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Agenda 

 Clinical models – interoperability challenges 

 National approach to clinical information modeling 

 Consistency 

 Reuse versus repurposing 

 Separation of concerns: conceptual, logical and 

implementable 

 Detailed clinical models design and development 

 The collaborative environment (NEHTA clinical 

knowledge manager) 

 The processes 

 The transform to implementable (HL7 CDA and v2.x) 

 The challenges 

 Governance and quality 



The Australian National PCEHR: 

what does it look like? 



National PCEHR: 
The drive for interoperability 

Application 

Driven 

Single syntax 

Single semantics 

Single control point 

Single driver 

Standards agnostic 

 

 

 

Tightly Coupled 

Integration 

Driven 

Shared syntax 

Some shared  

   semantics 

Single control point 

Multiple drivers 

Standards aware 

 

 

Loosely Coupled 

Shared syntax 

Shared semantics 

Multiple control points 

Multiple drivers 

Standards driven 

 

 

 

Uncoupled 

Interoperability 

Driven 

1970-80 1990 2010 2000 

Beyond semantics 

 

Clinical interoperability 

   Processes 

       collaboration 

       workflow 

       information flow 

       constraints 

   Outcomes 

    Quality & safety 

Standard driven 



Complexity in healthcare 

 Healthcare is complex 

 The language of healthcare is complex 

 Complexity is compounded by context-based 

reuse 

Expecting the 

human and 

computer to 

equally  

“view and  

understand” 

this cloud as 

“a rabbit” ? 



Complexity in healthcare 

 With complexity, there is ambiguity and inconsistency 



Ambiguity and inconsistency 

 With complexity, there is ambiguity and 

inconsistency 

 Ambiguity and inconsistency are the worst 

obstacles to interoperability 



Ambiguity and inconsistency 

A simplified example 



Release 

NEHTA national approach to modelling:  

Information Component Library 

National e-Health Information Component Library 

EDCM 

EDCM 

DCM 

DCM 

Implementation 

Guides 

Software Vendors 
Structured Documents 

& Exchange Formats 

Specification 

Generation 

Templating Service 

Published 

Information  

Components 

Collaboration Portal 
National Change 

Management Board 

DCM DCM 

DCM EDCM EDCM 

EDCM 

DCM = detailed 

clinical model 

 

EDCM =  

exchangeable 

DCM 



The national approach to 

clinical interoperability 

 Consistency in modeling & reuse 

 Consensus in how to deal with complexity and 

ambiguity 

 Establish agreements on information models 

• Obligations:  
• What are agreed and mandatory 

• Permissible  
• what can be allowed in cases of incompatible 

requirements 

• Prohibitions 
• What are disallowed prohibitions 

 

 



Why the national approach? 

 Consistency in modeling & reuse 

 Consensus in how to deal with complexity and 

ambiguity 

 

 Reuse and NOT repurpose 

 Repurposing:  

 Expensive: time, efforts, resource intensive 

 Fragile 

 Not scalable 

 “Future-proofing” national investments 



National approach –  

the modeling framework 

- Separation of concerns: 

- Three tiers in information modeling 

- Conceptual, logical, implementable 

Platform Independent (Logical) Model 

Tier 1 – Administrative/demographic common 

(e.g. “participation”) 

Tier 2 – Foundation Clinical 

(e.g. “Adverse reaction”, “Problem/Diagnosis” …) 

Tier 3 – Specialist Clinical 

(e.g. “cardiology”, “haematology”, “oncology” …) 

(source: adapted from Queensland Health information modelling approach) 



Modelling framework: 

Separation of concerns 

Conceptual/Business 
Logical/Platform 

Independent 
Implementable  Documentations 

and exchanges 

 Individual needs 

and expectations 

 Organisational and 

business 

constraints 

 Continuity of care 

and efficient 

collaborative care 

 Improved clinical 

safety and quality 

 More effective and 

efficient healthcare 

 Standardised 

health concept 

representation 

 Capture admin, 

financial, regulatory 

or legislative 

requirements 

 Professional needs 

and expectations 

 Independent 

content models and 

supporting 

implementation 

options 

 High reusability 

 Comply with 

national and 

international 

standards 

 Leverage on COTS 

products 

 Leverage existing 

expertise 

 Ensure data and 

extend of change is 

manageable 

 Support 

competitive 

commercial 

environment 



Desired outcome 

 National library of Detailed 

Clinical Models (DCM) that are 

 fit-for-multiple-purposes  

 highly robust 

 can be easily reused without 

need for fragile and costly 

“repurposing” exercises 



Desired outcome 

Response  

details 

NEHTA Detailed Clinical Models (DCM) Library 

Constraints 
Tools 

Governance 

Discharge 

Medication 
Adverse  

Reactions 
Problems/ 

Diagnosis 
Pathology Imaging 

Family  

Hx 
Social 

Hx 
Clinical 

Synopsis 
Requested 

Services 

Referral 

Medications 

 

