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Overview

& The UMLS: A two-level structure

¢ Aligning relationships
e Multiple approaches
e Preliminary results

¢ Towards an ontology of relationships



The UMLS

A two-level structure



Unified Medical Language System

¢ SPECIALIST Lexicon -
e 360,000 lexical items __ Lexica
e Part of speech and variant information resources
¢ Metathesaurus U )
e 6M names from over 100 terminologies _ Terminological
e 1.5M concepts reSOurces
o 8M relations N
¢ Semantic Network _ Ontologica
e 135 high-level categories resources
e /000 relations among them 1)
\ £



Semantic Types

Anatomical
Structure

Fully Formed .
Anatomical | . Embryonic
Structure i Structure :
""""""""""" : .| Disease or
e e
“..._| Body Part, Organ or -..,-.-.-:,‘,',';:: .......................
Organ Component j KR Pharmacologic Population Semantic
Substance Group Network

W Saccular \

Viscus . '
/ Angina

/ /

Metathesaurus

/49 Pectoris
Cardiotonic
237 Agents
/_eft Phrenic /\ /
Nerve ", / /
~./ Tissue
Heart Fetal 3g Donors
13 Valves 5o Heart
Concepts







Source Vocabularies

& 143 source vocabularies
e 17 languages

¢ Broad coverage of biomedicine
e 5.9M names
e 1.4M concepts
e 8M relations

4 Common presentation

(2007AB)



Metathesaurus Basic organization

¢ Concepts
e Synonymous terms are clustered into a concept

e Properties are attached to concepts, e.g.,
= Unique identifier
= Definition

¢ Relations
e Concepts are related to other concepts

e Properties are attached to relations, e.g.,
= Type of relationship
= Source
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Trans-namespace integration

Addison's disease Clinical
(363732003) repositories

Biomedical
literature

= Addison Disease (D000224)




Addison’s Disease: Concept

Disease or Syndrome

Addison’s Disease

MeSH

SNOMED CT

MedDRA C0001403

ADRENAL INSUFFICIENCY (ADDISON'S DISEASE)

: ADRENOCORTICAL INSUFFICIENCY, PRIMARY FAILURE
i Hypoadrenalisms, Primary

i 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

Doenca de Addison - Portuguese
AOONCOHOBA BOJIE3Hb - Russian
T2 2% - 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.




Metathesaurus Evolution over time

¢ Concepts never die (in principle)
e CUIs are permanent identifiers

¢ \What happens when they do die (in reality)?
e Concepts can merge or split
e Resulting In new concepts and deletions

Addizon's disease, NOS
C027'1 %85

Addison's disease

cois0; ——G—CO—O—O—O—0O0—0—=0 O
1992 1993 1994 1995 1996 1997 1998 1999 ... 2007

o
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Metathesaurus Relationships

¢ Symbolic relations:  ~8 M pairs of concepts

& Statistical relations :  ~6 M pairs of concepts
(co-occurring concepts)

¢ Mapping relations: ~150,000

¢ Categorization: Relationships between concepts
and semantic types from the Semantic Network



Symbolic relations

¢ Relation
e Pair of “atom” identifiers
e [ype
o Attribute (if any)
e List of sources (for type and attribute)

¢ Semantics of the relationship:
defined by Its type [and attribute]

¢ Recorded bidirectionally



Symbolic relationships

& Hierarchical
e Parent/ Child PAR/CHD
e Broader / Narrower than RB/RN

& Derived from hierarchies
e Siblings (children of parents) SIB

& Assoclative

e Other RO
¢ Various flavors of near-synonymy

e Similar RL

e Source asserted synonymy SY

e Possible synonymy RQ
L

NLM



Symbolic relationships Attribute

¢ Hierarchical
e Isa (Is-a-kind-of)
e part-of
¢ Associative
e location-of
e caused-by
e (reats

¢ Cross-references (mapping)

o

NLM



Categorize concepts

¢ High-level categories
(semantic types)

Disease or Syndrome

¢ Assigned by the Diseases
Metathesaurus editors [

¢ Independently of the Bl DIE e
hierarchies in which these
Concepts are located Adrenal Glind Diseases

Adrenal Gland Hypofunction

A

Addison’s Disease




Categorization vs. hierarchies

¢ Semantic type

e List of all concepts
having this semantic type !

