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Outline

& What is the UMLS?

e Introduction

e Overview through an example

e The three UMLS Knowledge Sources
& How to use the UMLS?

e Obtaining a license

e Remote access

e Local installation and customization

e A UMLS-based algorithm

e Benefits and limitations
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Part |

What is the UMLS?

Outline

# Part I: What is the UMLS?
e Introduction
e Overview through an example

e The three UMLS Knowledge Sources
= UMLS Metathesaurus
= UMLS Semantic Network
= SPECIALIST Lexicon and lexical tools

11
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Part |
What is the UMLS?

(1) Introduction
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What does UMLS stand for?

& Unified
¢ Medical
& Language
& System

UMLS®
Unified Medical Language System®
UMLS Metathesaurus®

NLM
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Motivation

August 19, 2007

# Started in 1986

+ National Library of Medicine

# “Long-term R&D project”

& Complementary to IAIMS  {iomaton Management sysems)

«[...] the UMLS project is an effort to overcome two significant
barriers to effective retrieval of machine-readable information.

« The first is[the variety of ways the same conceptis are expressed]
in different machine-readable sources and by different people.

« The second is the[distribution]of useful information among many
disparate databases and systems.»

:
NLM

The UMLS in practice

# Database
e Series of relational files
# Interfaces
e Web interface: Knowledge Source Server (UMLSKS)
e Application programming interfaces
(Java and XML-based)
& Applications
e lvg (lexical programs)
e MetamorphoSys (installation and customization)
e RRF browser (browsing subsets)

‘The UMLS is not an end-user application 8

Part |
What is the UMLS?

(2) Overview through an example

Addison’s disease

& Addison's disease is a rare

endocrine disorder AN
+ Addison’s disease occurs -
when the adrenal glands cortex medulla
right left
do not produce enough of a‘I'JdrTSaI / adrenal
the hormone cortisol g 7P g

& For this reason, the
disease is sometimes
called chronic adrenal
insufficiency, or :
hypocortisolism 3= 1| tidney

.
NLM

Adrenal insufficiency Clinical variants

& Primary / Secondary

e Primary: lesion of the
adrenal glands themselves

e Secondary: inadequate
secretion of ACTH by the
pituitary gland

& Acute / Chronic

# Isolated / Polyendocrine
deficiency syndrome

Parathyroid gland

Thyroed glang

Thymus glang

NLM
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Addison’s disease: Symptoms

& Fatigue
& Weakness
« Low blood pressure

+ Pigmentation of the skin (exposed and non-
exposed parts of the body)

...

= 12
NLM
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AD in medical vocabularies
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& Synonyms: different terms

e Addisonian syndrome

e Bronzed disease

e Melasma addisonii

e Asthenia pigmentosa

e Primary adrenal deficiency

e Primary adrenal insufficiency

e Primary adrenocortical insufficiency

e Chronic adrenocortical insufficiency
& Contexts: different hierarchies

11
NLM

eponym

symptoms

clinical
variants

13

Organize terms

& Synonymous terms clustered into a concept
# Preferred term
& Unique identifier (CUI)

Addison Disease MeSH D000224
Primary hypoadrenalism MedDRA 10036696
Primary adrenocortical insufficiency ICD-10 E27.1
Addison's disease (disorder) SNOMED CT 363732003

€0001403
Addison’s disease

NLM
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Endocrine system diseases

Adrenal gland diseases

Adrenal Insufficiency

Addison Disease

Endocrine disorders

Adrenal gland disorders

Adrenal cortical hypofunctions

Addison’s Disease

SNOMED International |

Diseases of the endocrine system

Diseases of the adrenal glands

Addison’s Disease I

UMLS Tutorial - O. Bodenreider (NLM)

SNOMED CT (native) |

Disorder of endocrine system

Disorder of adrenal gland
Hypoadrenalism
- Disorder of
Adrenal hypofunction adrenal cortex

Adrenal cortical hypofunction
Addison’s Disease
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SNOMED CT (UMLS view)|

Disorder of endocrine system

Disorder of adrenal gland

Adrenal gland Disorder of

hypofunction adrenal cortex
Adrenal cortical hypofunction
Addison’s Disease

August 19, 2007

NCI Thesaurus

Endocrine Disorder

Non-neoplastic
endocrine disorder

Adrenal gland disorder

Non-neoplastic
adrenal gland disorder

Adrenal gland
insufficiency
Adrenal cortical insufficiency
Addison’s Disease

Primary adrenocortical insufficiency

Endocrine, nutritional
and metabolic diseases

Disorders of other
endocrine glands

Other disorders of
adrenal gland

Organize concepts

& Inter-concept
relationships: hierarchies
from the source
vocabularies

& Redundancy: multiple

5 I ®
[B\/D\/E\/H\ o®
O

paths

4 One graph instead of
multiple trees
(multiple inheritance)

11
N

22

organize concepts

Endocrine system diseases

Adrenal gland diseases

SNOMED CT
SNOMED Intl
MeSH
MedDRA

Adrenal gland Adrenal cortex
' hypofunction diseases
Adrenal cortical hypofunction

Addison’s Disease
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UMLS view

Endocrine system diseases

Non-neoplastic
endocrine disorder

Adrenal gland diseases

Non-neoplastic
adrenal gland disorder

Endocrine / nutritional /
metabolic disorder

Disorders of other
endocrine glands

Adrenal gland
hypofunction

Adrenal cortex
diseases

Other disorders of
adrenal gland

Adrenal cortical hypofunction
Addison’s Disease
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UMLS view

Endocrine / nutritional /
metabolic disorder

Disorders of other
endocrine glands

Endocrine system diseases

Immune system diseases

Non-neoplastic
endocrine disorder
Non-neoplastic
adrenal gland disorder

Autoimmune diseases

Adrenal gland diseases

Other disorders of

Adrenal gland
i adrenal gland

diseases

‘ Adrenal cortex

Adrenal cortical hypofunction
Addison’s Disease

Tuberculous
Addison's disease

Addison's disease
due to i

August 19, 2007

Relate to other concepts

& Additional hierarchical relationships
e link to other trees
e make relationships explicit

& Non-hierarchical relationships

& Co-occurring concepts

& Mapping relationships

26

k1
ML

Categorize concepts

& High-level categories @
(semantic types)

# Assigned by the
Metathesaurus editors
& Independently of the Endocrine Diseases

hierarchies in which these
concepts are located

Adrenal Gland Diseases
Adrenal Gland Hypofunction
Addison’s Disease

-
NLM

How do they do that?

# Lexical knowledge
& Semantic pre-processing

& UMLS editors

-
NLM

Lexical knowledge

Adrenal gland diseases
Adrenal disorder

Disorder of adrenal gland
Diseases of the adrenal glands|
C0001621

-
NLM
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Semantic pre-processing

& Metadata in the source vocabularies

# Tentative categorization

# Positive (or negative) evidence for tentative
synonymy relations based on lexical features

-
NLM
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Additional knowledge: UMLS editors UMLS Summary

# Synonymous terms clustered into concepts
& Unique identifier

Adrenal gland diseases

# Finer granularity

# Broader scope

& Additional hierarchical relationships
& Semantic categorization

Other disorders of
adrenal gland

Adrenal cortex
diseases

Adrenal gland
hypofunction

Adrenal cortical hypofunction
Addison'’s Disease

; 31 32
NLM NLM

Unified Medical Language System E

& SPECIALIST Lexicon

e 360,000 lexical items Lexical
Part | e Part of speech and variant information resources
What is the UMLS? ¢ Metathesaurus
e 6M names from over 100 terminologies Terminological
e 1.5M concepts resources
(3) UMLS Knowledge Sources * 8M relations
& Semantic Network Ontological
o 135 high-level categories resources

e 7000 relations among them

>
NLM

Metathesaurus Basic organization

+ Concepts
e Synonymous terms are clustered into a concept
e Properties are attached to concepts, e.g.,
= Unique identifier
UMLS Metathesaurus - Definition
# Relations
e Concepts are related to other concepts
e Properties are attached to relations, e.g.,

= Type of relationship
= Source

NLM
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Source Vocabularies (2007AB) Biomedical terminologies
# 143 source vocabularies & General vocabularies
e 17 languages e anatomy (UWDA, Neuronames)

e drugs (RxNorm, First DataBank, Micromedex)

 Broad coverage of biomedicine
e medical devices (UMD, SPN)

e 5.9M names
o 1.4M concepts # Several perspectives
e 8M relations e clinical terms (SNOMED CT)

o information sciences (MeSH, CRISP)
e administrative terminologies (ICD-9-CM, CPT-4)
o data exchange terminologies (HL7, LOINC)

