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Imagine a world



Imagine a world

in which all healthcare systems
speak the Same language
with the SaMe meanings
covering all healthcare.



Healthcare today

Tower of Babel, Abel Grimmer (1570-1619)
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"PCAST has also concluded that to
achieve these objectives it is crucial that
the Federal Government facilitate the
nationwide adoption of a

universal exchange language
for healthcare information”
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Healthcare information resides and continues to rapidly grow in a.
bewildering variety of vocabularies, formats and systems in thousands of
organizations. This makes the exchange and integration of healthcare
information exceedingly difficult. It inhibits access to complete and
accurate patient data, undermines the key advantage of having patient
data in electronic form, and drives up the already high cost of
healthcare.

The President's Council of Advisors on Science and Technology
(PCAST) identified the need for a universal healthcare exchange
language as a key enabler in addressing this problem by improving
healthcare data portability. Many familiar with Semantic Web technology
have recognized that RDF / Linked Data would be an excellent
candidate to meet this need, for both technical and strategic reasons.
Although RDF is not yet well known in conventional healthcare IT, it has
been beneficially used in a wide variety of applications over the past ten
years - including medical and biotech applications -- and would exceed
all of the requirements outlined in the PCAST report.

RDF offers a practical evolutionary pathway to semantic interoperability.
It enables information to be readily linked and exchanged with full
semantic fidelity while leveraging existing IT infrastructure investments.
Being schema-flexible, RDF allows multiple evolving data models and
vocabularies to peacefully co-exist in the same instance data, without
loss of semantic fidelity. This enables standardized data models and
vocabularies to be used whenever possible, while permitting legacy or
specialized models and vocabularies to be semantically linked and used
when necessary. It also enables a limitless variety of related information
10 be semantically linked to patient data, such as genomic, geographic
and drug interaction data, enabling more effective treatment, and
araatar inmwlarine dicomuans Other raacnnc fr adanfina DNE ac 2
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R Yosemite Manifesto
Manifesto

on RDF as a Universal Healthcare Exchange Language

1. RDF is the best available candidate for a universal healthcare exchange language.

2. Electronic healthcare information should be exchanged in a format that either: (a) is
an RDF format directly; or (b) has a standard mapping to RDF.

3. Existing standard healthcare vocabularies, data models and exchange languages
should be leveraged by defining standard mappings to RDF, and any new standards
should have RDF representations.

4. Government agencies should mandate or incentivize the use of RDF as a universal
healthcare exchange language.

5. Exchanged healthcare information should be self-describing, using Linked Data

principles, so that each concept URI is de-referenceable to its free and open definition.
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"1. RDF Is the best available candidate
for a universal healthcare exchange
language.”

* Several reasons:
— Self describing
— Easy to map from other data representations
— Captures information content instead of syntax
— Multi-schema friendly
— Enables inference

* See: Why RDF as a Universal Healthcare
Exchange Language?
http:/Ildbooth.org/2014/why-rdf]

11
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"2. Electronic healthcare information
should be exchanged in a format that
either: (a) iIs an RDF format directly; or
(b) has a standard mapping to RDF."

* Q: Convert all data to RDF format?

* A: No! Convert only:

— If recipient does not understand the sender’s
data format or semantics:; or

— To determine the data's normative meaning

12



"3. Existing standard healthcare
vocabularies, data models and
exchange languages should be
leveraged by defining standard
mappings to RDF, and any new
standards should have RDF
representations.”

 Allows RDF to act as a universal
iInformation representation across all
healthcare information standards

13



RDF as a common semantic
representatlon

ex:obs_001 RDF
a v:Observation q_h1_h‘—_‘“_“‘_“=—_=ﬁ_hﬂ__
\\ v unlts
vuMue

o v.code v:d |5|:n|a*',.r m
TN\ loinc:3727-0 [ EPsystnhc sitting" ]

<Observation ...> FHIR

<system value- http://loinc.org’ />///
<code value="3727-0"/> <

\\ </Observation> \\\ |\\

HL7 v2.x

OBX|1|CE|3727-0"BPsystolic,
sitting||120| |mmHg|
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"4. Government agencies should
mandate or incentivize the use of RDF
as a universal healthcare exchange
language.”

* Healthcare providers and vendors have no
natural business incentive to make their
data interoperable to others

15



"5. Exchanged healthcare information
should be self-describing, using Linked
Data principles, so that each concept
URI is de-referenceable to its free and
open definition."

* Clickable URIs for concepts:
— Easy to find the definition

* "Free and open definition™:
— Encourages interoperabillity

16



How would RDF work as a
universal healthcare exchange language®?

17



If sender and receiver speak the same
format and semantics . . .

HL7 v2.X

f; OBX|1|CE|3727-0"BPsystolic, f}
sitting||120| |mmHg|

No need for translation

18



If sender and receiver speak different
format or semantics . . .

H

Translation needed!

19



Lift and Drop

Lt /@\ /Drop |

25 .

Lift: Maps to RDF

Drop: Maps from RDF

Simple syntactic translation

Retains data models and vocabularies

BE
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If Sender and Recelver use the same data
model and vocabularies:

e Translate HL7 v2.x to RDF
* Translate RDF to FHIR

21



Translation with semantic alignmen

Semantic
Alignment
RDF 1 : RDF 2
RDF

* Usually semantic alignment is required
— RDF-to-RDF translation
— Done with SPARQL rules or other methods

* RDF acts as a universal information representation
— Enables sharable translation rules

22



Same Iinformation, but different data
models and vocabularies

"Pre-coordinated" "Post-coordinated"”
{ .0bs023 ] :0bs023 ]
a v1:SystolicBPSitting_ mmHg awvl: Syﬂml cBP
|
vl:value TranS|ate E’ units v b':'d"fpf'S tion

Va2 al
|

e Both are RDF

* RDF supports inference
— Good for model and vocabulary translation

23
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What If the data does not map?

