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Abstract
The SNOMED CT Clinical Terminology has been made available to the Australian health commu-
nity as the clinical terminology to be used to standardise the collection of clinical data. Reference
Sets are a mechanism to identify a specific subset of SNOMED CT concepts relevant to a particular
medical domain. They also provide alternate organisation or navigation hierarchies. As such, they
attempt to bridge the gap between a general-purpose reference terminology and an interface termi-
nology. 
In this paper we describe the process of building a Reference Set that can be used to describe
colonic pathologies and how that Reference Set can be used as an interface terminology in a spe-
cific software system. Ideally the Reference Set will be generally useful for other applications, such
as to support synoptic reporting. This would also help to meet the aim of recording clinical infor-
mation in a standard vocabulary. 
The process described uses the Reference Set Editor in the Snapper Platform from the Australian e-
Health Research Centre (AEHRC), which already supports the building of SNOMED CT extensions
through a reverse mapping module. Pathology terms from a standard text on performing endoscop-
ies formed the basis of a terminology for describing colonic pathologies. The CSIRO Colonoscopy
Simulator at the AEHRC provides an ideal case study for the issues of using Reference Set in spe-
cialised health software.
For Australian Health IT providers to successfully implement the vision of recording all clinical
information using a single terminology, tool support for the creation of Reference Sets will need to
be flexible enough to handle many issues. 
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1. Introduction

In pursuing the ideal of a single terminology in which to
collect clinical information there are a number of practical
implementation issues which need to be overcome. One
important issue is providing user interfaces which guide
the expert, either clinician or information manager, to cap-
ture the correct terms when entering data. The ideal situa-
tion would involve health information systems being user
friendly enough for data to be collected by the clinician.
Again ideally, the clinician should be presented with a con-
text aware list of terms to select from and should be una-
ware that they are terms from a particular terminology. 

The clinical terminology now being introduced in Aus-
tralia is SNOMED CT, distributed by the National e-

Health Transition Authority [1]. SNOMED CT is a large
and sophisticated terminology with a formal semantics
grounded in description logic. Subsets of the full clinical
terminology are known as “Reference Sets”, which are
documented fully in the SNOMED CT documentation [2].
The documentation describes four different types of Refer-
ence Sets, as shown in Figure 1. These include the Simple
Reference Set, which is essentially just a collection of con-
cepts. There are then three specialised Reference Set types
which allow for particular uses of subsets of clinical termi-
nology terms. Of interest to us are Navigation Reference
Sets. These support the intuitive navigation of the con-
cepts. 
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         Figure 1: Reference Set Implementations as Suggested by “SNOMED Clinical Terms Reference 
         Set Specification”, by IHTSDO.

To support the implementation of SNOMED CT in Aus-
tralia, the Australian E-Health Research Centre (AEHRC)
is developing a software platform, the Snapper Platform,
which supports various use cases for terminology. The pri-
mary use case is Reverse Mapping: the process of mapping
concepts in existing terminologies to a base ontology, in
this case SNOMED CT. Other components in the platform
include search, browse, annotate, drag and drop, which can
be plugged together to support a wide range of use cases,
including building an extension based on an existing ter-
minology, annotating text and images and building a Ref-
erence Set. Current tools for building reference sets tend to
be ad-hoc use of browsers and spreadsheets or in-house
developments. 

The AEHRC also has a terminology server for publish-
ing the extensions and Reference Sets which we describe
in this paper. The Snapper Platform and the terminology
server both use the snorocket classification engine [3] to
maintain the stated and inferred relationships. 

This paper describes the Reference Set Editor which has
been added as an additional module to the Snapper Plat-

form. A description is then given of the process of building
a Reference Set which can be used in other software sys-
tems to capture clinical data. In this case the software sys-
tem is a colonoscopy simulator. Having a simulator use
terms from a clinical terminology starts the process of hav-
ing clinicians get used to those clinical terms as well as
performing a colonoscopy. 

2. Methods

Figure 2 shows a screen shot of the Snapper Platform
with the Reference Set Editor. The right hand pane con-
tains the search functionality while the bottom pane con-
tains a visual representation of the terminology which
allows a user to browse through the hierarchy of clinical
concepts. 



Hansen et al.  | electronic Journal of Health Informatics 6(1): e1

3

  Figure 2: The Snapper Platform, with Reference Set Editor.

The left hand pane allows for the creation of a project
and associated Reference Sets or Extensions. Once a Ref-
erence Set has been created, concepts can be added to the
Reference Set by searching or browsing to the appropriate
concepts and dragging the concepts on to the Reference
Set pane in the middle of the tool. The user can also import
the direct children (or specialisations), or all of the
descendants of a concept already contained within the Ref-
erence Set. This is supported using a right mouse click on
the concept and selecting the appropriate option in the
pop-up menu. 

Reference Sets in Snapper can have one of two types:
simple, which is a list of concepts, or navigation, which
allows for hierarchies to be created. If child concepts are
added to a Navigation Reference Set then they maintain
their existing hierarchy in SNOMED CT.  

Reference sets are created in groups. That is, a Refer-
ence Set Group is initially created within the editor and
individual Reference Sets are created therein. Further-

more, a Reference Set Group can be created from an exist-
ing mapping, where the mapped terms are used to populate
a simple Reference Set, along with their SNOMED CT
counterparts.

