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Learning objectives

Explain how clinical features are reflected in 
disease names

List and describe the main biomedical ontologies 
used in 21st century healthcare

Discuss the purpose of biomedical ontologies in 
knowledge management, clinical decision support 
and analytics

List and describe the main biomedical semantic 
standards
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Outline

 Introduction to biomedical terminologies through 
an example

 “High-Impact” Biomedical Ontologies
 Structural perspective

Biomedical Ontologies “in Action”
 Functional perspective



Introduction to biomedical
terminologies through an example

Controlled Vocabularies & Semantic Standards
Part 1
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Guy’s Hospital, London
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Thomas Addison (1795-1860)
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Addison’s disease

 Addison's disease is a rare 
endocrine disorder

 Addison's disease occurs 
when the adrenal glands
do not produce enough of 
the hormone cortisol

 For this reason, the 
disease is sometimes 
called chronic adrenal 
insufficiency, or 
hypocortisolism
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Adrenal insufficiency  Clinical variants

 Primary / Secondary
 Primary: lesion of the 

adrenal glands themselves
 Secondary: inadequate 

secretion of ACTH by the 
pituitary gland

 Acute / Chronic
 Isolated / Polyendocrine 

deficiency syndrome

ACTH
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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)
…
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AD in medical vocabularies

 Synonyms: different terms
 Addisonian syndrome
 Bronzed disease
 Addison melanoderma
 Asthenia pigmentosa
 Primary adrenal deficiency
 Primary adrenal insufficiency
 Primary adrenocortical insufficiency
 Chronic adrenocortical insufficiency

Contexts: different hierarchies

symptoms

clinical
variants

eponym
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Internal Classification of Diseases
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Medical Subject Headings

[…]
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SNOMED CT



“High-Impact” Biomedical 
Ontologies

A Structural Perspective

Controlled Vocabularies & Semantic Standards
Part 2
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Overview

 Structural perspective
 What are they (vs. what are they for)?

 “High-impact” biomedical ontologies
 International Classification of Diseases (ICD)
 Logical Observation Identifiers, Names and Codes (LOINC)
 SNOMED Clinical Terms
 Foundational Model of Anatomy
 Gene Ontology
 RxNorm
 Medical Subject Headings (MeSH)
 NCI Thesaurus
 Unified Medical Language System (UMLS)

[J. Cimino, YBMI 2006]



International Classification of 
Diseases
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ICD  Characteristics (1)

Current version: ICD-10 (2017)
 Annual updates

Type: Classification
Domain: Disorders
Developer: World Health Organization (WHO)
 Funding: WHO
 Publicly available: Yes
Used for: Mortality and morbidity statistics 

worldwide
URL: http://www.who.int/classifications/icd/en/
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ICD  Characteristics (2)

 Number of
 Concepts: 12,320 (ICD-10, 2004)
 Terms: 1 per concept (tabular)

 Major organizing principles:
 Tree (single inheritance hierarchy)
 No explicit classification criteria

 Idiosyncratic inclusion/exclusion mechanism
 .8 slots for Not elsewhere classified (NEC)
 .9 slots for Not otherwise specified (NOS)

 Specific coding rules
 Distribution: Proprietary format
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ICD  Top level
http://apps.who.int/classifications/icd10/browse/
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ICD  Example

 Idiosyncratic inclusion/exclusion criteria
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ICD  Example

Not elsewhere classified (NEC)
Not otherwise specified (NOS)
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ICD-10-CM

 Derived from: ICD-10
 Finer-grained (both clinically and administratively)

 Type: Classification
 92,042 codes (2015)
 Terms: 1.2 per concept

 Domain: Disorders
 Developer: National Center for Health Statistics 

(CDC/NCHS)
 Funding: U.S. Government
 Publicly available: Yes
 Used for: Billing
 URL: http://www.cdc.gov/nchs/icd/icd10cm.htm
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ICD-10 vs. ICD-10-CM

x6
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ICD-10 vs. ICD-10-CM

x24

W58.01A Bitten by alligator, initial encounter
W58.01D Bitten by alligator, subsequent encounter
W58.01S Bitten by alligator, sequela



Logical Observation Identifiers, 
Names and Codes (LOINC)
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LOINC  Characteristics (1)

