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(Have You noticed … ?)

● COVID vaccination 
certificates refer to
○ code of COVID-19 

disease/agens
■ 840533007

○ code of COVID-19 
vaccine
■ 1119349007

https://koronavirus.mzcr.cz/wp-content/uploads/2021/08/EU-Digital-COVID-Certificate.pdf

https://browser.ihtsdotools.org/?perspective=full&conceptId1=840533007&edition=MAIN/2021-07-31&release=&languages=en
https://browser.ihtsdotools.org/?perspective=full&conceptId1=1119349007&edition=MAIN/2021-07-31&release=&languages=en


Healthcare Data 
Integration

● Which patients had 
some problems 
with head 
manifested by a 
pain?

● What is the Kate’s 
history of problems 
related to head?

Kate

Kate

John



Which patients had some problems with head manifested by a pain?

Headache (finding)
- SCTID: 25064002
- synonym ‘Headache’
- synonym ‘Pain in head’
- ...



About SNOMED-CT

● Systematized NOmenclature of 
MEDicine – Clinical Terms

● multiple inheritance clinical 
terminology

● developed, curated and distributed by 
SNOMED International

○ 40 member states (including Czech 
Republic)

● as of july 2022 - international edition
○ 350k+ clinical concepts

https://www.snomed.org/SNOMED/media/SNOMED/members-flag-header-images/Member%20Map/SNOMED_International_Member_Map_07282021_outlines.pdf?ext=.pdf 

https://www.snomed.org/SNOMED/media/SNOMED/members-flag-header-images/Member%20Map/SNOMED_International_Member_Map_07282021_outlines.pdf?ext=.pdf


SNOMED-CT components

https://www.snomed.org/snomed-ct/five-step-briefing



SNOMED-CT descriptions

https://www.snomed.org/snomed-ct/five-step-briefing



SNOMED-CT concept structure

SCTID:
- unique ID of a 
SNOMED-CT 
concept

FSN (fully specified name)
- human-readable identifier

Synonym
- language-specific names - 
PREFERRED/ACCEPTABLE

sub concepts
(specializations)

super concepts
(generalizations)

relationships
- links to other concepts



SNOMED-CT concept diagram



SNOMED-CT in OWL

“Headache (finding)” ⊑ ∃ FindingSite . HeadStructure

“Headache (finding)” ⊑ “Head finding (finding)”

“Headache (finding)” ⊑ “Pain finding at anatomical site (finding)”

...



Defined vs. Primitive Concepts

primitive

defined



Description Logic Intermezzo

● SNOMED-CT - expressible in description logics EL++
● EL++ is expressible in the OWL 2 EL profile
● EL++ reasoners are used to classify SNOMED-CT 

(e.g. the ELK reasoner)

● reasoning in EL++ is polynomial and does not require 
satisfiability checking

https://github.com/liveontologies/elk-reasoner


Description Logic EL++

Normalization takes a general TBox and creates a normalized TBox (preserving classification results):

∃r.A ⊓ ∃r.∃s.A ⊑ A ⊓ B

can be normalized to
∃r.A ⊑ B1 B1⊓B2 ⊑ B0 ∃s.A ⊑ B3 ∃r.B3 ⊑ B2 B0⊑A B0⊑B

Normalized TBox

○ A ⊑ B

○ A1⊓ A2 ⊑ B
○ A ⊑ ∃r.B
○ ∃r.A ⊑ B



Reasoning in EL++

rule if then note

CR1 {} A ⊑ A

CR2 {} A ⊑ T

CR3 {A1⊑A2, A2⊑A3} A1⊑A3

CR4 {A ⊑A1, A⊑A2, A1⊓ A2⊑B} A⊑B convexity

CR5 {A⊑∃r.A1, A1⊑B1, ∃r.B1⊑B} A⊑B



Reasoning in EL++ - Example

{ A⊑∃r.A, ∃r.B⊑B1, T⊑B, A⊑B2, B1⊓ B2⊑C }

⊨ A⊑T (CR2)

⊨ A⊑B (CR3)

⊨ A⊑B1 (CR4)

⊨ A⊑C (CR5)

End of 
intermezzo.