Adverse Reactions 

 

Problem/Diagnosis 

 

Family History 

 

Social History 

 

Lifestyle/Risk Factors 

 

Pathology 

 

Diagnostic Imaging 

 

Clinical Synopsis 

 

Requested Services 

 

Recommendations 

Health Summary Specialist Letter 



Reuse:  

an example 

Biochemistry 

Report 

DCM = detailed 

clinical model 



The desired outcome 

 National library of Detailed Clinical Models 

(DCM) that 

 are fit-for-multiple-purposes  

 are highly robust 

 can be easily reused without need for 

fragile and costly “repurposing” 

exercises 

 have excellent alignment between 

information model and clinical 

terminology 



Alignment between requirements, 

information model and terminology 

CKM: 
Archetypes / 

Templates 

DCM 

Structured Content 
Specifications 

(constrained DCMs) 

Terminology 

Terminology 
Reference Sets 

Requirements Iterative collaborative 

 reviews 

Jurisdictions 

Clinicians 

Clinical informaticists 

Terminologists 

Information architects/modellers 

Software developers 

Conceptual models 

Logical models 
(Platform independent 

but terminology specific) 

   Processes 

       collaboration 

       workflow 

       information flow 

       constraints 

   Outcomes; Q&S 

Terminology  

considerations 

early in modelling 



Modelling for Clinical Interoperability: 
The NEHTA Clinical Knowledge Manager (CKM) environment 

http://dcm.nehta.org.au/ckm/ 

Clinical interoperability 

   Processes 

       collaboration 

       workflow 

       information flow 

       constraints 

   Outcomes 

    Quality & safety 

Standard driven 



Modelling for Clinical Interoperability: 
Contextualising the clinical concepts 



Modelling for Clinical Interoperability: 
The clinical challenges 

Clinical interoperability 

   Processes 

       collaboration 

       workflow 

       information flow 

       constraints 

   Outcomes 

    Quality & safety 

Standard driven 

 How much clinical semantics to load 

into terminology? Example: 

 Exclusion statement for medical history, 

medication 

 “none known”; “not asked” – no issue 

 “not supplied” 

 Not supplied by patient? 

 Not supplied by (clinician) author? 

 Not supplied – determined as not relevant or 

not appropriate to supply (by patient + 

clinician author)? 



 Clinical statements (in natural language) 

 Features: 

 Rich/expressive 

 Variability and imprecision  

 Clinical terminology 

 High precision (reuse and machinability) 

 Tension between the need for  

 expressiveness (human acceptability) and 

 precision (machinability and reusability) 

Modelling for Clinical Interoperability: 
Information model + terminology alignment challenges 



Information model and Terminology alignment: 

achieving optimal balance 

 How much to pre-coordinate 

 a balancing act on expressiveness and precision  

Precision over 

expressiveness 



Information model and Terminology alignment: 

achieving optimal balance 

 How much to pre-coordinate 

 a balancing act on expressiveness and precision  

Text Normal right biceps reflex 

Date 12 June 2002 

Free text 

Right_Biceps_Reflex Normal 

Date 12 June 2002 
Item specific fields 

Reflex_Examination 
Location_code Biceps 

Side_code Right 
Finding_code Normal 

Date 12 June 2002 
Fixed structure 

Clinical_code Normal right biceps reflex 

Date 12 June 2002 

Pre-coordinated code 



Information model and Terminology alignment: 

achieving optimal balance 

 Balancing expressiveness and precision 

 Guiding principles 

 Maximizing the power of pre-coordinated 

terminologies without compromising 

expressiveness 

 Optimizing atomic data structure without causing 

frustration when used by clinicians in 

documentation 

 Establish comfort zone by good modeling 

principles, common sense and consensus 

 Costs of conformance versus benefits (including 

clinical safety, care quality) 



From logical to implementable: 
Transform processes – logical to HL7 v2.x and CDA 

Diagnostics 

Requirements 

and CIC 

Referral 

Requirements 

and CIC 

CDA  
Implementation  

Guide  

CKM 
(Archetype

/ 
Templates) 

DCM 

Structured 
Content 

Specifications 
(Discharge; 

referral, 
specialist letter; 
diagnostics…) 

