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Abstract 

The need for digital system connectivity is well recognised. Optimum 

healh care at the lowest possible cost requires timely availability of 

all necessary clinical and performance data in a manner that 

supports decision making at every level.   Successful technical 
implementations enabling semantic interoperability requires the 

consistent adoption of an overall national vision, an agreed national 

reference framework and a set of standards. 

This paper describes the importance of interoperability, how its 
functionality can be measured in terms of the ability of securely and 

accurately share, link and process data following any healthcare 

data exchange process. Reference is made to commonly used health 

information exchange schema and standards. It concludes with a list 
of requirements for an agreed national infrastructure that makes it 

possible to achieve a highly functioning and cost effective digital 

health ecosystem. 
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Importance of interoperability 

The Health industry represents a knowledge driven business 

and needs to be able to be fully digitally connected. The bene-

fits to be realised from an ability to share data and enable the 

automation for both primary and secondary data use is widely 

accepted. This is entirely dependent upon successful interop-

erability implementations within healthcare organisations and 

beyond. This requires enterprise architectures to be able to 

connect with external systems. This is dependent upon achiev-

ing intra-domain and inter-domain interoperability requiring 

connectivity between components to occur at identical levels 

of granularity1.     

A National strategic interoperability framework needs to be 

able to create the desired health information integration and 

interoperability backbone. A health industry’s interoperability 

framework must reflect all possible personal and national data, 

information and knowledge flows, data element lifecycles and 

individuals’ health care journeys encountered throughout their 

lifespan. There is a need to adopt a pragmatic blend of existing 

standards enabling every stakeholder to move forward by 

providing an evolving incremental pathway without requiring 

replacement of current systems. Health data are viewed as the 

most significant assets influencing every clinical experience 

and all ‘business’ value outcomes.  

To this end HIMMS has put a call to action to the USA De-

partment of Health and Human Services and the broader 

health information and technology community demanding 

integration between interoperability approaches adopted2. 

HIMMS is seeking trusted exchange frameworks for the pub-

lic good. They have recognized the need to: 

• Educate the community to appropriately implement 

existing and emerging standards, data formats and 

use cases to ensure a comprehensive, integrated ap-

proach to care; 

• Ensure stakeholder participation from across the care 

continuum, including patients and caregivers; 

• Identify the “minimum necessary” business rules for 

trusted exchange to enhance care coordination; 

• Standardize and adopt identity management ap-

proaches; and, 

• Improve usability for data use to support direct care 

and research 

Sound knowledge is required about the relationships between 

desired health data use by a large variety of different users and 

required system functions to meet purpose of use, as these 

factors dictate the degree and type of interoperability required 

between any number of stakeholders. Once these are known 

technology decisions regarding the best possible solutions can 

be made. Ideally all digital data, information and knowledge 

can be managed independently of the technology in use and: 

• can be persistent throughout their lifecycles for all user 

environments. 

• persist for as long as the need to exchange information 

between the systems continues; 

• can be safely and efficiently exchanged, shared and 

linked.  

Careful and future focused use of information technology has 

the greatest potential to deliver the desired outcomes. Critical 

features are appropriate standards, incentives, data, infor-

mation, knowledge and accountabilities, which induce high 

performance from public and private providers nationally. 

Interoperability types and levels 

We know that there are three essential types of interoperability, 

syntactic, semantic and pragmatic, and that there are a number 

of levels within each of these types. Whatever the approach to 

interoperability adopted, it needs to support the business and/or 

care requirements relative to the health status of any individu-

al, health provider operational needs and the jurisdictional de-

sired digital health ecosystem. 

The achievement of any level of interoperability within each 

type determines the potential for actual data use and benefits to 

be achieved. Every solution is likely to have limitations. An 

agreed interoperability measurement scale could become a 

useful tool for decision makers. A proposed interoperability 

standards measurement framework was published in April 

20173. It’s aim is to understand if specific standards are built 

into health IT products, their use and deployment into produc-



tion systems, level of conformance or customization during 

implementation and their availability to end users. It does not 

measure individual standards’ operational (semantic) function-

ality. Interoperability standards need to indicate how infor-

mation is exchanged electronically, its usability in terms or 

relevance and comprehensibility, its application potential in 

terms of human use and computability and its potential impact 

in terms of patient safety, cost savings, care coordination, pro-

cess and outcomes improvements, user engagement and expe-

rience.  

