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Background

* Information Technology
(BIT PhD)

Work History
* Tech companies (AU, US) i@
* National E-Health (AU) [
* MoHH (Singapore)
* SNOMED Int (2014+)

Areas of Interest

Clinical terminology
Drug dictionaries
EHR implementation
Information modelling
Data analytics

ECL, ETL and SCG
HL7 FHIR
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Introduction

snomed.org YW @snomedct in linkedin.com/company/ihtsdo/
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SNOMED
International

What is SNOMED CT?

The world’s most
comprehensive multilingual

clinical terminology
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SNOMED International: Delivering SNOMED CT



: * Not-for-profit based in the UK SNOMED
SNOMED Internatlonal * Delivers international edition of SNOMED CT

* Owned and funded by our Members
* Governed by our GA and MB

Delivers Canadian Edition of SNOMED CT
and other supporting services

Canada Health Infoway

SNOMED International: Delivering SNOMED CT




42 SNOMED Members

SNOMED
International
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;SNOMEDl

Concept

A clinical idea with a

unique identifier
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Description

<34\ | myocardial infarction

cardiac infarction

heart attack
infarctus
du myocarde

<34\ infarctus cardiaque

FR

SNOMED International: Delivering SNOMED CT
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& 609410002
necrosis of
anatomical site

| A
22298006

myocardial infarction
(disorder)
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Can express the defining
characteristics of a concept
and forms the hierarchy

8 55641003

Infarct

SNOMED International: Delivering SNOMED CT




~
. SNOMED
372687004 | . .

( Amoxicillin
AN\ (substance)
~ O @
[ 1 ount of base o
ive i NQrec ie 1

Amoxicillin 500 mg

n
=
L

(7p)

C
O
=
e

U
%

v
=

©
=

V
whd

O

—

O

C

S
O

An integer, decimal or string
used to express a defining
characteristic

SNOMED International: Delivering SNOMED CT
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251081000
Myocardial necrosis (finding)
> I 600410002 I

Mecrosis of anatomical site (disorder)
7 363608007 N 74281007 : ‘
nulng site (attribute) J Myocardium structure (body structure)
116676008 N 56641003 e
Assndated morphology (attribute) ) Infarct (morphologic abnormality)
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374646004

Product containing precisely amoxicillin 500 milligram/1 each conventional release oral tablet (clinical drug)

Reww=

> 411116001 421026006
Has manufactured dose form (attribute) Conventional release oral tablet (dose form)

763032000 732936001

Has unit of presentation (attribute) Tablet (unit of presentation)
Count of base of active ingredient (attribute) ) : L
Plays role (attribute) Antibacterial therapeutic role (role)

762949000 372687004
"O".’Gas precise active ingredient (attribute) ) > Amoxicillin (substance)

Product containing only amoxicillin in oral dose form (medicinal product form)

1142139005
—P

766939001

>

—>

>

732943007 372687004
Has basis of strength substance (attribute) Amoxicillin (substance)

1142135004 500
Has presentation strength numerator value (attribute) N
Has presentation strength numerator unit (attribute) milligram (qualifier value)

1142136003
Has presentation strength denominator value (attribute)

1
j N Z]

732947008 732036001 -
Has presentation strength denominator unit (attribute) Tablet (unit of presentation)

SNOMED

International
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SNOMED CT Additional Features

Machine Readable Concept Model

 Provides rules for processing clinical meaning

Computable Languages

« EXxpressions, expression constraints, expression templates
- Enable meaning-based queries over more than just concepts

 Reference Sets

« Represent subsets of concepts to help define query criteria
« Define maps to/from SNOMED CT

« Define sets of language or dialect specific descriptions

« Description Logic
« Computational reasoning and powerful queries

gswcional: Delivering SNOMED CT



SNOMED
International

SNOMED CT Additional Features

* Broad Domain Coverage
* Enables queries across disciplines, specialties and clinical areas