Terminology 

CDA Mappings 

Terminology 
Reference 

Sets 

HL7 v2.x  
Mappings 

HL7 v2.x  
Implementation  

Guide 

Discharge 

Summary 

Requirements 

and CIC 

Requirements 
Collaborative &  

Iterative Reviews 

Conceptual Logical (platform independent, terminology specific) Implementable 



From logical to implementable: 
Transform processes – logical to CDA 

Ambiguity & Consistency Rules 
Instances & Schemas 
Transforms & Displays 

Compare 
Requirements 

Incoming 
Models 

Draft 
Map to  

CDA 

Compare 
with CCD 
& IHE etc 

Integrity 
Check 

Publish 

Structured Content Specifications 
(SCSs) or 
Detailed Clinical Models (DCMs) 

Consult 
International 

Experts 

Implementation 
Considerations 

Basic CDA logic 
+ Extensions 
+ Terminology mappings 

Community Consensus 
Implementation Consistency 



From logical to implementable: 
                                  (HL7 v2.4 mapping example) 



From logical to implementable: 
(HL7 v2.x mapping example) 



From logical to implementable: 
(CDA mapping example) 



From logical to implementable: 
(CDA mapping example) 



The three tiered modeling approach: 
the advantages 

 Design abstractions (conceptual, logical and 

implementable perspectives) derived from the 

OMG Model Driven Architecture modelling 

layers 

 Support reuse (across wide clinical domains) 

at logical level without need for expensive 

repurposing 

 Use case based reuse through constrain 

 Single logical model transformed into multiple 

platform (e.g. HL7 v2; CDA) implementable 

constructs 



Structured data and narrative in CDA 

 Two types of narrative in CDA 

 narrative with no corresponding 

structured data 

 example: reason for referral 

 Auto generated narrative with 

corresponding structure data 

 examples: medication,  

 allergy / intolerance and adverse 

reaction 



Structured data and narrative in CDA 

 Auto generated narrative with 

corresponding structure data 

 Author review and can edit narrative 

data to  

 ensure consistency between narrative 

and structured data 

 include addition qualifying notes to add 

clarity or extra comment 

 Technical/design challenge on how to 

ensure fidelity without frustrating author 

with tight restriction/editing rules 



Workflow management and CDA 

 Acknowledge that workflow 

management is outside scope of 

CDA 

 Services profiles defined to 

support workflow management, 

e.g. new prescription, cancel 

prescription  



Services Profile: 
(electronic transfer of  

prescription example) 



Governance - CTI Content Process 

Requirements 

Terminology & 
Information Modelling 

Standards 
Adaptation 

Reference 
Platform 

Jurisdictions Clinical experts & 
Clinical informatics 
community 

Business 
Analysts 

Architects 
Clinical  
Modellers 

Standards Australia 
Community 

Implementations 

CDA / HL7 v2 

CCA 

International Standards & Practices 
Process & content quality criteria 



Clinical model:  
content quality criteria 

 Multiple clinical review rounds 

 Each review round followed by editorial 
team review 

 Further validation during DCM  SCS & 
CDA mapping process 

 Review focus 

 Clinical safety & Quality assessment 
criteria 

 Clinical validity 

 Evidence based 

 Cohesiveness 

 ….. 



Clinical model:  
content quality criteria 

 Review focus 
 Clinical safety & Quality assessment criteria 

 Clinical validity 

 Evidence based 

 Cohesiveness 

 Adequacy of model to express clinical statement 

 Complexity (too complex to implement or use?) 

 Unintended consequences: i.e, potential for  

 mis-interpretation,  

 misuses;  

 Inconsistency in uses;  

 breach of contextual integrity 

 Alteration to established work pattern/workflow 
(especially increasing complexity of clinical 
tasks or activities) 

 cognitive overload 



Process quality review 

• Structured content specifications (SCS) 

• Review and validation during iterative SCS 

development 

• NEHTA internal reviews 

• Domain experts; clinical 

informatician/information architect 

• Solution design team 

• External stakeholders 

• Clinical community 

• Jurisdictions 

• Software developers 

• Standards community 

• Further validation during SCS  CDA mapping 



Process quality review 

• CDA mapping and implementation guide 

• Review and validation during iterative 

mapping and development process 

• Level 1 –Mapping and development team 

members 

• Level 2 – Domain experts; clinical 

informatician / information architect 

• Level 3 – CTI testing team members 

• Level 4 – Reference platform 

• Level 5 – developer testing and trial 

implementation 



Questions? 

stephen.chu@nehta.gov.au 


