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Lecture summary

▪ What are we talking about?
▪ Codes for everything! (with examples)

▪ ATC
▪ LOINC
▪ MESH

▪ Beyond «just codes»: Ontologies
▪ SNOMED
▪ GENE ONTOLOGY
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Semantic standardization

□ "consensus" on the meaning of the 
data, i.e., the information collected

□ Ingredients: concepts, coding of 
concepts, terms, and their relationships

□ Fundamental to any data collected in 
health care:
► Laboratory data, Medical records, Medical imaging, 

Molecular data (mutations, genes, proteins)
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Terms, codes

□A term is associated with a medical concept
□ Different terms can be used for the same 

concept
□ A single alphanumeric code is associated with 

each distinct concept
□ Concepts can be linked together with a series 

of relationships (is-a, part-of, cause, ...)
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Types of terminologies and coding 
systems
□ Enumerative systems:

► They list (in advance) all possible terms that 
might be used

► They are strongly affected by the purpose for which 
the coding system is built

□ Combinatorial systems:
► The system attempts to construct complex terms 

from a set of primary or elementary terms
► They require rules for composition that can 

be very complex.
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Terminology and coding systems

□ Coding and classification systems:
► ICD-x (9,10,11, ...), ICD-9-CM, DRG, ATC

(enumerative), LOINC
□ Coding systems and controlled terminology:

► SNOMED-CT (Sistematized NOmenclature in MEDicine) International 
Health Terminology Standard Organization

□ Meta-thesaurus:
► UMLS (Unified Medical Language System)
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Some coding systems, terminologies, 
and ontologies
□ ATC 
□ LOINC
□ MESH
□ SNOMED
□ ICD-x (9-10-11)
□ UMLS
□ GENE ONTOLOGY
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The ATC / DDD system
□ 1969: First drug coding activities by the Drug 

Utilisation Research Group (DURG), experts from 
the WHO
► Activities to modify and extend the European Pharmaceutical 

Market Research Association (EPhMRA) classification system
□ 1976: A group of Norwegian researchers published 

the system known as ATC: Anatomical therapeutic 
chemical classification system.
► Also associated is the technical unit DDD: Defined Daily 

Dose "the average daily dose taken per day for the main 
indication in an adult."

□ 1982: ATC is maintained by the WHO Collaborating 
Centre for Drug Statistics Methodology in Oslo.
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Structure of the ATC system

□ The ATC classification uses 5 levels to 
categorize substances, in accordance with the 
organ or system on which they act, and on 
their chemical, pharmaceutical, and therapeutic 
properties.

□ There are 14 major groups (1st level), with a 
pharmacological/therapeutic subgroup (2nd 
level). The 3rd and 4th levels are 
chemical/pharmacological/therapeutic 
subgroups, and the 5th level represents the 
chemical.
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Example - metformin

Level Code Content

1 A Alimentary tract 
and metabolism

Anatomical main group

2 A10 Drugs used in diabetes Therapeutic subgroup

3 A10B Oral blood glucose 
lowering drugs

Pharmacological 
subgroup

4 A10BA Biguanides Chemical subgroup

5 A10BA02 Metformin Chemical substance
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LOINC

□ The Logical Observation Identifiers Names 
and Codes (LOINC) database provides a set 
of names and codes to identify clinical and 
laboratory tests

□ The purpose is to facilitate the exchange and 
collection of information, such as serum 
hemoglobin, potassium, or vital signs: 
identification of test results or clinical 
observations

□ Widely used in LABS!
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A LOINC record
□ Unique numeric code
□ Component - e.g., potassium, hemoglobin
□ Measured properties - e.g., concentration, enzyme 

activity
□ Time - whether the measurement is instantaneous 

or integrated over 24 hours
□ Type of sample - e.g., urine; blood.
□ Scale type - e.g., continuous, ordinal, nominal, 

narrative
□ Measurement method
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An example

LOINC_NUM COMPONENT PROPERTY TIME_ASPCT SYSTEM SCALE_TYP METHOD_TYP

10000-8 R WAVE DURATION.LEAD 
AVR

TIME PT HEART QN EKG

10001-6 R WAVE DURATION.LEAD I TIME PT HEART QN EKG

10002-4 R WAVE DURATION.LEAD II TIME PT HEART QN EKG

10003-2 R WAVE DURATION.LEAD III TIME PT HEART QN EKG

10004-0 R WAVE DURATION.LEAD V1 TIME PT HEART QN EKG

10005-7 R WAVE DURATION.LEAD V2 TIME PT HEART QN EKG

10006-5 R WAVE DURATION.LEAD V3 TIME PT HEART QN EKG

10007-3 R WAVE DURATION.LEAD V4 TIME PT HEART QN EKG

10008-1 R WAVE DURATION.LEAD V5 TIME PT HEART QN EKG

10009-9 R WAVE DURATION.LEAD V6 TIME PT HEART QN EKG

LOINC code LOINC name 
(component:property:timing:specimen:scale:method)
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Other terminologies: MeSH

□ MeSH: Medical Subject Headings
□ Developed by NLM
□ Index medical literature

► Medline
□ Terms are in hierarchies and appear in multiple 

positions in different hierarchies
□ Site: http://www.ncbi.nih.gov - Pubmed searches

http://www.ncbi.nih.gov/
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Ontologies
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Ontologies
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Ontologies

□ Ontologies are representations of 
concepts

□ Ontologies are thus models, an abstract 
view of the world we need to represent.

