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Unified Medical Language SystemUnified Medical Language System

SPECIALIST LexiconSPECIALIST Lexicon
360,000 lexical items360,000 lexical items
Part of speech and variant informationPart of speech and variant information

MetathesaurusMetathesaurus
6M names from over 100 terminologies6M names from over 100 terminologies
1.5M concepts1.5M concepts
8M relations8M relations

Semantic NetworkSemantic Network
135 high135 high--level categorieslevel categories
7000 relations among them7000 relations among them

Lexical
resources

Ontological
resources

Terminological
resources
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Source VocabulariesSource Vocabularies

143 source vocabularies143 source vocabularies
17 languages17 languages

Broad coverage of biomedicineBroad coverage of biomedicine
5.9M names5.9M names
1.4M concepts1.4M concepts
8M relations8M relations

Common presentationCommon presentation

(2007AB)
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Metathesaurus  Metathesaurus  Basic organizationBasic organization

ConceptsConcepts
Synonymous terms are clustered into a conceptSynonymous terms are clustered into a concept
Properties are attached to concepts, e.g.,Properties are attached to concepts, e.g.,

Unique identifierUnique identifier
DefinitionDefinition

RelationsRelations
Concepts are related to other conceptsConcepts are related to other concepts
Properties are attached to relations, e.g.,Properties are attached to relations, e.g.,

Type of relationshipType of relationship
SourceSource
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Integrating subdomainsIntegrating subdomains
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TransTrans--namespace integrationnamespace integration
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Genome
annotations

GOModel
organisms

Model
organisms

NCBI
Taxonomy

Genetic
knowledge bases

Genetic
knowledge bases

OMIM
Other
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AddisonAddison’’s Disease: s Disease: ConceptConcept

Addison’s Disease

C0001403

ADRENAL INSUFFICIENCY (ADDISON'S DISEASE) 
ADRENOCORTICAL INSUFFICIENCY, PRIMARY FAILURE 
Hypoadrenalisms, Primary
Melasma addisonii
Primary adrenal deficiency 
Asthenia pigmentosa
Bronzed disease 
Insufficiency, adrenal primary 
Primary adrenocortical insufficiency 
Addison's, disease 

Maladie d'Addison - French
Addison-Krankheit - German
Morbo di Addison - Italian
Doença de Addison - Portuguese
АДДИСОНОВА БОЛЕЗНЬ - Russian
アジソン病 - Japanese

An adrenal disease characterized by the progressive destruction 
of the adrenal cortex, resulting in insufficient production of 
aldosterone and hydrocortisone. Clinical symptoms include 
anorexia; nausea; weight loss; muscle ewakness; and 
hyperpigmentation of the skin due to increase in circulating 
levels of ACTH precursor hormone which stimulates 
melanocytes.

Disease or Syndrome

SNOMED CT
SNOMED Intl
MeSH
MedDRA
…
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Metathesaurus  Metathesaurus  Evolution over timeEvolution over time

Concepts never die (in principle)Concepts never die (in principle)
CUIs are permanent identifiersCUIs are permanent identifiers

What happens when they do die (in reality)?What happens when they do die (in reality)?
Concepts can merge or splitConcepts can merge or split
Resulting in new concepts and deletionsResulting in new concepts and deletions

Addison's disease
C0001403

Addison's disease, NOS 
C0271735

1992 1993 1994 1995 1996 1997 1998 1999 2007…
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Metathesaurus  Metathesaurus  RelationshipsRelationships

Symbolic relations:Symbolic relations: ~8 M pairs of concepts~8 M pairs of concepts
Statistical relations :Statistical relations : ~6 M pairs of concepts ~6 M pairs of concepts 
(co(co--occurring concepts)occurring concepts)
Mapping relations:Mapping relations: ~150,000~150,000

Categorization: Relationships between concepts Categorization: Relationships between concepts 
and semantic types from the Semantic Networkand semantic types from the Semantic Network
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Symbolic relationsSymbolic relations

RelationRelation
Pair of Pair of ““atomatom”” identifiersidentifiers
TypeType
Attribute (if any)Attribute (if any)
List of sources (for type and attribute)List of sources (for type and attribute)

Semantics of the relationship:Semantics of the relationship:
defined by its defined by its typetype [and [and attributeattribute]]
Recorded Recorded bidirectionallybidirectionally
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Symbolic relationships  Symbolic relationships  TypeType

HierarchicalHierarchical
Parent / ChildParent / Child
Broader / Narrower thanBroader / Narrower than

