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Singapore Vision

“What does it mean when we say our population will be older? It means there

will be more demand on healthcare because older people are sick more often.

But this also means it is
a different pattern of healthcare

So we have to respond to this by putting in
more resources into our hospital system,
building new hospitals.

... get the whole system to be structured
properly so that it will be adapted to cater

o the ageing population. To structure

it properly means we need step-down care.”

Picture taken from asiaone.com

““ And one key thing we must do with this step-down ca
acute hospitals [...] with community hospitals, so that

best of both worlds. ??

re is to link up our
you can have the

Prime Minister Lee Hsien Loong

National Day Rally 2009




Landscape to enable the future

Strategic vision of patients moving seamlessly across the

healthcare system, receiving coordinated patient-centric care

at the most appropriate settings.
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NEHR - Conceptual Long Term Vision

EHR Summary Record Shared Services / Functionality
Name Date of Birth Primary Care Provider DA/ADR Medications Care Team Referral
NRIC No. || Gender Care Coordinator Link Module Reconciliation Details Processing
In
Allergies ‘ Immunisations ‘ i Problem List Shared Personal Health
‘ | S Reconciliation Care Plan Record (PHR)
nvestigations ‘
Diagnoses Current
Medications ‘ Procedures ‘ : :
Share BUSIness Intelligence
Recent Events Recent Care Plan
v Referrals __| Data Data National Programme
Warehouse Scorecard Scorecard
|
l Drill Down lDriII Down
Detailed Reports / Event Summary, Referral & Screening Documents
Images
Laboratory GP soc SOC Referral Fit for
Reports Event Summary Event Summary Referral to SOC to GP Instruction
Radiology
Reports /Images ED Inpatient Community Hosp AIC/ILTC School
Event Summary Disch. Summ. Disch. Summ. Referral Screening
Procedure
Reports

S Applications that are not a part of the EHR solution,
but will be integrated with the EHR MOHHOLDINGS



Need to Unleash The Benefits of Healthcare IT

Key infrastructure
and technology needec

Network Infrastructure

= High Speed Network

Leadership and Governance
Interoperability and Standards
= Enterprise Architecture

= National Data Standards

Change Management
Strengthening Analytics

= Exploit the power of technolo§§. MOH HOLDINGS
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What may have been the problem?

e Knowledge of words
e Understanding of the structural rules that govern the

composition of sentences, phrases, and words in any
given natural language

e Semantics

\ J

¢ Understanding of principles and rules of the language
e Sentence construction, etc

L J

e e.g. typos, missing words, letters, etc
e Miscommunication

l J

* Able to understand different language, grammar and
Vocabulary

_

¢ Understand and analyse words from different languages

MOHHOLDINGS 7



Communication

 Electronic communication

 1-1 verbal communication — Unknown audience

— Known target audience — Common understanding?
— Easy to agree on common understanding _ c|arification?
— Clarification ¢  Many to Many?

* Many to Many?

MOHHOLDINGS 3



Singapore’s National Data Standards

Clinically-Driven

Establishing a suite of Standards that are: !pj

o
r{/ Internationally Recognised

to ensure clinical data included in the NEHR can be:

' Global Standards Engagements
HL7 (Health Level Seven)
IHTSDO (International Health
Terminology Standards Development
Organization)
ISO TC215 on Health Informatics

v" Shared and exchanged safely and reliably
v Relied on for the monitoring and care of patients
v Used meaningfully for secondary purposes

including the production of clinical knowledge

Standards also provide a platform for long
term semantic interoperability and research

informatics

MOHHOLDINGS



Existing

level

Moving from one direction to two—

Interoperabllity Levels

* Level 0: no interoperability at all

Level 1: technical and syntactical interoperability (no semantic
interoperability)

Level 2: two orthogonal levels of partial semantic interoperability
— Level 2a: unidirectional semantic interoperability
— Level 2b: bidirectional semantic interoperability of meaningful fragments

Level 3: full semantic interoperability, sharable context, seamless co-

Required operability

level

« the ability to send human readable and computable records from place to place

* e.g. An electronic health record with vocabulary controlled, structured problem lists,
medications, labs, and radiology studies sending this data into structured lists within a
personal health record

* Semantic interoperability ensures that decision support software can interpret the
transmitted data and perform quality and safety checks such as drug/drug or drug/allergy
checking.