¢ Concept '
e List of all descendants

A~
% lLister Hill Nationzgl Center for Biemedicel Communicaiions
NLM



UMLS Semantic Network



Semantic Network

¢ Semantic types (135)
e tree structure

e 2 major hierarchies
= Entity
— Physical Object
— Conceptual Entity
« Event
— Activity
— Phenomenon or Process



Semantic Network

¢ Semantic network relationships (54)

e hierarchical (isa = iIs a kind of)
= among types
— Animal isa Organism
— Enzyme isa Biologically Active Substance
= among relations
— treats isa affects

e non-hierarchical
= Sign or Symptom diagnoses Pathologic Function
= Pharmacologic Substance 7reats Pathologic Function



“Biologic Function™ hierarchy (isa)

Biologic Function

A

Physiologic Function Pathologic Function
Organism Organ Cell Molecular Cell or Disease or || Experimental
Function || or Tissue | Function | Function Molecular || Syndrome Model of
t Function t Dysfunction t Disease
Mental Genetic Mental or Neoplastic
Process Function Behavioral Process

Dysfunction

o
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Associative (non-isa) relations
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Relationship hierarchy

associated with
A
functionally temporally physically spatially conceptually
related to related to related to related to related to
=
lLister Hill Nationgl Center 1ar Biomeadical Communicaiions
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Why a semantic network?

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

¢ A relationship between 2 Semantic Types (ST) Is a
possible link between 2 concepts that have been
assigned to those STs

e The relationship may or may not hold at the concept
level

e Other relationships may apply at the concept level




Relationships can inherit semantics

Semantic Network
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Aligning relationships



Relationships in the UMLS

(2005AC)

¢ Metathesaurus

e 139 relationships
= Thesaural
= Specified

e No definition

e No organization

= isa

" causes

" due to

" manifestation of

" jcd asterisk

" gssociated finding of
" may treat

¢ Semantic Network
e 54 relationships

e Textual definition
e Organized in 5 hierarchies

= isa

" associated with
®» functionally related to
» physically related to
 spatially related to
» temporally related to
» conceptually related to



Concepts/Types vs. Relationships

UMLS Semantic Network

Semantic Type b ’

Semantic Type a

Semantic Netwo

_ _ Semantic Type ¢ ’
relationships

Concept . ? Concept
categorization . categorization

Metathesaurus

relationship
Conc;ptl\ » Concept 2

UMLS Metathesaurus




Objectives

¢ Elicit the meaning of Metathesaurus relationships

¢ Establish

e A correspondence between
= Each of the 139 relationships in the Metathesaurus
= And relationships in the Semantic Network

e The nature of the correspondence
= Equivalence, specialization, other

¢ Enrich SN relationships with relationships from
the Metathesaurus

¢ Develop an ontology of relationships

\ £

I

NLM



Multiple complementary approaches

¢ Metathesaurus-centric
e Manual elicitation
e Abstraction at the level of high-level concepts
e Abstraction at the level of Semantic Types

& Semantic Network-centric



Manual elicitation

¢ Create random samples of a maximum of 50
relations per Metathesaurus relationship

¢ Review manually



causative_agent_of

conl4c44
C008877

Cl022640
Coolz802
co013227
Co007537
coo28174
COE5T78E8
Cos96004
co013227
Co002554
co040615
Con22237
0443078
con4zoze
Cooo4el1l
co012227
Coo40s540
C0314732
co02e727
co3s0112
03214732
c0214732
Co0014383
Co038675
C02314732
C0445932
C0322643
Co019682
coo30488
C0214732
coo40s40
C02147232
Co04z277