Derived from hierarchiesDerived from hierarchies
Siblings (children of parents)Siblings (children of parents)

AssociativeAssociative
OtherOther

Various flavors of nearVarious flavors of near--synonymysynonymy
SimilarSimilar
Source asserted synonymySource asserted synonymy
Possible synonymyPossible synonymy

PAR/CHD
RB/RN

SIB

RO

RL
SY
RQ
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Symbolic relationships  Symbolic relationships  AttributeAttribute

HierarchicalHierarchical
isaisa (is(is--aa--kindkind--of)of)
partpart--ofof

AssociativeAssociative
locationlocation--ofof
causedcaused--byby
treatstreats
……

CrossCross--references (mapping)references (mapping)
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Categorize conceptsCategorize concepts

HighHigh--level categories level categories 
(semantic types)(semantic types)
Assigned by the Assigned by the 
Metathesaurus editorsMetathesaurus editors
Independently of the Independently of the 
hierarchies in which these hierarchies in which these 
concepts are locatedconcepts are located

Disease or Syndrome

Endocrine Diseases

Adrenal Gland Diseases

Addison’s Disease

Diseases

Adrenal Gland Hypofunction
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Categorization vs. hierarchiesCategorization vs. hierarchies

Semantic typeSemantic type
List of all conceptsList of all concepts
having this semantic typehaving this semantic type

ConceptConcept
List of all descendantsList of all descendants
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Semantic NetworkSemantic Network

Semantic types (135)Semantic types (135)
tree structuretree structure
2 major hierarchies2 major hierarchies

EntityEntity
–– Physical ObjectPhysical Object
–– Conceptual EntityConceptual Entity

EventEvent
–– ActivityActivity
–– Phenomenon or ProcessPhenomenon or Process
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Semantic NetworkSemantic Network

Semantic network relationships (54)Semantic network relationships (54)
hierarchical (isa = is a kind of)hierarchical (isa = is a kind of)

among typesamong types
–– AnimalAnimal isaisa OrganismOrganism
–– EnzymeEnzyme isaisa Biologically Active SubstanceBiologically Active Substance

among relationsamong relations
–– treats treats isaisa affectsaffects

nonnon--hierarchicalhierarchical
Sign or SymptomSign or Symptom diagnosesdiagnoses Pathologic FunctionPathologic Function
Pharmacologic SubstancePharmacologic Substance treatstreats Pathologic FunctionPathologic Function
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““Biologic FunctionBiologic Function”” hierarchy (isa)hierarchy (isa)
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Associative (nonAssociative (non--isa) relationsisa) relations
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process of
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Relationship hierarchyRelationship hierarchy

associated with

functionally
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related to

conceptually
related to
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Why a semantic network?Why a semantic network?

Semantic Types serve as high level categories Semantic Types serve as high level categories 
assigned to Metathesaurus concepts, assigned to Metathesaurus concepts, independently independently 
of their position in a hierarchyof their position in a hierarchy

A relationship between 2 Semantic Types (ST) is a A relationship between 2 Semantic Types (ST) is a 
possible link between 2 concepts that have been possible link between 2 concepts that have been 
assigned to those assigned to those STsSTs

The relationship may or may not hold at the concept The relationship may or may not hold at the concept 
levellevel
Other relationships may apply at the concept levelOther relationships may apply at the concept level
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Relationships can inherit semanticsRelationships can inherit semantics

Semantic Network

Metathesaurus

Adrenal
Cortex

Adrenal
Cortical

hypofunction

Disease or Syndrome
Body Part, Organ,

or Organ Component

Pathologic Function
isa

Biologic Function

isa
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Structure
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location of
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Relationships in the UMLSRelationships in the UMLS

MetathesaurusMetathesaurus
139 relationships139 relationships

ThesauralThesaural
SpecifiedSpecified

No definitionNo definition
No organizationNo organization

Semantic NetworkSemantic Network
54 relationships54 relationships

Textual definitionTextual definition
Organized in 5 hierarchiesOrganized in 5 hierarchies

isa
associated with

functionally related to
physically related to
spatially related to
temporally related to
conceptually related to

isa
causes
due to
manifestation of
icd asterisk
associated finding of
may treat

(2005AC)
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UMLS Semantic Network

UMLS Metathesaurus

Concept
categorization

Concept
categorization

Concept 1 Concept 2

Semantic Type a
Semantic Type b

Semantic Type c

Concepts/Types vs. RelationshipsConcepts/Types vs. Relationships

Semantic Network
relationships

Metathesaurus
relationship

?
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ObjectivesObjectives

Elicit the meaning of Metathesaurus relationshipsElicit the meaning of Metathesaurus relationships
EstablishEstablish