VU rmuULuUIimNGD




eHealth data Goals

o Improve availability, reliability & quality of shared healthcare
data

Safe exchange of messages and documents

Safe interpretation, processing and reasoning over shared data
Ability to apply decision support rules over shared data
Meaningful querying over data from multiple sources

Ability to persist shared data in native data stores of receiving
clinical systems (bi-directional semantic interoperability)

O O O O O

MOHHOLDINGS



Interoperablility Challenges

o Lack of message standardisation in Singapore has hindered
Information sharing between clusters, sectors and facilities
- Many variations in local HL7 v2 message profiles
- Widespread use of locally defined Z-segments/fields
- Lack of conformance quality testing
- Disconnected terminology sets, which differ in their degree of pre-

coordination due to differing local interfaces and structures

o To achieve interoperability in both directions, each new
message variation must be both produced and consumed by
each system

o Each system may need to support dozens of interfaces.
o NEHR requires uni and bi-directional semantic interoperability
o Need to support a hybrid SOA and MLLP environment

MOH HOLDINGS



Standards follow the flow of information

@&q

Emergency Department

&

Emergency Department

Date of Birth Primary Care Provider
Gendt Care Coordinator
‘Allerg\es ‘ Immunisations F
Diagnoses QG Investigations
Y Medications Procedures
Recent Events Rezil Care Plan
Referrals .

Care Co-ordinator

¢

General Practitioner

Community Hospital

General Practioner

MOHHOLDINGS



Uni-directional Semantic Interoperability

o NEHR can transform every message sent from any healthcare
system into the form of single consistent structure and meaning

MOH HOLDINGS



Bi-directional Semantic Interoperabillity

o NEHR can fully understand every message sent from any healthcare
system as well as can exchange data among the systems without any
loss

MOH HOLDINGS



Different information models — Diagnosis

e.g., "Severe osteoarthritis of the left knee ”

Data Data Data
Prob/Dx Entry Diagnosis Entry Problem/Diagnosis Entry
Prob/Dx Osteoarthritis v Diagnosis Problem/Diagnosis
, Osteoarthritis of the left knee +| Severe Osteoarthritis of the left knee ~
Severity
OCMild Degree
O Moderate Severe v
® Severe Minimal &
: Mild
Location Knee Joint v Moderate
Side | Severe ]
Left Very severe a
[JRight
[ OK | [ Cancel | ' OK | [ Cancel | | OK | [ Cancel |

MOHHOLDINGS r



What is the problem? — How are we tackling it?

Terminology Products

_ Data Dictionary

e Knowledge of words

Drug Dictionary

¢ Understanding of the structural rules that govern the
composition of sentences, phrases, and words in any
given natural language

¢ Semantics

e Understanding of principles and rules of the language

SNOMED CT Extension

Logical Information Model

¢ Sentence construction, etc c
o

t J @ S
O @©

* e.g. typos, missing words, letters, etc c 9o

. I U

¢ Miscommunication e e
Q 9

L] o L] E m

L—J Exchange Specifications e &

¢ Able to understand different language, grammar and
Vocabulary

e Understand and analysis words from different languages

Confidential to MOH Holdings Pte Ltd. MOHHOLDINGS 17



Standards Development Principles

o Clinical validation
— Need models that clinicians can understand and validate

o Automated Processes
— Directly generate standards from clinician-validated models
— Reduce risk of manual/programmer error (and dev. costs, below)

o Data Quality
— Consistent and complete automated conformance checking
— Improve reliability, consistency of data sent/received
— Minimise data transformations required

o Ease of Implementation — by vendors
— Generic models require higher level of training.
— Use-case specific models are easier to implement

o Minimise Costs
— Reduce standards development costs

— Minimise maintenance costs arising from changing business
requirements and evolving modelling advancements MOH HOLDINGS

— Minimise long term costs of systems and interfaces



Clinically-Driven Logical Modelling

o We need to move to a single ‘source of truth’ that can
support the entire journey.

o Achieving this begins with the articulation of our clinician
and business information requirements within the Singapore
Logical Information Model (LIM).

o The validation of these requirements by the clinical
community (via user-friendly views of the LIM) is a critical
part to minimizing the risk associated with misinterpretation
of business needs.