+ Common presentation

_- 37 _" 38
NLM NLM
Biomedical terminologies (cont’d) Integrating subdomains
S R | d b | R Clinical
@ Specialized vocapularies repositories P
e nursing (NIC, NOC, NANDA, Omaha, PCDS)
Other SNOMED CT

o dentistry (CDT)
e oncology (PDQ)
e psychiatry (DSM, APA)
o adverse reactions (COSTART, WHO ART)
e primary care (ICPC)
& Terminology of knowledge bases (Al/Rheum,
DXplain, QMR)

subdomains

Model
organisms

The UMLS serves as a vehicle for the regulatory standards

‘ (HIPAA, CHI) 39 20
NLM NLM

Integrating subdomains Trans-namespace integration

Clinical Addison's disease Clinical
repositories Genetic (363732003) repositories
knowledge bases

Other
subdomains
Biomedical

literature

Model
organisms
Genome
annotations
-

NLM
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Addison’s Disease: Concept Metathesaurus Concepts (200748)

ADRENAL INSUFFICIENCY (ADDISON'S DISEASE) |mmmmmm e o

Disease or Syndrome ﬁ?&iﬁﬁﬁ?@lﬁ%‘f&’”‘c‘E”“‘ PRIVARY FAILURE * ConCEpt (~ 14M) Cul A0066000 Headache (MeSH)

Mel ddi -
Primary sdrenal deficency o Set of synonymous A0065992 Headache (ICD-10)
Asthenia pigmentosa 50046854

Bronzed disease concept names

Insufficiency, adrenal primary

Pkl &Term  (~53M) LUI
Maladie ¢‘Addison - French e Set of normalized names

Addison-Krankheit - German R
Doanca e Adon Poruguese o String (-~ 5.9M) SUI
AQANCOHOBA BONE3Hb - Russian .
TSR -dapanese | o Distinct concept name

A0066007 Headaches (MedDRA)
A12003304 Headaches (OMIM)
S0046855

Addison’s Disease
L.0018681

SNOMED CT A0540936 Cephalodynia (MeSH)
SNOMED Intl An adrenal d haracterized by th destructi - S0475647
SNow e g ety b gk dsmin ¢ Atom  (~7.2M) AUI
ldost d hydrocortisone. Clinical sympt Tud
MedDRA o o Clal s ke « Concept name Loagor7
hyperpigmentation of the skin due to increase in circulating . .
levels of ACTH precursor hormone which stimulates In a glven source C0018681 H
T e et

43

Cluster of synonymous terms Beyond concepts Descriptor level

S0354372 Addison's disease

50010794 Adcison's Disease # In some vocabularies, the unit of information is an
Term 50010792 Addison Disease
L0001403 | S0010796 Addisons Disease aggregate Of COnCEptS

e e.g., descriptors in MeSH, for indexing purposes

50033587 Disease, Addison
C0020268

0469271 Addison's disease, NOS

Term | 590733 Primary Adrenocortical Insufficiency
Loagasdo | S5901878 Insuffciencies, Primary Adrenocortical

Term 55007334 Primary Adrenal Insufficiency I
Concept Loaoags1 | ss924573 Adrenal Insufficiency, Primary = umbes
Cooo1403

MEDICAL
SUBJECTHEADINGS

defi

Term | 5907343 Primary Hypoadrenalism
Los85243 | 50718109 Primary hypoadrenalism

I Tree Number

Scope Note

Term | s4115514 primary; hypoadrenocorticism
13541031 | $4090095 hypoadrenocorticism; primary

asthma.
C0887247

(W] Entry Term

Entry Term C0699401
e, | sia71s73 Addison-Krankheit GER Entry Term C0020268
Entry Term 0699402
$6107160 Maladie d'Addison FRE

15345155 &

-
NLM

<{C0887247
C0887247

Beyond concepts Descriptor level Metathesaurus Evolution over time

EA-O-(WOMQ Hydrocortisone (MeSH
11A0043102  Cortisol (MeSH)
C0020268

& 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

I 66 picortisol

1A0016625  11-Epicortisol
!I A0055118 Hydrocortisone, (11 alpha)-Isomer
i C0887247

eta,10 alpl
C0887246

AdNgn's disease, NOS
co;

Cortril

Addison's disease
C0001403

ST T T T T T T TS T T T T TS T e s T T T T T T e T . 1992 1993 1994 1995 1996 1997 1998 1999 ... 2007

: D006854 :
L 44 48
NLM
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Metathesaurus Relationships

Symbolic relations

& 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

o
NLM

+ Relation
e Pair of “atom” identifiers
o Type
o Attribute (if any)
o List of sources (for type and attribute)
+ Semantics of the relationship:
defined by its type [and attribute]

Source transparency: the information
is recorded at the “atom” level

: 50
NLM

Symbolic relationships Type

& Hierarchical

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

& Derived from hierarchies

o Siblings (children of parents)  SIB R
# Associative 6%

e Other RO S—O—
& Various flavors of near-synonymy

e Similar RL

e Source asserted synonymy sy

e Possible synonymy RQ

.
NLM

Symbolic relationships Attribute

# Hierarchical
e isa (is-a-kind-of)
e part-of
¢ Associative
o |ocation-of
e caused-by
e treats

# Cross-references (mapping)

.
NLM

Mapping relations

& Simple mappings
e <atom 1> mapped_to <atom 2>
e eg.,
« SNOMED CT to ICD-9-CM
& Complex mappings
e <atom 1> mapped_to <boolean expression>

eeg,
= ICD-9-CM to MeSH (search strategies)

NB: partially redundant with relations in MRREL

.
NLM

Everything else

# Co-occurrence information (MRCOC)
e Co- occurrence of MeSH descriptors in MEDLINE
for the most part
& Source-specific attributes (MRSAT)

o Legacy identifiers, external cross-references
= SNOMED International legacy codes (SNOMED CT)
= RxNormto NDC

Concept status in a particular source (SNOMED CT)
Frequency of occurrence in MEDLINE (MeSH)
MedlinePlus URL (MeSH)

54
NLM
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Semantic Types
DE;L}W
| structure
Pharmacologic Population Semantic
Substance Group Network
| /
b Metathesaurus
[Saccular
Viscus -
Angina
et /
Concepts
Semantic Network
# Semantic types (135)
e tree structure
e 2 major hierarchies
= Entity
— Physical Object
— Conceptual Entity
= Event
— Activity
— Phenomenon or Process
57

“Biologic Function” hierarchy (isa)

Biologic Function
Physiologic Function
|

Pathologic Function

I [
Organism || Organ Cell Molecular Cell or Disease or || Experimental
Function || or Tissue || Function || Function Molecular || Syndrome Model of
Function Dysfunction Disease

Dysfunction

Mental Genetic Mental or Neoplastic
Process Function Behavioral Process

59
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UMLS Semantic Network

Semantic Network

 Semantic network relationships (54)
e hierarchical (isa = is 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 treats Pathologic Function

58
processof
part of evaluation of . Biologic
propertyof - SYAUANON O e e
Ve evaluation of Function
Laboratory or | [ Signor | disrupts| Physiologic | [ Pathologic
TestResult || Symptom Function Function
disrupts location of |
Structure | | Abnormality Anatomical  fes - co-o0eurs with
Structure
conceptual
y \
Congenital || Acquired conceptual :’:Zdau‘g; part of
Abnormality | | Abnormality |/ partof X, *_ conceptual
/ part of

concepual Body System :
part of ‘
Body Part, Organ or Cell location of
Organ Component 2 | Component
A “ partof ..
part of pariof  partof

adjacent to

60

UMLS Tutorial - O. Bodenreider (NLM)
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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
o Other relationships may apply at the concept level

: 61
NLM

Relationships can inherit semantics

Semantic Network

Biologic Function
Pathologic Function

Disease or Syndrome

’ Adrenal

Cortex

Fully Formed
Anatomical
Structure

location of

isa Body Part, Organ,
or Organ Component

hypofunctior
location of
Metathesaurus

62

SPECIALIST Lexicon
and lexical tools

SPECIALIST Lexicon

+ Content
e English lexicon
e Many words from the biomedical domain
# 360,000 lexical items
& Word properties
e morphology
o orthography
e syntax
& Used by the lexical tools

o
NLM

Morphology

# Inflection
e noun nucleus, nuclei
e verb cauterize, cauterizes, cauterized, cauterizing
e adjective red, redder, reddest
# Derivation
e verb (= noun cauterize -- cauterization
e adjective(=) noun red -- redness

= 65
NLM

Orthography
# Spelling variants
e oele oesophagus - esophagus
e aele anaemia - anemia
o iselize cauterise - cauterize
e genitive mark Addison's disease

Addison disease
Addisons disease

; 66
NLM

UMLS Tutorial - O. Bodenreider (NLM)

11



Medinfo 2007, Brishane, Australia

August 19, 2007

Syntax

& Complementation
o verbs
= intransitive I'll treat.
= transitive He treated the patient.
= ditransitive He treated the patient with a drug.
e nouns
= prepositional phrase

Valve of coronary sinus

# Position for adjectives

-
NLM

Lexical tools

& To manage lexical variation in biomedical
terminologies
& Major tools
e Normalization
e Indexes
e Lexical Variant Generation program (lvg)
# Based on the SPECIALIST Lexicon