* Robust Versioning
* Helps to manage queries over longitudinal health records

 |nternational

« Enables sharing of coded data, queries, subsets and maps
between countries

&
21118
A "

» Localization Mechanisms
 Allows queries to be applied to data from different
countries, dialects, regions & applications

e
ok

SNOMED International: Delivering SNOMED CT
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Past Trends

snomed .org 3 @snomedct in linkedin.com/company/ihtsdo/
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Healthcare Costs

Health Care Cost (1970-2016)
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Ageing Population

Proportion of the world population aged 60 vea
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Chronic Diseases

The Increasing Burden of Chronic Noncommunicable Diseases:

2008 and 2030
- “ g O
High-income Countries Middle-income Countries Low-income Countries

LA X

Communicable, maternal, perinatal, and nutritional conditions
B Noncommunicable diseases

R Global Health and Agein
[ ] Injuries Being

WHO Oct 2011

SNOMED

International
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Infectious Diseases

Outbreaks rise and change, while per-outbreak cases fall
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Since 1980 the global number of disease The proportion of diseases transmitted §
outbreaks has risen (pink bars, left axis) by animals and other vectors (in tan) =
while the variety of diseases (dots, right axis) has also risen relative to those that are =
has also increased. human-specific (in brown). s
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SNOMED International Membership Growth
2007 - 2022
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SNOMED CT Implementation Maturity

Level 0: PLANS TO USE SNOMED CT
Not yet used, but there are plans to do so. Current text and other codes.

Level 1: MAPPING TO SNOMED CT

SNOMED CT not directly recorded in record. Mapping is required.
8: Level 2: SIMPLE CODE SYSTEM
O— SNOMED CT is directly recorded in record. Used as a flat list of codes.

Level 3: HERARCHY

Level 2 + used as hierarchy of codes to support various system
functions.

Level 4: SEMANTIC NETWORK

Level 3 + used as a semantic network of relationships and simple ECL
Level 5: ADVANCED USE

Level 4 + used as an ontology using DL, MRCM, ECL etc

SNOMED International: Delivering SNOMED CT




SNOMED

International

SNOMED CT
Focus Areas
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SNOMED CT Focus Areas

1. Improving the quality and responsiveness
2. Need for standardized international data sharing

3. Implementation, implementation, implementation




SNOMED CT Focus Areas

1. Improving the quality and responsiveness

2. Need for standardized international data sharing




Quality and Responsiveness

Increasing semantic expressivity
Quality improvement initiative
More frequent international releases

Flexible delta generation

SNOMED
International




Quality and Responsiveness AR
Increasing Semantic Expressivity

* InJuly 2019 stated relationships were
replaced with Description Logic axioms to

increase the expressive power of SNOMED «
CT |

* Enables sufficient conditions (GCls), multiple
alternative definitions, property chains etc

* InJuly 2021 concrete values were added




Quality and Responsiveness
Increasing Semantic Expressivity

Authoring
£ (old process) Convert to OWL
. C_ Stated and classify

Relationship File

Relationship File
(inferred)

Concept File Description File

SNOMED1

International




SNOMED

Quality and Responsiveness
Increasing Semantic Expressivity

Authoring

(old process) Convert to OWL

Stated and classify
Relationship File

Relationship File Concrete Value File

Concept File Description File )
’ : (inferred) (inferred)

oy OWL Axiom Refset
‘%\ﬁ‘% Fil
i€ Combine OWL
: EfAuthoring and classify

(new process)




Prodwt containing precisely amoxicillin 500 milligram/1 each conventional release oral tablet (clinical drug)

SNOMED

L 778317004 International
Product containing only amoxicillin in oral dose form (medicinal product form)

) 411116001 421026006
Has manufactured dose form (attribute) Conventional release oral tablet (dose form)

