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Abstract

Background. Current clinical research and practice requires interoperability among systems in a complex and
highly dynamic domain. There has been a significant effort in recent years to develop integrative common
data models and domain terminologies. Such efforts have not completely solved the challenges associated
with clinical data that are distributed among different and heterogeneous institutions with different systems to
encode the information. Currently, when providing homogeneous interfaces to exploit clinical data, certain
transformations still involve manual and time-consuming processes that could be automated.

Objectives. There is a lack of tools to support data experts adopting clinical standards. This absence is
especially significant when links between data model and vocabulary are required. The objective of this work
is to present SNOMED2HLY7, a novel tool to automatically link biomedical concepts from widely used
terminologies, and the corresponding clinical context, to the HL7 Reference Information Model (RIM).
Methods. Based on the recommendations of the International Health Terminology Standards Development
Organisation (IHTSDO), the SNOMED Normal Form has been implemented within SNOMED2HLY7 to
decompose and provide a method to reduce the number of options to store the same information. The binding
of clinical terminologies to HL7 RIM components is the core of SNOMED2HL7, where terminology
concepts have been annotated with the corresponding options within the interoperability standard. A web-
based tool has been developed to automatically provide information from the normalization mechanisms and
the terminology binding.

Results. SNOMED2HL7 binding coverage includes the majority of the concepts used to annotate legacy
systems. It follows HL7 recommendations to solve binding overlaps and provides the binding of the
normalized version of the concepts. The first version of the tool, available at http://kandel.dia.fi.upm.es:8078,
has been validated in EU funded projects to integrate real world data for clinical research with an 88.47% of
accuracy.

Conclusions. This paper presents the first initiative to automatically retrieve concept-centered information
required to transform legacy data into widely adopted interoperability standards. Although additional
functionality will extend capabilities to automate data transformations, SNOMED2HL?7 already provides the
functionality required for the clinical interoperability community.
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1. Introduction

Data sharing among biomedical researchers has produced important results in the past [1]. The
inclusion of -omics-based biomarkers [2] and personalized medicine [3] have introduced new
challenges in the area of biomedical research, and interoperability has been identified as one of the
main issues for health care systems [4]. However, in such a complex and dynamic domain,
interoperability standards are still not widely adopted. Semantic technologies were introduced to
health care from a very different world [5], but with objectives similar to those of traditional
interoperability standards. However, traditional semantic Web solutions usually rely on complete
and sound ontologies, while there is a lack of such vocabularies and data models in biomedicine

(6], [7].

Interoperability among health care systems has been extensively investigated over the last few
years. Data models are the core components of such initiatives with heterogeneous solutions based
on CDISC ODM [8], OMOP [9], i2b2 [10], OpenEHR [11] or Health Level 7 Reference
Information Model (HL7 RIM) [12] among others. HL7 RIM version 3 provides an abstract
model, based on clinical Acts, to represent clinical information. The objective is to build
interoperability messages to communicate among information systems, including classes with sets
of attributes associated by relationships. HL7 RIM is one of the most widely adopted standards,
providing representation capabilities required to store complex, multi-scale and heterogeneous
information.

Data models should be populated, through Extract Transform and Load (ETL) processes, with
clinical concepts from biomedical terminologies such as SNOMED CT [13], NCI Thesaurus [14],
ICD [15], LOINC [16] or HGNC [17] among others. The SNOMED CT (Systematized
Nomenclature of Medicine - Clinical Terms) is a logic-based clinical terminology, providing over
310,000 concepts and 1300,000 relationships among them. It is organized following a hierarchical
structure of “is a” relationships—e.g., “Allergic asthma” is an “Asthma”—allowing for the
composition of new concepts by a post-coordination mechanism. The extension of a controlled
vocabulary generates ambiguity when representing information. To reduce such issues, the
SNOMED CT includes a normalization mechanism that produces a Normal Form version of any
given concept. Although they are not complete, such mechanisms are required to improve the
sustainability of data management in current clinical research. In this framework, the data is
frequently distributed among different and heterogeneous institutions, and it is impossible to force
every institution to encode information in the same way (even using the same standard).

