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Abstract. A major barrier to repurposing routinely collected data for clinical research 
is the heterogeneity of healthcare information systems. Electronic Healthcare Record 
for Clinical Research (EHR4CR) is a European platform designed to improve the 
efficiency of conducting clinical trials. In this paper, we propose an initial 
architecture of the EHR4CR Semantic Interoperability Framework. We used a 
model-driven engineering approach to build a reference HL7-based multidimensional 
model bound to a set of reference clinical terminologies acting as a global as view 
model. We then conducted an evaluation of its expressiveness for patient eligibility. 
The EHR4CR information model consists in one fact table dedicated to clinical 
statement and 4 dimensions. The EHR4CR terminology integrates reference 
terminologies used in patient care (e.g LOINC, ICD-10, SNOMED CT, etc). We used 
the Object Constraint Language (OCL) to represent patterns of eligibility criteria as 
constraints on the EHR4CR model to be further transformed in SQL statements 
executed on different clinical data warehouses. 
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Introduction 

The EHR4CR (Electronic Health Records for Clinical Research) project aims to 
improve the efficiency and reduce the cost of conducting clinical trials, through better 
leveraging of routinely collected clinical data at key points in the trial design and 
execution life-cycle [1]. The EHR4CR platform will implement 4 use cases ‒ clinical 
protocol feasibility, patient identification and recruitment, clinical trial execution and 
adverse event reporting – to be demonstrated by 10 pilots in 5 European countries. A 
major barrier to repurposing clinical data of Electronic Healthcare Records (EHRs) or 
Clinical Data Warehouses (CDWs) during clinical trial design and execution is that 
information systems in both domain–patient care and clinical research use different 
schemas and terminology systems. The collective international efforts of multiple 
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organizations (such as ISO, HL7, CDISC, etc) currently focuses on defining the 
various standards required to achieve computable semantic interoperability and to 
bridge the gap between clinical research and patient care. The international initiative 
Integrating the Healthcare Enterprise (IHE) has defined, as part of pre-population data 
templates, some mappings between patient care templates and clinical research 
templates for clinical trial execution and adverse event reporting scenarios [2]. 
However, the limitation is that once the pre-population templates are modified due to 
emerging requirements, new mappings are needed. We addressed this shortcoming in a 
previous work proposing a dynamic mapping mechanism supported by the use of 
SNOMED CT as the “pivot terminology” to facilitate mappings [3]. We argue that 
integrating patient care and clinical research domains requires a standard-based 
expressive and scalable semantic interoperability framework, allowing dynamic 
mappings between data structures and semantics of varying data sources. There have 
been various attempts for solving the semantics gap between medical terminologies, 
ontologies and information models [4, 5], and also generating a networked knowledge-
base from available medical ontologies using Semantic Web technologies [6]. With 
regards to eligibility determination an additional issue is the definition of a formal 
representation of free-text eligibility criteria [7, 8]. 

1. Methods: EHR4CR Semantic Interoperability Framework 

In this paper we propose the EHR4CR Semantic Interoperability Framework for 
consistent interpretation of clinical data accessed from varying sources, and 
demonstrate the expressiveness and computability of the EHR4CR framework for 
eligibility determination. The core of the EHR4CR semantic interoperability 
framework is a shared conceptual reference model (EHR4CR information model) 
acting as a global as view model to correlate the schemas and concepts from different 
sources. The EHR4CR information model is a HL7-based UML model annotated with 
the concepts of a shared terminology (EHR4CR terminology). The EHR4CR 
terminology is available in the EHR4CR portal, based on LexEVS, a terminology 
server designed to support terminology services (see Figure 1).  

 
Figure 1. Overview of the EHR4CR Semantic Interoperability Framework: Semantic mediation between 

various Clinical Data Warehouses (CDWs) in pilot sites based on the EHR4CR information model (global as 
view model) bound to the EHR4CR terminology.  

1.1. Representing Eligibility Criteria using OCL 

Accordingly to [7] we distinguish two different possible use of formal representation of 
eligibility criteria: i) searching for already defined eligibility criteria to be re-used in 
the design of a new clinical trial and ii) patient eligibility determination. In both use 
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cases, the expression language serves to formally model the relationships between 
multiple concepts embedded within eligibility criteria statements. But in the context of 
eligibility determination, criteria shall be represented using a formal query language 
designed to operate on any given model of patient data (“clinical information model”) 
in order to build queries running on EHRs or CDWs. Languages of varying 
expressiveness have been used to represent the logic of eligibility criteria, including ad 
hoc expressions, Arden Syntax, variants of logic-based and description logic languages, 
Structured Query Language (SQL) and object-oriented query languages [8]. In the 
EHR4CR project, we use Object Constraint Language (OCL) to distribute queries over 
our EHR4CR UML-based information model, which provides a standard interface to 
heterogeneous EHRs or CDWs [9]. 