MOH HOLDINGS



Use Cases for Standards

W Messaging — exchanging transactional data
W Document Exchange
W Persistence — storing data in clinical systems

W Interoperability — semantics to enable bi-directional
interoperability

B Querying —over NEHR + heterogeneous clinical systems

W Decision Support — national decision support rules over
terminology and ‘LIM’

MOHHOLDINGS



Data Improvement — Data ReUse

Terminologies and Vocabulary
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Singapore Logical Information Model (1)

Implementation-independent information model for shared healthcare
data but needs to support both MLLP and SOA

o Developed using an evidence-based approach (several million existing
messages and profiles) & clinician-driven approach (new requirements)

o Built on 1ISO13606 Logical Reference Model (LRM) + 1SO21090 data

types
o Archetypes

- Reusable clinical building blocks
- Constrained & assembled into use-case specific templates

o Defines the structure, constraints and reference terminology binding for
clinical concepts shared within Singapore

MOH HOLDINGS



Singapore Logical Information Model (2)

o Expressed using a machine-readable format (e.g. ADL, UML, XML)
o Used to automatically generate

- exchange format specifications,

- conformance validation software,

- user interfaces,

- human readable documentation
o Allows clinical systems to populate messages using either

- their native interface terms, or

- national reference terminology

resolving pre-coordination differences with the help of specialised
design pattern constructs

MOH HOLDINGS



A a NE BDYa a . .

Sheet# |Worksheets ADT Lab Radiology |Pharm Order [Pharm Dispense [ACIDS Phase 1 |ACIDS Goal State
P1-P6  |Participant v v v 4 4 X X
CL1 Pharmacy Item 4 v v
CL2 Laboratory Test v v
E1 Patient Event Context v 4 v 4 v v v
E2 Composition Information v v 4 4 v v v
E3 Problem Diagnosis v v v
E4 Pharmacy Activity
E5 Pharmacy Order 4 v v
E6 Pharmacy Dispense v v
E7 Investigation Order 4 v v
E8 Investigation v v v
E9 Procedure v v
E10 Adverse Reaction v v v v
E11 Alert v v
E12 Observation v v v v v
E13 Clinical Synopsis 4 v v
S1 Problem Diagnosis List v v v
S2 Medication List v v
c1 Investigation Composition v v
c2 Patient Event Composition v v v
c3 Pharmacy Composition 4 v
X1 Investigation Extract v v
X2 Patient Event Extract v v v
X3 Pharmacy Extract v 4

Investigation Message v 4

Patient Event Message v

Pharmacy Message 4 v
R1 Data Types v v v v v X X
D9 DO Alacecnc v v v v v v v




Data

Exchange
Requirements

adopts l

150 13606 I1SO 21090 m

P4

Logical

(LRM)
constrains "'

Logical

Reference Model &—

Information
Model (LIM)

constrains '-

Logical

Message/Document
Model ( Template)

Serialize
in XML

> LERM XML Schema

T XSLT

Logical XML Schema
(LXML)

Document

]

Instantiates

validates ‘

LXML Message / HL7 v2.3.1

Message

Confidential to MOH Holdings Pte Ltd.
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Exchange Formats

W Logical XML (LXML) / ‘Green-13606’
B Automated, serialisation of a Template
W Has simple, generic XSLT to convert to/from LRM
¥ Forms HL7 SOA Service Definitions
W Can be used to generate ‘Green-CDA’ or ‘CDA-r1’
m HL7 v2.3.1 messages
¥ Required by some systems in Singapore
W Extended with LIM-semantics using ‘Structured-OBX-segments’

W Uses some HL7 v2.6 data types (e.g. some CE fields have been upgraded
to CNE/CWE to support Singapore’s terminology requirements).