Once data has been annotated with a biomedical terminology, concepts should be linked to data
model classes and attributes. Although binding from SNOMED CT to HL7-RIM has been
previously documented [18], [19], [20], to the best of the authors’ knowledge, there is a lack of
automatic methods to provide such binding including HL7 recommendations and solving branch
overlapping among terminologies and HL7 RIM. SNOMED2HLY7 is a novel tool implementing
such automatic method to normalize and bind SNOMED CT concepts to HL7 RIM classes.
Additional information regarding the entire technical process of integrating clinical data with the
proposed standards can be found elsewhere [21]. The objective of SNOMED2HLY7 is to facilitate
the binding between a comprehensive clinical terminology—i.e., SNOMED CT—and a widely
adopted clinical interoperability standard—i.e., HL7 RIM—considering the context of the data
source.


https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0001
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0002
https://www.sciencedirect.com/topics/medicine-and-dentistry/personalized-medicine
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0003
https://www.sciencedirect.com/topics/medicine-and-dentistry/biomedical-research
https://www.sciencedirect.com/topics/computer-science/interoperability
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0004
https://www.sciencedirect.com/topics/computer-science/semantic-technology
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0005
https://www.sciencedirect.com/topics/computer-science/ontology
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0006
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0007
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0008
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0009
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0010
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0011
https://www.sciencedirect.com/topics/computer-science/reference-information
https://www.sciencedirect.com/topics/computer-science/reference-information
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0012
https://www.sciencedirect.com/topics/computer-science/abstract-model
https://www.sciencedirect.com/topics/computer-science/abstract-model
https://www.sciencedirect.com/topics/computer-science/information-systems
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0013
https://www.sciencedirect.com/topics/medicine-and-dentistry/linguistics
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0014
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0015
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0016
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0017
https://www.sciencedirect.com/topics/computer-science/hierarchical-structures
https://www.sciencedirect.com/topics/computer-science/hierarchical-structures
https://www.sciencedirect.com/topics/computer-science/controlled-vocabulary
https://www.sciencedirect.com/topics/computer-science/controlled-vocabulary
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0018
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0019
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0020
https://www.sciencedirect.com/topics/medicine-and-dentistry/nimesulide
https://www.sciencedirect.com/topics/computer-science/technical-process
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0021

2. SNOMED normal form

Biomedical vocabularies containing hierarchical relationships frequently allow multiple
options to code the same information. In SNOMED CT, such ambiguity is due to the existence of
concepts that are the result of combining other (pre-coordinated) concepts—i.e., the SNOMED CT
term “Nonvenomous insect bite of breast with infection” is a unique term with the code 15034009,
but it involves three different concepts: (i) a nonvenomous insect bite, (ii) in the breast, (iii) that
has produced an infection. Ideally, when integrating information from different heterogeneous
sources, the data contained in the original repository should be decomposed and stored uniformly.

SNOMED CT provides a description of the process required to obtain the canonical concepts
that compounds pre-coordinated concepts. The SNOMED Normal Form mechanism is a set of
logical transformation rules that exploit the relationships present in SNOMED CT [22] and avoid
possible redundancies in the vocabulary [23]. The input is a pre-coordinated concept, and the
result is a set of concepts and relationships that represent the Normal Form of a concept. Concepts
in the Normal Form are always labeled as primitive. A concept is primitive in SNOMED when its
roles—i.e., attribute-value relationships with other concepts—and parent concepts do not fully
express its meaning. Thus, primitive concepts provide a complete meaning by themselves, and any
composition using other terms cannot fully represent the same meaning.

The most common Normal Form versions that have been defined for SNOMED CT are: (i) the
Long Normal Form (LNF) and (ii) the Short Normal Form (SNF). The LNF contains every value
of the concept roles; therefore, it contains every concept and attribute that can be inferred from the
original term. The SNF only enumerates the roles that differentiate the concept from its primitive
ancestors. According to [24], there is no loss of specificity when using the SNF compared to the
LNF or the original term.