1.2. EHR4CR Information Model 

We used Open Medical Development Framework (OMDF) [10]–an extended UML 
modeler–to transform HL7 v3 models in UML models and adapt these models to the 
purpose and scope of the EHR4CR project. We considered the HL7 version 3 model 
A_SupportingClinicalStatementUniversal, a component of the StudyDesign proposed 
by the HL7 Regulated Clinical Research Information Model (RCRIM) Work Group for 
clinical research protocol representation 2 . We transformed this model into a 
multidimensional model that contains one central class ClinicalStatement, 4 dimension 
classes and 82 attributes. The central class ClinicalStatement is the result of the merge 
of the Act classes of the «A_SupportingClinicalStatementUniversal» model. The 4 
dimensions attached to the central class are: i) Subject, represents the information 
related to the subject of the clinical statement; ii) Encounter, represents the information 
related to the administrative context of the clinical statement; iii) Participation, 
represents additional information related to the clinical statement; iv) 
ClinicalStatementRelationship, represents the relationships between clinical statements. 

1.3. EHR4CR Terminology 

Representing criteria for eligibility determination requires a network of terminologies 
for clinical findings, test results, labs, or medications, etc. We use LexEVS to build the 
shared terminology (EHR4CR terminology). The current version of the EHR4CR 
terminology contains various concepts of reference terminologies/ontologies that are 
uploaded from UMLS (SNOMED CT, LOINC, ICD-10 codes, etc.) or other sources. 

2. Evaluation & Results 

We selected 10 clinical trials promoted by pharmaceutical companies involved in the 
EHR4CR project and running in more than one of the 10 pilot sites. These clinical 
trials are both interventional and non interventional studies related to different domain 
areas (cardiovascular, oncology, nervous system disorders, etc). From the 269 free-text 
eligibility criteria of the 10 clinical trials, 99 have been manually pre-processed and 
translated into 186 elementary queries. These queries were represented using 17 query 
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templates which were formally represented as constraints on the EHR4CR information 
model using OCL3. Medical concepts of the queries were encoded using the EHR4CR 
terminology. We assessed the extent to which OCL rules capture the semantics of the 
eligibility criteria.  Table 1 shows an example of a free text eligibility criteria and its 
corresponding formal OCL query. The OCL queries were designed to be distributed to 
endpoints in pilot sites and transformed into SQL statements to be executed on 
heterogeneous information models of legacy CDWs in order to screen patients for 
potential eligibility for the selected clinical trials.  
Table . An example of a free text eligibility criteria and its corresponding formal OCL query 
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3. Discussion & Conclusion 

The use of EHRs or CDWs for eligibility determination requires semantic matching 
between representations of eligibility criteria and representations of patient data in 
heterogeneous clinical systems. It is an active research area with challenges such as the 
semantic gap between eligibility criteria and both structured and free-text patient data. 
In EHR4CR, the representation of eligibility criteria requires (i) an expressive language 
to define executable eligibility rules, (ii) a patient information model, and (iii) an 
appropriate clinical terminology to facilitate mapping from eligibility concepts to 
patient data. Recent systems developed for eligibility determination have largely 
adopted sophisticated patient information models, providing an abstraction layer for 
EHRs or CDWs. Some of these models are based on the HL7 Reference Information 
Model (RIM), with varying degrees of adoption (including for instance, only one 
Observations class [11-13]. In EHR4CR, we propose a simplified information model 
based on the HL7 «A_SupportingClinicalStatementUniversal» model. Since our 
information model is multidimensional, it is well suited for querying CDWs.  

Similar to other recent systems [7,8], in EHR4CR, we face issues related to (i) 
labor-intensive manual task of transforming free-text eligibility criteria in formal 
queries, (ii) expressiveness of the query language (including the possibility of query 
expansion), and (iii) creation and maintenance of the shared controlled terminology as 
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well as of the mapping between the EHR4CR/local information models and 
terminologies. In our approach, we deal with the above mentioned issues. We plan to 
extract key eligibility concepts and support flexible mappings to a range of 
terminologies in using Natural Language Processing (NLP) techniques [7]. We also 
plan to extend OCL in order to better represent temporal information and clinical 
context [14]. Then we plan to develop specific loaders for LexEVS in order to enrich 
the current version of the EHR4CR terminology with terminologies that are not yet in 
UMLS (such as HL7, IHE, CDA and PathLex vocabularies, etc), and to define 
mappings between the EHR4CR/local information models and terminologies in 
LexEVS. The main objective for defining these mappings is to exploit them for 
extending the user-defined eligibility criteria and to generate more comprehensive and 
extended queries. Based on the given eligibility criteria defined in an OCL query and 
the defined mappings in the terminology server, we aim to apply ontology-based query 
expansion techniques and distribute extended queries across different EHRs or CDWs.  
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