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Abstract. The HL7 RIM (Reference Information Model) is a commonly used
standard for the exchange of clinical data and can be employed for integrating the
patient care and clinical research domains. Yet it is not sufficiently well specified
to ensure a canonical representation of structured clinical data when used for the
automated evaluation of eligibility criteria from a clinical trial protocol. We
present an approach to further constrain the RIM to create a common information
model to hold clinical data. In order to demonstrate our approach, we identified
132 distinct data elements from 10 rich clinical trails. We then defined a taxonomy
to (i) identify the types of data elements that would need to be stored and (ii)
define the types of predicate that would be used to evaluate them. This informed
the definition of a pattern used to represent the data, which was shown to be
sufficient for storing and evaluating the clinical statements required by the trials.
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Introduction

A major barrier to repurposing clinical data from Electronic Healthcare Record (EHR)
systems or Clinical Data Warehouses (CDWSs) to support clinical trial design and
execution is that the information systems in patient care and clinical research domains
represent data differently. The collective international efforts of multiple standard
development organizations (such as ISO, HL7, CDISC, etc.) currently focus on
defining the various standards required to achieve computable semantic interoperability
and may help to bridge the gap between clinical research and patient care by enabling a
scalable semantic interoperability framework [1].

Various initiatives and standards have been documented [2-5] that aim to define a
shared set of semantically unambiguous and context-neutral common data elements.
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This affords dynamic mappings between data structures and semantics of varying data
sources and ensures that queries are defined using centrally managed common data
elements. These features codify a shared Common Information Model (CIM) and can
be mapped to the individual EHR or CDW models. The Electronic Healthcare Records
for Clinical Research (EHR4CR) project has developed a platform for researchers to
define eligibility criteria to identify eligible patients in clinical trials using controlled
access to data held securely at clinical sites [6,7]. The set of eligibility criteria is
formally defined as a query that is evaluated using purely structured patient data (i.e.
not free text, images etc.) drawn from hospital EHR systems. Given that the HL7 RIM
(Reference Information Model) was used to construct the repository of patient data, the
question we address is how this data can, hailing from multiple and diverse EHR
systems, be represented and queried canonically. We describe here how we defined a
pattern for achieving this end. This was then used to implement a data warehouse as a
relational. Eligibility criteria were evaluated automatically on data extracted from
multiple warehouse instances from heterogeneous hospital EHR systems.

1. Methods

In the domain of patient care, several large-scale efforts have been underway for over a
decade with the goal of specifying both the structure and semantics of patient clinical
information in a manner that enables computable semantic interoperability between
diverse systems. Two major contributions to the interoperability of clinical information
currently dominate internationally: ISO EN 13606, with its implementation in the
openEHR Foundation [8,9], and HL7 RIM, which became an ISO standard in 2003 and
its implementations such as the Clinical Document Architecture (CDA), based on the
Clinical Statement Message Pattern (CSPM) [10].

The HL7 RIM is a widely used clinical information exchange standard, which was
adopted by the EHR4CR project for querying heterogeneous EHRs through a standard
interface. Common data elements were defined in order to specify additional
constraints on the high-level EHR4CR Constrained Information Model (CIM) and to
represent the fine-grained clinical information required to evaluate eligibility criteria.

In order to devise a pattern for the storage and use of those clinical statements,
which were required to evaluate eligibility criteria, we selected ten rich evaluative
clinical trial protocols to cover the range of clinical areas covered by the project,
specifically: cancer, cardiovascular disease (especially arrhythmias), and neurology.
From analysis of these, we then devised a pattern that would support the data elements
and corresponding criteria that were amenable to automatic evaluation.

The set of ten clinical trials was selected by EFPIA (European Federation of
Pharmaceutical Industries and Associations) partners within EHR4CR. Each of these
clinical trials was running in more than one of the participating university hospitals.
From the 269 free text eligibility criteria from the ten clinical trials, 99 computable
eligibility criteria that were relevant in the context of feasibility were manually pre-
processed by the EFPIA partners. This yielded 132 data elements and their
corresponding value sets, of which there are 32, representing the fine-grained clinical
information included in eligibility criteria constructs.
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Figure 1: Object Model of Part of the EHR4CR Constrained Information Model, showing data element
classification used in EHR4CR

2. Results

The 132 data elements correspond to different types of data elements, and these types
were classified by the EHR4CR project: demographic statements (gender, birth date),
diagnoses, clinical observations, lab test results, anatomic pathology observations,
procedures and medications. Figure 1 shows a diagram of the relevant part of the CIM.

Any data element in the CIM may be further classified as being either value bearing
or existential. A value-bearing element records the value of some measurement, score
or categorisation. This value may be represented as either a number, usually with a unit
of measurement, e.g. an HbA lc¢ test, or a concept defined in some medical terminology
e.g. male. An existential element denotes the recording of an event without any value
being associated with it. Existential is used here in the mathematical rather than
philosophical sense. In the EHR4CR CIM, procedures, medications, diagnoses and
certain observations such as pregnancy and drug abuse are existential data elements;
note that dosage of medications is currently ignored since it was not found in the
eligibility criteria analysed. Diagnoses are considered existential because coding
systems such as ICD-10 give a single code to represent a condition; there is no numeric
or categorical qualifier. A key distinction between value-bearing and existential data
elements is that the former form a series and the latter do not. A new observation of an
HbAlc test adds to and in some senses updates a previous result of the same type. A
diagnosis of a broken wrist cannot add to or update a diagnosis of lung cancer.