The Normal Form of any concept in SNOMED is an expression containing: (i) the focus
concept and (ii) the refinement. The focus concept is the closest primitive from ancestors of the
original concept. The refinement contains those roles that define the original concept, and it is
composed of attribute-value pairs. Where the attribute is a relationship, and the value is a
normalized expression (or a primitive concept). Fig. 1 depicts an example of the SNOMED Short
Normal Form.

71388002
Procedure (procedure)
260686004 246093002
Method Component
312469006 129266000
Blood sodium t Normalization Measurement — action Sodi 3n9197zg:t3ance
(procedure) (qualifier value) eliEr )
116686009
Has specimen

123038009
Specimen

370133003
Specimen substance

25690600
Blood material (substance)

Fig. 1. Short Normal Form of “Blood sodium measurement”.
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The SNF from the concept “Blood sodium measurement (procedure)”, with SNOMED CT
code 312469006, includes the focus concept “procedure” and three different roles: (i) a method
(“Measurement action”), (ii) the corresponding specimen (the substance “blood material”) and (iii)
the component (“Sodium”). The objective of this work is to provide an automatic tool that exploits
the SNOMED Normal Form mechanism in conjunction with the terminology binding to the HL7
RIM.

3. Terminology binding to the HL7 Reference Information Model

When annotating new datasets with a controlled vocabulary, such as SNOMED CT, to be
mapped to HL7 RIM components, clear links between data types and data model classes and
attributes are required. The terminology binding defines which concepts can be stored in each field
in the data model. Although SNOMED CT provides a wide coverage in clinical areas, and a large
number of relationships, such wide coverage also hinders the definition of clear rules to
automatically store data. Such links among vocabularies and data schema are particularly required
with the existence of pre- and post-coordinated concepts. For instance, although “Malignant
epithelial neoplasm of lung” is clearly defined by SNOMED CT as a disorder, if it is stored as an
HL7 RIM Act containing the pre-coordinated version, this prevents queries from retrieving
implicit information (i.e., the affected body part). This problem can be addressed by using the
SNOMED CT normalization process together with terminology binding, where only primitive
concepts are bound and stored in the data model—e.g., the concepts described in Fig. 1 should be
stored as an Act representing a “Malignant epithelial neoplasm” with Target Site “Lung structure”.

The Terminfo project [25] has published a document describing how to use the relationships
obtained in the Normal Form—i.e., Finding Site, Method, Part of—to select the link of a pre-
coordinated SNOMED CT concept to an HL7 class. Nevertheless, there are other relationships that
could appear in the Normal Form that are not included in the HL7 recommendations—i.e.,
Associated morphology, Pathological Process—and a binding to the RIM model is not defined in
such cases. In addition, to create the terminology binding of SNOMED CT and HL7 RIM
considering the ‘is a’ relationship (that defines a hierarchy), an assignment of the binding between
SNOMED CT branches and attributes of HL7 RIM is required. Such hierarchical definition of the
binding in SNOMED CT produces overlaps among branches—i.e., in SNOMED CT there are
concepts with more than one parent that could belong to different branches. In these overlapping
cases, the same concept could have different bindings to the HL7 model. Although most of the
SNOMED concepts have a unique inherent context—from SNOMED branches mentioned
above—other concepts can be used for more than one context (overlaps). SNOMED2HL7 can be
used to select the appropriate context provided by each Electronic Health Record (EHR) following
a normalized procedure.

In the present work, the terminology binding between SNOMED CT and HL7 has been
implemented by annotating the ontology version of SNOMED CT. Annotations include the class
and attribute from the HL7 RIM where each concept should be stored. The following sections are
focused on the details of such implementation.
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4. SNOMED2HL7 implementation

4.1. Architecture and technologies

Current approaches based on SNOMED CT and HL7 RIM to integrate clinical data rely on
textual documentation for the ETL process. The SNOMED2HLY7 tool aims to provide a means to
automatically query a SNOMED CT concept normalization and terminology binding to the HL7
RIM. Fig. 2 describes the architecture and technologies used to provide a web application.
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Fig. 2. SNOMED2HL7 implementation technologies.

