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Problem Statement: General o3 Vo

How does one semantically integrate data such as vital
signs between different patient information systems?

Vital signs
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Problem Statement: Specific o3 e’

How does one integrate vital sign data between VA VISTA electronic
health record (EHR) system and a potential exchange partner using
the HL7 FHIR standard?

Different syntax
Different Models

Different Vocabularies

% FHIR

VAS'_Z?

Different syntax
Different Models

Different Vocabularies

Different syntax
Different Models

Different Vocabularies
(fd) LOINC®
Language barriers to exchange
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Approach: Linked Data Foundation o3 e’

One step towards minimizing data friction between systems is to
provide common model-neutral expression language such as RDF.

y=Z D g

(fl) LOINC®
A common exchange language
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Vocabulary A

Syntax B
Model B
Vocabulary B
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Summary of Linked Data Translation

Source Syntactic Neutral Semantic Integrated
Data translation Model translation Data

) | o8

o° SFIN

SPARQL Inferencing Notation s 8

Yoz riensn ——> &J | LoiNee

Different Syntax Common syntax within Rule-based mapping
Different Models model-neutral medium Model alignment
Different Vocabularies (Linked Data) Vocabulary alignment
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Vitals

Common Syntax
Common Model
Common Vocabulary
Common Meaning



VISTA: Overview o3 e’

e Veterans Information Systems and Technology Architecture
* Information system of all VA hospitals
* Foundation of several public healthcare systems

— VA (VISTA): 1200+ care sites

— DoD(CHCS): 900+ care sites

— [HS (RPMS): 500+ care sites

— NY State: 24 hospitals

* Most familiar EHR in U.S.
— Over 60% of U.S.-trained physicians have used VISTA

* Open source
— Deployed in many other settings in U.S. and internationally

— Many developments by open source community
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VISTA deployments in the U.S.
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VISTA

One Patient.
One Database.v-‘,:
All Apps.

All Data: """ s

Integrated.
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A Patient-Centric EHR
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VISTA is an integrated patient-
centric EHR.

The data architecture of VISTA consists
of over |50 applications for clinical care
integrated within a single common
multidimensional database (M DB).

In VISTA both business logic
(Applications) and data (Database) are
managed with within the M data engine,
which provides the tight integration of
applications to each other and to shared
data.

The data flow and integration
agreements between VISTA applications
(outer ring) is visualized as blue lines.



VISTA Data Model c@ Linked

Vitals

VISTA is based on a hybrid NoSQL database. Unlike some NoSQL stores,VISTA is
schema-driven, not schema-less.

Inside every VISTA is File Manager (Fileman), a hybrid hierarchal-graph data store,
which is overlaid on top of the M multidimensional store. A comprehensive

definition of the types of data stored in every VA FileMan represents the VA's
Enterprise Data Model.

With an exposed data model, VISTA’s native schema be rendered in a standard

definition format and analyzed for use and improvement. A schema-flexible

information model representation language that is fully machine-processable such as
RDF provides such capability.

FM \ Sy Fileman: hierarchical-graph store

M: Multidimensional NoSQL data engine
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VISTA Data Model

FileMan Schema Browser
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Populated Files
In this system 1245 out of 2356 have entries.
# Name

A1 INDEX
31 KEY
4 PRINT TEMPLATE
401 SORT TEMPLATE
402 INPUT TEMPLATE
403 FORM
404 BLOCK
.44 FOREIGN FORMAT
S5 FUNCTION
7 MUMPS OPERATING SYSTEM
.81 DATA TYPE
.84 DIALOG
.85 LANGUAGE
1 FILE
1.2 ALTERNATE EDITOR
2 PATIENT
3.07 PROGRAMMER MODE LOG

Global

ADD("IX",
ADD("KEY",
ADIPT(
ADIBT(
ADIE(
ADIST(.403,
ADIST(.404,
ADIST(.44,
ADD("FUNC",
ADD("0S",
ADI(.81,
ADI(.84,
ADI(.85,
ADIC(
ADIST(1.2,
ADPT(
A%ZUA(3.07,

Count
644

64
1234
773
1519
144
519

11

169

11
2574
11
2356

40
930
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VISTA’s native data model is
comprised of hierarchical
files and subfiles, each
which addresses a specific
M Global storage.
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VISTA Query: Fileman Query Language od v

FMQL is the Fileman Query Language
that leverages the native hierarchical-
graph model of VISTA. This provides
real-time web-based query access to

the entirety of VistA’s data.