Confidential to MOH Holdings Pte Ltd. MOHHOLDINGS 26



Sample Logical XML (LXML)

E& Investigation Item item CLUSTER 1

ELEMENT value: CO.CWE
E& 211 Investigation Mame part [Concept Descriptor - Coded or 1
Text)

ELEMERNT .value: CD.C'WE

E8 212 Additional Description part [Concept Descriptor - Coded or o1
Text)
E8.21.4 Contezt part CLUSTER LI |
E£.21.5 [FreEEis s (e part CLUSTER 0._Many
Laterality
E8.21. 6 Specimen part CLUSTER LI |

ELEMENT value: CO.CWE
E8 217 Priority part [Concept Descriptor - Coded or o1
Text)

- ELEMENT value: CD.CNE
E8.21.8 POCT Indicator part [Concept Descriptor - Coded) o1

ELEMENT value: CD.CNE
E8 2193 Cat t 1
ategory par [Concept Descriptor - Coded)

E&.2110 Tepe part ELEMENT <investigation_item component_type="CLUSTER">

<xs:slement name="investigation, tem’> (Concept | <investigation_name component_type="ELEMENT">
<.xs:comp|exT3rpe> - f:\falun.a I:DdeS},fstem="2.1E:E|l4|].1.113883.5.95" code="16254007"=
<xs:complexContent> - =displayMame value="Lipid Panel"/=
<x5 extension base="SG_CLUSTER"> P <hvalue=
<xssequences <finvestigation_narmex
<yus:element name="investigation_name" type="C0_ELEMENT"/> =category component_type="ELEMENT">
<is:element name="additional_description” type="CD_ELEMENT" minOccurs="0"/> ! oavalue codeSysterm="MOHH-DD* code="Laboratory "=
<us:element name="cantext" minOccurs="0"> g;categmy;
=xs:element name="procedure_site_direct_laterality" minOccurs="0"> <type component_type="ELEMENT">
“rezelement name="specimen’ minOceurs= 0% - | <value codeSystern="2,16.840.1.113883.6.96" code="15220000" »
<xsielement name="priority" type="CO_ELEMENT" minOccurs="0"f> ; <displayMame value="labaratory test"/>
=us:element name="poct_indicator" type="CO_ELEMENT" minOccurs="0"/> ivalues
<xselement name="category” type="CO_ELEMENT"/> i
<xgelement name="type" type="CD_ELEMENT" minOccurs="0"/> <ftype=

<ys:element narme="clinical_notes" type="5T_ELEMENT" minOccurs="0"= <firvestigation_item:
“fus sequences

<fxziextensions
<fxscomplexContent> M )H HOLDINGS
<fis complexTypes
=fwg element>




General Practice 4 Polyclinic &3 x]

Query
Interoperability

Problem/Dx . . iag i
e Problem/Diagnosis 2 LD
(C Prob/Dx: Cancer ~ Name:
(@] Body Site: Lung =3 Prob/Dx Name: Suspected lung cancer -
) Suspected cancer w
o Status:
S = Suspected Body Site:
g O Confirmed Lung ~
(7, » Not found
OK | [Cancel |
General Practice Polyclinic
Diagnosis: "Cancer” Diagnosis: “Cancer: suspected” Diagnosis: "Suspected lung cancer”
S Finding Site: "Lung” Finding Site:"Lung™ Finding Site:
4= | | Laterality: Laterality- Laterality:
—_— — Sewverity: Severity: Sewverity:
© e Finding context: “Suspected” Finding context : Finding context :
[ fo) Temporal context: Temporal context : Temporal context :
= E Subject relatjionship context: Subject relationship context: Subject relationship text:
T o
E 8' General Practice Folyclinic
5 E Diagnosis: “363346000|Cancer|" Diagnesis: “162572001|Suspected Cancer|” Diagnosis: "162573006|Suspected
4= | | Finding Site: * 39607008|Lung structure|” Finding Site: “39607008(lung struciure|” lurng cancer|”
€ | | Laterality: Laterality: Finding Site:
= | | severity: — Laterality:
Finding context'4 15684004 Suspected|” || | S=Yerty: Sewverity-
Temporal context: Finding context: Finding context:
Subject relationship context: Temporal context: Temporal context:
>
i
o= 363358000 | Lung cancer|
)
©
C o H H -
S g Finding Context: Suspected
o - H
S g Temporal Context: Current or specified
- o o o
5 Subject Relationship Context: Subject of record

SNOMED CT Concept

Clinical finding Qualifier value
Can.cer | Finding confext | | Temporal | Subject relalionship
\talkls contex‘t‘ value ccnient

t .