Not only do we need to consider interoperability in terms of 

clinical data exchange and use, it is also critical to be able to 

link clinical data with the person it belongs to. This link must 

be retained whenever such data is linked or transferred or 

shared. In the absence of nationally governed unique identifi-

ers, health care providers issue their own unique identifiers, 

that then need to be mapped every time clinical data pertaining 

to an individual is transferred, linked or shared to ensure con-

text is retained.  

Measuring interoperability 

At the 2007 Medinfo held in Brisbane, Elkin et al presented an 

interoperability scale with good inter-rater agreement to assist 

implementers of healthcare standards to better understand the 

level of interoperability provided by standard specifications 

being considered for implementation and to mitigate risk of 

choosing a healthcare standard when developing health IT 

solutions. This scale essentially details variations in data pro-

cessing possibilities facilitated by various standards. It enables 

those faced with the choice of which standards to implement 

to compare the relative levels of syntactic, semantic and 

pragmatic interoperability and associated data processing 

functionality provided by each standard specification.  

Standards developments have progressed since then. This in-

cludes the rapid uptake of FHIR (Fast Healthcare Interopera-

bility Resources) and the greater use of APIs (Application Pro-

gramming Interfaces). . It’s important to note that HL7 stand-

ards focus on technical interoperability (health data exchange) 

resulting in limited operational (semantic) interoperability, 

although the now very popular Fast Healthcare Interoperability 

Resources (FHIR) standard has greatly improved operational 

information flows.  

Context is integral to how clinicians process information and 

needs to be considered when developing decision support sys-

tems and when adopting various data analytic strategies. How 

well does the use of the suite of HL7 messaging standards 

meet this requirement? 

Healthcare ecosystem connectivity frameworks 

Healthcare ecosystem connectivity is about achieving interop-

erability between distributed systems in accordance with the 

international standard ISO/IEC 10746 RM/ODP4, the interop-

erability reference architecture model, as well as the applica-

ble rules - the interoperability reference architecture frame-

work (also known as Generic Component Model GCM or 

GCM Framework). It provides structuring principles that 

guide systems software builds. Connectivity requires con-

sistent adoption and use of standard guiding principles to en-

sure the same interpretation of technical specifications. This 

high level reference framework (IT architecture), consists of 

multiple views, including a reference information model view 

associated with an agreed set of data types. Health data repre-

sents the foundation of the health industry. Effective interop-

erability enabling optimum data use, requires the adoption of 

standard terminologies and unique identifiers for patient data 

matching purposes.  

Blobel[1] has modelled a reference architecture to be applica-

ble to the health industry; his model is similar to all other ar-

chitectural frameworks, in that it includes multiple reference 

models that represent views or perspectives at variable levels 

of granularity. Each of these perspectives represents a domain 

or view point within a digital health ecosystem that needs its 

own connectivity framework relevant to the jurisdiction or 

healthcare provider network.   

FIGURE 1 Interoperability Reference Architecture [1] 

A number of additional high level (jurisdictional) reference 

architectures exist such as the Federal Enterprise Architecture 

Framework (FEAF)5, the whole of government enterprise 

Australian Government Architecture (AGA) Framework pro-

gram6, Queensland Government Enterprise Architecture 2.0 

(QGEA 2.)7. Then there are enterprise specific reference archi-

tectures or frameworks such as the Open Group Architecture 

Framework (TOGAF)8 v.9 or the Zachman Framework9, rep-

resenting an enterprise ontology.  

These are generic organisation centric frameworks intended to 

be applicable to any industry although no evidence was found 

regarding their suitability to be applied to a national digital 

health ecosystem. Such ecosystems need to adopt a framework 

that applies to patient-centric healthcare delivery models that 

facilitate the delivery of collaborative, multidisciplinary and 

cross-organisational healthcare services. Such a framework 

requires the adoption of a standard national platform enabling 

virtual healthcare record sharing and communication amongst 

authorized healthcare professionals. 

The openEHR architectural framework’s10 domain is patient 

centred with a consumer record focus rather than an enterprise 

or jurisdictional domain focus. Its structural focus is on con-

cepts enabling data integration, machine learning and automa-

tion. It is technology independent. Tooling and data exchange 

schema are influenced by the architectural framework or ‘plat-

form’ adopted.  

National Digital Health Frameworks are now being developed. 

The European Commission has adopted a Digital Single mar-

ket strategy. The Digital Health Society was established as 

part of the European Connected Health Alliance, to initiate 

and coordinate European taskforces addressing key challenges 

including the development of a convergence roadmap based 

on interoperability standards11.  