DESCRIBE 120_5 FILTER(.02=2-9) LIMIT 1

" JSON This exposes the native hierarchical
‘ Format:nm_:] Send Query data model of Fileman in web

_PONHD standard forms including HTML,
JSON, and RDF.

o

o
[
"

<
«

HTML: Hypertext markup language (visual document markup) HTML
JSON: Javascript object notation (data serialization / packaging) E o .
RDF: Resource description framework (linked data / semantics) -l R D F JSON-LD
JSON-LD: JSON-like serialization of Linked Data (RDF)

Rafael Richards MD MS 2014
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VISTA Query: HTML output

Linked
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Fileman query of VistA for vital signs with output in HTML.

DESCRIBE 120_5 FILTER(.02=2-9) LIMIT 2

Query: | Pick a Canned Query s
Format: | HTML 3 Send Query

1. GMRV VITAL MEASUREMENT > 2005-09-01T13:

date time vitals taken
2005-09-01T13:00:00Z
patient
PATIENT/JONES,CHRISTOPHER
vital type
GMRV VITAL TYPE/BLOOD PRESSURE (VA:4500634)
date time vitals entered
2005-12-28T13:48:44Z
hospital location
HOSPITAL LOCATION/4 SOUTH - MED
entered by
NEW PERSON/NOTHER,NADA (LOCAL)

rate
150/10
entered in error
true
error entered by
NEW PERSON/MANAGER,SYSTEM (LOCAL)
reason entered in error

Rafael Richards MD MS 2014

HTML

- &

HTML output:
Human-readable

12



VISTA Query: RDF output

Linked
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Fileman query of VistA for vital signs with output in RDF.

DESCRIBE 120_5 FILTER(.02=2-9) LIMIT 1

Query: | Pick a Canned Query

‘ Format: | RDF >

Rafael Richards M

Send Query

<?xml version="1.0" encoding="utf-8"?>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/199!

Xmlns:
Xmlns:

Xxmlns
Xxmlns

Xxmlns:
Xmlns:

rdfs="http://www.w3.0rg/2000/01/rd:
owl="http://www.w3.0rg/2002/07/0owl;

:vs="http://datasets.caregraf.org/v:
:fms="http://datasets.caregraf.org/:

xsd="http://www.w3.0rg/2001/XMLSch¢
dc="http://purl.org/dc/elements/1.

<rdf:Description rdf:about="http:
<rdf:type rdf:resource="h:
<rdfs:label>2005-09-01T13

<vs
<vs
<vs
<vs

<vs
<vs
<vs

:date time vitals takel
tpatient-120 5 rdf:res
:vital type-120_5 rdf::
tdate_time vitals ente:
<vs:
tentered by-120 5 rdf::
:rate-120 5>150/10</vs
tentered in error-120 !

hospital location-120

- E‘:‘ RDF output:

RDF

Machine readable
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Linked Data: What is it?

e The World Wide Web Consortium (W3C) standard for
W semantic information integration for the Internet of Data.

HTML

HTML (hypertext markup language) enables
Ej For humans to exchange information

RDF (resource description framework) enables
. . —)
ﬂ For computers to exchange information

“The Semantic Web [Linked Data] provides a common framework that
allows data to be shared and reused across application, enterprise, and
community boundaries.”