' 1
ung cancer | Suspected | .[ SN | J Subject of record ]

|I specified
Finding site ‘—‘ I—' Assotiated morphology
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NEHR R1 — Cluster EMR Integration (1/2)

g NNJ ~
Services are exposed by the NEHR 1 i iora—
. . T ! CCOR (NHG) - | o >
for external parties to “put” updates B P e r-{— o,
t th N E H R . : . Q—DmlMela-datH—Requesl EMRX (ED, OT, historical, candia)—{ 4 ————S5CR - Updale-Matd————m
O e } ‘—}Dﬁ: - Request EMRX (ED, OT, historical, cardiac)—— S8R - Updata-Resulls———jm{
} Q—:—ADT = Update {evants, demagraphicsj———————| g L Doc-Meta-cala - Updala—Jpw
Below is the list the key reusable | oy 7| D
. . . , _ ‘L B — N EHR Senvices [ -50R - Request—{~| EHR Portal (MOHH)
services using the “put” style design - % DI
i pmmmmmmmm -SHS-
pa‘ttern In NEHR Rl ‘f —s: (CR - Updale - Mag (Ordered}—— |t D06 - Undata—————Fp» ﬁ
| SCM Replica } R - Updats - Resuls > EHR user
'pUtLabReSUIt } —:—Doc P — | U
°putPatient | S— < Doc Vetz-<ata— Request EMRX [historical ]
*putOrderedMedications | ‘—'—D“. -ReasnBiR ) I —
-putDispensedMedications [ |- s g s |
® p utl_ab R esu It } DT = Update (events, demogiics j=——————F
*putRadiologyResult L /
*putOTNotes
*putEDSummaryNotes "
putDischargeSummary a
*putEvent X Logend
*putExternalAlertindicator % EE— i
*putExternalAllergylndicator w . o
£Ee gfzg
*putAlertADR S
o g lotes
Deta'ls and update on the SerV|CeS’ “Interaction will go through the bus. Not shown here fo reduce visual clutter
available in the MOHH Services -
Catalogue and NEHR design MOH HOLDINGS
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NEHR R1 — Cluster EMR Integration (2/2)

m <1 : ADIT - Lpdate (events, demograghics)——————

/

ffffffffffff NNJ ~ T
Key Status Codes 1 e
I CCDR (NHG) - | R - Update - | »>
| under development —r—Doc Meta-data - Update [DSp——
| - T Doc - Request (DS) {= =] LT—Upd: -
“ 22 ! . q—um'uela-dam ~ Request EMRX (ED, OT, historical, cardia)——[ =4 ————5CR - Update-Med————
00 Success —u pdate haS been } 4—}Duc—Rsuueel EMRX (D, OT, historical, cardiaci———{ = | ————SCR - Updalo-Rosulls—— ]
successfully received and I I e e - S e
p rocesse d } = 0T Uil ok, i) ———— = o 1 EHR Services  [<-SCR - Request'—{~ EHR Portal (MOHH)
) L\_ ______________ / O | <-—Dac Meta-data — Request EMRX—{{
ﬁ ——Doc — Request EMRX—— [~
———————————— -SHS- ~,
“nq r 1 om Updste e O o > ﬁ
01” System Error - unexpected | o=t o
. . | SCM Replica b R - Update - R - EHR user
I R HIS - R -
error at the destination, message | Lo 05,20,y [} S e
o . | - ~——}+Doc Meta-data - Request EMRX {historical) ——{
is not received. Need for retry). I [T Do St s vy
: Q—:—ADT ~Updat (venss, domograpnios————— | f RIS Requost - NHIS Services
|
|
\