Health data, information & data standards 

Experience tells us that there are numerous data matching 

challenges as not every system has adopted the use of the 

same data standards. Semantic interoperability requires the 

precise and unambiguous use of terms. Healthcare organisa-

tions and software vendors are increasingly using maps to 

convert data from one code system to another code system 

where terms from one system don’t match terms in use by 

another system. In response to the increasing use of this meth-

odology, an ISO technical report (ISO TR12300)12 detailing 

mapping principles was published and a follow up working 

draft resource that provides map quality measures 

(MapQual)13 has been developed. Failing to achieve a quality 

match has the potential of compromising patient safety. Every 

map is developed for a specific purpose, using it for another 

purpose has a high probability of failing to meet the require-

ments for the intended use and/or compromise data retrieval.  

Another related challenge is patient matching in the absence 

of a standard universal unique patient identifier or when there 

is non compliance with that standard to ensure that data per-

taining to a specific patient in one system is accurately trans-

ferred to that same person’s clinical record. 

These challenges along with the adoption of variable reference 

architectural frameworks and/or variable proprietary enter-

prise systems that don’t reference any standard architecture, 

are significant roadblocks to achieving the many potential 

benefits of a well connected national digital health ecosystem. 

Overcoming these variations requires the development of var-

ious interoperability schema or approaches. Fundamental to 

these are the adoption of health data exchange standards, in 

particular the widely used and well known HL7 standards and 

the Integrating the Healthcare Enterprise (IHE) protocols.  

Fast Healthcare Interoperability Resources- FHIR 

The HL7 FHIR reference model is defined by a collection of 

information models (resources). These can be profiled (or not) 

to generate a clinical information model. FHIR resources are 

produced from a superset of data found in legacy systems to 

be directly used by developers.  

The successful use of the FHIR standard is dependent upon 

the degree of agreement reached between the parties. This is 

easiest to achieve within organisations by a small number of 

stakeholders than for more extensive networks.  

From a national infrastructure perspective there needs to be 

the means to facilitate the re-use of some key frequently used 

models. These may be chosen to become approved HL7 

standards. Without the adoption of agreed standard models 

there will be a proliferation of FHIR models developed to 

meet local needs, many repeats and inconsistencies limiting 

overall national progress towards achieving a well connected 

ecosystem. 

So where do these FHIR models fit on Elkin’s scale? What are 

the data processing and/or integration limitations? What is the 

impact upon any national digital health ecosystem? 

openEHR’s Domain clinical models – Archetypes 

An alternative to the use of FHIR models is 

the adoption of the openEHR modeling 

approach incorporating the collaborative 

work undertaken by a large virtual 

international community turning health data 

into an electronic form to ensure universal interoperability 

within any digital health ecosystem. This approach consists of 

multi-level, single source modeling within a service-oriented 

software architecture delineated by a set of specifications 

published by the openEHR foundation and freely available to 

anyone.  

Conforming components and systems are ‘open’ in terms of 

data, models and APIs. Its domain clinical models, known as 

‘archetypes’14 are external to the software, and significant 

parts of the software is machine-derived from the archetypes. 

Strategically, the openEHR approach has a health record focus 

well suited to patient centred care. This approach enables a 

platform-based software market in which health industry 

vendors and solution developers interface with each others 

systems via standardised information models, content models, 

terminologies and service interfaces15. OpenEHR 

specifications are compliant with the ISO 13606 Reference 

Model for electronic health record communication that details 

a hierarchical structure for clinical information16.      

Evaluation of FHIR and openEHR Standards 

against Elkin’s scale 

Using Elkin’s interoperability scale FHIR models are primari-

ly designed for syntactic data interchange, using the HL7 ref-

erence information model, they: 

• have delimited selected fields  

• use a set of fixed and reliable data types, 

• numbers are broken out along with values  

• contain hierarchical structured data with or without non 

hierarchical relationships between fields 

• can specify non-hierarchical relationships. 

• Adopt variable codification of data ranging from use of 

local codes to codification of data by nationally stand-

ard detailed coding system allowing post-coordination 

(based on formal logic) dependent upon agreement 

reached between the parties. Elkin’s scale in essence 

represents the many levels of data/information granu-

larity. 

FHIR models may represent knowledge semantically with: 

• local codes or  

• they could be developed to represent knowledge with 

nationally standard aggregate codes, or  

• a nationally standard detailed coding system allowing 

both atomic and pre-coordinated concepts or 

• be based on a semantically coordinated national stand-

ard detailed coding system allowing post-coordination 

(based on formal first order logic). 

• In rare instances FHIR models may represent 

knowledge by using a coordinated semantically nation-

al standard detailed coding system allowing post-

coordination with support for context (based on formal 

higher order logic). 