The user interface was developed with Bootstrap [26] and Raphael [27] frameworks.
Bootstrap, developed by twitter, is a web development framework comprised of a set of CSS and
Javascript files for the web design. Therefore, it is used to define the complete web design and the
format of the table. Raphael is a library for easily developing dynamic graphics and diagrams. In
particular, the graphic representation of the SNOMED CT relationships and the HL7 RIM
representation of the concept information have been implemented with the Raphael library. The
controller side is governed by the Node.js platform [28]. It is an event architecture-based
environment responsible for the scalability and interoperability of the different components on the
server side.
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The model side is responsible for managing, processing and storing application data. It
includes technologies such as MongoDB [29] for access control and Sesame [30] for semantic
resource management and representation of terminology binding. Such technologies, frameworks
and semantic standards allowed for the development of a cross-platform accessible web
application. They can also be deployed as SOAP and REST services to be used by third parties.
Terminology binding vocabularies and related technologies are described in the following
sections.

4.2. Terminology binding representation

The representation of large terminologies such as SNOMED CT using semantic technologies is
a critical step in the process of developing SNOMED2HL7 due to performance requirements. An
OWL file with the SNOMED CT release has been generated using the official script provided with
the tab-delimited release annotated with additional binding information. Additionally, mapping
information to HL7 RIM is included for every SNOMED CT concept following the Provenance
Vocabulary Core Ontology specification [31].

The terminology binding process analyzes the position of the concept within the SNOMED CT
hierarchy to determine the mapping to HL7 RIM. Below is the code generated for the “Blood
sodium measurement (procedure)” concept with its relations, synonyms among other attributes.

<owl:Class rdf:about="SCT_312469006">

<rdfs:label xml:lang="en">Blood sodium measurement (procedure)</rdfs:label>
<skos:altLabel xml:lang="en">Sodium measurement, blood</skos:altLabel>
<skos:altLabel xml:lang="en">Blood sodium level</skos:altLabel>
<skos:altLabel xml:lang="en">Blood sodium measurement</skos:altLabel>
<prv:containedBy rdf:resource="http://www.gib.fi.upm.es/
hl7rim-common-data-model/# Procedure_code" />
<prv:containedBy rdf:resource="http://www.gib.fi.upm.es/
hl7rim-common-data-model/# Procedure_methodCode" />
<prv:containedBy rdf:resource="http://www.gib.fi.upm.es/
hl7rim-common-data-model/# Observation_code"/>
<prv:containedBy rdf:resource="http://www.gib.fi.upm.es/
hl7rim-common-data-model/# Observation_methodCode"/>
<rdfs:subClassOf rdf:resource="SCT_25197003"/>
<rdfs:subClassOf rdf:resource="SCT_166932001"/>
<owl:intersectionOf rdf:parseType="Collection">

<owl:Class rdf:about="SCT_25197003"/>

<owl:Class rdf:about="SCT_166932001"/>

<owl:Restriction>

<owl:onProperty rdf:resource="RoleGroup"/>
<owl:someValuesFrom>

<owl:Restriction>

<owl:onProperty rdf:resource="SCT_246093002"/>
<owl:someValuesFrom rdf:resource="SCT_39972003"/>
</owl:Restriction>

</owl:someValuesFrom>

</owl:Restriction>

<owl:Restriction>

<owl:onProperty rdf:resource="RoleGroup"/>
<owl:someValuesFrom>

<owl:Restriction>
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<owl:onProperty rdf:resource="SCT_116686009"/>
<owl:someValuesFrom rdf:resource="SCT_119297000"/>
</owl:Restriction>

</owl:someValuesFrom>

</owl:Restriction>

<owl:Restriction>

<owl:onProperty rdf:resource="RoleGroup"/>
<owl:someValuesFrom>

<owl:Restriction>

<owl:onProperty rdf:resource="SCT_260686004"/>
<owl:someValuesFrom rdf:resource="SCT_129266000"/>
</owl:Restriction>