& Used by noun phrase extractors, search engines

-
NLM

Normalization

Hodgkin's di: NOS

Remove genitive —

Hodgkin dit NOS
Remove stop words —=
Hodgkin di:
Lowercase —
hodgkin di
Strip i —
Uninflect —

[ hodgkin di |

hodgkin disease

disease hodgkin

-
NLM

Normalization: Example

Hodgkin Disease
HODGKINS DISEASE
Hodgkin's Disease
Disease, Hodgkin's
Hodgkin's, disease
HODGKIN'S DISEASE
Hodgkin's disease
:gggt;zza;zﬁ:: NOS normalize —| disease hodgkin
Hodgkin's disease, NOS
Disease, Hodgkins
Diseases, Hodgkins
Hodgkins Diseases
Hodgkins disease
hodgkin's disease
Disease, Hodgkin

-
NLM

Normalization Applications

& Model for lexical resemblance

« Help find lexical variants for a term

e Terms that normalize the same usually share the same
LUI

# Help find candidates to synonymy among terms
& Help map input terms to UMLS concepts

71
NLM

Indexes

& Word index
e word to Metathesaurus strings
e one word index per language

& Normalized word index
e normalized word to Metathesaurus strings
e English only

& Normalized string index
e normalized term to Metathesaurus strings
e English only

= 72
NLM
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Lexical Variant Generation program

« Tool for specialists (linguists)
& Performs atomic lexical transformations
e generating inflectional variants
e lowercase
e ...
# Performs sequences of atomic transformations

e a specialized sequence of transformations provides the
normalized form of a term (the norm program)

NLM

Part 11

How to use the UMLS?

Outline

& Part 1I: How to use the UMLS?
e Obtaining a license

e Remote access
= Knowledge Source Server (UMLSKS)
= UMLSKS Application programming interface (API)

e Local installation and customization
(MetamorphoSys)

e A UMLS-based algorithm: Restrict to MeSH

e Benefits and limitations

-
NLM

Part 11
How to use the UMLS?

(1) Obtaining a license

First step License agreement

& Online Web-based license:
http://www.nIm.nih.gov/research/umls/license.html

e Read license coegt ana comne |
e Read appendix 1 and 2 _ccegt oo comnee |
e Print a copy for your records P a—
e Complete the Web form _Sutera |

o Verify:

= receive e-mail from NLM; go to Web site within 72 hours and enter
first and last name

o NLM official will countersign (turn-around time of a few days)
e Receive 2" e-mail from NLM with new license number

NLM

http://www.nlm.nih.gov/research/umls/license.html

the comtenss of Append 2 ton

License Agreement for Use of the UMLS® Metathesaurus®

Thes Agreemen
"HLM) aeed the L

anrd berween the Hasoal Library of Me-bone. Deganmens of Health arrd Human Seraces (herenaber refemed to as

L which will resul i informatin
ol comemsarary, e o Comsuntens

a2 s epamee &
e b segrments of the b

FOBE, o i vatually agreed s fullows

UMLS Tutorial - O. Bodenreider (NLM)
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The HLM berets X LICES LS "
MY OGRS AP 3t o 4 access Y Ype
pevmnsad of et Agreeneed 'kmumm-metkm

13 are pubbec eformatin.

H chasges, utage fers oo soyulies wil be pid 1o NLM
L ML seheets oL . soumses wihin the
encept () m sppbcatn develoged foe aprarpose sther

LS peraggh 12 of tas agrement
LICENSEE agrees 1o inforss HLM prior t2 the TML
eform NLM of ary deicuines e ML 2 ch o the TIMLS

LICENSEE
W-dedﬂv MGWilendﬂhummM;wﬁ&wﬂmm LITENSEE agrees to
d. £ appicatie ¥ (“annual

August 19, 2007

11 Some of the Materia i the TMLS heed WLICENSER
e UMLE Metstheimr
a) the LICENSEE is requred to display i £ price access ta the o v *

TIMELS, the feourmg wwosdeng i order thia s users be made swice of these cgpmght coammmts

“Some il the UMLS ghosd Users of the UMLS
mmmgm&nawmtmmm:w»m«vm:mwmm«mmwm
copyright, patens of trademark ntiers appesmg i the crgeal sources, sl of whach see beerby mcorpoested by referense *

1 duplay abot of o o TIMLE M, LICENSEE's appheaton, and 1o
deur fox pprops ex scly & partica ol
b]mﬂﬁ‘hl&ﬂuwmmﬁmmmﬁ_smmmm LS L
ay mchude LS The LICEMSEE snay nce mmply
o e mas 5 need to retain UMLS identifiers )
£ e LICER: oee e UMLE suxh that the crged
fer & ML t 1o 4 compirte werpos of the TMLS Mrtathe paarus

2 TMLS e Wy The categeesss of

Thee bist of UMLS Vocabuary 51 whach 12 part of thar Agreemest andu

wpdird when each vermon of Jeased, s e caegory of sbdmoca esricwoes, € ey, agply o each
wocabalary souree
umww-lhﬂrwmmhdxvﬂﬂlnfaxw( thes Beene
agreceeen. I LICENSEE or LICENSEE's ead user by 2 for wie of o TMELS
poumee vocabulaey, LICENSEE or LICENSEE s v abedary poumte mas

accordmnce with the terms of e separae agreemens

additional licenses may be necessary ]
80

LICENSEE bt 10 HEM )
Mmﬁt»m mas report

& it e Py ;

mm..-M Whgmﬂrd!mid“dﬂ
u“ﬁu&hﬂdu@klmnmu&lrﬂulﬁw uCENSEEumwwNmmGumndwm
- the UMLS Ly atbes data or cnthe
“MI!M‘W’ Nwdwhm rax Al oy dan 10 e, MRFGIE. oF WA

7 MM sourtes st the UMLS Metathe st 5

sourcer Tharefors, ucﬂlmw;hﬂwmm‘
[ome——

. M el chigs ey et 4 ko sudte b KL o o o LICESEE  my chin 4
format of the UMLS the addacn ® beast W) days before the data
[E——

5 Thepe o ML afwo sty ox 4 o tha FLM .
of the UMLE Metathe raars by there

10 LECENSEE shal ackonnwtedge HLM i 23 sousce of e UBLE b cang e e e p—
‘macner but ey ot i any weay nbeate o gy at HLM o sy ofthe segaricat UMLS has
endorsed LICENTEE or #s products. .

121 Categery 1

LICENSEE another bioguage the desivative

smge viabday scmie

12 2 Categery 3:

Al catngory | restictions AND

LicENsEE e g " P

. o for Je—

12 3 Categery 3:

LICENSEEs righeto e e LICENSEEY product

dindop, = b M»Ama--ﬁ;m‘wm-
wreg we by dex the dect srodut

devebrpment, sl L eopymgted seurces

corporiion of st v ese coprghond St i e ST bl Cmipti-bisd ormtion Fyec o bl SheTrveie
mwdumunmmmauma seling
Itz b enin, g e el for aemy parpose
emerptfer back g, or archora purpoars

L iy patees efiee vocabalary
e et of ML uupne(hwmu

124 Eategery &) —ee 0 "¢ ocial category for SNOMED CT

81

124 Categary 4:

124 1, LICENSEE s
content

sedber language o .

1242 LICENSEE's righ the vocabudary nthe U'S. by LICENSEE contractins, faculy,
alyberas, chents, pabest, of ConutBsels Wik electiota symema oe dewoes bult, parchased, beesaed, oo used by LICENSEE b U5
govermmental puaposes o for sy beab care, public heakh, rrsrarch, edoruoaal, or statitical use = the 115 T by stodenss is kemted
0 repearch or educational actines wnder the direct rupervinon of faclty

1243 LICENSEE bas the night t5 ¥ LENS weh cther UMLS
Futher, L Ak

& Electrocse dutrbuion to LICENSEE's deect U5 affiates, or 1o other U5, eotites that have sygned the TIMLS Borene, 1 coder
to Eaciitabe ups of the vocabulary for bealth care, public healh, research, educabonal or statrscal parporer nde 15 oaly

3 LICEN e B i ¥ 1

& LICENEEE st mehade i s anessal repoet a st of s 0 5 s or otber 115 stties 1o wheoen # has duerdbeted.
content from the vocabedary soare

b Dusibeti duta sets or knowledge wotabudary poiree by LICENSEE 10 sy U1 5 ensity
or e i the 5. only

e Inchusicn of o (1) e pubiicly @
[ 05 eely, P o

et any Agnicant porson of the vosabalay soace
1244 DEFINITIONS
a UE isdefined as o U5 states, temtonies, and the Dunict of Columbaa, any 115 government faciiey or office, whether

permasens o tregory, whezeves Loeated, imd aceert 1o 2 gy £ g =
gt pespeiives o e, W o o, B LS. oo a0

b UE ennty u defined as (3) for governmmest estiies, un agency of deparamest of the 11 5. Gewernment, (1) for corporabiens, o &
corporstion mecrpersted snd cperatng m the 17 5 and (=) for ofher emses s an wuty orgasised under the Ly ofthe 115