The openEHR’s Archetypes are detailed clinical models de-

signed to enable semantic data integration. These models rep-

resent constraints on its reference model but covering the full 

functionality of a particular type of clinical information in a 

hierarchical structure. Its’ reference architecture is viewed 

from a patient centered and ecosystem dataflow perspective, 

not the actor/agent or role. Archetypes represent knowledge in 

a manner that enables the use of a coordinated semantically 

national standard detailed coding system allowing post-

coordination of data with support for context (based on formal 

higher order logic).  

This is the highest level of semantic interoperability that ena-

bles true analytic functions like decision support and research 



querying. Models for processing vital signs, diagnoses or or-

ders, data sets and forms are developed separate from the sys-

tem itself. User Interface components are generated from these 

definitions enabling new generations of EHR systems to rou-

tinely adapt to new requirements. Semantic traceability is im-

proved as a result of software that is generated by tools from 

templates designed to meet specific user needs. Templates 

constrain the data included in Archetypes by only using data 

required for a specific use in a clinical record. 

HIMSS Analytics Electronic Medical Record Adoption 

Model (EMRAM) 

This eight stage model is used to score hospitals relative to 

their electronic medical records (EMR) capabilities or func-

tions. This score evaluates levels of achievement regarding the 

functions made possible as a result of an EMR system’s con-

nectivity and ability to share and link data within any individ-

ual organisation. Hospitals achieving a high level of EMR 

functionality and interoperability are not necessarily able to 

electronically interoperate with external organisations. This 

limits care coordination for individuals receiving care associ-

ated with one or more concurrent health issues, from multiple 

providers. In other words such organisations are not a good fit 

with any national digital health ecosystem.  

These limitations are being overcome by the establishment of 

health information exchanges established to support individual 

communities/networks by facilitating access and retrieval of 

clinical data via the use of an interoperability schema devel-

oped specifically to suit that community and the systems in 

use by its members. These schema are designed to make use 

of any number or set of compatible health informatics stand-

ards in the absence of seamless system integration using a 

nationally agreed standard platform. 

A continuing limitation for many such communities is the lack 

of the consistent adoption of unique identifiers for individuals 

for whose benefit such data are transferred, linked or shared. 

Another limitation to consistency and data accuracy is the 

need for schema maintenance to ensure a continuing ability to 

transfer, link or share data as all connecting systems are up-

graded at different times over any period of time. Such sche-

ma are designed to reconcile diverse codes, data structures, 

and terminologies by developing and using maps. These criti-

cal technical interface development and mapping activity fac-

tors add to the cost and risks associated with the use of health 

information exchanges. Walker et al17 noted that  

‘these imprecise processes may generate errors and 

redundant information, limit the efficacy of clinical 

decision support, and create information and cogni-

tive overload for clinicians.’   

They went on to say that ‘on-demand, seamless integra-

tion of local and remote records, is far more likely to offer 

clinicians the integrated information they need for provid-

ing optimal care’. This functionality, their level 4, was 

defined as: 

Machine-interpretable data—transmission of struc-

tured messages containing standardized and coded 

data; idealized state in which all systems ex-change 

information using the same formats and vocabularies 

(examples: automated ex-change of coded results from 

an external lab into a provider’s EMR, automated ex-

change of a patient’s “ problem list”). 

This definition matches Elkin’s highest level of semantic in-

teroperability measurement scale. These authors provided the 

first cost estimates applicable to the USA in 2005 for their 

level 4 interoperability. The roll out costs were estimated to be 

$276 billion and annual costs were estimated to be $16-20 

billion for an annual net value estimate of $33.7 billlion. This 

value did not consider clinical or organisational effects or 

probable societal or workflow impacts. The continuing 

maintenance costs and associated risks associated with the use 

of health information exchanges reduces the ability for such 

exchanges to be sustainable.  

Interoperability and Clinical Needs 

Healthcare service demand is driven by the health status, care, 

diagnostic and treatment requirements of individuals. 

Healthcare providers are individual clinicians from different 

disciplines and specialties who provide their services using 

their knowledge, skills and supporting resources via many and 

varied organisational structures. The need for interoperability 

is primarily to support these health service delivery processes 

in a manner that fits with the desired or possible individual 

journeys or pathways through any healthcare system to suit 

any individual’s specific health status. It’s about communica-

tion and supporting dataflows.  

Clinicians need to play a far more active role in defining their 

optimum data needs as this determines functional and tech-

nical requirements. They can contribute by working as team 

members to: 

1. develop clinical models such as archetypes where 

clinical knowledge, including clinical data and pro-

cess needs, are converted into computable formats.  