</owl:someValuesFrom>

</owl:Restriction>

</owl:intersectionOf>

</owl:Class>

The following OWL labels were used:

o owl:Class: represents the class information for the concept “SCT_312469006”

o rdfs:label: is the label of the concept, “Blood sodium measurement (procedure)”

o skos:altLabel: is the set of alternative labels for the concept

e prv:containedBy: is the terminology mapping of the concept in the HL7 RIM

o rdfs:subClassOf: hierarchical information of the concept

o owl:intersectionOf: statement for describing individuals who are members of the class
description. This example contains a set of owl:Restriction to represent a property restriction.
Every restriction contains an owl:onProperty to represent the relationships of the
concepts—e.g., “SCT _116676009” is the “Has Specimen” relationship and the
owl:someValuesFrom statement to represent the values associated with the relationship and
“SCT_119297000” is the “Specimen”.

SNOMED CT provides a large coverage to represent the entire clinical domain; however,
certain domains are traditionally covered by overlapping terminologies [32]. Since SNOMED CT
has a limited coverage for certain data types, in the current version of SNOMED2HL7, LOINC
and HGNC terminologies have been also included. LOINC has been bind to laboratory tests (HL7
RIM Observation) due to the adoption of LOINC as “de facto” standard in the area. HGNC has
been bind to RIM entities and it is accessible through the “Gene” radio button to increase the
coverage for gene names. As they cover different data types, mapping among SNOMED CT,
LOINC and HGNC was not required. The resulting OWL file contains more than 7 million tags
stored in a Sesame repository.


https://www.sciencedirect.com/topics/computer-science/class-information
https://www.sciencedirect.com/topics/computer-science/class-description
https://www.sciencedirect.com/topics/computer-science/class-description
https://www.sciencedirect.com/science/article/pii/S016926071630935X#bib0032
https://www.sciencedirect.com/topics/computer-science/current-version
https://www.sciencedirect.com/topics/computer-science/laboratory-test

4.3. User interface

The first step to normalize SNOMED CT concepts and bind to HL7 RIM is to find the
requested concept. The initial interface of SNOMED2HLY7 is a text search with autocomplete to
suggest concept strings. Fig. 3 shows the initial interface of SNOMED2HL7.

SNOMED2HL7

Core Dataset version: 1.0 20150208, Terminology Binding version' 1.2 20150218 Powered by HL7 and SNOMED CT. Developed by GIB. Link to Usability Survey

Fig. 3. SNOMED2HL7 webpage.

A set of filters are defined to restrict searches within a given context. These filters are based on
the general classes of the HL7 RIM—i.e., Observation, Procedure, Substance Administration,
Entity, Method and Target Site. When selected, the autocomplete service only provides concepts
within this context. Due to the broad scope of the Entity filter, it is divided into a set of more
specific filters: Organism, Pharmaceutical or Biologic product, Physical object, Specimen,
Substance and Gene. Once a concept is selected, SNOMED2HL7 provides the information
presented in Fig. 4.
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Physical Object Specimen Substance TargetSite Method Gene Entity Select subfilter

Si00d sodium measurement

e ite Code: Title: Vocabulary:
312469006 Blood sodium measurement (procedure) SNOMED CT
Ancestors(2)
Descendants(2)

SNOMED Short Normal Form

Terminology Binding

Code Label RIM Class RIM Attribute
312469006 Blood sodium measurement (procedure Observation code
Alternative binding Procedure code
Alternative binding Procedure methodCode
Alternative binding Observation methodCode

Terminology Binding of the Normal Form

Code Label RIM Class RIM Attribute
Me rement - action (qualifier value) Observation methodCode
Sodium (substance) Entity code
123038009 Specimen (specimen) Entity code
256906008 Blood material (substance) Entity code
Core Dataset version: 1.0 20150208, Terminology Binding version: 1.2 20150218 Powered by HL7 and SNOMED CT. Developed by GIB. Link to Usability Survey

Fig. 4. Blood sodium measurement (procedure) in SNOMED2HL7.