LICEMSEE P that srpone whe b data o wocabelary pourees o e UMLS

LICENSEE corpine cpmgdt o Be
TTMLT Mrtathe paaras. Mam;m"wwwwumwd-ﬂhucﬂlﬁ;m any of the LECEHSEE s urers) see
ot repeoduction of copyrghted material patent of mademark welabon. Anyots <oatemplating repecucton of all of sy porioa of the
UMLS Metathesnsus o sy of 2 vocabulary souees dhod conratlegal eounel

The holder ¥ b par
LICENSEE

agreement aned shall have & right 10 enfoece the

Mmmﬂhe&mn—lmdlvym of the parues Dmiﬂdwmmewhmm LICENSEE's fadure o

groumds b 4 emmtuiin 21 emmplopees, o y sourees
‘m,mum.sm,-m ehal b Bable or srspensble to LICENSEE 5 sy marmer whatsceser for damagrs of sy nabee
whatpoever anmmng from fhe termanaton of this Agresment

B the ot that sy promason of s Agreemaens is detrrramed to welate sy lw o is unecfirorable, the remnder of e Agrveroest thal
reman n il force and efiect

- Pucrt ccmpt
Accept & continue_—
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BFmts - bedy Venen
AFPENDIX AL
Agpessdiz to the Licrnve Agresmest for Use of the UMLS® Motathessurs
UMLE MET E VOCABULARIES . 2007TAB Edsise.
Sources are hved m order accordag o the. LS s N, =l apply. the
camgecy of e e specinl s e e o B ol v St e st Mpvecinc S i it of o cangecies of
Frvtnctons. Many gt P

apgicanca of pamcdar & nd . prowded for each source. Flease address questons shout
pemumtinent o heense agrerments for albbons wes 2ol covered by s Aggrement, oo othes mepmes aboud mrbndial surces, b e ppropnae
soatacts

HiMa maLs ofthe complete, £

AIRSS - AVRHEUM Bethesda, (MD) - Hatoral Library of Me-dome, Lister Hill Center, 1953

Contact May Cheb, Luter Fill Hanonal Cemter for Medone. Buddng 38A. Room YEWIZ 5600
Bociovile Pice, Betesda, M 2B, e-mad chebinies sh 0w

ALTI006 - Ahernatrve Biling Concepas (Alsk) Tth Vernon Las Craces, NM, 2006
T _source restriction level

Contact Alernaswe Lk LLC. 6121 Indan Schol Road NE. Suste 131, Aboguergee. HM 87110, Fhone (505) §75-0001, Tod Free
(BTT21-5465, Fax (305) BT5-0002, e-mad pl@absrmanvelok com

ATEGORY 3 RESTRICTIONS APRLY

84
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"
(WHOART). French Transhaws. Upgsala (Swedes) WHO Collaboratng Cenare
réernational Drsg Monitoring, Stora Target 3, 5.753 20 Upprala, Sweden, fix #46- 18656080
Auwerss Drug Reaction Terminology (WEOART). German Tramtation. Upprala (Sweden) WHO Collaborating Centre

WHOGER 1997

WHL

WHOSEA_1997

wn | (ot acoept

AFFENDIX 2

SNOMED CT# AFFILIATE LICENCE AGREFMENT

IMPORTANT NOTICE - PLEASE READ THE FOLLOWING CAREFULLY

86

License Restriction Levels 0-4 (2007A8)

& Level 0 (79.3%) There may be additional restrictions,
e unrestricted or separate license fees, associated

o with usage of specific vocabularies.
# Level 1 (5'0 A)) Read the UMLS License, including
* negotiate to translate the Appendix!

& Level 2 (0.5%)
e negotiate to use in health data creation
& Level 3 (25.4%)
e negotiate to use in production
o explicitly prohibited to provide Internet access

o Level 4 (21.8%)
o SNOMED CT (unrestricted in member countries)

-
NLM

Part 11
How to use the UMLS?

(2) Remote access

Remote Access

& UMLS Knowledge Source Server:
http://Jumlsks.nlm.nih.gov

& Web search interface
& Application Programming Interface (API)

& Coming soon: web services

-
NLM

Knowledge Source Server
Web search interface

UMLS Tutorial - O. Bodenreider (NLM)
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UMLSKS Web search interface

& Logging in

& Basic searching

& Advanced searching

: 91
NLM

UMLS Knowledge Source Server Home Page

# Tabs across top
access basic
searching of 3
Knowledge
Sources

]Ewwmmmmmm:

reunn e teaes_ SrYGNS!

& Advanced
searching options
on right-hand side

v e
NLM -

e —
e —

Metathesaurus Basic Search
Addison’s disease

@wmmmwms: . & UMLS Release

omartic Notwork__ SPECIALIS]

& Search Term

™ eleet MLS Release

20TAE
i

& UMLS
Knowledge
Source

Eeter gewrchviue  auidis

95
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UMLSKS Web search interface log in

@“‘"lﬁ Stk S B LS NS) E— Returning

users log in

Nm New users
create account

NLM

UMLS Knowledge Source Server Home Page

» Tramafer of awses n. f SROMED CT®
« change to

Concept Report Addison’s disease

LMLS KmuledpeSwrwSewu {UII.SKS] .

it o Concept Name
— / i

Semantic
Type(s)

Definition(s)

¢ Synonyms
96
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Display All

“Display”
shows results
for selected
options

“Display All”
shows results
for all available
options

97

Metathesaurus Basic Search
Adrenal gland insufficiency

& Specify:
o UMLS Release
e Search term

& Algorithm:

e Search
Normalized String

e Search
Normalized Word

e Suggest Spelling

w 98

Basic Concept Report
Adrenal gland insufficiency

99

Concept Report Display All
Adrenal Gland Insufficiency

+ Concept
Name/CUI

& Semantic Type(s)

# Definition(s)

4 Synonyms,
including foreign
languages

& Relations (broader,
narrower, etc.)

& Co-occurrence data
100

UMLS Knowledge Source Server (UMLSKS)

Concept Report Display All (continued)

‘

Synonyms

ANl

Sources

-
NLM ~

Concept Report Display All (continued)
(

Endocrine Diseases [C15]
Adrenal Gland Discases [C15053]
Adrenal Gland Hypofunction [C19.053264]

Hierarchies

10z

NLM

UMLS Tutorial - O. Bodenreider (NLM)
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Concept Report Display All (continued)

H Addison’s disease (National Drug File - Reference
Relations Termingiogy) (Reltion: sa]
Addizon's disease (Metathesaurus Names) [Relation: |
Hypoaldosteronism (Natienal Drug File - Reference
‘Terminol |ation: isa]

T

NLM F

August 19, 2007

Concept Report Display All (continued)

Associiand Expressians. Neee frand

- ccring MeSH Terms:

Co-occurrence

[64] Carticotropin

[57] Hydrocortisone

[38] Glecocorticoids

[31] Esophiagedl achelesia
[30] Dog Diseases

J [28] Adrenal Glands

data

11 =
NLM

Metathesaurus Advanced Search Options

UMLS Knowledge Source Server (UMLSKS) |

Mtatresmns Somantc Network __SPECIALIST Lavicen

# Focused Search

& Raw Relational
Records

NLM

Metathesaurus Advanced Search Feature
Focused Search

& UMLS Release
& Search Term

# String Criteria
e Exact Match

e Word

# Language

 Source Vocabularies

e Normalized string & word

e Truncation (left/right)
e Approximate Match

106

Restricted Source Concept Report
Addison’s Disease

UMLS Knowledge Source Server (UMLSKS) || & UMLS Release:

L 2004AB

& Search Term:
addison’s disease

& Source Vocabulary:
SNOMED CT

& String Criteria:
Normalized string

| eLanguage:

= English

107

UMLS Tutorial - O. Bodenreider (NLM)

Addison’s disease in SNOMED CT
Preferred Term and Code

Metathessurus Search for: Addison's disease i UMLS Release 2004AB
Tenm Mame: Addisan's diseage
CUI: Q00140

T Tenm UL LODOTA03
¥ T Vashts Ssurce: SNOMED Clnical Terms
MeSH Bry Terms TTY: PT
MeSH Arnbanes jir3 363700
& TTY: Term Type
¢ ID:  Source Code Descriptor
NLM

f UMLS Knowledge Source Server (UMLSKS)
Metathesaunus . Semmncheimk SPEém.LIISTLE‘iDDII

Home Advenced Szarch Logout

108
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Metathesaurus Advanced Search Feature
Relational Record Request Relational Records MRCONSO.RRF