Tim Berners-Lee, MIT Professor and Inventor of the World Wide Web
(HTML and RDF protocols)

Rafael Richards MD MS 2014
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Linked Documents

(Document Web)

Linked Data
(Semantic Web)

14



Linked Data and the Internet of Data o v

Linking media, geographic, publications, government, and life sciences....
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VISTA Vitals in RDF
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. Navigator | [2 Classes 3% ‘

W@ © =0

E] SCHEMA_caregraf-vs.ttl

|a] VOCAB_vs.ttl

v (D rdfs:Resource
dtype:numericUnion

Vv owl:Thing

V¥ ¢g:Thing
cg:EnumConcept
cg:InternalConcept
cg:OutsideConcept
cg:PatientResource

4d4VvVYVYyy

Class Form

¥ Annotations
rdfs:label ~
‘" |GMRV VITAL MEASUREMENT

v Class Axioms

Name: <http://datasets.caregraf.org/vs/120_5>

<http://datasets.caregraf.org/vs/100_008> (259)
<http://datasets.caregraf.org/vs/100_045> (1606)
<http://datasets.caregraf.org/vs/100_09> (6)
<http://datasets.caregraf.org/vs/100> (240)
<http://datasets.caregraf.org/vs/102_3> (1)
<http://datasets.caregraf.org/vs/102_4> (178)

:*) <http://datasets.caregraf.org/vs/120_5> (239)

<http://datasets.caregraf.org/vs/120_8> (12)
<http://datasets.caregraf.org/vs/120_81> (15)
<http://datasets.caregraf.org/vs/120_813> (2)
<http://datasets.caregraf.org/vs/120_826> (2)

. ' riAA AL 7 an

rdfs:subClassOf =
 |cg:PatientResource

owl:equivalentClass =
owl:disjointWith =
owlhasKkey

) Other Properties

239 instances in the sample dataset

Rafael Richards MD MS 2014

[a] vsLuluPatient_24.vd... X U
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VISTA Vitals in RDF o3 e’

_0 <http://livevista.caregraf.info/2-9>
. rdjs:label = JONES,CHRISTOPHER

“Patient-120_5

@ <http://livevista.caregraf.info/120_5-8>
B vs:date_time_vitals_entered-120_5 = 2005-12-28T13:54:31Z @ <http://livevista.caregraf.info/200-52>
B vs:date_time_vitals_taken-120_5 = 2005-09-01T14:00:00Z | vsentered by-120.5 _ LI rdfs:iabel = NOTHER,NADA
M vs:rate-120_5 = 130/80

M rdfs:label = 2005-09-01T14:00:00Z \L‘Z@‘-S-
vs:hospital_location- —=->

[ 4 <http://livevista.caregraf.info/44-26>
M rdfs:label = 4 SOUTH - MED

vs:vital_type-

_0 <http://livevista.caregraf.info/120_51-1>
I rdfs:label = BLOOD PRESSURE

owl:sam

S <http://datasets.caregraf.org/va/4500€
¥ rdfs:label = BLOOD PRESSURE

Rafael Richards MD MS 2014 17



O

XML

FHIR: Native model

* FHIR - Observation

] e XML model in XML Schema

Resource Content @

Observation (Resource)

name : CodeableConcept 1..1 <<ObservationType>>
value[x] : Quantity| CodeableConcept|Attachment|
Ratio| Period| SampledData |string 0..1
interpretation : CodeableConcept 0..1 <<ObservationInterpretation>>

comments : string 0..1

applies[x] : dateTime|Period 0..1

issued : instant 0..1

status : code 1..1 <<QObservationStatus>>

reliability : code 1..1 <<ObservationReliability>>

bodysSite : CodeableConcept 0..1 <<BodySite>>

method : CodeableConcept 0..1 <<ObservationMethod>>

identifier : Identifier 0..1

subject : Resource(Patient| Group| Device| Location) 0..1

specimen : Resource(Specimen) 0..1

performer : Resource(Practitioner | Device|
Organization) 0..*

Rafael Richards MD MS 2014

Related

0.*
elated— |

-

type : code 0..1 <<ObservationRelationshipType>>
target : Resource(Observation) 1..1

~

ReferenceRange

ferenceRange 0." |

age:Range 0.1

low : Quantity 0..1
high : Quantity 0..1
meaning : CodeableConcept 0..1 <<ObservationRangeMeaning>>

Linked
Vitals
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FHIR in RDF

Automated transformation from FHIR XML Schema -> RDF

f:type

fhir:Observation

'] dc:description = If the element is pr...