The following information is provided by SNOMED2HL7 for each SNOMED concept:

General information: concept code and full name

Ancestors and descendants: concept codes and names of parents and children of the concept
in the SNOMED CT hierarchy

Normal Form: short normal form of the selected concept, represented by a table with the
focus concept, relationships and relationship values

Terminology Binding: mapping representation of the original concept to HL7 RIM classes
and attributes

Terminology Binding of the normal form: mapping representation of the short normal form
of the original concept to HL7 RIM classes and attributes

HL7 RIM Representation: graphical representation of the concept in the HL7 RIM model.

In case of LOINC concepts, SNOMED2HL7 provides the LOINC properties of the concept
(time aspect, system, scale type, method type, class, short and long name). With this
information, SNOMED2HL?7 allows for browsing of the SNOMED CT vocabulary to retrieve
concept-related information and corresponding HL7 RIM mappings.
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5. Results

SNOMED2HL7 has been developed as a web application, and it is available at
http://kandel.dia.fi.upm.es:8078. It contains bindings to RIM classes and attributes with the
corresponding  SNOMED Normal Form for 945% of SNOMED CT concepts
(SnomedCT_Release INT_ 20160731 version). To support specific data annotations, additional
terminologies have been included that bind to fixed HL7 classes: (i) for laboratory tests, the 2.45
release of LOINC has been bound to Observation; and (ii) for gene names, the 2013 release of
HGNC has been bound to the Entity class. The following sections describe the SNOMED CT
binding coverage of SNOMED2HL7 and the binding overlaps among SNOMED CT.

5.1. SNOMED CT binding coverage

SNOMED2HLY7 follows HL7 recommendations to link SNOMED CT concepts to HL7 RIM
classes [25]. The following table shows the total number of concepts linked to each of the main
classes: (i) observation, (ii) procedure, (iii) entity and (iv) substance administration. The table also
shows the total number of concepts linked to each of the main modifiers: (i) method, (ii) target site
and (iii) approach site. Table 1 contains statistics on classes assigned to SNOMED CT concepts
and modifiers by SNOMED2HLY7.

Table 1. Distribution of SNOMED CT concepts linked to each HL7 RIM class.

HL7 RIM class # concepts % distribution
Observation 138,624 37.48
Procedure 55,960 15.12

Entity 92,148 24.90
Substance Administration 2058 0.56

Method 54,512 14.74

Target Site 26,303 7.11
Approach Site 329 0.09

With a total number of 450 K bindings and almost 300 K unique concepts mapped (target site
and method bindings are duplicated for both observation and procedure), Observation is the most
common HL7 RIM class for SNOMED CT concepts, with more than one-third of the concepts,
followed by Entities and Procedures and the modifiers Method and Target Site. Table 2 contains
the number of concepts and coverage per SNOMED CT branch mapped in SNOMED2HLY7.
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Table 2. Terminology binding coverage.

SNOMED CT Branch # concepts % coverage
Body Structure 30,244 99.86%
Clinical Finding 97,167 100.00%
Environment or Geographical Location 1696 100.00%
Event 3652 100.00%
Observable Entity 8215 100.00%
Organism 31,926 100.00%
Pharmaceutical Biologic Product 16,761 100.00%
Physical Object 4510 100.00%
Procedure 52,692 100.00%
Qualifier Value 8889 8.64%
Situation with Explicit Context 3194 97.93%
Specimen 1329 100.00%
Substance 23,674 100.00%

Most of the branches are fully covered by SNOMED2HL7. The Body Structure and Situation
with Explicit Context branches are mostly covered but include: (i) 43 concepts from Body
Structure referring to cell interactions and generic concepts—e.g., 21229009 “Topography not
assigned”—and (ii) 66 concepts from Situation with Explicit Context referring to exceptional
situations in the patient context—e.g., 160861007 “Spouse arrested (situation)”’—are not mapped.

For the Qualifier Value branch, only 8.64% of concepts (768 out of 8889) have a mapping,
including 328 concepts as Approach Site, 434 as Method and 6 as Target Site. Most Qualifier
Value concepts lack a complete meaning without being combined with other concepts. They must
be associated with an attribute concept to create an attribute-value pair—e.g., in the attribute-value
pair “laterality-left”, the Qualifier Value “left” has no meaning without the attribute “laterality”.