Date of birth and administrative gender, which are demographic statements, are
represented as attributes of the HL7 Living Subject class. So, in keeping faithful to HL7,
there are date of birth, administrative gender, deceased indicator and date of death
fields. Mechanisms for recording procedure and medication statements in HL7, which
are always existential, are well defined using the Procedure and Substance
Administration classes respectively. For a procedure, a coded concept is used to specify
the procedure described using the ISO21090 data type CD meaning a “concept
descriptor”. Similarly, a substance administration instance uses a coded concept to
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describe the relevant medication consumed. The Observation class, however, caters for
a broad range of clinical facts and encompasses diagnoses and clinical findings such as
vital signs, laboratory tests and assessments. An observation instance is described by a
pair: a ‘code’ field recording the nature of the observation and a ‘value’ field.
According to HL7, the former is of type CD and the latter may be of any data type
(structured or unstructured). To define our pattern effectively, a further restriction was
needed.

HL7 already provides a mechanism for representing a diagnosis. Here, the ‘code’
attribute is set to a CD for the concept of ‘diagnosis’ and the value attribute is also of
type CD and is used to hold the actual diagnosis in some medical terminology e.g.
ICD-10. It was therefore natural to represent existential findings in the same fashion, so
that the ‘code’ attribute is set to a CD meaning ‘finding’ and the actual finding, also a
CD is held in the ‘value’. For value-bearing observations, the ‘code’ field holds the CD
for measurement or assessment type (e.g. fasting blood glucose) in some terminology
and the ‘value’ field holds the result of the recorded value. Only three types of value
were found in the trials analysed:

*  Physical quantity (ISO21090 type PQ) where there is a numeric quantity and a
unit of measurement. Vital signs and many laboratory tests fall into this
category,

*  Coded Ordinal (ISO21090 type CO) where there is an ordinal scale of values
to which both a numeric value and a meaning (as a code) is also assigned. An
example is the ECOG score of ambulatory status in cancer patients;

* Coded Value (ISO21090 type CD) where there is no numeric value or order
over the range of values; the value is itself a concept e.g. HIV status, which
can be ‘positive’ or ‘negative’.

An EHRA4CR Eligibility Criteria Model (ECM) was defined to support the querying
for the full range of eligibility criteria deemed necessary by the project. A description
of the ECM is contained elsewhere [11]. The part of the model relevant to the pattern
proposed here is the form of predicates. Each criterion entered by a user contains
exactly one predicate that evaluates to be frue or false for a given patient. From a
relevant clinical statement relating to that patient it is possible to determine whether the
criterion includes or excludes him. Three types of predicate are supported:

*  Existential — the predicate is deemed true if at least one instance of the data
element has been recorded. This is used for existential elements.

*  Numerical range — the predicate is deemed true if the numerical value for the
data element lies within a specified range. This is used for physical quantities
(PQ) and coded ordinals (CO).

*  Finite set of non-numeric values — the predicate is deemed true if the value lies
in this set and is used for coded ordinals (CO) and concept descriptors (CD).

Coded ordinals may be used in two types of predicates since either the (usually integer)
numeric or coded value can be used.

The EHR4CR clinical data warehouse schema is based on the EHR4CR CIM.
Tables exist for the major classes such as the Procedure, Substance Administration and
Observation and their dimensions: Subject, Encounter and Participation. Some ISO
21090 data types, which would normally be given their own table, were de-normalised
and placed directly in the Observation table, such as physical quantities (with their
units) and coded ordinal values. With few exceptions, all coded concepts were placed
within a single table for better management. The data warehouse is a core component
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of a larger platform that allows the automatic evaluation of eligibility criteria. Further
details are given elsewhere [7]. This implementation was found to be sufficient to store
and evaluate all data elements found in any of the computable criteria from the 10 trials.

3. Discussion

Since the eligibility criteria evaluated by the EHR4CR platform require to be computed
precisely and without human intervention, we record only clinical statements that may
be expressed as structured data. Since any clinical statement will either be existential or
value bearing (i.e. scalar, ordinal and categorical data), the pattern should support all
future data elements since it is difficult to imagine how structured clinical data could be
represented otherwise. Certainly, all the data elements identified in the ten clinical trial
protocols analysed to date are representable in this form. The EHR4CR platform does
also access legacy 12b2 [12] databases. However mapping of the CD and CO elements
is problematic since this system was not designed with these data types in mind.

The proposed pattern provides a comprehensive means for expressing clinical
statements used in both patient care and clinical research that uses structured data. The
constrained pattern has been demonstrated as an effective way of recording clinical
observations and affording reasoning about them. Potentially this could be extended
beyond the evaluation of eligibility criteria, for example for storing data that is used for
epidemiological research where data is subjected to statistical analysis.
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