



Consequences

Incorrect inferences

 By omission

 Search on Ischemic heart disease fails to retrieve Myocardial
infarction

 By commission By commission

 Search on Disorder of pancreas retrieves all cases of diabetes
mellitus, including type II

 Missing equivalences from post-coordination

 acute endocarditis (disorder):

 Pre-coord: morphology: acute inflammation

 Post-coord: clinical course = acute; morphology: inflammation



Identifying errors inIdentifying errors in RxNormRxNorm

Bodenreider, O. and L.B. Peters,Bodenreider, O. and L.B. Peters, A graphA graph--basedbased
approach to auditingapproach to auditing RxNormRxNorm. Journal of. Journal of

Biomedical Informatics, 2009.Biomedical Informatics, 2009. 42(3): p. 55842(3): p. 558--570.570.



MotivationMotivation

Large terminologyLarge terminology

Relies heavily on human editorsRelies heavily on human editors

High qualityHigh quality
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 Systematic evaluationSystematic evaluation

Exploiting the graph structureExploiting the graph structure
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Branded drug
form
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MethodsMethods

Normalize multiNormalize multi--ingredient drugsingredient drugs

Define “meaningful” paths between 2 nodesDefine “meaningful” paths between 2 nodes

 Instantiate all meaningful pathsInstantiate all meaningful paths Ingredient
(IN)

Brand name
(BN)

tradename_of ZyrtecZyrtecCetirizineCetirizine

ZyrtecZyrtecCetirizineCetirizine
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 Instantiate all meaningful pathsInstantiate all meaningful paths

Compare alternate pathsCompare alternate paths

 Alternate (meaningful) pathsAlternate (meaningful) paths
are expected to beare expected to be
functionally equivalentfunctionally equivalent

Branded drug
form

(SBDF)

Clinical drug
form

(SCDF)
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ResultsResults

 348 inconsistencies identified (April 2008)348 inconsistencies identified (April 2008)

Reported to theReported to the RxNormRxNorm teamteam

 215 (62%) fixed (January 2009)215 (62%) fixed (January 2009)

SochlorSochlor

SochlorSochlorSodium chlorideSodium chloride
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Example (fixed)Example (fixed)
 missing linkmissing link

SochlorSochlor → → Sodium chlorideSodium chloride

 Brand name without a directBrand name without a direct
relation with an ingredientrelation with an ingredient Branded drug

form
(SBDF)

Clinical drug
form

(SCDF)
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(SCDC)
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SochlorSochlor

Sochlor 0.854 MEQ/MLSochlor 0.854 MEQ/ML
Ophthalmic SolutionOphthalmic Solution

Sodium ChlorideSodium Chloride
0.854 MEQ/ML0.854 MEQ/ML



VALUE SETSVALUE SETS
ININ

CLINICAL QUALITY MEASURESCLINICAL QUALITY MEASURESCLINICAL QUALITY MEASURESCLINICAL QUALITY MEASURES



CLINICAL QUALITY MEASURES (CQMs)CLINICAL QUALITY MEASURES (CQMs)

Tools that help measure and track the quality ofTools that help measure and track the quality of
healthcare services provided by eligible professionals,healthcare services provided by eligible professionals,
eligible hospitals and critical access hospitals withineligible hospitals and critical access hospitals within
our health care systemour health care system

53

our health care systemour health care system

CQMs measure many aspects of patient careCQMs measure many aspects of patient care
including: health outcomes, clinical processes,including: health outcomes, clinical processes,
patient safety, efficient use of healthcare resources,patient safety, efficient use of healthcare resources,
care coordination, patient engagements, populationcare coordination, patient engagements, population
and public health, and clinical guidelinesand public health, and clinical guidelines

[cms.gov]



93 CLINICAL QUALITY MEASURES93 CLINICAL QUALITY MEASURES
in 2014 Meaningful Use criteriain 2014 Meaningful Use criteria

64
for

29
for
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for

ELIGIBLE
PROVIDERS

(NEED TO REPORT ON 9)

for

ELIGIBLE
HOSPITALS

(NEED TO REPORT ON 16)



CCLINICALLINICAL QQUALITYUALITY MMEASUREEASURE (example)(example)

Hemoglobin A1c Test for Pediatric PatientsHemoglobin A1c Test for Pediatric Patients

HemoglobinHemoglobin SugarSugar

Normal glucose levels in bloodNormal glucose levels in blood
Low HbA1c concentrationLow HbA1c concentration

High glucose levels in bloodHigh glucose levels in blood
High HbA1c concentrationHigh HbA1c concentration
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CCLINICALLINICAL RRECOMMENDATIONSECOMMENDATIONS

1.1. American Association of Clinical Endocrinologists (2002):American Association of Clinical Endocrinologists (2002):
Recommends thatRecommends that a glycosylated hemoglobin be performed duringa glycosylated hemoglobin be performed during
an initial assessment and during followan initial assessment and during follow--up assessmentsup assessments, which, which
should occur at no longer than threeshould occur at no longer than three--month intervals.month intervals.

