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Abstract

Clinical data exchange among different organizations
can be of great value in the field of Cardiovascular Risk
Stratification (CVRS) research. Semantic interoperabil-
ity is an essential key in order to integrate and exchange
medical records and to automate the clinician workflow.
We present a proposal to smooth out a way towards
the exchange of CVRS data, prototyped and focused on
Heart Rate Turbulence (HRT), by using archetypes and
ontologies. Starting from a previously developed proto-
type of HRT ontology, based on the conceptual model of
SNOMED-CT in the electronic health records (EHR), an
HRT archetype has been created, yielding an agreed, for-
mal, and interoperable specification for representing clin-
ical entities within the EHR. The built archetype binder
with the HRT ontology achieves: (1) a standardized HRT
data structure, involving domain specialists, (2) interoper-
ability in HRT data exchange; (3) structured HRT record-
ings for a simple follow up by medical societies, and with
statistical, research and educational purposes. We also
propose a simple system to bind the HRT ontology with
the archetype, hence enabling clinicians the continuos im-
provement and clinical research in this domain.

1. Introduction

Cardiovascular risk stratification (CVRS) constitutes a
patient classification technique widely used in clinical
practice, allowing cardiologists to focus resources on pa-
tients with higher cardiac morbidity and mortality risk
[1]. In recent years, several cardiac risk estimators based
on signal processing techniques using electrocardiogram
(ECG) recordings have been proposed[2H5]]. However, not
all these proposals are used in clinical practice, since they
have not been validated by the scientific community yet,
due to the difficulty of conducting large studies, and be-
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cause obtained results are mainly based on ECG records
without taking into account other patient health records.
Structured data from Electronic Health Records (EHR) fol-
lowing formal model for recording clinical information
improve the CVRS decision support.

However, in the real world, different hospitals and health
systems have heterogeneous information systems. There-
fore, it is difficult to perform multi-center studies in which
the CVRS proposed methods can be validated properly.
For this reason, it is needed achieving semantic interop-
erability, so that the exchange of clinical information is
performed with full meaning. To achieve widespread inter-
operability, we need a common data model, an agreed def-
inition of complex domain concepts, and a shared vocabu-
lary. Archetypes allow semantic interoperability when rep-
resenting and storing data in EHR [6,/7]].

Starting from a previously developed prototype of HRT
ontology in the EHR, based on the conceptual model
of SNOMED-CT [1], an HRT archetype is created here,
yielding an agreed, formal, and interoperable specification
for representing a given clinical entity within the EHR.
This archetype compiles the ECG signal processing infor-
mation of 24h Holter recordings, in order to have a stan-
dard data structure to infer the CVRS in terms of HRT pa-
rameters. Furthermore, the archetype supports the record-
ing of risk factors such as hypertension, diabetes, age,
gender or smoking, in order to provide with a complete
CVRS research repository. Interoperability between het-
erogeneous systems in Holter recordings for HRT anal-
ysis can be obtained by designing a HRT data structure
(the built archetype), where specialists from different fields
work together.

The paper is organized as follows. Section 2 summa-
rizes the state of art and presents the fundamentals about
ontologies, SNOMED-CT, archetypes and HRT. In Section
3, the HRT archetype is described with detail. Conclusions
are finally stated in Section 4.
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2. Background

We next present the fundamentals of ontologies,
SNOMED-CT, archetypes, and HRT.

2.1. Ontologies and SNOMED-CT

SNOMED-CT is the most comprehensive, multilin-
gual clinical healthcare terminology in the world (www.
ihtsdo.org). Its main advantage is the reference to
terminologies of different health professions, hence facil-
itating the communication within diversified health teams
and in searching health information. SNOMED-CT con-
tributes to the improvement of patient care by underpin-
ning the development of EHR that records clinical infor-
mation in ways that enable meaning-based retrieval.

SNOMED-CT consists of a structured collection of
health care terms, which are attached to concept codes with
multiple definitions per code. A concept is a clinical mean-
ing identified by a unique identifier (ConceptID) that never
changes. Although it includes more than 311,000 concepts
since 2011, this number cannot be enough for represent-
ing many clinical expert domains. Hence, local and na-
tional extensions can be created. Many EHR and HIS are
adopting SNOMED-CT as their standard for interoperabil-
ity, and some authors agree that its conceptual model is
in fact an ontology. In [8], SNOMED-CT is described as
ontology-orientated, which means that it represents a net-
work of medical phenomena that is based on logic.

2.2.  Clinical Archetypes

The CEN/ISO EN13606 standard (www.enl3606.
org) has been developed by CEN/TC251, the technical
committee responsible for developing standards in the field
of Health Information and Communications Technology in
Europe, and it has also been adopted as an ISO standard.
Its aim is to define an information architecture for commu-
nicating EHR between heterogeneous systems. It is based
on a dual model that defines separation between informa-
tion and knowledge. The information is supported by a
Reference Model containing the basic entities for repre-
senting any information of a specific domain. The knowl-
edge is supported by an Archetype Model, a structured and
constrained combination of entities of a Reference Model
that represents a particular clinical concept. The main
advantage of this dual approach is that knowledge is up-
graded when it changes, whereas Reference Model (infor-
mation) remains unaltered.

OpenEHR is an international nonprofit organization
that describes specifications, open source software and
tools to help in the development of EHR systems. Like
the CEN/ISO EN13606 standard, OpenEHR proposed a
dual model. Both standards may be compatible, in fact,
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CEN/ISO EN13606 is a subset of the full OpenEHR spec-
ification [9].