‘Wl sxml:tag = http://hl7.org/fhir#...
g] rdfs:label = Observation

E dc:description = Measurements and sim...|

codingRef

| @ <@-22672029:14589e62123:-3b3>

[ thir:0BS_76862b61-2a89-11b2-80e4-c4caa5d3b3d3 |

fhir:nameRef

fhir:valueQua

Rafael Richards MD MS 2014

| B4 composite:index = 2

[ @ <@-22672029:14589e62123:-3b6>

I[I composite:index = 4

fhir:valueRe

Air:displayRef

Linked
Vitals

@ <@-22672029:14589e62123:-3b1>

[ fhirvalue = 8462-4
[l composite:index = 1

@ <@-22672029:14589e62123:-3af >

E fhir:value = Diastolic blood pres...
I] composite:index = 2

| @ <@-22672029:14589e62123:-3b2>

|[I composite:index = 1

fhir:CodeableConcept

iﬁ dc:description = If the element is pr...

P/ET;;'_’—)“ sxml:tag = http://hl7.org/fhir#...

iﬁ rdfs:label = Codeable concept

'] dc:description = A concept that may b.. |

fhir:systemRef

@ <@-22672029:14589¢62123:-3b5>

[ fhirvalue = mm[Hg]

1 composite:index = 1
/M

@ <@-22672029:14589e62123:-3b4>

I fhirvalue = 80
[I composite:index = 0

fhir:Quantity

iﬁ dc:description = If the element is pr...
W sxml:tag = http:/ /hl7.org/fhir#...
] rdfs:label = Quantity

‘¥ dc:description = A measured amount (o...|

@ <@-22672029:14589e62123:-3b0>

I fhir:value = http://loinc.org
i1 composite:index = 0

fhir:Coding
b
E dc:description = A reference to a cod...|
iéi dc:description = If the element is pr...
‘Ml sxml:tag = http://hl7.org/fhir#...
‘¥ rdfs:label = Coding

19



RDF Translation Rules options

There are many options for RDF translation. For this case study we will use
the SPARQL Inferencing Notation (SPIN) because it is a W3C standard.

“Java
« @ python
SPIN

SPARCQL Inferencing Notation

Rafael Richards MD MS 2014
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SPIN: SPARQL rules language

e OFIN

SPARQL Inferencing Notation

SPIN is a SPARQL Rules Language

The property spin:rule can be used to link a class with SPARQL CONSTRUCT
queries that define inference rules for the members of the class

Class Form @MY Benefits

Name: ss:Rectangle * Natural object-oriented way of
~ Annotations mOde“ng

rdfs:label < * SPARQL is very expressive

Bl Rectangle - * Rules can be natively executed
~ Class Axioms by SPARQL engines of the
rdfs:subClassOf database

O R - + Easy to combine with other

~ Other Properties SPARQL rule bases like OWL RL
spinirule

*d Computes area := width * height S

CONSTRUCT {

?this ss:area ?area .

}
WHERE {

2this ss:width 2width .

7this ss:height 7height .

LET (?area := (?width * ?height)) .
}

SPIN Standard Modules Library
http://spinrdf.org /spl
Reusable modeling constructs like cardinality, instanceOf

SPIN Modeling Vocabulary

http://spinrdf.org /spin
Rules and Constraints Functions and Templates

Define the semantics of classes = Encapsulate reusable queries
and their relationships with template arguments

SPIN SPARQL Syntax

http://spinrdf.org /sp
An RDF vocabulary for representing queries, variables, filter clauses etc.

http://spinrdf.org/spin-architecture.html

Rafael Richards MD MS 2014
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SPINMap: Data mapping rules engine

Applications

Data Processing Pipelines Templates, Ul Components
SPARQLMotion SPARQL Web Pages (SWP), SWA

Inference Engines, Data Mapping Rules
TopSPIN, BackSPIN, SPINMap

SPARQL Inferencing Notation (SPIN)