Coo0lel7
co013227
C0360108
CO027573
co0443078
co013227
coo04ell
Cooolzes
CoE29068
CO004382
C0314754
coo0edel
C02147232
Co019704
CO052322
cCoo33808

A30212732
A3899901
A3321258
A30T76T11
RB3E27247
AZ879568
A2886834
A3185117
A28826529
RB3627247
AZBTET2E
A3629571
R3188798
A3238891
AZ8BTB30
B5917107
A5038913
RA2887564
A3024111
A28824274
A3059840
A3024111
A2024111
RA3899795
A2886949
A2024111
RB3078542
A3300132
A3021279
RA2872800
A2024111
A2887564
A3024111
A2872734
h33740324
RB3627247
A30T63288
RA3162195
A3238891
RA3627247
A&817107
RA2886726
A2245937
A3755448
RA3026722
AZ8T9225
A3024111
A3031298
A2993080
RA2885980

caSaiive dueni gf

Human herpesvirus 4

Genus Parvovirus

Mycobacterium tukerculesis complex
Thiazide diuretic

Fharmaceutical / biclegic preduct
Cefaclor

Staphylococcus epidermidis

Flant material

Hyoscyamine

Fharmaceutical / biclegic preduct
Ascaris

Enti-peychotic agent

Propan-2Z-ol

Paycheactive substance of abuse - nen-pharmaceu..

Urine

Bacteria

Drug or medicament
Treponema pallidum
Infecticus agent
Mucus
Sedative/neurcleptic
Infecticus agent
Infecticus agent
Genus Enterowvirus
Sulfadiazine
Infectiocus agent
Trepenema pallidum ss.
Sclencpotes

Human immunocdeficiency wvirus
Parasite

Infectious agent

Treponema pallidum

Infectious agent

Virus

Corticeoid preparation
Fharmaceutical / biclegic preduct
Tetracyclic antidepressant
Neisseria gonorrheae

endemicum

Paycheoactive substance of abuse - nen-pharmaceu..

Fharmaceutical / biclegic product
Bacteria

Spectinomyecin

Ingeastikle alechel

Butonomic agent

Gram-negative coccus

Busulfan

Infectious agent

Human immuncdeficiency virus type I
Argemone oil

Pseudomonas

Domain

Co0z1245
C0348332
Cco452162
C0414005
C0572072
C0571452
C1299601
C0275188
C0573267
C0249155
co3dezed
co568488
Cols1681
Cc0338784
Clzlz2046
co0147326
CoET1lz240
C05546524
C0438346
C0249471
co4138220
C0403738
co4102904
c13z20186
C0568989
Cl279224
C0343841
C0277353
C0276507
C0l153328
Cl274152
c0029120
Cco477692
C0276627
C1274200
C05704032
co5682859
C0241755
c0349179
c0572474
C0275554
c0571387
Cc0023026
C0570914
c0343489
c0572494
coo07684
CO276500
co412026
C1275136

AZ2923867
AIDEE008
A31320080
RA3243943
R32TIE26
A2246511
R3T718212
A20954026
RA3239247
A3086327
A3085798
A3288871
RA3148996
A3nlolzl
A2883768
R3n19421
RL2247042
R3D3TE36
R3Z2036T0
Aan4elz0
A2244725
A3904401
A30D2303
A3858384
A3288962
A2024123
A3nl4642
RA3B12905
A2951799
RA3D53629
A3512280
A2E8BE8T50
R3228249
A295TB06
RIATOT206
A3243972
A3250398
R3D26595
R30B63TT
A2284822
A2461247
RB3247542
A30B6293
RA3247138
R3I00T140
A2260795
RA3L512066
RA296T7509
RA309T7680
RA3I5TT393