Archetypes have been used in previous works. In [[10], a
system performed risk classification using medical image
analysis and semantically structured information of patient
data, by means of MeSH thesaurus. Improved interoper-
ability was achieved in [11] with an ontology for chronic
patients built on SNOMED-CT. In [12], EHR archetypes
were integrated into a IHE XDS environment, which is an
architecture specification for the implementation of shared
EHR systems. Authors in [12]] analyzed the information
needed by health-care providers, focusing on the treat-
ment of diabetes, and then designed 128 ISO/EN 13606
archetypes with that information. The feasibility of ap-
plying the openEHR archetype approach to model clinical
information about donors and sample relate information
were investigated in [[13]].

2.3. Basic Concepts on HRT

HRT is the phenomenon of short-term fluctuation in si-
nus cycle length over about 20 beats following a Ventric-
ular Premature Complex (VPC) [14]. HRT is usually as-
sessed from 24-h ECG signals. From such recordings, a
VPC tachogram is constructed by aligning and averaging
the RR interval sequences around isolated VPCs, accord-
ing to the guidelines [[14]. HRT is quantified using two
parameters, namely turbulence onset (TO) and turbulence
slope (TS). TO reflects the amount of sinus acceleration
following a VPC, whereas TS reflects the rate of sinus de-
celerations after sinus acceleration.

3. CVRS Archetype and Binding

This section presents the proposed CVRS archetype
based on HRT parameters. First, we summarize the HRT
Ontology presented in [[I]. Second, we explain the two
archetypes needed to build the CVRS archetype. Note that
terms used in both ontologies and archetypes have been
validated by an expert group of clinicians. Last, we ex-
plain how to bind the HRT ontology in the archetype.

3.1. HRT Ontology

As aprevious work to the creation of the HRT archetype,
we developed a HRT ontology using SNOMED-CT []1]].
Notwithstanding the extension of the SNOMED-CT ter-
minology, we had to create local extensions to cover the
whole HRT domain. Thus, from the 308 concepts of the
HRT ontology, 19 concepts were created as local exten-
sions.

The ontology was created using OWL language (www .
w3.org/TR/owl-features), obtaining a prototype
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Figure 1. User interfaces for Patient Summary (left) and
HRT (right) archetypes. Archetypes were created with
Archetype Editor, and user interfaces with Template De-
signer software.

for medical records at regional and national scientific so-
cieties level. Since this prototype was not semantically in-
teroperable, in the present work we build an archetype for
sharing and exchanging HRT information and knowledge
among heterogenous systems.

3.2. CVRS Archetype based on HRT

There are several software tools available for archetype
modeling. Two of the most popular ones are Archetype
Editor (www.openehr.org) and LinkEHR (www.
linkehr.com). We explored both editors to build our
CVRS archetype based on two archetypes, namely, Patient
Summary Archetype and HRT Archetype.

On the one hand, the Patient Summary archetype is used
to record health information useful for CVRS. It includes
factors such as hypertension, diabetes, age, gender, to-
bacco and alcohol use, or previous heart diseases. Free text
is only allowed in fields “other drugs” and “other heart dis-
ease”’, so that the clinician can include additional informa-
tion. Figure[T](left) shows a screenshot of the user interface
for the Patient Summary archetype.

On the other hand, the HRT archetype compiles the in-
formation of 24h Holter recordings and non cardiac dis-
eases, in order to infer the CVRS in terms of HRT param-
eters. Free text is only allowed in fields “other arrhythmic
episodes” and “other non cardiac diseases”. With TS and
TO values, it is possible to infer the CVRS. Figure | (right)
shows a screenshot of the HRT archetype user interface.
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3.3. SNOMED-CT Binding

To make the archetypes built in this work semantically
interoperable, the use of a terminology or an ontology is
needed. The binding process associates the concepts of
the archetype with standard terminology concepts. Several
methods were proposed for automatic or semi-automatic
binding. In [15]], authors proposed an archetype editor
with supports manual or semi-automatic creation of bind-
ings between archetypes and terminology systems. How-
ever, this archetype editor has not been updated since 2008.
In [[8], authors proposed a method oriented to archetypes
repositories. They measure the clinical content coverage of
archetypes using terminology systems as a metric, in this
case the SNOMED-CT terminology, to obtain information
about the coverage of archetypes regarding terminology.

We propose here a solution to help clinicians to work
with a previous defined ontology, so that no terminology
server is needed. We build a simple system to support
the binding among SNOMED-CT concepts and nodes of
the HRT archetype. For this purpose, we transformed
the concepts of the HRT ontology based on SNOMED-
CT to an XML file which was consistent and readable by
LinkEHR. Pre-processing of data was required, but this
method makes easier to find the ConceptID (Code) for a
specific concept. An example for the concept heart rate
turbulence is presented in Fig.[2] In the bottom, the subset
of concept (one concept corresponds to a “Name” in Fig.
associated with the HRT ontology was loaded using the
built XML terminology file (SNOMED-CT HRT _subset).
This provides the SNOMED-CT code for each concept, so
we can copy and paste them in the binding window to link
the concept with a node of the archetype without exploring
the whole terminology.

4. Discussion and Conclusion

A CVRS archetype based on HRT parameters has been
built to achieve interoperability among heterogenous EHR
and HIS. A simple, yet helpful way of binding the HRT on-
tology in the archetype has been proposed. This approach
facilitates clinicians the search of SNOMED-CT concepts
associated with the archetypes nodes. However, our bind-
ing proposal is limited by the fact that archetype nodes
that correspond with coded phrases in dv_coded _text object
(data type containing multiple coded phrases) cannot be
directly assigned to SNOMED-CT concepts in LinkEHR
software. Therefore, we propose a server-based ontology
system as a future line of work.

Oncoming work is devoted to apply this archetype in
the daily practice to automate and streamline the clinicians
workflow, with the ability to generate a complete record of
a clinical patient encounter.
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