□ Ontologies enable the construction of 
structured vocabularies and provide 
useful definitions and mechanisms for 
"reasoning" about the vocabularies 
themselves
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Concepts=entities:
Universals and instances
□ An entity is everything that exists, 

things, processes, functions and 
qualities, beliefs and actions, 
documents and software

□ Entities include "universals" and 
"instances"

□ The distinction between universal and 
instance is fundamental to 
understanding how to represent data
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Ontologies and representations

□ Ontologies are usually represented 
as graphs

□ A graph is a set of elements called 
nodes or vertices connected to each 
other by arcs or sides

□ In our case, the nodes are the concepts 
(the universals) with their possible 
instances, and the arcs are the 
relationships between the concepts
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Types of relationships

□ The relationships that can be expressed in ontologies 
are of several types:
► part-of:

o Body -> Arm -> Hand -> Fingers
► is-a

o Infection -> Hepatitis -> Viral Hepatitis -> Hepatitis A
► cause

o Plaque -> Thrombus -> Infarction -> Arrhythmia
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Classification hierarchies or Taxonomies
A structured set of ideas, organized around one of the attributes or axes. 
The concepts range from the most general to the most specific

Diseases

Infectious diseases Neoplasms Metabolic diseases

A tree of concepts: in a tree each node can have at most one parent (incoming 
arc). The tree has a single node with no outgoing arcs called the root of the tree. 
Each node that has no incoming arcs is called a leaf (leaf node). ➔ e.g. ICD

TuberculosisIntestinal diseases 
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Linnaeus,
18th century
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Still used in 
modern taxonomy!

Lamboj, Anton, and Robert Schelly. 
"Nanochromis teugelsi, a new cichlid 
species (Teleostei: Cichlidae) from 
the Kasai region and central Congo 
basin." Ichthyological Exploration of 
Freshwaters 17.3 (2006): 247.
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The ingredients for defining ontologies

1. Entities: universals and instances
2. Conceptualizations (this is the ontology 
in its core definition)
3. Their representations (graph/tree)

□Each ontology is defined on a domain, a 
portion of reality of interest
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SNOMED CT
□ Systematized NOmenclature of MEDicine Clinical Terms.

□ Comprehensive terminology system based on a multi-axial 
classification system built for use in IT systems such as 
medical records

□ It is the most extensive clinical terminology available in the 
world, and it is multilingual.

□ The content is developed and validated by "The 
International Health Terminology Standards Development 
Organization" (IHTSDO)
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SNOMED CT: structure

□ Organized into concepts linked by relationships
□ The main relationships are of type IS-A à they 

define hierarchies. 
□ The other relationships link the hierarchies

► Concepts: clinical expressions defined by a unique 
numerical code called Concept ID (over 311,000 concepts)

► Relationships: describe the relationships between 
concepts and provide their meaning

o SNOMED consists of 1.38 million relationships. 
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is-a relationship in SNOMED

defines hierarchies 
from the general to 
the particular

Disorder of foot

Injury of foot

Fracture of foot

Open Fracture of foot
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SNOMED CT: 19 Hierarchies

49
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SNOMED CT clinical finding: a portion of the hierarchy

Clinical Finding

Disease (disorder)

Congenital Aneurysm 
of aorta

Abdominal aortic aneurysm 
without rupture

aneurysm
of descending aorta

Disorder of aorta Aneurysm of artery trunk

Aortic Aneurysm
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Attribute relationships (qualifiers)

□ An attribute relation is an association between 
two concepts that specifies a feature of one 
concept (the source of the relation) by means 
of another concept (the value or destination of 
the relation); each attribute relation has a 
name (the type of the relation)

pneumonia (source)
has: pathological process 
(relationship) = infectious process 
(destination)
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SNOMED CT: concepts
Concepts are described by terms:
• Preferred term: the term of reference for the 

concept.

• Synonyms: different ways of referring to 
the same concept.

• Fully Specified Name (FSN): a description 
of the concept that clarifies its meaning. FSN 
is unique, while preferred terms and 
synonyms may not be.

54
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SNOMED CT: Myocardial infarction
□ ConceptID: 22298006
□ Fully Specified Name: Myocardial infarction 

(disorder)
DescriptionID 751689013;

□ Preferred term: myocardial infarction
DescriptionID 37436014;

□ Synonym: Cardiac infarction
DescriptionID 37442013;

□ Synonym: heart attack
DescriptionID 37443015;

□ Synonym: Infarction of heart
DescriptionID 37441018.
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Gene Ontology
□ The Gene Ontology (GO) consortium is developing 

a controlled vocabulary for genes and gene 
products

□ This vocabulary is used to annotate genes and proteins 
in databases covering data on individual organisms

□ There are many groups that are members of the 
Consortium.

□ GO terms are developed around three 
organizing principles :
► Molecular function: task performed by the single gene 

product (e.g., transcription factor) - What type it is.
► Biological Process: biological objective of the product (e.g. 

mitosis) - What it does
► Cellular component: subcellular structures, cell sites (such as 

nucleus, telomere) - Where it is found
□ http://www.geneontology.org/.

http://www.geneontology.org/
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Example - Molecular function
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Example - Biological Process
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Example - Cellular Component
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Unified Medical Language System 
(UMLS)
□ Developed to facilitate retrieval and 

integration of biomedical information from 
diverse sources

□ Components (sources of knowledge)
► Metatesaurus
► Semantic network
► Lexical analysis programs

□ Contains more than 1 million biomedical 
concepts and 5 million names, which come 
from 100 controlled vocabularies and 
classification systems