2.2. American Diabetes Association (2006): RecommendsAmerican Diabetes Association (2006): Recommends obtaining aobtaining a
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2.2. American Diabetes Association (2006): RecommendsAmerican Diabetes Association (2006): Recommends obtaining aobtaining a
glycosylated hemoglobin during an initial assessment and thenglycosylated hemoglobin during an initial assessment and then
routinely as part of continuing careroutinely as part of continuing care. In the absence of well. In the absence of well--
controlled studies that suggest a definite testing protocol, expertcontrolled studies that suggest a definite testing protocol, expert
opinion recommends glycosylated hemoglobin be obtained at leastopinion recommends glycosylated hemoglobin be obtained at least
twice a year in patients who are meeting treatment goals and whotwice a year in patients who are meeting treatment goals and who
have stable glycemic control and more frequently (quarterlyhave stable glycemic control and more frequently (quarterly
assessment) in patients whose therapy was changed or who are notassessment) in patients whose therapy was changed or who are not
meeting glycemic goals.meeting glycemic goals.



CCLINICALLINICAL QQUALITYUALITY MMEASUREEASURE (simplified)(simplified)

Hemoglobin A1c Test for Pediatric PatientsHemoglobin A1c Test for Pediatric Patients

# diabetic patients [age 5-17] tested for HbA1c# diabetic patients [age 5-17] tested for HbA1c

# diabetic patients [age 5-17]
=
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CCLINICALLINICAL QQUALITYUALITY MMEASUREEASURE (details)(details)

Hemoglobin A1c Test for Pediatric PatientsHemoglobin A1c Test for Pediatric Patients

# diabetic patients [age 5-17] tested for HbA1c

Tests for HbA1c

# diabetic patients [age 5-17] tested for HbA1c

# diabetic patients [age 5-17]

- Type 1 or Type 2 diabetes
- Excludes gestational diabetes

- Requires date of birth

=
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CCLINICALLINICAL QQUALITYUALITY MMEASUREEASURE (implementation)(implementation)

Hemoglobin A1c Test for Pediatric Patients

# diabetic patients [age 5-17] tested for HbA1c

Tests for HbA1c
List of LOINC codes

# diabetic patients [age 5-17] tested for HbA1c

# diabetic patients [age 5-17]

- Type 1 or Type 2 diabetes
- Excludes gestational diabetes

- Requires date of birth

List of SNOMED CT or
ICD 10 codes

Data
element

=
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AANATOMYNATOMY OFOF AA CCLINICALLINICAL QQUALITYUALITY MMEASUREEASURE
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Value set = List of
LOINC codes for

HbA1c tests



SSOCIATEDSSOCIATED ALUEALUE ETET
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Meaningful Use CriteriaMeaningful Use Criteria -- 20142014

9393 3,0113,011 199,521199,521
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9393 3,0113,011 199,521199,521
CQMsCQMs

Developed by some
20 measure
developers

value setsvalue sets

1,520 unique

codescodes

83,723 unique



CURATING VALUE SETSCURATING VALUE SETS

The NLM Value Set Authority CenterThe NLM Value Set Authority CenterThe NLM Value Set Authority CenterThe NLM Value Set Authority Center



BJECTIVESBJECTIVES OFOF CURATIONCURATION

 EnsureEnsure referential integrityreferential integrity

All codes in a VS are valid codes in the correspondingAll codes in a VS are valid codes in the corresponding
code systemcode system

Update VSs when the code systems are updated (noUpdate VSs when the code systems are updated (no
“stale” codes)“stale” codes)“stale” codes)“stale” codes)

 AvoidAvoid duplicationduplication

Find value sets having similar membersFind value sets having similar members

 EnsureEnsure correctnesscorrectness andand completenesscompleteness

CompareCompare intensionalintensional and extensional definitionsand extensional definitions
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CCODEODE VVALIDATIONALIDATION UUSINGSING TTRIANGULATIONRIANGULATION

TermTerm

Codes matches
term description

Term description
known in code

system

CodeCode Code SystemCode System

Code known in
code system

Using terminology servicesUsing terminology services
to compare codes toto compare codes to
reference terminologiesreference terminologies
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TTYPESYPES OFOF ERRORERROR FOUNDFOUND ININ THETHE CODESCODES

 Obsolete codesObsolete codes

Remap to the current codeRemap to the current code

 Typo / formatting issue in the codeTypo / formatting issue in the code

ReformatReformat

 Wrong code system listedWrong code system listed

Fix code systemFix code system

 Code/description mismatchCode/description mismatch

Small mismatch: Assign preferred termSmall mismatch: Assign preferred term

Large mismatch: Send back to developersLarge mismatch: Send back to developers
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IIMPACTMPACT ONON CCLINICALLINICAL QQUALITYUALITY MMEASURESEASURES

Iterative AnalysisIterative Analysis
•• 13 rounds over 4 months13 rounds over 4 months
•• Reports provided to measure developersReports provided to measure developers
•• Orange codes fixed automatically by NLMOrange codes fixed automatically by NLM
•• Red codes fixed by measure developersRed codes fixed by measure developers

(and rechecked)(and rechecked)

•• ~4000 errors~4000 errors
•• Affecting 70% of the value setsAffecting 70% of the value sets
•• And 100% of the measuresAnd 100% of the measures
•• All fixed by October 2012All fixed by October 2012
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RREVERSEEVERSE--ENGINEERINGENGINEERING OFOF THETHE INTENSIONINTENSION
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QQUALITYUALITY METRICSMETRICS FORFOR VALUEVALUE SETSSETS
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https://vsac.nlm.nih.gov/https://vsac.nlm.nih.gov/
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