Classification of SNOMED-CT

● for defined concepts infers their 
children

● 287045000 | Pain in left arm | 
● before classification - 0 children
● after classification - 11 direct 

children (26 total)



Reference Sets (RefSets)

● a subset of components (concepts, descriptions or 
relationships), optionally equipped with additional attributes

● use-cases
● Ordered lists of components
● Sets of associations between components
● Mapping between SNOMED CT concepts and other 

systems codes, classifications, or knowledge resources.
● Language translations to concepts

https://confluence.ihtsdotools.org/display/DOCGLOSS/concept
https://confluence.ihtsdotools.org/display/DOCGLOSS/description
https://confluence.ihtsdotools.org/display/DOCGLOSS/relationship
https://confluence.ihtsdotools.org/display/DOCGLOSS/SNOMED+CT+concept


Reference Sets (RefSets)

https://confluence.ihtsdotools.org/display/DOCRFSPG/5.8.+Language+Reference+Set 

https://confluence.ihtsdotools.org/display/DOCRFSPG/5.8.+Language+Reference+Set


Content

● combined metadata with data 
(like in RDF)

● SNOMED CT Model 
Component is healthcare 
agnostic



Expression Constraint Language (ECL)

● language to express 
concept model/to 
query SNOMED-CT

https://confluence.ihtsdotools.org/display/DOCECL/Appendix+D+-+ECL+Quick+reference 

https://confluence.ihtsdotools.org/display/DOCECL/Appendix+D+-+ECL+Quick+reference


Expression Constraint Language

● What are the types of pain that can occur in the left arm (including the concept itself)?

<< 287045000 | Pain in left arm |

● What are the types of pain that can occur in the left arm?

< 287045000 | Pain in left arm |

● What are the finding sites of types of pain in left arm?

<< 287045000 | Pain in left arm | . 363698007 | Finding Site |



Expression Constraint Language

● What can occur on head?

< * : 363698007 | Finding Site | = 69536005 | Head |

● What can occur on head or its part?

< * : 363698007 | Finding Site | = << 69536005 | Head |

● What are the types of paralytic syndromes caused by a cardiovascular finding 

<< 29426003 | Paralytic syndrome |: << 42752001 | Due to | = << 106063007 | 
Cardiovascular finding|

● Which concepts belong to the CTV3 map

< ^ 900000000000497000 | CTV3 simple map reference set |



Machine readable concept model (MRMC)

id      effectiveTime active moduleId refsetId referencedComponentId
b3a823ef-aba5-4cf5-be9a-6c9808ad58b9    20200731 1 900000000000012004 723561005 840560000

domainId grouped attributeCardinality attributeInGroupCardinality ruleStrengthId contentTypeId
260787004 0  0..*    0..0 723597001       723596005



Distribution

● set of files in RF2 format
● snapshot

○ currently valid version
● delta

○ changes w.r.t last snapshot
● full

○ snapshot and all deltas

SnomedCT_InternationalRF2_PRODUCTION_20210131T120000Z.zip
Delta

...
Full

...
Snapshot

Terminology
  sct2_Concept_Snapshot_INT_20210131.txt
  sct2_Description_Snapshot-en_INT_20210131.txt

     sct2_Identifier_Snapshot_INT_20210131.txt
  sct2_Relationship_Snapshot_INT_20210131.txt
  sct2_sRefset_OWLExpressionSnapshot_INT_20210131.txt
  sct2_StatedRelationship_Snapshot_INT_20210131.txt

        sct2_TextDefinition_Snapshot-en_INT_20210131.txt
Refset
  Content
      der2_cRefset_AssociationSnapshot_INT_20210131.txt

der2_cRefset_AttributeValueSnapshot_INT_20210131.txt
der2_Refset_SimpleSnapshot_INT_20210131.txt

  Language
der2_cRefset_LanguageSnapshot-en_INT_20210131.txt

  Map
der2_iisssccRefset_ExtendedMapSnapshot_INT_20210131.txt
der2_sRefset_SimpleMapSnapshot_INT_20210131.txt

  Metadata
der2_cciRefset_RefsetDescriptorSnapshot_INT_20210131.txt
der2_ciRefset_DescriptionTypeSnapshot_INT_20210131.txt
der2_cissccRefset_MRCMAttributeDomainSnapshot_INT_20210131.txt
der2_cRefset_MRCMModuleScopeSnapshot_INT_20210131.txt
der2_ssccRefset_MRCMAttributeRangeSnapshot_INT_20210131.txt
der2_ssRefset_ModuleDependencySnapshot_INT_20210131.txt
der2_sssssssRefset_MRCMDomainSnapshot_INT_20210131.txt



Editions and Extensions

● each country can 
create its own 
extension to the 
international edition

○ custom concepts
○ custom refsets
○ translations

https://confluence.ihtsdotools.org/display/DOCEXTPG/4.4+Editions 

https://confluence.ihtsdotools.org/display/DOCEXTPG/4.4+Editions
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