A correspondence betweenA correspondence between
Each of the 139 relationships in the MetathesaurusEach of the 139 relationships in the Metathesaurus
And relationships in the Semantic NetworkAnd relationships in the Semantic Network

The nature of the correspondenceThe nature of the correspondence
Equivalence, specialization, otherEquivalence, specialization, other

Enrich SN relationships with relationships from Enrich SN relationships with relationships from 
the Metathesaurusthe Metathesaurus
Develop an ontology of relationshipsDevelop an ontology of relationships
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Multiple complementary approachesMultiple complementary approaches

MetathesaurusMetathesaurus--centriccentric
Manual elicitationManual elicitation
Abstraction at the level of highAbstraction at the level of high--level conceptslevel concepts
Abstraction at the level of Semantic TypesAbstraction at the level of Semantic Types

Semantic NetworkSemantic Network--centriccentric
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Manual elicitationManual elicitation

Create random samples of a maximum of 50 Create random samples of a maximum of 50 
relations per Metathesaurus relationshiprelations per Metathesaurus relationship
Review manuallyReview manually

1a1a
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Domain Range

causative agent ofcausative agent of
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Virus Virus ………………………………………………………… Chronic aggressive viral hepatitisChronic aggressive viral hepatitis
AntiAnti--psychotic agent psychotic agent ………………………… SulpirideSulpiride poisoning of undeterminedpoisoning of undetermined……
Autonomic agent Autonomic agent ……………………………… LidoflazineLidoflazine allergyallergy
Ingestible alcoholIngestible alcohol……………………………… Mental and behavioral disordersMental and behavioral disorders

InfectiousInfectious
agentsagents

andand
PharmacologicPharmacologic

substancessubstances

DisordersDisorders
causescauses

causative agent causative agent ofofSNOMEDSNOMED CTCT ≡≡ causescausesSNSN

““Brings about a condition or an effect. Implied here is Brings about a condition or an effect. Implied here is 
that an agent, such as for example, a pharmacologic that an agent, such as for example, a pharmacologic 
substance or an organism, has brought about the effectsubstance or an organism, has brought about the effect””
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Compute the lowest common Compute the lowest common ancestor(sancestor(s) for ) for 
concepts in the domain and range of the concepts in the domain and range of the 
relationship, respectivelyrelationship, respectively

Abstraction at the level of highAbstraction at the level of high--level conceptslevel concepts1b1b

access instrument of access instrument of (Endoscope, Procedure)(Endoscope, Procedure)

EndoscopeEndoscope Procedure by methodProcedure by method

access instrument ofaccess instrument of
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Abstraction at the level of Abstraction at the level of STsSTs

Compute the distribution of the Compute the distribution of the STsSTs for concepts for concepts 
in the domain and range of the relationship, in the domain and range of the relationship, 
respectivelyrespectively

1c1c

access instrument of access instrument of (Medical Device,(Medical Device,
Diagnostic/Diagnostic/TherapTherap. or . or PrevPrev. Procedure). Procedure)

access instrument ofaccess instrument of

Medical DeviceMedical Device

DiagnosticDiagnostic
ProcedureProcedure

TherapTherap. or . or PrevPrev..
ProcedureProcedure

Health CareHealth Care
ActivityActivity
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Identifying candidates in the SNIdentifying candidates in the SN

Health CareHealth Care
ActivityActivity

access instrument ofaccess instrument of

Medical DeviceMedical Device
Diagnostic ProcedureDiagnostic Procedure

TherapTherap. or . or PrevPrev. Procedure. Procedure

Medical DeviceMedical Device

DiagnosticDiagnostic
ProcedureProcedure

TherapTherap. or . or PrevPrev..
ProcedureProcedure

usesuses

““Employs in the carrying out of some activity. This Employs in the carrying out of some activity. This 
includes applies, utilizes, employs, and avails.includes applies, utilizes, employs, and avails.””

access instrument access instrument ofofSNOMEDSNOMED CTCT ≡≡ inv(usesinv(usesSNSN))
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Semantic NetworkSemantic Network--centric approachcentric approach

For a given relationship between two For a given relationship between two STsSTs in the in the 
SN, list all the relationships between concepts SN, list all the relationships between concepts 
categorized by these categorized by these STsSTs