“02” Message Error (e.g. invalid
XML). The error should be fixed

at the source before retry. ?
; Legend

Details and update on the : S L

services, available in the MOHH 1 IR

Services Catalogue and NEHR :

design specification. ercion o v b, et o b e il e

31 MOHHOLDINGS



SOA Design Principle

Services are loosely coupled — Services are defined by explicit,
implementation-independent interfaces

Services are location transparent — Service consumer does not hard-code the
specific location of the service provider

Services are interoperable — Services shall be interoperable in a variety of
platforms and protocol

Services are composable — Services at one level of granularity or abstraction
can be composed and aggregated to implement services at higher level of
granularity or abstraction

Confidential to MOH Holdings Pte Ltd. MOHHOLDINGS 32



How to ensure “Services are composable”

B Ensure services have appropriate granularity - The scope of the business
function that has the widest possible reuse potential is a key driver to
determining the service granularity

W Use of Canonical Message Model (CMM) — CMM ensures that every service
speak “the same language” so that they can interact with each other, and the
ability to be composed to form higher level of services without the need to
transform back and forth between different interfaces exposed by the SOA
Service, so as not to clutter BPEL orchestration logic and improve overall
system performance

B Use of Common Information Model — Use of CMM is first step to ensure
syntactic interoperability, use common information model will ensure the
semantics of the services is understood by each service, thereby achieve
semantic interoperability

Confidential to MOH Holdings Pte Ltd. MOHHOLDINGS 33



Service Orchestration without SOA CMM

Interface

ESB/BPEL

\/

Interface Interface Interface

= BN =3

Confidential to MOH Holdings Pte Ltd. MOHHOLDINGS 32




Service Orchestration with SOA CMM

cmm T ESB/BPEL

CMM CMM CMM

Confidential to MOH Holdings Pte Ltd : MOHHOLDINGS 35



So How Do We get there?

B SOA Services for external consumer — Use LXML to ensure stronger
conformance and easy-to-understand XML element name for users and
developers.

W SOA Services for internal interaction within ESB — Use LRM (Logical
Reference Model) XML as the canonical message model for service interface,
thereby

W removing the need for constant service interface format transformation
between each service invocation,

W ensure ‘plug-and-play’ feature since all the internal services conform to the
same interface format.

Confidential to MOH Holdings Pte Ltd. MOHHOLDINGS 36



Data

Exchange
Requirements

adopts l

150 13606 I1SO 21090 m

P4

Logical

(LRM)
constrains "'

Logical

Reference Model &—

Information
Model (LIM)

constrains '-

Logical

Message/Document
Model ( Template)

Serialize
in XML

> LERM XML Schema

T XSLT

Logical XML Schema
(LXML)

Document

]

Instantiates

validates ‘

LXML Message / HL7 v2.3.1

Message
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Reference SOA Service Model (1/3)

i V
I
mm——mmmm———m——— e ]

e bSenican
AuditLogService

I
I
I
E winvokex ,I'T'Ih
LabResultl*hL dilebSenricen - i |
LabResultl Service | i |
mSEEd_n _____ : L___-:-:Eend:-:n__
] )\
vV
wilfebSenrices ————— = [ E Ao
RadiologyResultL<ML | RadiologyResult Service _ cenqueles
I————g Meszagelispatcher [— = = = Meszagelueugl— — — — —
r—=
=

M
|

I

I

zl| |

alliebSenicex F— -
PharmacyOrderl ML | PharmacyOrder Service

wUZE

.E:‘L_______

ailfeb S enricen

*harmacyDizpenselAML | ppop oo cubispense Service

3]
wd avawe

LEMLZLR MTransformer

r
I
I
I
I
I
I
I
|
I
I
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Reference SOA Service Model (2/3