SPARQL RDFS, OWL

Change Management
Teamworks Framework

Data Layer: Base Infrastructure, Databases
RDF

Linked

Vitals
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SPINMap: Data mapping rules engine

Motivation:

— Simplifies mappings between different models
Key Features:

— Creates executable transformations

v o

$|ol|HS B| @ alwx 9

@ a:Person

I a:city : string
I a:country : string
I a:street : string
I a:zipCode : string
I a:dob : string
I afirstName : string  [>
I a:lastName : string
B a:state : string

rdfs:label : Literal

@ b:Address

M b:postalCode : integer
I b:streetAddress : string
> Il b:suburb : string
rdfs:label : Literal

h:address

{} @ b:Customer

(> M b:address : b:Address
(> MM b:birthDate : date

> Il b:fullName : string
rdfs:label : Literal

Form | Browser | Diagram [Graph ] Form Layout | Source Code

Linked
Vitals
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SPINMap: Field mapping with rules o gios

Easier to create deep nested structures in the target

Class Form =EDNE~
Name: |j.0:_5
~ Annotations -

sxmkelement ~

rdfs:label +~

‘Wl \GMRV VITAL MEASUREMENT -
v (lass Axioms
rdfs:isubClassOf
owl:Thing -

spin:constraint
spin:constructor ~

spincrule ¥
*‘ # RULE 101: handle match second value mapping ~
CONSTRUCT {
target a fhinObservation .
target fhirvalueQuantityRef 7b0 .
7b0 a fhirQuantity .
7b0 compositetindex 4 .
7b0 fhir:unitsRef ?bl .
?bl fhirvalue 7unitValue .
7bl compositeiindex1 .
?bl a fhirString .
7b0 fhirvalueRef 7b2 .
?b2 fhirvalue ?measurementValue .
7b2 compositetindex 0 .
?b2 a fhirDecimal .
?target fhirnameRef 7b3 . -

Rafael Richards MD MS 2014
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SPINMap: Rules for LOINC terminology

TopBraid - hi7.fhir.|

edmodel.org/ TRANSFORMS /vista-fhir-

SO0 HALAL GBS e

}.0:5

Y.I.Navlgnor‘kcmses%l TRe < DA

YVY VYV VYVYVYYVYVYYYY

v

Rafael Richards MD MS 2014

9 j.0:_5 (1)

. _
fhir:SupplyStatus
fhir:UnitsOfTime
fhir:Uri (6)
fhir:Uuid
fhir:ValueSetStatus

fhir:Resource.Inline

fms:CommonConcept (2)

loinc:LOINCCode (73115)
skos:Collection
skos:Concept
skos:ConceptScheme
sxml:Node (9)
vaem:Dimension
vaem:GraphMetaData (2)
vaem:GraphRole (16)
vaem:Party (1)
xhtml:Base
xhtml:Blocktext (1)
xhtml:Cellhalign
xhtml:Cellvalign
xhtml:Coreattrs (1)
xhtml:Events (1)
xhtml:Focus
xhtml:Fontstyle
xhtml:Head.misc
xhtml:Heading (1)
xhtml:118n (1)
xhtml:Inline.forms
xhtml:Lists (1)
xhtml:Misc.inline (1)
xhtml:Param
xhtml:Phrase

whitenl Covine

|) CONTROLLER _vista-fhir.ui.ui.ttlx (o) vista-fhir-map.spin.ttt $2  |o] CONTROLLER_umi2owi-

A ASERAAS L - SRR g f SR S R SRR S g e e S e e IS ¢ e« e g

» # RULE 103: handle sameAs mapping
CONSTRUCT {

target a fhir:Observation .
target fhir:valueQuantityRef _:b0 .

:b0 a fhir:Quantity .

:b0 composite:index 4 .

:b0 fhir:unitsRef _:bl .

:b1 fhir:value ?unitValue .

:b1 composite:index 1 .

:b1 a fhir:String .

:b0 fhir:valueRef _:b2 .

:b2 fhir:value ?measurementValue .

b2 composite:index 0 .

:b2 a fhir:Decimal .