Current version: 2.61 (June 2017)
 2 annual releases

Type: Controlled terminology*
Domain: Laboratory and clinical observations
Developer: Regenstrief Institute
 Funding: NLM and other sources
 Publicly available: Yes
Used for: information exchange
 URL: https://loinc.org/
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LOINC  Characteristics (2)

 Number of
 Concepts: 73,958 active codes (2.52, June 2015)
 Terms: 1 per concept (“long name”)

 Major organizing principles:
 No hierarchical structure among the main codes
 6 axes

 Component (analyte [+ challenge] [+ adjustments])
 Property
 Timing
 System
 Scale
 [Method]

 Distribution: proprietary database format
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LOINC  Example

 Sodium [Moles/volume] in Serum or Plasma
[the molar concentration of sodium is measured in 
the plasma (or serum), with quantitative result]

Axis Value
Component Sodium

Property SCnc – Substance Concentration (per volume)

Timing Pt – Point in time (Random)

System Ser/Plas – Serum or Plasma

Scale Qn – Quantitative

Method --
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https://search.loinc.org/



SNOMED Clinical Terms
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SNOMED CT  Characteristics (1)

 Current version: July 31, 2017
 2 annual releases

 Type: Reference terminology / ontology
 Domain: Clinical medicine
 Developer: IHTSDO
 Funding: IHTSDO member countries
 Publicly available: Yes*
 Used for: clinical documentation, information 

exchange, analytics 
 URL: http://www.ihtsdo.org/
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SNOMED CT  Characteristics (2)

Number of
 Concepts: 320,912 active concepts (Sept. 2016)
 Terms: 2.6 per concept (“descriptions”)

Major organizing principles:
 Polyhierarchy
 Rich set of associative relationships
 Logical definitions (incomplete: many primitives)
 Built using description logics (EL++)

Distribution: RF2 (proprietary)
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SNOMED CT  Top level
http://browser.ihtsdotools.org/
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SNOMED CT  Example
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SNOMED CT  Example



RxNorm
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RxNorm  Characteristics (1)

Current version: August 2017
 Monthly releases (+weekly updates)

Type: Controlled terminology
Domain: Drug names
Developer: NLM
 Funding: NLM
 Publicly available: Yes*
Used for: e-prescribing, information exchange, 

analytics
URL: http://www.nlm.nih.gov/research/umls/rxnorm/
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RxNorm  Characteristics (2)

Number of
 Concepts: 117,774 (March 2016)
 Terms: 1.5 per concept

Major organizing principles:
 Generic vs. brand
 Ingredient + Strength + Dose form
 No hierarchical structure; rich graph of associative 

relations
 Integrates all major US drug information sources
 No clinical information

Distribution: similar to UMLS RRF format
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RxNorm  Normalized form

Ingredient

Dose form

Strength

Ingredient

IngredientStrength Dose form

Strength

4mg/ml

Ingredient

Fluoxetine

Dose form

Oral Solution

Semantic clinical drug component

Semantic clinical drug

Semantic clinical drug form
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RxNorm Example
Ingredient

C. Drug Comp. C. Drug Form

C. Drug

Brand Name

B. Drug Comp. B. Drug Form

B. Drug

B. PackG. Pack

Zithromax 250 MG Oral TabletAzithromycin 250 MG Oral Tablet

Z-PAK{6 (Azithromycin 250 MG Oral Tablet) } Pack

Azithromycin 250 MG Azithromycin Oral Tablet Azithromycin 250 MG
[Zithromax]

Azithromycin Oral Tablet
[Zithromax]

ZithromaxAzithromycin



Lister Hill National Center for Biomedical Communications 45

https://mor.nlm.nih.gov/RxNav/



Biomedical Ontologies “in Action”

A Functional Perspective

Controlled Vocabularies & Semantic Standards
Part 3
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Overview

 Functional perspective
 What are they for (vs. what are they)?