Infectious mononucleosis

Parvovirus as the cause of diseases classified
Female tubkerculcus pelvie inflammatery disease
Chlerthalidone adverse reaction

overdese of dihydreocodeine

Cefaclor allergy

Staphylococcous epidermidis wventriculitis
hzaemia axillaris peiscning
heecidental hyoscine overdose
[¥1Mental and behavicral discrders
[X]Ascariasis with other complications
Sulpiride peoisconing of undetermined intent
Iscpropyl alechel causing toxic effect NOS
Episedie chrenie alechelism

Urine induced contact dermatitis
Eryzipelothrix infeection NOS

Hypremellecse allergy

Late congenital neurcsyphilis

splinter of anus without majer copen wound,
Necnatal aspiraticn of mucus

Pericyazine adverse reaction

Penile proesthesis infectien

heoute coteomyelitis-talus

Entercvirus infecticon of the central nerwvous sy...

Sulfadiazine poisening of undetermined intent
Infecticus colitis,
Dichuchwa

Infestaticn by Sclencpotes

AIDE with progressive multifocal leukcencephalo...

Other specified infectiocus or parasitic diseases
Infective dermatosis of lip
Cardicvascular syphilis

[X] Pericetitis in other infectious
Chrenie aggressive viral hepatitis

Skin disease attributable to corticestercid the...

Clefibrate group adverse reacticn
Tetracyclic antidepressant drug polsoning
Gonococcal prostatitis

[¥1Mental and behavicral discrders
Netilmicin overdose

Bcute bacterial arthritis
Spectinomyein allergy

[X]Mental and behavicral discrders
Lideflazine allerqgy

Chrenie meningococccemia

Busulfan overdose of undetermined intent
Infecticus disease of central nerveous asystem
Human immunecdeficiency virus I infecticn
hrgemcne oil causing toxic effect

Necnatal pseudomonas infection

Range

dus to use o...

infe. .

enteritis and gastroenterit...

diseases cla...

due to use o...

due teo use o...

[SNOMEDCT]
[ENOMEDCT]
[ENOMEDCT]
[SMOMEDCT]
[EWMCOMEDCT]
[SNOMEDCT]
[SHOMEDCT]
[ENOMEDCT]
[SHOMEDCT]
[EMCMEDCT]
[ENOMEDCT]
[SNOMEDCT]
[SHOMEDCT]
[ENOMEDCT]
[SNOMEDCT]
[EMOMEDCT]
[ENOMEDCT]
[SMOMEDCT]
[EWMCOMEDCT]
[SNOMEDCT]
[SNOMEDCT]
[ENOMEDCT]
[ENOMEDCT]
[SMOMEDCT]
[EWMCOMEDCT]
[SNOMEDCT]
[SHOMEDCT]
[ENOMEDCT]
[SHOMEDCT]
[SMOMEDCT]
[ENOMEDCT]
[SNOMEDCT]
[SHOMEDCT]
[ENOMEDCT]
[SHOMEDCT]
[EMCMEDCT]
[ENOMEDCT]
[SHOMEDCT]
[EWMCOMEDCT]
[SNOMEDCT]
[SNOMEDCT]
[EMOMEDCT]
[ENOMEDCT]
[SMOMEDCT]
[EWMCOMEDCT]
[SNOMEDCT]
[SHOMEDCT]
[ENOMEDCT]
[SHOMEDCT]
[SMOMEDCT]




causative_agent_of

C00145644 A2021272 Human herpesvirus 4 C0021245 A2922867 Infecticus moncnuclecsis [EMCMEDCT]
CO086T76 A2299901 Genus Parvovirua C0248332 A30EE008 Parvovirus as the cause of diseases classified ... [SNOMEDCT]
[ENOMEDCT]

VIFUS ..o Chronic aggressive viral hepatitis CevowBpe

[EMCMEDCT]

Anti-psychoetic agent . f............| Sulpiride poeisoningief Undetermined.. . st

[SNOMEDCT]

Autenomic agent ......}........... | LLideflazine allergy (oonocr)
- - - [SNOMEDCT]
Ingestible alcohol:...... IViental and lsehavieral diserders (eNoHzDCT)
[SNOMEDCT]