& UMLS

UMLS Knowledge Source Server (UMLSKS) |
omLs UMLS Knowledge Soure Server (UMLSKS

LI LATITSILOE | STTISUL | JSPREF [AUL| SAUL | STUE | SDUL| SAE| TTY | 2008 | STR| SUPRESS |EVE |

CEO01 48| CIEIFILILNOTAR |FF 13100292 | ¥ | AZBI21E0] | |CAD2 [EIIE | MEIDODB22 |ADOH SCHUR MEMAZ
3 PILI0ZEG3E 3 E et

#11204R638 |

0001 403 |2
0001403120
0001 £03 |27 15
COO01403 ID0TIS

& Search Term

0001403 |20
0001403 |z
0001403 1207131 LABGG2
0001 403|207 151 149997

511

$UMLS - e e
Relational Coan 103 s i
Table e
x 109 ¥ 110
NLM NLM
Semantic Network Searching Semantic Network Search
# Select Tab UMLS Knowledge Source Server (UMLSKS) | # Enter search
along top " etessris  Somante etk SPECULIST Lxicon string
_Or-
# Quick search # Select semantic
= type
& Advanced T ] -or-
Search on T .
> # Select semantic
right-hand == relation
side
- 111 112

Semantic Type Clinical Drug Show Relations Between Types

& Browse ST
hierarchy

+ View Concepts et — .
with ST Aok Aoy E e l'_' Aol Aoty

# View Relations e H b, e ’— e
valid for the ST e e R

+ View Raw S
Relational « Validates whether a selected Semantic

. Records Relationship (SR) holds between two selected

Semantic Types (ST)

w 113 114
NLM NLM

UMLS Tutorial - O. Bodenreider (NLM) 19
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SPECIALIST Lexicon Searching

August 19, 2007

& Select Tab

along top

& Quick search

NLM

SPECIALIST Lexicon Search

UMLS Knowledge Source Server (UMLSKS)

ML, B ETAT TOELAD FO1AA TR AT LA HOAAD

EETETET TN <7EC1ALIST Lexicon

The SPEC

B

Lomie
ot e sty s ek o o ey oo
[y

L vemas may be single o2 malt- wend tesma

» UMLS Enowiedge Seurces
» Developer's APl

ahogiphic

116

SPECIALIST Lexical Record

ML,

Specialist Lexical Record

View * Addhson’s disease” in relational format.

UMLS Knowledge Source Server (UMLSKS)

FUEL R 001 JTAR OU1AT LD HOTAK TORIAD SOIAT HOAAL HO4AD

117

UMLS Resources

& NLP & Lexical Resources -~ 5 oo
e MetaMap Transfer (MMTXx)

e Word Sense Disambiguation
(WSD) Test Collection

# Semantic Network
e Semantic Navigator
e Semantic Groups

& Metathesaurus
e String Properties

* NLF & Lexical Resources
. = Semande Netwerk Resswrees
NLM » Metathesaunus Resourcas

The “new” UMLSKS (coming soon)

Uihod e L st Sy Kb S S
R

[T

Rackgroarst

Th Ui Ml Lirgagn Systin) (UMLS) dpprmach
" of

B ot tohewskingy.

UMLS Tutorial - O. Bodenreider (NLM)
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UMLS Semantic Navigator

& Web-based
o http://mor.nlm.nih.gov/perl/semnav.pl

& Concept- and relation-centric
& Displays contexts graphically
& Displays all relations simultaneously
& Excludes hierarchical cycles in the UMLS graph
& Search
e By CUI
e By word

NLM

RRF Browser

# Distributed with the UMLS
o Along with MetamorphoSys
# Standalone
& Can browse particular subsets of the
Metathesaurus
& Search
e By code
e By CUI
e By word

NLM

RRF Browser

O
o BB e (Mol w1l DTS

Lt Saarch | Code Soarch | Trom Bromste | Word Searh || | B v Bipert v

0162303 Aaransle

® Comceph: [CW COBBLARI] Addisen Disssss
= temantic Type

Knowledge Source Server
Application Programming Interface

UMLS Tutorial - O. Bodenreider (NLM)
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UMLSKS API basics

& Remote server at NLM
# Local application connected through

Java RMI TCP/IP socket
& Java-based applications & XML-based queries
& Developer’s Guide: & Developer’s Guide: Chapter 5

Chapter 3 & XML schema

& Set of Java classes & Socket server
(part of the UMLSKS API e Host: umlsks.nlm.nih.gov
download) e Port: 8042

& Detailed Javadoc
documentation online and with
API download

NLM

Developer’s Guide

ML s the UMLEKS AFL

e ostmes and rcabactars cf e UMLK

s Senrmban e Aschcns wradibis 1o
AR —

i spseep fosdiy of the

o & At it o o e, Vs e, ated A prodnm i this

F T a—

Documentation Java API

et el i AR

Dieveloger's Guide

UMLSKE API Downlosd

pratebars T drerdaning UMLIES AFL The

Dseniading the UMLSES APE

. [P complet ot s £ 0 UL ATt may b oot by chking o the ek bk, Chchig the
129

Documentation Javadocs

|EEYr————

11
NLM

130

Sample XML query (1) Current version

<?xml version="1.0"?>
<getCurrentUMLSVersion version="1.0"/>

<?xml version="1.0"?>

IH|:> <CurrentUMLSYear version="1.0">
2007AB

</CurrentUMLSYear>

- 131
NLM

Sample XML query (2) Concepts by string

<?xml version="1.0"?>

<£indCUI version="1.0">
<conceptName>appendicectomy</conceptName>
<language>ENG</language>

<exact/>

<noSuppressibles/>

</£indCUI>

<?xml version="1.0"?>
<ConceptIdCollection version="1.0">
<release>2004AB</release>

||]|::> <conceptId>
<cui>C0003611l</cui>

<cn>Appendectomy</cn>
</conceptId>
</ConceptIdCollection>

132

UMLS Tutorial - O. Bodenreider (NLM)
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Sample XML query (3) Concepts properties

<?xml version="1.0"?>
<getSemanticType version="1.0">
<cui>C0033572</cui>
</getSemanticType>

<?xml version="1.0"?>
<SemanticTypeCollection version="1.0">
<release>2004AB</release>
<cui>C0033572</cui>
<cn>Prostate</cn>
m[:> <semanticType>

<tui>T023</tui>

<sty>Body Part, Organ,

or Organ Component</sty>
</semanticType>

</SemanticTypeCollection>

133

NLM

Sample XML query (5) All semantic type IDs

<?xml version="1.0"?>
<listSemTypelds version="1.0">
</listSemTypelIds>

<?xml version="1.0"2>
<SemNetIdCollection version="1.0">
<release>2004AB</release>
<semnetId>
<name>Acquired Abnormality</name>
<ui>T020</ui>
||]|::> <semtype/>
</semnetId>
<semnetId>
<name>Activity</name>
<ui>T052</ui>
<semtype/>
</semnetId>

August 19, 2007

Sample XML query (4) Relationships

<?xml version="1.0"?>
<getRelations version="1.0">
<cui>C0033572</cui>

<rel>RO</rel>

. ?xml ion="1.0"?
</getRelations> <7xm. version >

<RelationCollection version="1.0">

[.1
<relation>
<aui>A3188910</aui>
<s8ab>SNOMEDCT</sab>
<relSource>
<cui>C0007112</cui>
||]|::> <cn>Adenocarcinoma of prostate</cn>
<aui>A3318222</aui>
<rel>RO</rel> -1
<rui>R54806623</rui>
<rela>has_finding site</rela>
</relSource>
</relation>

Performing XML queries from UMLSKS

e oo e

BPECIALIST Lawioon

Metmhasmres brimssd Besrrh Dpsions

w 136

-
NLM

Performing XML queries from UMLSKS

UNLS Knowleigo Source Server (UMLSKS) |

SPECIALIST Lawicon

e e W <?xml version="1.0"?>
<getRelations>
<cui>C0033572</cui>
<rel>RO</rel>
</getRelations>

137
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Part 11
How to use the UMLS?

(3) Installing the UMLS locally and
Customizing the Metathesaurus
using MetamorphoSys
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What is MetamorphoSys? Using MetamorphoSys

« Tool distributed with the UMLS & Simple to use

& Multi-platform Java software # Screens and tabs lead you through process

& The UMLS installation and customization wizard # Installs NLM data format files to local storage

o Installs Knowledge Sources to local storage
e Subsets and customizes a local Metathesaurus

NLM 139 .\'.1..\-1 140
Why use MetamorphoSys? Why use MetamorphoSys?

Customize the Metathesaurus Changing Default Settings

& To remove terminology that is unhelpful, or even # To alter the preferred name

harmful, to your needs and purposes

# To alter suppressibility of specific source term
& To comply with terms of license agreement types

NLM NLM

Customization is Critical Machine Requirements
& Requires a clear understanding of: ¢ A fast CPU — 1 GHz or higher
e Characteristics of source vocabularies # 1 GB RAM recommended (512 MB min.)
e License arrangements @ 6x (or better) DVD drive
e User’s functional requirements ¢ 22 GB minimum free disk space
e User’s purpose and perspective

. . # Runs on Sun Solaris 8 & 9, Windows XP, NT, and
& Technical expertise 2000 Linux. and Mac

# 1-10 hours run time on platforms tested

... and requires a

multidisciplinary technical team
NLM NLM

143 144
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Download from UMLSKS ...