Finally, because they are not frequently used in ETL processes, other SNOMED CT
branches—i.e., Physical Force, Record Artifact, SNOMED CT Model Component, Social Context,
Special Concept, and Staging and Scales—are not mapped to HL7 RIM within the current
SNOMED2HL7 version.

5.2. Binding overlaps among SNOMED CT branches

Automatic methods to bind SNOMED CT with HL7 RIM classes need to deal with multiple
options to store the same concepts. SNOMED2HL7 contains 19,781 SNOMED CT concepts that
could be bound to more than one HL7 RIM class and attribute. SNOMED CT binding overlaps are
introduced by the hierarchical structure of SNOMED CT, where ancestors of a concept are bound
to a given HL7 RIM class, while a portion of its offspring are bound to a different class.

As can be observed in Fig. 5, the majority of such overlaps, 17,837 (90.17%), are concepts that
can be simultaneously a Procedure or an Observation—e.g., [103800002] “Coagulation factor
assay”. Most of the remaining overlaps, 2058 (10.40%), are concepts that could be Procedures or
Substance Administration—e.g., [9935002] “Local anesthesia surface by refrigerant”. A total of
114 (0.57%) of the latest also include a small number of cases with a triple Procedure /
Observation / Substance Administration overlapping—e.g., [252922007] “Injection of sentinel
lymph node using ultrasound guidance”. Additionally, because all root concepts of Method are
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located in sub-branches of Procedure—e.g., 260686004| “Method” or 418775008| “Finding
method” —all concepts bound to Method are also bound to Procedure, while 1896 concepts bound
to Procedure are not bound to Method.

. Observation
. . Target Site
_ Entity

Substance Administration

Procedure

Method

Fig. 5. Graphical distribution of binding overlaps covered by SNOMED2HL?7.

To facilitate the selection of the appropriate binding depending on the context, SNOMED2HL7
provides alternatives when a binding overlap occurs—e.g., “Blood sodium measurement” can be
bound to Observation, Observation Method, Procedure and Procedure Method. Because this
concept may have values/units, SNOMED2HL7 suggests Observation as the preferred binding and
includes the corresponding binding of the normalized form.

The upper section of Fig. 6 lists the four alternatives provided in the “Terminology Binding”
section of SNOMED2HL7 to bind “Blood Sodium Measurement” to HL7 RIM components. The
lower section of the figure shows the normalization of the preferred binding that can be produced
with information from the “Terminology Binding of the Normal Form™ section. Such
normalization is used to enrich data in the process of mapping legacy repositories into HL7 RIM
and SNOMED CT.
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Procedure (Act)

classCode: PROC
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measurement (procedure)

| code: 312469006
value: 140
units: mEg/L

312469006

Normalization

classCode: MMAT
code: 123038009
codelLabel: Specimen

Material (Entity)

classCode: MAT
code: 256906008
codeLabel: Blood material

ChemicalComponet (Entity)

classCode: CHEM
code: 39972003
code_label: Sodium

Observation (Act)

classCode: PROC
moodCode : INT

methodTitle:| Blood

sodium measurement

classCode: OBS
moodCode : EVN

[methodTitle: Blood

sodium measurement
procedure

312469006
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units: mEq/L

Observation (Act)

classCode: OBS
moodCode : EVN

code: 312469006
codelLabel: Blood sodium
measurement (procedure)
methodCode: 129266000
methodTitle: Measurement
value: 140

units: mEq/L

(Participation)

Fig. 6. SNOMED2HL7 binding options to HL7 for “Blood Sodium Measurement”.

5.3. SNOMED2HLY7 binding evaluation

Procedure (Act)

procedure
methodCode:|312469006

To evaluate how accurately SNOMED2HL7 binds terminology concepts to HL7 RIM classes
and attributes, we analyzed 24 datasets with more than 20.000 patients integrated within the
EURECA project. These datasets have been stored in HL7 RIM data model, containing over 1.200
non repeated terminology concepts as presented in Table 3.