 “High-impact” biomedical ontologies
 3 major categories of use

 Knowledge management 
 Annotating data and resources
 Accessing biomedical information
 Mapping across biomedical ontologies

 Decision support and analytics 
 Value sets and clinical quality measures

 Data integration, exchange and semantic interoperability
 Common data models
 Fast Healthcare Interoperability Resources (FHIR)

[Bodenreider, YBMI 2008]



Knowledge management



Knowledge management

Annotating data and resources
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Terminology in ontology

Ontology as a source of vocabulary
 List of names for the entities in the ontology

(ontology vs. terminology)
Most ontologies have some sort of terminological 

component
Not all surface forms represented

 Often insufficient for NLP applications
 Large variation in number of terms per concept across 

ontologies
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Indexing the biomedical literature

MeSH
 Used for indexing and retrieval

of the biomedical literature (MEDLINE)
 Indexing

 Performed manually by human indexers
 With help of semi-automatic systems (suggestions)

e.g., Indexing Initiative at NLM

 Specific indexing rules
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MeSH  MEDLINE indexing
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MeSH  MEDLINE indexing
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SNOMED CT/ICD  Coding clinical data

 SNOMED CT
 Used for clinical documentation
 E.g., problem lists

 ICD-10-CM
 Used for coding clinical data for billing purposes
 Other uses of ICD

 Morbidity and mortality reporting worldwide

 Specific coding rules



Knowledge management

Accessing biomedical information
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Resources for biomedical search engines

 Synonyms
Hierarchical relations
High-level categorization
 [Co-occurrence information]
Translation



Lister Hill National Center for Biomedical Communications 57

MeSH “synonyms”  MEDLINE retrieval

MeSH entry terms
 Used as equivalent terms for retrieval purposes

(query expansion)
 Not always synonymous

 Increase recall without hurting precision
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MeSH “synonyms”  MEDLINE retrieval
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MeSH hierarchies  MEDLINE retrieval

MeSH “explosion”
 Search for a given MeSH term and all its descendants
 A search on Adrenal insufficiency also retrieves articles 

indexed with its descendant, Addison disease



Knowledge management

Mapping across biomedical ontologies
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Terminology integration systems

Terminology integration systems (UMLS, 
RxNorm) help bridge across vocabularies

Uses
 Information integration
 Ontology alignment
 Medication reconciliation
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Integrating subdomains

Biomedical
literature

MeSH

Genome
annotations

GOModel
organisms

NCBI
Taxonomy

Genetic
knowledge bases

OMIM

Clinical
repositories

SNOMED CTOther
subdomains

…

Anatomy

FMA

UMLS
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Integrating subdomains

Biomedical
literature

Genome
annotations

Model
organisms

Genetic
knowledge bases

Clinical
repositories

Other
subdomains

Anatomy
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Trans-namespace integration

Genome
annotations

GOModel
organisms

NCBI
Taxonomy

Genetic
knowledge bases

OMIM
Other

subdomains

…

Anatomy

FMA

UMLS
Addison Disease  (D000224)

Addison's disease 
(363732003)

Biomedical
literature

MeSH

Clinical
repositories

SNOMED CT

UMLS
C0001403
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UMLS Source Vocabularies

 153 families of source vocabularies
 Not counting translations

 25 languages
Broad coverage of biomedicine

 9.8M names (normalized)
 3.2M concepts
 ~13M relations among concepts

Common presentation

(2015AB)
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Metathesaurus  Basic organization

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

 Unique identifier
 Definition

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

 Type of relationship
 Source



Decision support and analytics

Value sets and clinical quality measures
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Clinical quality measures (CQMs)

 Measure and track the quality of healthcare services 
provided by eligible professionals, eligible hospitals 
and critical access hospitals within our health care 
system

 Measure many aspects of patient care including
 Health outcomes
 Clinical processes
 Patient safety
 Efficient use of healthcare resources
 Care coordination
 Patient engagement
 Population and public health
 Clinical guidelines

https://www.cms.gov/
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Hemoglobin A1c Test for Pediatric Patients

High glucose levels in blood
High HbA1c concentration 

Normal glucose levels in blood
Low HbA1c concentration 

Hemoglobin Sugar

Clinical quality measures (example)
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Clinical recommendations

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

2. American Diabetes Association (2006): Recommends 
obtaining a glycosylated hemoglobin during an initial 
assessment and then routinely as part of continuing care. In the 
absence of well-controlled studies that suggest a definite testing 
protocol, expert opinion recommends glycosylated hemoglobin 
be obtained at least twice a year in patients who are meeting 
treatment goals and who have stable glycemic control and more 
frequently (quarterly assessment) in patients whose therapy was 
changed or who are not meeting glycemic goals.
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Hemoglobin A1c Test for Pediatric Patients

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

# diabetic patients [age 5-17]
=

CQM  Simplified
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Hemoglobin A1c Test for Pediatric Patients