LUNSAUSD ALZS ooy WLlNe LLlsl3D4D AISSI/05 WLLNT LOUUUsH CONLACL WoLllaLluls [SNOMEDCT]
C0004611 A6917107 Bac)eria C0014736 A2019421 Erysipelothr x infeection NOS [SNOMEDCT]
C0012227 R6928912 Drug or medicament C0571249 A2247042 Hypremellcose allergy [ENOMEDCT]
CO040840 RAZ2887564 Treponema pallidum C0554634 A2037526 Late congeniial neurcsyphilis [BNCMELCT]
C04328246 A2202670 Splinter of anus without majer copen wound, infe... [SNOMEDCT]

. C0249471 A3042120 Necnatal asp .ration of mucus [ENOMEDCT]

Infectlous C0O412230 A3244725 Per:!.cyazine ‘1dvgrsele reacilzion [EMCMEDCT]

C0O402732 A2904401 Penile preostiesis infecticn [ENOMEDCT]

R3092202 Rcute cstecomrelitis-talus [ENOMEDCT]

agents . R3298384 Enterovirus .nfection of the central nervous sy... [SNOMEDCT]

oS es 23288962 51 mmam ~f undetermined intent [SNOMEDCT]

A3024122 :ritis and gastroenterit... [SNOMEDCT]

Eir](j ‘ - ), [SNOMEDCT]

CO277353 R3512905 -es [SNOMEDCT]

C0276507 AZ951799 - “ultifocal leukcencephalo... [SNOMEDCT]

Pharmacologic EIA53328 22053020 Qther sbecified Snfections o pazasitic diseass  aowEbCh
substances

[ENOMEDCT]
[SNOMEDCT]

“Brings alout a condition or an effect. Implied here is  iswomzper)

[SNOMEDCT]
0012227 A26272347 FPharmaceutical / biclegic h h f | h | I [SNOMEDCT]
C0260108 A2076286 Tetracyclic antidepresgan t at an agent, SUC aS Or examp e, a p armaco OgIC [ENCMEDCT]
CO0Z27573 RA2162195 Neisseria gonorrheae : [SMCMEDCT]
C0443078 A3228891 Psychoactige substance of Substance oran Orgamsm has brought about the effect” ... [SNOMEDCT]
CO0012227 R2627247 Pharmaceutical / bieclegic J [SNOMEDCT]
C0004611 RE917107 Bacteria CO275554 A2461247 Acute bacterial arthritis [EMCMEDCT]
CO001268 R2886726 Spectinomyecin CO571287 A2247542 Spectinomyein allergy [ENCOMEDCT]
C0B29068 R2245927 Ingestible alcchel C0023936 A3086292 [X]Mental and behavicral discrders due teo use o... [ENOMEDCT]
CO004282 A3755448 Autonomic agent CO570914 A22471328 Lideflazine allergy [BNCMELCT]
C0214754 R3I026T22 Gram-negative coccus C0342489 A2007140 Chrenie meningococccemia [ENOMEDCT]
COn0s463 AZE879225 Busulfan C0572494 A3260795 Busulfan overdose of undetermined intent [ENOMEDCT]
C02147322 R3024111 Infecticus agent CO007684 A2512066 Infectiocus disease of central nerveous asystem [EMCMEDCT]
CO0019704 RA3021298 Human immuncdeficiency virus type I CO27E500 A2967509 Human immuncdeficiency virus I infecticn [ENOMEDCT]
CO0DE2322 A2992080 Argemone oil C04120326 A2097680 Argemcone cil causing toxic effect [SNOMEDCT]
CO033B08 RAZ2E8E85980 Pseudomonas C1275136 A3577292 Necnatal pseudomonas infection [BNCMELCT]

causative agent of svonep o = CAUSES gy




Abstraction at the level of high-level concepts

¢ Compute the lowest common ancestor(s) for
concepts in the domain and range of the
relationship, respectively

rovedure by method >

1 access instrument of

access instrument of (Endoscope, Procedure)