2. develop FHIR models  

3. model dataflow requirements based on known diag-

nostic and treatment protocols for their specialty  

4. set data standards that must be adhered to by all and 

governed to enable their desired research to be under-

taken and/or for performance monitoring. 

Let’s use one example to demonstrate this need using materni-

ty care, a common health service in demand globally. Varia-

bles influencing desired dataflow and connectivity require-

ments are determined by the woman’s geographical location, 

service availability, past obstetric history, any co-morbidities, 

referrals, individual financial and/or insurance status, family 

support, individual choices such as public versus private care, 

shared care, desired home delivery versus, birth centre or hos-

pital delivery. Similar generic variables influence any other 

individual’s journey from the first point of access which may 

be a General or Nurse Practitioner, or an emergency room or 

Community based midwife/practitioner or an Obstetri-

cian/specialist.  

Antenatal care is about monitoring progress and early detec-

tion of any complication(s) so that these can be managed in a 

timely manner. This requires data contributions to an individ-

ual’s record from multiple service providers. The variables 

listed above again apply and need to be considered for connec-

tivity purposes. Time periods for individual patient journeys, 

vary based on their specific health status and service needs 

relative to the condition(s) being treated or managed.  

The desired outcome for maternity care is a healthy mother 

and full term healthy baby but this is not always the case. 

Birthing processes and post natal care add another dimension 

to dataflow needs to suit all individuals. In the case of new-

borns it’s an opportunity to establish a new lifelong health 

record, monitoring developmental goals, vaccinations and any 

other ongoing health service needs. It’s important to consider 

the need for dataflow that populates one’s health record to 

enables continuity of care throughout one’s lifetime based on 

key data retrieved from episodic health care services. This 

determines connectivity needs for any digital health ecosys-

tem. 



Findings 

Each of these many variable options and the consistency of 

adoption (or the lack thereof) is dependent upon agreements 

reached between all relevant parties during the software de-

velopment phase. Their adoption and use plus the use and 

maintenance of associated data and unique identifier maps, 

determine the extent to which exchanged data and information 

can be made use of for both primary and secondary purposes. 

This in turn determines data processing limitations and im-

pacts upon the potential benefits of digital system implementa-

tion as this applies to any ecosystem. 

A national (or global) digital health ecosystem needs to be 

designed according to required and desired national data and 

information flows to support the health industry as a whole. 

This requires process and clinical (pragmatic) interoperability 

as well as semantic and technical interoperability that are pri-

marily concerned with the management and processing of 

health data. Collectively interoperability is about ensuring 

systems are able to work together as required for an optimally 

functioning digital health ecosystem. 

Discussion 

There is a need to make the best possible use of our many and 

varied legacy systems for as long as possible to maximize a 

return on these very significant investments. We also need to 

embrace new technologies, discoveries and methods applica-

ble to both health and technical system management. These 

interrelationships need to be managed throughout any reform 

process and continue as part of the maintenance and sustaina-

bility requirements. The complexity of any health system, the 

many stakeholders, data users and large variety of data use 

purposes, plus the many technical interoperability options and 

variables make the achievement of health information system 

connectivity within a national digital health ecosystem ex-

tremely challenging. Many of the concepts referred to in this 

paper are explained in more depth in other references18 19 20.  

This paper explored how the type and level of semantic in-

teroperability could best be measured using the assumption 

that there is a need to be able to share, link and use clinical 

and related data for a variety of different purposes. Achieving 

semantic interoperability within any nation’s digital health 

ecosystem is viewed as the ideal condition required to sustain 

effective healthcare delivery at minimal cost. Given the grow-

ing health service demands, and increasing costs it is impera-

tive for any nation to establish the necessary infrastructure that 

facilities this state to be achieved within the next 5-10 years. 

Conclusion 

Achieving the desired level and type of interoperability within 

any digital health ecosystem requires an agreed national infra-

structure consisting of: 

• An agreed vision  

• A high level digital reference roadmap/architecture that 

represents the vision. 

• An agreed open platform 

• Consistent adoption of an agreed set of unique identifiers 

• Consistent adoption and use of  

o Clinically developed conceptual models 

o Agreed standard terminologies 

o An agreed set of data types 

• National health data governance/custodianship arrange-

ments. 

• Professional clinical colleges providing leadership re-

garding clinical data sharing, linking and using relative 

to the management of specific health issues.  

• A transition pathway covering a specified period of time. 

• Legislative changes that will enable the vision to be real-

ised. 
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