I r—————————%_‘:-.- -:-:'l.l'l.l'E.bSEI'l.l'iGE:-:-. ——————
l | LabBusinessService

ue::-l E wdequelens I E

I
I
Sm{Message Quenel— —— — = «BFELx | —
I
I

LabBusfhessFrocess Service

>
I——————E:'l' siMlebSenrices
LItAHormalization Service

wLSE

I
I
I
I
I
I
I
I
I
I
I
I
w wUSE

] v
webSensices E Tarmi
LIt Corfor mance Service «Camponents :
AbstractLIMArcheTypeMormalizer
,L ,LTerminnlngyﬁewicelnterface
LItRepositarynterface | LIMRepositonyinterface

I
I I
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Reference SOA Service Model (3/3)

External Intarface
exposed to senvice
consumers to submit

request El gl

C inwoke

‘O HL7 W2 Gateway wiWebServices
HL?wZ2ToL XM LTransform Service
DHLTv2
1
|
|
I
]
=== ==== A __=
| wsends |
i |
E winwoka s
LabResultLx=hL cWebSenices - i
LabRe=ultl Service | 1
wzendn I
L — — I
I

& VY
wlilfebSenices :3_

FadiclogyResultLXML | RadiclogyResultService . nEnqueay
I____g Messagelispatcher |— = = =M
I T~ =
L=
[ i
L I
ailfebSenicen I i |
FharmacyOrderl =ML | PharmacyOrder Service I lr—— | wuser
I
oy | :
o |
. T R
|
=0 " L wilfebSenice == 5 | E
armacyllizpense Phar macylispense Service | |
identi 3 wlavaz 1OHHOLDINGS
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External SOA Service Definition

L5 LabResultService ] €9 LabResultServicePort Type
[=» LabResultServicePort & putLabResult
http:/flocalhost limservice. .. Cxlinput [ parameters [8] LabResultServiceRequest
. <11 output [ parameters [8] LabResultserviceResponse
LabResultService WSDL

<Fuml wersion="1.0" encoding="UrF-2" standalone="roix
<wsdl:definitions
name="LabResultZervice™
¥mlns:soap="http: Sachamas. mrlsoap. orglwadl fsoaps"
xmlns:tna="http: Swww. mohh. comSlimservice™
xmlns:wsdl="http:  Sachemas. mnlsoap. org/wsdl "
¥mlns:xsd="kttp:  Svww. wi. org 2001 AMLE chema™
¥mlns: lim="urk:mohh-sogr1im™
targetNamespace="ht tp:/ Swww. mohh. com/limservice ™
<wsdl:types>
<x3dischema
xmlns="kttp:  Swww. wd. org 2001 XMLE chema™ Lab ReSU|t LXML XSD
targetMamespace="http: Swww. mohh. comslimservice™
¥mlns: lim="urn:mohh-sor 1im™

1111';".*1'11;1'] 'J"F'J'.En]"
I <import nawmespace="urkimohh-sorlim™ schemaLDcatiDn="LR_SG_LXML_VEED.XEd"H>

<usd:element name="LabResultServiceReguest™ tgpe="lim:INVESTIGATIDN_MESSAGE"><fxsd:Element>
<usd:element name="LabResultServiceResponse™ tgpe="lim:SERVICE_RESPGNEE"><£xsd:Element>
</ xad:schemas
</fwadl:typesx
<wadl imeasage hame="LabResul tferviceRegques tMaessaoe ™
<wadl:part element="tps:LabResultiervicelegquaest™ name="parameters™/ -
</fwadl imessage>
<wadl imessage hame="LabResultServiceResponsaeMessaga™s
<wsdl:part element="tns:LabResultferviceResponse™ name="parameters" >

</wsdl :messagex



How to get LRM XML from LXML

dnvestigation composition component tyvpe="COMPOSITION" -

sabient event coptext compopent fvpe="ENTRY" .