@ Abstraction at the level of STs

¢ Compute the distribution of the STs for concepts
In the domain and range of the relationship,
respectlvely

Therap or Prev
Medlcal DeV|ce Procedure

Health Care
Dlagnostlc Activity
Procedure
access instrument of

access instrument of (Medical Device,
Diagnostic/Therap. or Prev. Procedure)




ldentifying candidates in the SN

Therap. or Prev. Procedure ]
[ Medical Device }—%ses :

Diagnostic Procedure ]

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

Therap. or Prev.
[ Medical Device] Procedure

Diagnostic
Procedure

dccess, nstrment of

Health Care
Activity

access instrument of svonep cr = inv(uses )




(2) Semantic Network-centric approach

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

\ ingredient of (
gl Clinical Drug ]

[ Substance )

ingredient of
active ingredient of
dose form of
metabolizes

has contraindication i

{ingredient of,, active ingredient of syonepcp d0Se.form of s, | =ingredient of g




Results Materials

(2005AC)

¢ 139 specified relationships (RELA) in the
Metathesaurus

¢ Major contributors
e SNOMED CT (62)
o LOINC (15)
o NDF-RT (15)
¢ Most relationships are specific to one vocabulary
e 116 specific to one vocabulary
e 23 found In at least 2 vocabularies



Results Alignment

¢ 80 relationships (58%) could be aligned

e |dentical
s dffects, process of, ingredient of

e Roughly equivalent to

x focus of syoueper = ISSue ing,

e More specific than
= metabolic site of ypppr < functionally related tog,
¢ Non aligned (non-semantic relationships)
o Lexical relatioships (e.q., british form of, suffix of; omc)
o Mapping relationships (e.g., see froni p;sp, Mmapped. to.)
e Vocabulary management (e.g., replaces oonmpcr)

o

NLM



Some issues

¢ Manual elicitation
e Manual review by experts required

¢ Abstraction at the level of high-level concepts

e Lowest common ancestor = root of the terminology
(heterogeneous set of concepts)

& Abstraction at the level of Semantic Types
e Multiple STs for a set of concepts
e Multiple relationships for a given pair of STs
¢ Semantic Network-centric approach

e Multiple relationships in the Metathesaurus between the
concepts corresponding to a given pair of STs




Towards an ontology of relationships



Motivation

¢ Consistency checking T —
e Relations asserted between STs

In the SN should provide constraints

for relations between Metathesaurus
concepts categorized by these STs

UMLS Metathesaurus

& Effective subsumption reasoning

e Requires explicit equivalence between identical
relationships (e.g., Inv(due to) = cause of = causes)

e Requires explicit subProperty relations



EXxisting resources

¢ Semantic Network relationships

e 54 relationships, not formally defined, organized into a
shallow hierarchy

e hitp://semanticnetwork.nlm.nih.qov/

¢ GALEN relationships

e Over 500 relationships, semi-formally defined,
organized into a hierarchy

e hitp://www.opengalen.org/
¢ OBO relation ontology

e 10 relationships, formally defined
e hittp://obofoundry.org/ro/



http://semanticnetwork.nlm.nih.gov/
http://www.opengalen.org/
http://obofoundry.org/ro/

GALEN relations isingredientOf

tribute
ralPartitivelttribut

(%] isMultipleIngr
(%] isNotIngredient:
(%] islot Chen 13ubgroupot
i Froc T Attribute

Wrapp
Tempor: .
Modifierir
pecif
Applicationittribut
Aktribute Filter: on




OBO relations

Summary Table

name ransitive symmetrlc reflexive anti- symmetrlc documentation

J surmmart

sUmmary
sUmmary

’7
’+7

’+7 =d summary
’+7 .

’+7

summary
summary
SUmimary
sUmimanry
instance_of View detailed summary




Extending the SN relationship hierarchy

A
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