> 763032000 732936001
Has unit of presentation (attribute) Tablet (unit of presentation)
> 1142130005 ) > I |
Count of base of active ingredient (attribute) L < I n teg er
766939001 787994008 .
> Plays role (attribute) Antibacterial therapeutic role (role)
»Or e >l
Has precise active ingredient (attribute) Amoxicillin (substance)
L > 22042007 372687004
Has basis of strength substance (attribute) Amoxicillin (substance)
)—» 500 4—-| Decimal I
Has presentation strength numerator unit (attribute) milligram (qualifier value)
1142136003 ) > < I H
—> Has presentation strength denominator value (attribute) k. : A Dec' ma I I

732047008 732036001 _
Has presentation strength denominator unit (attribute) Tablet (unit of presentation)

1142135004
Has presentation strength numerator value (attribute)
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Quality and Responsiveness
Quality Improvement Initiative

* Multi-year project began in 2018

* Automated expression templates and
manual reviews to identify and fix any
modelling and naming inconsistencies

* Original focus was on Clinical findings
* New focus on Procedures

* Also working on Medication and Substances

SNOMED1

International




Quality and Responsiveness
More Frequent International Releases

January 315t and July 315t since 2002 -
Publications every 6 months

March 9t 2020 - First out-of-cycle release
to update COVID-19 content

January 315t 2022 - Monthly releases began

on last day of each month

February 28% 2022 - International release
March 31t 2022 - International release
April 30 2022 - International release
May 315t 2022 - International release

=3 e
. L.
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SNOMED

International




Quality and Responsiveness
More Frequent International Releases

e Faster responsiveness to important and
necessary changes (eg COVID)

e Earlier availability of submitted content

e More flexibility for users and member
releases (with no extra obligation)

SNOMED

Internationa




SNOMED CT Editions

International : . Local
Edition National Edition Edition

INFORMATION | APPOINTMENT
HEALTH STATUS | HEALTH PLAN

INFORMATION | APPOINTMENT
HEALTH STATUS | HEALTH PLAN

INFORMATION | APPOINTMENT
HEALTH STATUS | HEALTH PLAN

EHR system EHR system EHR system

000K = = ORD HN . XXXX-XXXX. PERSONAL HEALTH RECORD
N L HN PERSONAL HEALTH RECORD L
N x000e000 C LTH RECORD

Examination ' Radiology = Laboratory
Examination = Radiology ~Laboratory tion | Radiology = Laboratory




Versioned Releases

July 2022
Aug Sep Oct Nov Dec

January 2023

January 2022
Feb Mar Apr May Jun

International Edition

INFORMATION | APPOINTMENT

INFORMATION | APPOINTMENT | INSURANCE EHR systom
SCHEDULE ¥ HEALTH STATUS | HEALTH PLAN

INSURANCE
EHR system . starus | neairn pian
PERSONAL HEALTH RECORD

INFORMATION | APPOINTMENT
SCHEDULE
HN. 000ex0x

INFORMATION | APPOINTMENT | INSURANCE EHR system
HEALTH STATUS | HEALTH PLAN

EHR system . tsmarus | weameian | soneoute
e PERSONAL HEALTH RECORD

HN. 00060

HN. 00060 NAL HEALTH

Examination | Radiology ~Laboratory

Examination | Radiology ~Laboratory

Examination | Radiology ~Laboratory

= G-

Examination | Radiology ~Laboratory




Versioned Releases

January 2022 July 2022 Januar
Feb Mar Apr May Jun Aug Sep Oct Nov Dec

International Edition

National Edition or Extension
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Quality and Responsiveness
Flexible Delta Generation

e Users are not expected to upgrade to each
monthly release

e Fixed deltas in the RF2 package are not
useful for all users

e The International release does not include
delta files from January 2022

o Other editions are eliminating deltas as well

e SNOMED International has made a Delta
Generation tool available (opensource)

O github.com/IHTSDO/delta-generator-tool

L Y W ¥ ¥ o
= — Ci8
. - G el - » o =

SNOMED

Internationa



http://github.com/IHTSDO/delta-generator-tool

SNOMED CT Focus Areas

1. Improving the quality and responsiveness
2. Need for standardized international data sharing

3. Implementation, implementation, implementation




International Data Sharing

Global patient set (GPS)