* Requires Iintervention
* Can display RDF-enabled default view

26



Standard VVocabularies in UMLS

AIR ALT AOD AOT Bl CCC CCPSS CCS CDT CHV COSTAR CPM
CPT CPTSP CSP CST DDB DMDICD10 DMDUMD DSM3R DSM4 DXP
FMA HCDT HCPCS HCPT HL/V2.5 HL7V3.0 HLREL ICD10 ICD10AE
ICD10AM ICD10AMAE ICD10CM ICD10DUT ICD10PCS ICD9CM ICF
ICF-CY ICPC ICPC2EDUT ICPC2EENG ICPC2ICD10DUT
ICPC2ICD10ENG ICPC2P ICPCBAQ ICPCDAN ICPCDUT ICPCFIN
ICPCFRE ICPCGER ICPCHEB ICPCHUN ICPCITA ICPCNOR ICPCPOR
ICPCSPA ICPCSWE JABL KCDS5 LCH LNC_AD8 LNC_MDS30 MCM
MEDLINEPLUS MSHCZE MSHDUT MSHFIN MSHFRE MSHGER MSHITA
MSHJPN MSHLAV MSHNOR MSHPOL MSHPOR MSHRUS MSHSCR
MSHSPA MSHSWE MTH MTHCH MTHHH MTHICD9 MTHICPC2EAE
MTHICPC2ICD10AE MTHMST MTHMSTFRE MTHMSTITA NAN NCISEER
NIC NOC OMS PCDS PDQ PNDS PPAC PSY QMR RAM RCD
RCDAE RCDSA RCDSY SNM SNMI SOP SPN SRC TKMT ULT UMD
UusPMG UWDA WHO WHOFRE WHOGER WHOPOR WHOSPA
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Standard VVocabularies in UMLS

AIR ALT AOD AOT Bl CCC CCPSS CCS CDT CHV COSTAR CPM
CPT CPTSP CSP CST DDB DMDICD10 DMDUMD DSM3R DSM4 DXP
FMA HCDT HCPCS HCPT HL/V2.5 HL7V3.0 HLREL ICD10 ICD10AE
ICD10AM ICD10AMAE ICD10CM ICD10DUT ICD10PCS ICD9CM ICF
ICF-CY ICPC ICPC2EDUT ICPC2EENG ICPC2ICD10DUT

ICPC2ICD NG ICPC2P ICPCBAQ CD ICP U ICPCFIN
ICPCFRE |@F ICPCPOR
ICPCSPA » S30 MCM
MEDLINEPL , SI-!ER MSHITA

MSHJPN MSHLAV MSHNOR MSHPOL MSHPOR MSHRUS MSHSCR
MSHSPA MSHSWE MTH MTHCH MTHHH MTHICD9 MTHICPC2EAE
MTHICPC2ICD10AE MTHMST MTHMSTFRE MTHMSTITA NAN NCISEER
NIC NOC OMS PCDS PDQ PNDS PPAC PSY QMR RAM RCD
RCDAE RCDSA RCDSY SNM SNMI SOP SPN SRC TKMT ULT UMD
UusPMG UWDA WHO WHOFRE WHOGER WHOPOR WHOSPA
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HOW STANDARDS PROUFERATE:
(sEE: AVC CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

W7 RiDICULOLS]

WE NEED To DEVELOP
ONE [NNVERSAL STANDARD
THAT COVERS EVERYONES
USE CASES. YERH!

\ O )

)

SOON: |

SITUATION:

THERE ARE
|5 COMPETING

STANDPRDS.

http://xkcd.com/927/
Used by permission
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Why

does this happen?

And what can we do about it?

30



Why do standards proliferate?

1. Problem complexity

* Healthcare domain is huge
— Many medical specialties
— Administrative and business aspects
— Research, biology, chemistry, etc.
— Connects with everything else!

* Need the ability to represent:
— Any data model
— Any vocabulary
— Any granularity

31



Why do standards proliferate?

1. Problem complexity
* Infeasible to standardize everything at
once

* Need to divide and conquer
— Standardize first, and interconnect later

32



Standards trilemma: Pick any two

Timely

Comprehe

* Comprehensive: Handles all use cases
* Good: High gquality
* Timely: Completed quickly

33



Why do standards proliferate?

2. Diverse Requirements

e Different uses need:
— Different data
— Different granularity of data

* No such thing as a perfect standard

34



WARNING: Data users are myopic

e Each user thinks his/her use case Is the
most important

— Ignores other use cases

35



The granularity dilemma

:0bs023
a v2:SystalicBP

Simplicity! / UZ\:unils
'ufE:'laluE X

(52) ()

Different uses want different granularities!
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The granularity dilemma
{a ul;?sh:;::iﬁcﬂp L
/uz\unul.s w2iinstrument] Detail!
v2:value |'u'2 hﬂdypﬂsnmm
v \. &

[135] [vz mqu] [ v2: 5|lt|ng

'-.rE Dinamap_8000 |

Different uses want different granularities!
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Need the ability to:
* Use all available information
* Ignore unwanted information

38



Why do standards proliferate?

3. Changing requirements

* Healthcare changes
* Technology changes
* New standards address deficiencies of old ones

Need the ability to:

* Continuously accommodate new standards/versions
* Relate old and new

* Translate between them

39



Why do standards proliferate?

4. Misaligned Incentives

* Proprietary interests
* Proprietary "standards"

Need.:
* Free and open data models & vocabularies
* International, vendor-neutral

40
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