& High speed Internet connection required
& Read the README file for the release

MetiTarimrs Semantc Network_ SPECIALIST L

UMLS Knowledge Sources: File Downloads

oo

@ UMLS Knowledge Source Server (UMLSKS) .

...or DVD?

& Order at: umls_support@nlm.nih.gov

# Include your license number

4 Run MetamorphoSys from DVD
o Windows
= Autorun; or go to root directory and click on “windows_mmsys.bat”

e Linux, Solaris, Macintosh
= open a terminal window, change to the root directory and type
appropriate command: ./linux_mmsys.sh, ./solaris_mmsys.sh,

./macintosh_mmsys.sh

NLM

Welcome Screen

ional Library of Medicine

Install UMLS
(Hiias ———, R

™3
INSTALL UMLS
e (61
Thes drectory contarns UMLS files,
Destination | 01 Beowrs.,
Salact wihere En create the top-lrvel LMLS desctory.
The degctory o the 8.9, 200748,
Tretall LIMLS Krnoavbecion Sousoe:
[F] Metathesaurus Select
-~ B one or all
of these
[#] SPECIALIST Laxicons b Laccical Took: Oplions
o Cancel
48

UMLS License Notice

Do Mot Accept

Installation progress monitor

[ Conbugurs Mt stamrs Skt
[ trataling Somcisket asacan b Tock
[ sty Semart, Nntwecrh
) g et st =) st St 2 bt et st
Oty it J—
[ Sebamtirg Canbert. [ Submmttng Cantart.
Srtamieng et ) St et
[ P Frcesmss. [ P Frcesmss.
ore Yoere
e e 1 5 % ety
o
w 150
NLM
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Select a default subset

Sebct Dotk Sbent

E E = i

R © + BICHEERT  Eochat o el g it INPRELET

T [

Level 0 — no separate additional license agreements

Level 0 + SNOMEDCT — Users from non-IHTSDO member countries
must have separate license agreements

151

Output Options Tab

trgas, Cptiorns | Dbt Ot || Searon 1t | recedonen | Suppressbaey
dar screen of by clcking "Done” on the
Fin o e e B St
kg Fommat Opbions
Sebect Oufped Format
P — (|
Rich Refeass Fomat Configurastion: -~
Sutrint Fokder - Locaton of Subset Fles.
o
153
Source List Tab
®
Pl I Optars [
rgad Cptre | (afpas Cgnore | WRATE ST Frecedencs | Suppeessbdny
bate Dt b INCL LD o0 D00 O pemoted Binsves
LEUECTED snsves musas oo dens Lahgponed, » o IIIORETT
ket ‘Pt Sarie L
Ty
0 Skt st Ve INCLAEE i sleiet
ey
Highlighted
rows are
- excluded
- from the
- subset.
155
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Input Options Tab

Fls L& opaons Resst Duve

Yrgect Optiors || cotgas; Cptionns | Seamon it | Precesdonon | Suppressbaty

S s o pre forention

il bar ol sefecting "Begin Susaef”.

Inpa Farmat: Options
Select Ingnd Formal,

M Dot Pl Ferrsat

i

MLM Duta Fle Format Configuration
Seuro Fuider « Loction of Mt Fles.

£ Browees.

Screen of by chelkang “Done” onthe

152

Output Options Tab

Write Dt shase Load Scripks
7] wrs cradia kaad serpt. ] P, b st

‘Saurce sbrevistion Foemat

[ ot bt soursn Sbbebviaton:
Masirsum Fiekd Langth,
] Truncatn kg sk to | 4000 chaactirs.
Elminabe Extended Unicode Charachers
[ Rnenen s conkainie mxtrrdad UTF-8 charactres.
Pemerss MTH only concepts.
] Pemmeres cancepts cantaining onky HTH stoms.
Caloulste MOS wahses for output fles

e s Fle.

Precedence Tab

« Ranks names by types of terms within sources
* Highest ranking name determines the Preferred Name

Ik Cptrs | Cutpan Conons | Snpt s oo | Supgressdty

vy T i,

L e

Bber vocandary, (08 FOREE
B vocatudary, Ok EEIY.

Cut and
paste rows
to alter the

preferred
name
156
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Suppressibility Tab File menu

®
Fie G Optins Reses Gone - Cdt Options Resst Core Help
Ensble/Tisable Fiber  CirieE
gus Cptions | Ouses Cotions | Soursn s | Pracmtence | ieessiley | Lot Che, ety | Sonrce Ut | Prevederes | Suppressbity
Open Conbigaraion.,  Crbed)
o Save Configuration..  Clrkes
L s B ot L Wm e sereen of by choking "Done” onthe
-
Trouk Ferme Gpors
Highlighted ket gt Fomat )
source term #bsarh fone s
= types will be TALM Dot i Form: Corfiration
marked as ‘Soure Fokder - Location of Mietathessanss Fies.
. (2] | tecwrse..
suppressible

157

158

Edit menu Options menu

e | Suppresbiily

gt sk Sty
Incrana Fort 520 ot Cioen iencat
Sos nprassed. STt e Scurcs Lis gt
| oea continmcnt: Sow Hp ot P
Atvanced Suppvessbiy Oetions
SEreen of by chelang "Done” onthe Sereen of by chelang "Done” onithe
Fila bar ond seecting "Plegn Suba”. Pl bar ondl ueecing “begn fubeet”.
ekl o or Prs Suprerab Torm Ty Tk, Parrat Gptire
i Sowty T T | Select Input Format
= o Tiins: ST, T w i a (
Logeal Cssrention erifier Harses and Codes, 216 & i ata Pl Formst Lo

LM Dt e Foenit Conguration

Saurce Fokder - Location of Metathessrus Fles

=T |3 | 4
159 160
NLM

Ligical Cibservaion Ldenkiier Names ard Codes,

Reset menu Done — Begin Subset

Pt IrgnbOndond: Ophiones Begn Subset (v
Trgnd Optir | ¢ PoEset Source List lorn | Suporesabiny Inget OpHons | utgad Opliores | Source Lst | Prevedence | Suppressbity

Rist Pracadeccs

st Sengamty
LT —— S Help for more formation

Screen of by Chtkng “Done” onthe Sereen of by chekng "Done” onthe
Fila bar ol sefecting "Begin Subset”. e bar and pstecting “begin Subset”.
Inguk Format Options: Irgat Format, Ogtions.

Sedect Ingnd, Formal, Select Input Format

LM Dot Fils Forrest Brewrst. HLM st File Format | oecrse.

. . e Formot Corbigurshion
& Returns all filters to default selections R m——
. N . R . ‘Source Fokder - Location of Metafhesauns Fles

& Default selections in “mmsys.prop.default file” in config folder & [Corowme..
& mmsys.prop.default contains properties in last run

161 162
NLM
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Save configuration for next installation

Question

“» | vVouhave made changes ko this configuration.
\\) twtould you like to save the changes?

Ves

NLM

How MetamorphoSys Works

4 Removes all information from relational files in
excluded vocabularies
e atoms, strings, relationships, attributes, mappings, etc.

& Applies additional options selected by user

e such as adding source term suppressibility or altering
precedence

& Produces a full set of Metathesaurus files
e relational files with customized data
o reflecting other user criteria

NLM

MetamorphoSys log

e r—— Y
[T ——T YR TET
Fatease

T
[ o —

Sering 200
Mot e parus Source patin 5.
T — T

St P MAT7 TR DT 2007
Infsakon C18 Lind competest__Fri Jod 27 VIR0 £0T 2007
Suset Mo s 1 bl 27 172955 BT 007
Suant ke il comploned._Fri Jul 27 1733 EDT 2007

Fimintied at:__§vi Jul 37 171087 €01 2907

) (i)

NLM

MetamorphoSys log

mar rad WSS 200748 = 20070621 [
euild ba 21 18

[ 691130 0

s A

Tput Handier
merathesaurus output: Rich msleass rorsar

ds were not truncated. X .
Abbreviations were weities sut with a versionless (reat)

TF-4 characters were not removed,
LTF-5 BOM characters were not added to output files.
sidss were mot calculated

[concapts containing caly MTH atems were not removed.