Table 3. SNOMED2HL7 evaluation in the EURECA project.

HL7RIM E’TgxidDé?nlging % ill\ie?r':]/laEtiss |-B|:_n7ding % Total
Entity 407 403 99,02% 0 000% 99,02%
Observation 519 475 91,52% 0 0,00% 91,52%
Procedure 65 62 95,38% 3 4,62% 100,00%
Substance Administration 8 6 75,00% 0 0,00% 75,00%
Target Site 121 104 85,95% 0 000% 85,95%
Interpretation 5 0 000% 0 000% 000%
Method 25 0 000% 14 56,00% 56,00%
Observation Values 56 0 000% 0 000% 000%
Total 1206 1050 87,06% 17 1,41% 88,47%
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This table shows how terminology concepts are stored, compared to the binding proposal of
SNOMED2HL7, while the corresponding set of concepts is available through the application
website. Since datasets were focused in oncology patients, the majority of the concepts are
represented with Observation, Procedure and Entity RIM classes as can be seen in “HL7 RIM”
column. The “Preferred Binding” column represents the amount of such concepts that are
correctly bind with the first binding option suggested by SNOMED2HL?7 (preferred). Among the
rest of the concepts, the “Alternative Binding” column represents the number of concepts that are
correctly bind with any of the alternative bindings produced by branch overlaps.

6. Discussion and conclusions

Since most of the concepts provide only a preferred bind (without alternatives), the accuracy is
only improved from 87,06% to 88,47% with alternative bindings. They are however needed for
specific sections such as Method, with a high impact of alternative bindings. The most relevant
classes (Entity, Observation and Procedure) produced such high accuracy, while the majority of
the 11,53% of concepts without correct SNOMED2HL7 bindings were in fact annotated with other
clinical terminologies, such as ICD10, MeSH and NCI Thesaurus, that will be included in
SNOMED2HLY7 in the future.

Currently, SNOMED CT and HL7 RIM are two of the most powerful and widely adopted
standards in clinical interoperability. Normalization mechanisms such as the SNOMED Normal
Form reduce the ambiguity of a complex biomedical domain, where even within a controlled
vocabulary there are different options to represent the same information. Until now, the process of
deciding which HL7 RIM class is related to each SNOMED CT has been manually performed by
browsing extensive documentation. To the knowledge of the authors and experts evaluating
SNOMED2HLY7, there were no automatic tools to provide such information.

SNOMED2HLY7 provides information on the process of data annotation for selecting the
appropriate concept. Although annotation cannot be fully automated, SNOMED2HL?7 facilitates
the task of selecting the corresponding HL7 RIM component including the clinical context of the
concept in the process. Normalization mechanisms have been implemented in SNOMED2HL?7 to
reduce ambiguity when mapping legacy repositories into HL7 RIM components or generating HL7
messages.

Centered on SNOMED CT, additional terminologies have been included in SNOMED2HL7
for specific data types. LOINC for laboratory tests and HGNC for gene names have been included
in the current version. To increase the coverage of legacy systems, further versions of the tool will
include new terminologies. Automatic generation of HL7 message templates and dedicated APIs
to automatically bind a set of concepts will also be provided in future versions to facilitate the ETL
process.

The results show that SNOMED2HL7 provides a high coverage of the domain, including
mechanisms to solve binding overlaps, and around 90% of binding accuracy after an evaluation
with real datasets. Although additional functionality is still required to advance in the process of
integrating clinical legacy systems, initial evaluations suggest that the current status of
SNOMED2HLY7 provides the functionality required for the clinical interoperability community.
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Summary points

What is already known about this topic?

e Clinical common data models and terminologies has been extensively developed in recent
years

e However, the process of transforming clinical data to ensure interoperability still requires
significant manual effort

e There is a lack of automatic methods to link data models and terminologies

e What this study added to our knowledge?

e This work proved that such automatic methods can be developed for major data models and
terminologies such as SNOMED CT and HL7 RIM

e Normalization methods centered on concepts to reduce ambiguity can be also integrated in
such automatic solutions

e With a coverage close to 100% for the most relevant sections
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