International patient summary
terminology (IPST)

Common drug model for interoperability

Community content platform




SNOMED

International Data Sharing L MR,
Global Patient Set |

* A managed collection of existing SNOMED CT
reference sets available to any user at no cost

* Includes content for dentistry, renal, general
practice, nursing, IHE, DICOM, International
Patient Summary, COVID-19 and SDoH

* Can be used to share health information across
all care settings, systems, organizations and

national borders
o http://gps.snomed.org

/ Global Patient Set
_ Delivered By SNOMED International



http://gps.snomed.org/

International Data Sharing
IPS Terminology

International Patient Summary - a minimal set

of basic clinical data about a patient, used to

support cross-border/system patient care

International Patient Summary Terminology -

For non-affiliates to use in IPS implementations

O Includes hierarchy & defining relationships
of concepts from IPS free set

O Can be used in a terminology server (RF2)

O In Beta for stakeholder testing & feedback

Browser: https://ips-

browser.snomedtools.org/

User guide: http://snomed.org/ipstug

Contact releases@snomed.org for more info



https://ips-browser.snomedtools.org/
http://snomed.org/ipstug
mailto:releases@snomed.org

SNOMED

International Data Sharing |
Common drug model |

Medicinal Medicinal Medicinal Real Medicinal
Product Product Only Product Precise Product
(MP) (MP-0) Only (MP-OP) (RMP-OP)
Medicinal Medicinal Clinical Drug Real Clinical Drug |
Product Form Product Form (CD-OP) (RCD-OP)
(MPF) Only (MPF-0)

-
Packaged A Real Packaged

Clinical Drug Clinical Drug
(PCD-OP) (RPCD-OP)

e Common national drug extension model
o Allows nationally-defined drug concepts to
be compared and queried




SNOMED1

International Data Sharing A
Common drug model | |

e Defined using common building blocks
(int. attributes, values, and concept

model)

O Attributes: Has precise active ingredient, Has
manufactured dose form, Has product name,
Has pack size, Has pack size units, etc

O Values: Substances, Dose Forms, Units, etc

e Use cases include
O Person’s medication list being computer
processable in another country
o Knowledge vendors and semantic search
engines working in different countries

http://snomed.org/mpm
http://snomed.org/ndem

‘..



http://snomed.org/mpm
http://snomed.org/ndem

International Data Sharing
Community Content Platform

https://confluence.ihtsdotools.org/display/CC/SNOMED+

CT+Community+Content+Home

e Collaborative platform for global content
outside the current scope of the Int. Edition

e Enables rapid sharing of quality SNOMED CT
content without waiting for SNOMED Int

e Contains community extensions viewable in a
browser and (in future) downloadable

O

O O O O

Cancer synoptic reporting
Common french translation
COVID-19 vaccines
Genomics

Traditional medicine

SNOM]E‘,D1

International B



https://confluence.ihtsdotools.org/display/CC/SNOMED+CT+Community+Content+Home

SNOMED CT Focus Areas

1. Improving the quality and responsiveness

2. Need for standardized international data sharing

3. Implementation, implementation, implementation



Implementation?
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e SNOMED CT value platform
e Implementation support team & portal
® Free tool for mapping to SNOMED CT

e Querying codes in patient records

e Simplifying terminology server deployment - .



ationa

Implementation® - -
SNOMED CT Value Platform &P

e The SNOMED CT value platform presents
stakeholder value propositions along with

evidence that SNOMED CT adds measurable
value to a broad range of primary and
secondary health processes leveraging
SNOMED CT encoded data to deliver improved
patient outcomes

o Stakeholder value propositions

o A qualitative and quantified case for investment

o A set of exemplar case studies

https://www.value.snomed.org/



Data Entry Clinical

Research and Integration » Information
/\/' _ Sharing
I!Ill = T
Where is
f SNOMED CT used? ‘
Management . Point-of-Care
Population