22

ingredient ofingredient of
active ingredient ofactive ingredient of

dose form ofdose form of
metabolizesmetabolizes

has contraindicationhas contraindication

SubstanceSubstance Clinical DrugClinical Drug
ingredient ofingredient of

{ingredient of{ingredient of**, active ingredient , active ingredient ofofSNOMEDCTSNOMEDCT, dose form of, dose form of**, } , } ≡≡ ingredient ingredient ofofSNSN
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Results  Results  MaterialsMaterials

139 specified relationships (RELA) in the 139 specified relationships (RELA) in the 
MetathesaurusMetathesaurus
Major contributorsMajor contributors

SNOMED CT (62)SNOMED CT (62)
LOINC (15)LOINC (15)
NDFNDF--RT (15)RT (15)

Most relationships are specific to one vocabularyMost relationships are specific to one vocabulary
116 specific to one vocabulary116 specific to one vocabulary
23 found in at least 2 vocabularies23 found in at least 2 vocabularies

(2005AC)
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Results  Results  AlignmentAlignment

80 relationships (58%) could be aligned80 relationships (58%) could be aligned
IdenticalIdentical

affectsaffects, , process ofprocess of, , ingredient ofingredient of
Roughly equivalent toRoughly equivalent to

focus focus ofofSNOMEDCTSNOMEDCT ≡≡ issue issue ininSNSN

More specific thanMore specific than
metabolic site metabolic site ofofNDFRTNDFRT << functionally related functionally related totoSNSN

Non aligned (nonNon aligned (non--semantic relationships)semantic relationships)
Lexical Lexical relatioshipsrelatioships (e.g., (e.g., britishbritish form ofform of**, , suffix suffix ofofLOINCLOINC))
Mapping relationships (e.g., Mapping relationships (e.g., see see fromfromCRISPCRISP, , mapped tomapped to**))
Vocabulary management (e.g., Vocabulary management (e.g., replacesreplacesSNOMEDCTSNOMEDCT))
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Some issuesSome issues

Manual elicitationManual elicitation
Manual review by experts requiredManual review by experts required

Abstraction at the level of highAbstraction at the level of high--level conceptslevel concepts
Lowest common ancestor = root of the terminology Lowest common ancestor = root of the terminology 
(heterogeneous set of concepts)(heterogeneous set of concepts)

Abstraction at the level of Semantic TypesAbstraction at the level of Semantic Types
Multiple Multiple STsSTs for a set of conceptsfor a set of concepts
Multiple relationships for a given pair of Multiple relationships for a given pair of STsSTs

Semantic NetworkSemantic Network--centric approachcentric approach
Multiple relationships in the Metathesaurus between the Multiple relationships in the Metathesaurus between the 
concepts corresponding to a given pair of concepts corresponding to a given pair of STsSTs



Towards an ontology of relationshipsTowards an ontology of relationships
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MotivationMotivation

Consistency checkingConsistency checking
Relations asserted between Relations asserted between STsSTs
in the SN should provide constraintsin the SN should provide constraints
for relations between Metathesaurusfor relations between Metathesaurus
concepts categorized by these concepts categorized by these STsSTs

Effective subsumption reasoningEffective subsumption reasoning
Requires explicit equivalence between identical Requires explicit equivalence between identical 
relationships (e.g., relationships (e.g., inv(inv(duedue toto) = ) = cause ofcause of ≡≡ causescauses))
Requires explicit Requires explicit subPropertysubProperty relationsrelations
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Existing resourcesExisting resources

Semantic Network relationshipsSemantic Network relationships
54 relationships, not formally defined, organized into a 54 relationships, not formally defined, organized into a 
shallow hierarchyshallow hierarchy
http://http://semanticnetwork.nlm.nih.govsemanticnetwork.nlm.nih.gov//

GALEN relationshipsGALEN relationships
Over 500 relationships, semiOver 500 relationships, semi--formally defined, formally defined, 
organized into a hierarchyorganized into a hierarchy
http://http://www.opengalen.orgwww.opengalen.org//

OBO relation ontologyOBO relation ontology
10 relationships, formally defined10 relationships, formally defined
http://http://obofoundry.org/roobofoundry.org/ro//

http://semanticnetwork.nlm.nih.gov/
http://www.opengalen.org/
http://obofoundry.org/ro/
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GALEN relations  GALEN relations  isIngredientOfisIngredientOf
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OBO relationsOBO relations
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Extending the SN relationship hierarchyExtending the SN relationship hierarchy
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