Excluded ssurces 166
AT/RHEUM, 1993

Output directory contents

Ao [ venast nes i e s
Fike s Fokdes Tasks e e rer v prr s
Huaussr  Swssann M ot ise
3 ke 4 e Fekder =TT~ e i veces enner
f ot Hwsannsr Freces unrRr
] meeeyriog Evwsarnsr e T RS
= rranEr L
B MRS B RsTYERF T MR _NORFFE
EMRCOUSRRF [0S ENGERF T MR _POS.RRF
SMCOSORRF T W0 ENGREF T MR PUSSRF
Sweoussr S oow BAGRE T MRS _SPARRF
= s Do cresnr e swesse
= L T oW DRIRE Tl releae. dat
! Srwrnessnr  Swow oot
N My Hotrd Places LTI T
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(4) A UMLS-based algorithm
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Indexing Initiative

[Aronson & al., AMIA, 2000]

« For noun phrases extracted from medical texts,
map to UMLS concepts

# Then, select from the MeSH vocabulary the
concepts that are the most closely related to the
original concepts

MeSH descriptor

Medical text

NLM

Restrict to MeSH

[Bodenreider & al., AMIA, 1998]

# Based on the principle of semantic locality
# Use different components of the UMLS
# 4 techniques of increasing aggressiveness

e Use Synonymy MRCONSO
e Use Associated expressions (ATXs) MRATX + MRREL
e Explore the Ancestors MRREL + SN

o Explore the Other related concepts ~ MRREL + SN

NLM

Restrict to MeSH Synonymy

+ Term mapped to Source concept

# For this concept, is there a synonym term
that comes from MeSH? (MRCONSO)

NLM

Restrict to MeSH Assoc. expressions

< If not,

# Is there an associated expression (ATX) that
describes this concept using a combination of
MeSH descriptors? (MRATX/MRMAP + MRREL)

Endoscopic removal of @
intraluminal foreign body <:> @
from oesophagus without

incision

‘ Esophagus ‘ ‘ surgery‘ ‘ Foreign Bodies

NLM

Restrict to MeSH Ancestors

< If not, let us build the graph of the ancestors of
this concept
e using parents and broader concepts (MRREL)
o all the way to the top

e excluding ancestors whose semantic types are not
compatible with those of the source concept (MRSTY)

& From the graph, select the concepts that come
from MeSH (MRCONSO)

& Remove those that are ancestors of another
concept coming from MeSH

NLM

Restrict to MeSH Other related concepts

< If not, explore the other related concepts (MRREL)
whose semantic types are compatible with those of
the source concept (MRSTY)

& From those, select the concepts that come from
MeSH (MRCONSO)

NLM
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Restrict to MeSH Example

Vein of neck, NOS

»‘ SC is destribed by}camb ion of MeSH terms (ATX) ‘7

B l The ancestorsEfSQcomal eSH,terms

e ‘ MeSH terms from ncﬁhigrarchicéﬂy related concepts ‘—

NLM

August 19, 2007

Vein| +

175

Restrict to MeSH Example

: | : !

‘ Head and ;\eck, NOS ‘ ‘ Body p:irt, NOS ‘ ‘ Blood i/essels ‘ ‘ Vascularistructure ‘

176

Restrict to MeSH Quantitative results

Other related concepts

H Synonymy

k1
NLM

Graph of Built-in
ancestors mappings

¢ 86% of UMLS concepts mapped to MeSH (2007)

177

Restrict to MeSH Qualitative results

# Qualitative evaluation
e 1,036 concepts extracted from 200 MEDLINE citations
e manual review of every mapping or failure
¢ 61% Relevant
e Subtotal Gastrectomy =» Gastrectomy
e Encephalopathy, NOS =» Brain Diseases
¢ 28% More or less relevant
o Vitamin A measurement =» Laboratory Procedure
e Swelling, NOS = Symptoms
¢ 11% Non relevant

NLM
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(5) Benefits and Limitations
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UMLS compared to individual vocabularies

August 19, 2007

& Broader scope

« Extended coverage

# Finer granularity

& Unique identifier

 Synonymous terms clustered into concepts
& Additional synonyms

& Additional hierarchical relationships

& Semantic categorization

NLM

Direct benefits

& Concept categorization
& Information retrieval
e Synonyms
e Cross-language features
& Information extraction
o MetaMap
o Normalization
# Information visualization
e Knowledge Source Server
e Semantic Navigator
e RRF browser

; 182
NLM

UMLS as an enabling resource

& Examples
e Mapping across vocabularies
e Semantics of statistical associations
e Redundancy in hierarchical relations

NLM

Limitations

Limitations [Cimino, JAMIA, 1998]

# Structural inconsistency
e Cycles in the graph of hierarchical relations
& Semantic inconsistency
o Between Metathesaurus and Semantic Network
& Underspecified relationships
& Missing relations
e Synonymy
e Hierarchical relations (missing or underspecified)

= 185
NLM

Structural inconsistency From trees to graph

UMLS Tutorial - O. Bodenreider (NLM)

* Multiple tr_ee structures A ®

combined into a graph

structure [BD\EVH, ©®

& Expected: Directed acyclic ©®
graph (DAG)

; 186
NLM

31



Medinfo 2007, Brishane, Australia

Structural inconsistency Cycles in the UMLS graph

Anti-infective Agents

Disinfectants
and Cleansers

Disinfectants
Disinfectant soap
Germicidal soap

187

August 19, 2007

Structural inconsistency lIssues

# Theoretical
o Violate the antisymmetry property of partial ordering
relations
# Practical
e Loops in graph traversal

e Impossible to perform
transitive reduction

[Bodenreider, AMIA 2001]

NLM

Acyclicity

“back edge” from a child concept to a parent concept

(8]
Reflexive Direct Indirect
13,000 1800 120

NLM

Semantic inconsistency A two-level structure

Semantic Network

Biologic Function
Pathologic Function

Disease or Syndrome

Fully Formed
Anatomical
Structure

location of

isa [ Body Part, Organ,
or Organ Component

’ Adrenal
i

Cortex hypofunctior

location of
Metathesaurus

190

Semantic inconsistency A limited study

. ICR and SNR
# 6894 interconcept ot compatible ICR = SNR or
relationships ICR descendant of SNR
e among the 3764 concepts in - valgated
the semantic neighborhood -
of “Heart” Ambiguiy

ICR not specified and
SNR compatible and multiple

"
ICR not specified and
SNR compatible and unique

[McCray A.T, Bodenreider O. A conceptual framework for the biomedical domain.
In: Green R, Bean CA, Myaeng SH, editors. The semantics of relationships: an
interdisciplinary perspective. Boston: Kluwer Academic Publishers; 2002. p. 181-198.]

e 191

Semantic inconsistency Issues

& The UMLS integrates what terminologies
represent
# Hierarchies in source vocabularies
o Often task-driven rather than based on principles
e Usually suitable for information retrieval
o Not necessarily suitable for reasoning
& No automatic correction possible
e \Wrong categorization
e \Wrong inter-concept relationship
e [Wrong semantic network relationship]

NLM
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Underspecified relationships

# Relationship “attribute” not always present

# Relations used to create hierarchies vs. hierachical
relations

August 19, 2007

Enwironment and Public Health [(G03]
Pubtic Health [G03.850
P Accidents [G03.850.110

; eption | GO3 850 110.080] +
ceidental Falls [G03.850.110.085]
ceidents, Aviation [G03.850.110.185]
ccidents, Home [G03.850.110.205]

ceidents, Cc 1 [G032.850.110.250] +

ceidents, Radiation [G03.850.110.285]
ccidents, Traffic [G03.850.110.320]
Drowning [(G03.850.110.500] +

Missing relations Example

diseases of the skin and subcutaneous tissues

eczema

acute eczema infantile eczema

acute infantile eczema

194

Missing relations Example

diseases of the skin and subcutaneous tissues

acute eczema infantile eczema

acute infantile eczema

NLM

Missing relations A limited study

# 28,851 pairs of terms
e Original SNOMED term
o Demodified term (found in UMLS)
# Corresponding relationship in the Metathesaurus
e Hierarchical in 50% of the cases
e «Sibling»  in 25% of the cases
e Missing in 25% of the cases

[Bodenreider & al., TIA, 2001]

NLM

Compensation mechanisms

& Examples
e Removing cycles from hierarchical relations
= Using redundancy (number of sources asserting the relation)
= Using terminological knowledge (e.g., NEC)
e Lexically-suggested hyponymic relations
= Properties of adjectival modification

NLM
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More limitations

& Semantics of hierarchical relations
 Some missing / wrong relations are hard to detect

 Some relations are present but hard to find

NLM
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Autoimmune diseases

Addison’s Disease

Addison's disease
due to i

Tuberculous
Addison's disease

Relations Missing and difficult to detect

‘ hypertensive renal failure
v

chronic[uremia

chronic renal failure

chronic hypertensive| uremia

201

k1
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August 19, 2007

Semantics of hierarchical links

-~ Autoimmune Diseases

is generally a

Addison’s disease

Addison’s disease
due to autoimmunity

200

How to address these limitations?