Analytics Analytics
Y Analytics « Y

-é« i@ -

https://www.value.snomed.org/



SNOMED International’s Implementation Support Team

To provide assistance to implementations of SNOMED CT for a range of stakeholders

including NRCs, healthcare providers, research organizations and vendors

I Linda Bird Alejandro Lopez Osornio Kai Kewley Anne Hgjen
Implementation Support Senior Implementation Technical Support Implementation
Lead Support Specialist Specialist Support Specialist

http://snomed.org/support



SNOMED CT Implementation Support Portal
LiBrary s Fraining Wé&;i Q03
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http://snomed.org/support



Implementation?
Mapping to SNOMED CT

e Many implementations require existing
codes to be mapped to SNOMED CT

e To support these implementers, SNOMED
International commissioned CSIRO to

develop a tool for mapping to SNOMED CT

® Snap2Snomed
O An online tool that supports the
collaborative authoring, review and

maintenance of simple maps to SNOMED CT
O User guide: http://snomed.org/s2sug

https://snap.snomedtools.org/


http://snomed.org/s2sug

Implementation? 4
Mapping to SNOMED CT e

Simple map FROM SNOMED CT type reference set A 3

refsetid referencedComponentld (mapSource) mapTarget
816210007 |SNOMED CT to MedDRA simple map reference set | 197171003 |Bacterial peritonitis | 10062070
816210007 |SNOMED CT to MedDRA simple map reference set | 83901003 |Sjogren's syndrome | 10040767

10018292

816210007 |SNOMED CT to MedDRA simple map reference set| 66383009 | Gingivitis|

i
Simple map TO SNOMED CT type reference set

refsetld referencedComponentld (mapTarget) mapSource
1193497006 |MedDRA to SNOMED CT simple map reference set| 131114008 |Decreased vitamin D| 10078111
1193497006 |MedDRA to SNOMED CT simple map reference set | 410061008 |Intentional poisoning | 10036000
1193497006 |MedDRA to SNOMED CT simple map reference set| 95388000 |Injection site pain| 10058683

http://snomed.org/rfs


http://snomed.info/id/900000000000498005
http://snomed.info/id/900000000000498005
http://snomed.info/id/900000000000498005
http://snomed.info/id/100005
http://snomed.info/id/100005
http://snomed.info/id/100005
http://snomed.info/id/100005
http://snomed.info/id/101009
http://snomed.info/id/101009
http://snomed.info/id/101009
http://snomed.info/id/101009
http://snomed.info/id/102002
http://snomed.info/id/102002
http://snomed.info/id/102002
http://snomed.info/id/102002
http://snomed.info/id/131114008
http://snomed.info/id/131114008
http://snomed.info/id/131114008
http://snomed.info/id/131114008
http://snomed.info/id/131114008
http://snomed.info/id/702809001
http://snomed.info/id/702809001
http://snomed.info/id/702809001
http://snomed.info/id/702809001
http://snomed.info/id/95388000
http://snomed.info/id/95388000
http://snomed.info/id/95388000
http://snomed.info/id/95388000
http://snomed.info/id/95388000

Implementation? e

Internation

Querying Codes in Patient Records

SNOMED CT Expression Constraint

e A computable rule that can be used to define a set of clinical meanings
e Can be used to query SNOMED codes in a patient EHR
e Can be used in CDS triggers, knowledge linkage and data entry rules

Example
e < 404684003 |Clinical finding| AND "816080008 |International Patient Summary| :
{ 116676008 | Associated morphology| = << 55641003 |Infarct| OR
<< 47429007 |Associated with| = << 22298006 | Mygardi ]

http://snomed.org/ecl



Implementation? o
Querying Codes in Patient Records

Implementation challenge
e New clinical data in an EHR should use only
active SNOMED CT codes
e However, SNOMED CT is an evolving
terminology
e As a result, concepts previously recorded in the
EHR may subsequently be inactivated
e SNOMED CT queries typically return only active
concepts, so it may not be possible to retrieve
health records containing inactive identifiers
A solution was needed to retrieve these codes