7target fhir-nameRef _:b3 .

:b3 a fhir:CodeableConcept .

:b3 composite:index 2 .

:b3 fhir:codingRef _:b4 .

:b4 composite:index 1.

:b4 a fhir:Coding .

:b4 fhir:codeRef _:bS .

:bS fhir:value ?codeValue .

:bS composite:index 1.

:bS a fhir:Code .

:b4 fhir:systemRef _:b6 .

:b6 fhir:value “http://loinc.org" .

:b6 composite:index 0 .

:b6 a fhir:Uri .

:b4 fhir:displayRef _:b7 .

:b7 fhir:value ?displayValue .

:b7 composite:index 2 .

:b7 a fhir:String .

}
WHERE {
Form Browser Diagram Graph Form Layout Source Code

W Imports 4 Instances Bl Domain = Relevant P... © Error Log 3 SPARQL & Inferences
[Subject] Predicate Obji

Linked

Vitals
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SPINMap Output: Linked Vitals o Qo

VistA Patient Records of Interest
http://livevista.caregraf.info/120_5-8 | 130/80 Same As
FHIR Patient Records

http://h17 .org/thir#OBS_cf8c9913-2aal-11b2-80b1-f6177b67abba | Diastolic blood pressure | 130/80

4 http://h17 .org/fhir#OBS_cf8c9912-2aal-11b2-80b1-f6177b67abba | Systolic blood pressure | 130

http://h17 .org/thir#OBS_cf8c9909-2aal-11b2-80b1-f6177b67abba | Diastolic blood pressure | 80

Rafael Richards MD MS 2014 26



Syntax A
Model A
Vocabulary A

Syntax B
Model B
Vocabulary B

Summary of Translation Approach

Source Syntactic Neutral Semantic Integrated
Data alignment Model alignment Data

O

) | o8

o° SFIN

SPARQL Inferencing Notation s 8

Yoz riensn ——> &J | LoiNee

Different Syntax Common syntax within Rule-based mapping
Different Models model-flexible medium Model alignment
Different Vocabularies (Linked Data) Vocabulary alignment

Rafael Richards MD MS 2014
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Common Syntax
Common Model
Common Vocabulary
Common Meaning
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Linked Vitals: A step towards Linked Health o g7y

ereal Diseases

S Dermatology
Arthritis & Ourﬁat& - A’v

Urology 'Pr}f?bg%

Obstetrics & R
Emergency & Crifical Care Medici
Sy AW

Anes Yy~ T\
' #uclear Medicin
\ MK .

‘, . Gastroentero & Hepatology

iogy
S
i
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In the works..

Web-based automation
of semantic alighment
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VISTA-FHIR web-based translation g v

The VISTA— FHIR prototype is a web-based application built with TopBraid and Semantic
Web Page technology. The application demonstrates semantic data integration of VistA
records and FHIR records.

The control bar shows the steps in the demonstration

Vital Signs Demo I

The VistA-FHIR semantic data integration demonstrator shows the integraion of YisTA and FHIR patient recordes. TopBraid technologies, that build on W3C
standards, are used to import and convert data to a neutral format for semantic glignment to be performed. The following buttons take you through the demo.

PTN%] Retrieve VistA O Retrieve FHIR O convertrHIRto O Run Show Results | Feset | Session Graph
Records Records RDF Inferences

Retrieve VistA Records VistA Vital Signs Counts

VistA - Veterans Health Information Systems and Technology Vital S
Architecture provides an integrated inpatient and outpatient _ Vist/ m
electronic health record for VA patients, and administrative tools BLOOD PRESSURE “

to help VA deliver the best quality medical care to Veterans.

Link to VistA

Import VisTA Explain PULSE OXIMETRY

VistA Vital Measurements Records = 239 RESPIRATION “
TEMPERATURE

Show VistA Vital Signs Counts Explain “

WEIGHT

Show VistA Vital Signs Blood Data  [{Ssl:1ly

Sub-steps are shown as The number of vital signs
buttons.An “Explain” button is records are shown across all
provided for each sub-step. patients in the dataset
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