Navigation Reference Sets allow the user to define a
custom hierarchy by dragging and dropping members con-
tained therein; also, the removal of a member from the
Reference Set “promotes” all of its children, rather than
deleting them, within the hierarchy, i.e. each parent of a
removed member acquires the removed member’s children
as additional children of its own. In addition to these man-
ual actions, the user has at their disposal the ability to auto-
matically create hierarchies based on either the SNOMED
CT hierarchy (Top-Down) or the members’ Fully Speci-
fied Names (Alphabetical) via the “Create Hierarchy”
Menu and Toolbar as shown in Figure 3.
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       Figure 3: The Reference Set can follow the SNOMED CT hierarchy, a hierarchy introduced by the user 
      or simply list the terms alphabetically on the Fully Defined Name of the term.

3. Results

The CSIRO Colonoscopy Simulator project [4] at the
AEHRC provides an ideal case study for the issues of
using Reference Set in specialised health software. The
simulator is aware of the position of the endoscope in the
colon. The developers wanted to be able to use that context
to display a different set of pathologies to the clinician at
the different positions the endoscope is in the colon. The
first step in creating the Reference Set was to find the
terms which need to be in the Reference Set. Forty-five
terms were selected from a standard text on endoscopy to
form the initial terminology [5]. The Reverse Mapping
functionality of the Snapper Platform was then used to cre-
ate an extension to SNOMED CT [6]. Not being particu-
larly complex, all 45 terms were able to be mapped to
single concepts from the clinical terminology. This is not
always the case and the Snapper Platform contains much
functionality to support the building of post-coordination
expressions to describe complex clinical concepts in the
case that a one-to-one mapping is not possible. Addition-
ally, a term can be mapped as a specialisation of a concept
or post-coordinated expression if it is not possible (or
desired) to map to an exact equivalent.

Once this initial mapping was complete, the Reference
Set could be built, which in this case was simply a matter
of converting the mappings to a Reference Set And the
Snapper tool can automatically create a navigation hierar-
chy based on the SNOMED CT “IS A” hierarchy. Addi-

tionally, for a term like colorectal which was mapped to
the concept 110797007 | Colon and rectum (CS) |, which
sits outside the normal body structure hierarchy of
SNOMED CT, it can be manually placed in an appropriate
location in the navigation reference set hierarchy.

Figure 4 shows the current pathology capture interface
in colonoscopy simulator. The interface the Colonoscopy
Simulator required the pathologies to be divided into
‘Pathology Type’, ‘Pathology Location’ and ‘severity’ –
concepts which are not terms that currently exist in the ter-
minology. These terms were added to the local terminol-
ogy and published them as an extension to SNOMED CT
in the terminology server. Now that these high level con-
cepts were available, the required concepts could be
dragged onto the high level concepts to create the naviga-
tional hierarchies which support the required user inter-
face.   

Once a final Reference Set was created, it was possible
to make it available for potential use in the Colonoscopy
Simulator application by either exporting a file or via the
terminology server discussed earlier. Accessing it pro-
grammatically via the terminology server would allow
multiple uses of the same Reference Set and supports the
move to fully interoperable clinical information systems. 

Now that core clinical terminology has been extended,
the new concepts could be used to provide a hierarchy
within the Reference Set that can be used to support the
interface in future versions of the simulator. 
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     Figure 4: The Colonoscopy Simulator, with selection of pathologies which can be supported 
     through a Navigation Reference Set.

4. Discussion

The creation of a Reference Set is not just a matter of
making a list of SNOMED CT codes for use in other soft-
ware. For example, the SNOMED Navigation Reference
Set format does not directly allow for specific concepts to
be included merely for navigational grouping purposes and
not selectable in the user interface (one could use a second,
simple, reference set to indicate which concepts are
acceptable choices). Other studies [7] have suggested that
additional semantics would improve the ability to use
SNOMED CT Reference Sets as Interface Terminologies.
Building a Reference Set which supports multiple use
cases will require the addition of extra concepts and per-
haps the addition of new relationships. The case study
reported here was relatively simple, but as more clinical
information systems move to use the SNOMED CT more
complex issues will arise.  However, the advantages of
moving to a single clinical terminology with a strong
underlying description logic are well documented [8]. Tool
support for building Reference Sets must also support the
addition of new concepts to the core terminology and the
creation of new hierarchies to support the use case being
implemented. 

The IHTSDO has recently changed the proposed specifi-
cation for how to build nd describe reference sets. Support
for Interface Terminologies will need to consider issues
such as how to specify leaf nodes which are for navigation
only, but shouldn’t be able to be selected. 

With Reference Sets being an important aspect in build-
ing usable information systems, Reference Set Editor will
be further developed to enable ease of building the sets and
exporting them to other tools. Current developments are
the automated building and organisation of Reference Sets
based on the occurrence and use of concepts in existing
electronic health records. 

5. Conclusion

For Australian Health IT providers to successfully
implement the vision of recording all clinical information
using a single terminology, tool support for the creation of
Reference Sets will need to be flexible enough to handle
many issues. The IHTSDO Global Health Terminology
Workbench is a tool for the building of SNOMED CT con-
tent, and includes a complex rule-based Reference Set
builder. in contrast, the Snapper Platform provides an
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easy-to-use stand-alone Reference Set builder that is
designed to be used without requiring a detailed technical
knowledge of the inner workings of SNOMED CT. 
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