http://snomed.org/ecl



Implementation? o
Querying Codes in Patient Records

History Supplements

e Augment results with relevant inactive concepts (via historical associations)
e Used when retrieving health records that may contain inactive codes

e - Find the patients who have ever had an Asthma diagnosis

<< 195967001 | Asthma| {{+HISTORY-MIN}}
Results include: 304527002 | Acute asthma| (active)
Results include: 304527002 | Acute asthma]| (inactive - SAME AS)

e ECL 2.0 Demo - SNOMED International’s SNOMED CT Qrgw

https://ihtsdotools.org/browser



Implementation?

Querying Codes in Patient Records h .
Member Filters
e Filter results on refset member’s field values, module, effective time & active status '

e " [referencedComponentld, mapTarget] 447562003 |ICD-10 complex map refset |
M mapGroup=#1,
mapTarget="J45.9"}}
Concept Filters

e Filter results on concept’s definition status, module, effective time & active status
e < 56265001 |Heart disease| {{C definitionStatus=primitive, effectiveTime>="20210131"}}

Description Filters
e Filter results on description’s term, type, language, dialect, acceptability,
module, effective time, active status & id

http://snomed.org/ecl



International

Implementation3 e

Simplifying Terminology Services

Terminology Services

e Rapid and effective way of deploying SNOMED CT

e Functions include
o Search SNOMED CT content using term matching,
hierarchy, defining relationships and ECL queries
o Retrieve data about a selected concept
m Descriptions
m Supertypes and subtypes
m Defining relationships
o Access maps to/from SNOMED CT

e Standardized FHIR API

e Open source and commercial
options available (swappable)




61

Implementation?
Snowstorm Terminology Services

Snowstorm

e Great way to get started with
Terminology Services

e Open source under Apache 2.0

e Stand up your own SNOMED CT FHIR
Terminology Server in less than an
O hour

github.com/ihtsdo/snowstorm

e User interface demo using Snowstorm
http://snomed.org/ui

SNOWSTORM

by SNOMED International

SNOMED
International

SNOMED International: Delivering SNOMED CT


http://snomed.org/ui

Implementation?
Simplifying Terminology Services

Planned Terminology Services Projects
e Add support for multiple code systems
e Simple extension (Simplex) toolkit

O Publish and maintain derivative artifacts
Map, translation, subset files > RF2
Manage changes between releases
Find inactive codes & suggest
alternatives

e Snowstorm dashboard for easy deployment
e Postcoordination support, guide and FHIR APIs

e Terminology data syndication

SNOMED

International




SNOMED
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Discover More

snomed.org YW @snomedct in linkedin.com/company/ihtsdo/
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Discover More

- https://courses.ihtsdotools.org

- http://snomed.org/links
Implementation portal - http://snomed.org/support

Helpdesk - info@snomed.org
Slack channel (general) - public-snomedintl.slack.com
Github repositories- https://github.org/IHSTDO

- http://snomed.org/wotw

User groups
SNOMED on FHIR - http://snomed.org/fhir
SNOMED languages group - http://snomed.org/slpg
User support group - http://snomed.org/usrg
Mapping tool user group - http://snomed.org/mtug
Drug extension user group - http://snomed.org/deusg

Clinical reference groups - http://snomed.org/crg
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Mark your calendars for
September 29 -30, 2022
in Lisbon, Portugal &
Onlne

Registration opens June 15, 2022
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SNOMED CT Implementation Webinar

www.snomedexpo.org 1 linkedin.com/company/ihtsdo | twitter.com/snomedct
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+ SNOMED CT + Our stakeholders
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There are a number of ways that Members, clinicians, vendors, and

terminologists can contribute to SNOMED International's community

of practice.

Web Series
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Thank You

SNOMED CT Implementation Webinar snomed.org/web-series | linkedin.com/company/ihtsdo | twittercom/snomedct | youtube.com/c/ihtsdoorg
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