# Description logics

+ Natural Language Processing
(semantic interpretation of the terms)

& Comparing knowledge sources
(alignment, inference)

k1
NLM

203

Relations Existing but difficult to find

Gene Ontology
protein .
- — transport
. p

ferritin is ferritiiron
“transport” relationship

reified “transport” relationship

k1
NLM

UMLS

202

Summary
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UMLS Summary
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¢ UMLS = 3 Knowledge Sources

e Metathesaurus

e Semantic Network

e SPECIALIST Lexicon and Lexical Tools
& MetamorphoSys

e installs

e customizes
& UMLSKS

e remote access

e resources and documentation

NLM

Medical
Ontology
Research

Contact: olivier@nlm.nih.gov
Web: mor.nim.nih.gov

Olivier Bodenreider

Lister Hill National Center
i for Biomedical Communications
iWitp) (@0l Bethesda, Maryland - USA
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UMLS documentation and support

& UMLS homepage
e links to various UMLS resources
o http://www.nlm.nih.gov/research/umls/
¢ UMLSKS homepage
e links to the User’s and Developer’s guides
o http://Jumisks.nim.nih.gov/
& UMLS mailing list
e UMLSUSERS-L@LIST.NIH.GOV
& Email address for support
e custserv@nlm.nih.gov

Appendix

UMLS files in
Rich Release Format

MRCONSO (sample rows 6..10) (2004AB)
f > s . s ] s 5 10 u
cul |LAT|Z@| wu | 3| sul |@] Aul SAUI scul | spul
5[C0001403] FRE | S | L1272481 | PF [S1514427| Y | A1464383
7[C0001403[ GER | P | L1229627 | PF [S1471573| Y | A4030156 D000224
5[C0001403 GER | S | L1239271 | PF [S1481217| Y | A4034094 D000224
+[C0001403] JPN | P | 3437833 | PF |S3965327| Y | A4264008 D000224
0[C0001403| JPN | S | 13465347 | PF |S3992841] Y | A4291522 D000224
@ 5 ; 5
SAB 2| cobe STR 2| suePress |§
s|\WHOFRE |17 _|0410 MALADIE D'ADDISON 2 [N
7|MSHGER | MH |D000224 | Addison-Krankheit 3 |N
§|MSHGER _ |Sy |D000224 _|Bronzehautkrankheit 3N
9|MSHIPN  |MH |D000224 | Addisons& 3 |N
©[MSHPIN _ |sy |D000224 |EIB 1 B R2AE 3N
Appendix - Metathesaurus relational files (RRF) 215

212
MRCONSO (sample rows 1..5) (200428)
1 : s . s S o o 10 u
17}
@ o
cul |LAT|Z| wu | 3| sul @& Aul SAUI scul | sbul
+{C0001403[ENG | P | L0001403 | PF [S0354372| Y | A4367951
2[C0001403[ENG| P | L0001403 | PF [S0354372| N | A2922421 | 485624014| 363732003
3[C0001403[ENG| P | L0001403 |VC|S0010794] Y | A0019740 MO0000346|D000224
4[C0001403[ENG| S | L0494851 | PF |S2164152| N | A2018589
5[C0001403] FRE | P | 3246333 | PF |53773545] Y | A3996251 D000224
@ = ) [s)
SAB 2| cobe STR 2| suepress |S
1| MTH PN |NOCODE |Addison's disease 0N
2| SNOMEDCT |pT |363732003 | Addison's disease 4 |N
3|MSH MH [D000224 | Addison’s Disease 0N
4|MDR LT 10052381 |Primary adrenal insufficienc 3 |N
s|[MSHFRE _ |MH |D000224 | Addison, maladie 3N
Appendix - Metathesaurus relational files (RRF) 214
MRCONSO (sample rows 11-13) (2004AB)
f > s . s ] s s 10 u
g 2
cul |LAT|Z@| wu | J| sul @] Aul SAUI scul | spul
11{C0001403[ POR | P | 3302998 | PF 53831123 N | A6382080
12|C0001403[ RUS | P | 3336992 | PF 53864473 Y | Ad4157629
13|C0001403] SPA | P | L1226877 | PF [S1468823] Y.

7 18

2 13 I 15 1
@ L : :
SAB 2| cobe STR 2| suePress |§
4/MDRPOR _ |LT |1001130 |Doenca de Addison 3 |N
2|MSHRUS __|MH |D000224 | AJUINCOHOBA BOJIE3Hb 3 |N
13|WHOSPA _|IT [0410 ADDISON, ENFERMEDAD 3 IN
Appendix - Metathesaurus relational files (RRF) 216

A1419475 @
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MRHIER (sample rows) (2004AB) MRREL (sample rows) (2004AB)
1 2 3 4 5 6 T kil
cuiL AUIL |STYPEL|REL| cuUI2 AUI2 STYPE2
Cul AUI CXN PAUI SAB RELA 1| 0001403 CUI |RB |C0001621 cul
: ggggﬂgg ﬁggigxg ; ﬁgggggzg m:: 2[ C0001403 [A0D19738|[AUI _|SY_|C0001403 _|A004%628 | AUI
o Co001403 | AODISTa 3 1088358 PSY ember oF Gluster 3| C0001403 |A2922421[SCUI |CHD|C0085859 |A2977940  |SCUI
0001403 | A2922421 T A3307650 [SNOMEDCT lisa [ C0001403 [A6326321[SCUI |RO [C0688490 |A6339383  |SCUI
5[ C0001403 | A2922421 2 A3307650 |SNOMEDCT lisa 5| C0001403 |A0019743|AUI  |PAR [C0935495 |A1988358 |AUI @
© Q g 2
PTR HCD CVF RELA RUI SRUI SAB sL RG |% |SUPPRESS|S
1 A0434168.A2367943. A2366890.A0135391. A0054194.A0020267.A0020270 €19.053.264.263 | RO02837989 MTH NN
4 A0434168.A2367943.A2366890.A0135391.A0072566.A0028022 €20.111.163 ) R18849683 MSH MSH N
§|A0449751. AL9B6279. ALIBEISS s isa  |R19859511]1658795027 [SNOMEDCT|[SNOMEDCT[0 [y [N
422?3222 235?3;gz.AZSSNQB.ASSQBGDS.ASSQ9335 A3398961.A2872359 ey teat |R27600039 NDFRT NDFRT N
|/A3684550.A3836745. A2830798. A3398606. A3399335. A3398961. A2872359. S has member | R08110401 PSY PSY N
/A2933400.A2989549.A3307650
Appendix - Metathesaurus relational files (RRF) 217 Appendix - Metathesaurus relational files (RRF) 218
MRDEF (2004AB) MRSAT (sample rows) (2004AB)
T T
< cul LUI sul METAUI STYPE CODE
1% 3 1| C0001403 [L0001403 [S0010792 [A0019738 |AUI D000224
> X
= m e 2| C0001403 [L0001403 [S0010794 [A6326321 |SCUI c712
cul AUI ATUI | S| SAB DEF 215
= - - - 2n 3| C0001403 |L0001403 |S0354372 [A2922421 |SAUI 363732003
A disease characterized by hypotension,
weight loss, anorexia, weakness, and 4| C0001403 R15742591 |SRUI
sometimes a bronze-like melanotic s|_C0001403 cul
hyperpigmentation of the skin. It is due .
C0001403| A0019740 | AT15061584 |  [MSH |to tuberculosis- or autoimmune-induced |N @ ! ¢ 2 © = - -
disease (hypofunction) of the adrenal ATUI SATUI ATN SAB ATV | SUPPRESS |5
glands that results in deficiency of
aldosterone and cortisol. In the absence 1| AT15321482 DID MSH D000224 |N
of replacement therapy, it is usually fatal. 2| AT33411754 MESH_UI NDFRT D000224 |N
4| AT24166602 DESCRIPTION [SNOMEDCT (0 N
STATUS
4| AT27438950 REFINABILITY |SNOMEDCT |0 N
5| AT02925340 ST MTH R N
Appendix - Metathesaurus relational files (RRF) 219 Appendix - Metathesaurus relational files (RRF) 220
MRSTY (2004AB) MRHIST (sample rows) (2004AB)
T T
cul SOURCEUI SAB SVER CHANGETYPE
1| C0001403 1198962018 SNOMEDCT 20020731 0
cul TUI STN STY ATUI CVF 2| C0001403 | 1212124016 SNOMEDCT 20020731 0
€0001403 | T047 | B22.1.2.1 Disease or Syndrome AT17683850 3| _C0001403 | 1490869013 SNOMEDCT 20030131 0
4| 0001403 | 363732003 SNOMEDCT 20020129 0
s| C0001403 |373662000 SNOMEDCT 20020731 0 @
@ s ’ s f
CHANGEKEY CHANGEVAL REASON CVF
1|DESCRIPTIONSTATUS |0
2|DESCRIPTIONSTATUS |0
3|DESCRIPTIONSTATUS |0
+|CONCEPTSTATUS 0
5| CONCEPTSTATUS 0
Appendix - Metathesaurus relational files (RRF) 221 Appendix - Metathesaurus relational files (RRF) 222

UMLS Tutorial - O. Bodenreider (NLM) 37