- kpatient_healthcare_organisation component_type="PARTICIPATIQN":> LXML Snlppet

mERTdCL Iaentner ool 2.10.990.1.112883.4.9000. 1" extensign=T1sH" /=

<mode code="ABC" /=

- <time xsi:type="IVL_TS"=

<low value="201104111030" =

<high value="201104111050" | = XSLT

Zftime=

</patient_healthcare_organisation

- <patient_event_item component_type="CLUSTER"=

- <patient_event_identifier comporfent_type="ELEMENT" = LRM XML SN | ppet

<value extension="TTSHVIST-Q01" /= gy
- kall_compositions =

=/patient_event_identifier: e . . s
, . . <name value="investigation_composition" /=
</patient_ewvent_item:=

L _ - fcontent xsiitype="ENTRY"=
—=/patient_svent_contexts <name value="patient_event_context" /=
- “investigation_item_report componerft_type="SECTION" = | Zother pa|'ticipati|:-|‘|s:=-_ — :
- <investigation_order component_type="ENTRY"> performer root="2.16.840,1.113883.4.0009 1" extension="TTSH]
D <type code="patient_healthcare_organisation" /=
. . —=ume melype= WL 15 =
XML element name in LXML is mapped to dow value="201104111030" />
attribute in LRM XML. As we can see _chigh valu==201104111050" />
from the above example, ::_;'l:-.ther_parti-::ipatiu:-nz::-
‘patient_healthcare_organisation’ | <tems xsi:type=CLUSTER'>
— . — . <name value="patient_event_item" /=
element name is mapped to code attribute ~ <parts xsi:type="ELEMENT">
ic < > ; <name value="patient_ewvent_identifier" />
of generic type element in LRM XML <value xsi:type="II" extension="TTSHVIST-001" /=
</parts=
=/items =
Confidential tc H content=

- zcontent xsi:type="SECTION" >



XSLT for Mapping LXML to LRM XML

<!-- transforming COMPOSITICH -
- =xsl:template mode="composition" match="lim:*[@component_type="COMPOSITION']">
<xsl:message=transforming COMPOSITION class ...</xsl:message>
sl text=</ x5l text=
- <all_compositions =
<name value="{fn:node-name(.}}" /=
<xsl:apply-templates mode="participations" select="./lim:*
[@component_type="PARTICIPATION']" /=
=xsl:apply-templates mode="content-class" select="./lim:*[@component_type="SECTION']
| .flim:*[@component_type="ENTRY']" /=
</all_compositions =
</xsl:template =

Apply this template

<!-- transform CONTENT SECTION with nested SECTICH -
- =xsl:template mode="content-class" match="lim:*[@component_type="SECTION']"=
<xsl:message>transforming SECTION class ...</xsl:message > SECTION with immediate
wm e =y e

- =xsl:when test="parent::lim:*[@component_type = '"COMPOSITION']" = parent as COMPOUSITION or
- =zcontent xsi:type="{@component_type}":= as nested SECTION
<name value="{fn:node-name(.}}" /=
<xsl:apply-templates mode="content-class" select="./lim:*[@component_type="SECTION']
| ./lim:*¥[@component_type="ENTRY']" /=
Joontent
Zfusliwhen=

Bt H) A T=T R =R COMPOSHHON-ean contain
- =members xsi:type="{@component_type}"> either SECTION orl[ENTRY

<name value="{fn:node-name(.}}" /= lass
=xsl:apply-templates mode="content-class" select:".flim:*[@cumpuneng_g(pe='5ECT[0N']
| .flim:*¥[@component_type="ENTRY']" />
</membersz
</%sl:otherwise =
TEETTToTEE

=fxsl:template=
..I I:l N \JIHITIACTIVIUL LWV VI IIUIUIIIBJI L L\, - e -—wee e "—DINGS 43




Conclusion

o Clinician-driven and validated logical modelling drives all
iInformation standards

o Artifacts can be automatically generated from clinician-validated
models (reduces clinical risk)

o Enables normalization of structure and terminology semantics
(design patterns) for safer interoperable querying

o Enables services to be composable ( using CMM & CIM)

o Supports hybrid transport protocol environment (e.g. SOA,
MLLP)

o Establishment of LIM is a critical step in achieving clinically-
driven bi-directional semantic interoperability in Singapore

Ultimate goal: Greater clinical safety in the interchange of

healthcare information and maximize SOA benefits
MOH HOLDINGS



Thank You

This material contains information that is confidential to MOH Holdings Pte Ltd (MOHH)
and should not be circulated beyond MOHH without permission.
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