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

# diabetic patients [age 5-17]

- Type 1 or Type 2 diabetes
- Excludes gestational diabetes

- Requires date of birth

Tests for HbA1c

=

CQM  Details
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Hemoglobin A1c Test for Pediatric Patients

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

# diabetic patients [age 5-17]

- Type 1 or Type 2 diabetes
- Excludes gestational diabetes

- Requires date of birth

Tests for HbA1c
List of LOINC codes

List of SNOMED CT or 
ICD 10 codes

Data 
element

=

CQM  Implementation
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Value set = List of LOINC 
codes for HbA1c tests

Anatomy of a Clinical Quality Measure
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Associated Value Set
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NLM Value Set Authority Center
https://vsac.nlm.nih.gov/



Data integration, exchange and 
semantic interoperability

Common data models
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Clinical data models

Used in clinical data warehouses
 Oriented towards analytics
 Different from the transactional data models of EHR 

systems
 Used to normalize data across EHR systems

Multiple “common” data models
 OMOP
 i2b2
 PCORnet
 Sentinel
 CDISC
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OMOP

OMOP – Observational Medical Outcomes 
Partnership



http://omop.org – https://www.ohdsi.org/
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Courtesy of Christian Reich
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http://www.ohdsi.org/web/wiki/doku.php?id=documentation:cdm
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i2b2

 i2b2 – Informatics for Integrating Biology & the 
Bedside

Originally developed by the i2b2 National Center 
for Biomedical Computing (2004-2013)
 Now i2b2 tranSMART Foundation

 Platform to support translational research
Widely adopted woldwide

https://www.i2b2.org/
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i2b2 data model – original “star schema”
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i2b2-OMOP convergence

 i2b2 on OMOP
 Supports query formulation against an OMOP-

compliant data source through i2b2 tools
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PCORnet

 PCORnet – National Patient-Centered Clinical 
Research Network

 Initiative of the Patient-Centered Outcomes 
Research Institute (PCORI)
 Funded through the Patient Protection and Affordable 

Care Act of 2010
 “designed to make it faster, easier, and less costly 

to conduct clinical research”
Made up of 

 13 Clinical Data Research Networks (CDRNs)
 20 Patient-Powered Research Networks (PPRNs)

http://www.pcornet.org/
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http://www.pcornet.org/pcornet-common-data-model/
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Sentinel

 Initiative of the Food and Drug Administration 
(FDA)

Effort to create a national electronic system for 
monitoring the performance of FDA-regulated 
medical products (drugs, vaccines, and other 
biologics)

Develop a system to obtain information from 
existing electronic health care data from multiple 
sources to assess the safety of approved medical 
products

Distributed dataset reached 100 lives in 2011

http://www.pcornet.org/
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Sentinel Common Data Model
https://www.sentinelinitiative.org/sentinel/data/distributed-database-common-data-model/sentinel-common-data-model
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CDISC

 CDISC – Clinical Data Interchange Standards 
Consortium

 “develop and support global, platform-independent 
data standards that enable information system 
interoperability to improve medical research and 
related areas of healthcare”

 Set of standards required by FDA for regulatory 
submissions (clinical research)

.

https://www.cdisc.org/
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Common data models in action
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Data integration, exchange and 
semantic interoperability

Fast Healthcare Interoperability Resources 
(FHIR)
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Fast Healthcare Interoperability Resources

New standard for exchanging healthcare 
information electronically

Developed by HL7 FHIR foundation
Based on resources

 Basic building blocks of information (patient, 
condition, procedure, practitioner)

 Can be extended as needed
 Supports 4 different paradigms for exchange: the 

RESTful API, Messaging, Documents, and 
Services

http://www.fhir.org/



Summary

Clinical Terminology
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Summary

How clinical features are reflected in disease 
names

 Structure of the main clinical ontologies used
 ICD, SNOMED CT, LOINC, RxNorm

Use cases for biomedical ontologies
 Knowledge management
 Decision support and analytics
 Data integration, exchange and semantic 

interoperability
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Topics not discussed

 Semantic Web, URIs, Linked Data
 Ontology creation, Protege
 Accessing terminology resources (APIs)
 Ontology repositories

 [UMLS], NCBO BioPortal, EBI Ontology Lookup Service
 NLP, named entity recognition, MetaMap
 Mapping local terms to standard terminologies
 OBO ontologies, OBO Foundry
 Coordinated development of ontologies, harmonization
 Boundary between terminology and information model
 […]
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