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1 Introduction

1.1 Purpose

This document describes the openEHR EHR Information Model, which isamodel of an interoperable
EHR in the ISO RM/ODP information viewpoint. This model is somewhat different in scope from
models such as the CEN ENV 13606 pre-standard and the HL7 Clinical Document Architecture
(CDA), in that it describes alogical EHR information architecture rather than an architecture for com-
munication of EHR extracts or documents between EHR systems. The EHR equivalent of these spec-
ificationsis given in the “openEHR EHR_EXTRACT Information Model” specification.

The intended audience includes;

Standards bodies producing health informatics standards
Software development groups using openEHR
Academic groups using openEHR

The open source healthcare community

1.2 Related Documents
Prerequisite documents for reading this document include:

The openEHR Modelling Guide

The openEHR Data Types Information Model

The openEHR Common Information Model
Other documents describing related models, include:

The openEHR EHR archetype model
The openEHR EHR_EXTRACT information model
The openEHR Demographic information model

1.3 Status

This document is under development, and will be published as a proposal for input to standards proc-
esses and implementation works.

Currently the UML diagrams are hand-produced. None of the existing tools (e.g. Rose, Objecteering),
includes sufficient support of UML or has good enough visual quality to use here. However, UML
tools are constantly under investigation, and this situation may change in the future.

The latest verson of this document can be found in PDF and HTML formats at
http://www.openEHR.org/Doc html/Model/Reference/ehr rm.htm. New versions are
announced on openehr-announce@openehr. org.

1.4 Peer review

Areas where more analysis or explanation isrequired are indicated with “to be continued” paragraphs
like the following:

To Be Continued: more work required

Editors:{T Beale, S Heard}, {D Kalra, D Lloyd} Page 9 of 68 Date of Issue: 11 Mar 2004
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Reviewers are encouraged to comment on and/or advise on these paragraphs as well as the main con-
tent. Please send requests for information to infoeopenkHR . org. Feedback should preferably be
discussed on one of the appropriate mailing lists, openehr-technical@openehr.org Orf
openehr-clinical@openehr.org.

1.5 Document Structure

This document commences with a background section which briefly describes the influences behind
the openEHR model. The work originates in the requirements analysis and proposals for an EHCR
architecture developed during the Good European Health Record Project (1992-5; [14]). OpenEHR
has now integrated parallel R&D activities in Europe: the Synapses project (1996-8; [20]), EHCR
SupA [12], [13], [15] and SynEXx project (1998-2000; [10]); and the Australian GEHR project (1997-
2001; [27], [28]). Since 2000 these empirical implementation and validation streams of work have
collaborated to share experiences and progressively identify apathway for a convergence of ideas and
formalisms. This document represents the first fruits of this convergence: a common Information
Model drawing on the superset of implementation experience and lessons learned over a decade of
R&D in thisfield.

This work uses the archetype approach [2], and is founded on two analytical characterisations of the
clinical domain, namely an ontological analysis and a context analysis, both documented in [3].

The main part of this document describes the forma model.
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2 Background

This section describes the inputs to the modelling process that created the openEHR Information
Model.

2.1 Requirements

There are broadly three sets of requirements which inform this model, as described in the following
subsections.

2.1.1  Original GEHR Requirements
From the European GEHR project 1992 — 1995, the following broad requirements areas were identi-
fied:
Thelife-long EHR
Priority: Clinician/ Patient interaction
Medico-legal faithfulness, traceability, audit-trailing
Technology & data format independent
Facilitate sharing of EHRs
Suitable for both primary & acute care
Secondary uses: education, research, population medicine
Open standard & software deliverables

These can bereviewed in detail at the GEHR page at CHIME, UCL.

2.1.2 GEHR Australia Requirements

The GEHR Australia project introduced further requirements, including:
Support for clinical data structures: lists, tables, time-series etc
Safer model than the original (European) GEHR: context attributes only in valid places (but
still similar style)
Separate compositions groups for “persistent”, “demographic” and “event” information in
EHR, which corresponds closely to real clinical querying patterns.

Interoperability at the knowledge level, i.e. level of domain definitions of information such
as “discharge summary” and “biochemistry result”.

XML-enabled
Consider compatibility with CEN 13606, Corbamed, HL7v3
These requirements can be found at [28]. GEHR Australia produced a proof of concept implementa-

tion in which clinical archetypes were developed and used. See [2] for the technical description of
archetypes.

2.1.3 European Synapses and SynEx Project Requirements

Following the original Good European Health Record project the EU-funded Synapses and SynEx
projects extended the original requirements basis of GEHR to include further requirements, as fol-
lows:

the requirements of a federation approach to unifying disparate clinical databases and EPR
systems: the federated health record (FHR) [21];

Editors:{T Beale, S Heard}, {D Kalra, D Lloyd} Page 11 of 68 Date of Issue: 11 Mar 2004
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the need to separate a generic and domain independent high-level model for the federated
health record from the (closely related) model of the meta-data which defines the domain
specific health record characteristics of any given clinical speciaty and any given federation
of database schemata;

aformalism to define and communicate (share) knowledge about the semantic hierarchical
organisation of an FHR, the permitted data values associated with each leaf node in arecord
hierarchy and any constraints on values that leaf nodes may take (the Synapses Object Dic-

tionary) [22];
the core technical requirements of and interfaces for a federation middleware service [20].

2.1.4 European EHCR Support Action Requirements

This EU Support Action project consolidated the requirements published by a wide range of Euro-
pean projects and national health informatics organisations as a Consolidated List of Requirements
[11].

2.1.5 |ISO EHR Requirements

The above requirements publications and the recent experience of openEHR feed into the definition
of aset of EHR requirements by I SO Technical Committee 215 (Health Informatics) - ISO TS 18308.
The present draft [9] has been reviewed by the authors of this document and openEHR will seek to
maintain a close mapping between its information models and services and this international require-
ments work. The openEHR mapping to I SO 18308 can be found on the openEHR website.

2.1.6 openEHR Requirements
New requirements for the openEHR proposal, based on previous experience in the projects mentioned
above include the following:
Better modelling of time and context (temporal/spatial approach)
Better understanding of legacy system / federation problem (DSTC, UCL)
Workflow modelling
Convergence of EHR standards, leading to a future version of CEN ENV 13606.
Harmonisation with the emerging HL 7v3 standard.

2.2 Design Principles

There are numerous cons derations outside the requirements which influence the information model,
described in “Design Principles for the EHR” [3]. These are summarised as follows:

System-of-systems understanding of information infrastructures (i.e. a set of collaborating
middleware components and services), described in more detail below;

Design paradigm: two level modelling, archetypes

Separation of standards according to responsibilities

Ontological analysis: five levels of concepts above level O reference ontologies

A “context model” of information acquisition which describes contexts for each information
fragment from the most detailed information structures to the context of the clinical session,
and the enterprise.

The principle of relegating the vagaries of implementation technologies to separate specifi-
cations, rather than compromising the central model in any way.
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2.2.1 The System-of-systems EHR Context

As described in [3], health care information systems, both at the level of a single enterprise and
regional healthcare networks, increasingly comprise a set of software components collaborating
through middleware, enabling distributed operations and data exchange. This “ system-of-systems’
view embraces the distributed object paradigm (exemplified by CORBA and .net), the message-based
paradigm (exemplified by HL7), and in a less formal sense, most of today’s organically evolved
multi-database hospital IT environments. The distributed systems paradigm is also the generaly
accepted theoretical and standards view, as exemplified by any modern textbook on information
processing, by the ISO RM/ODP standard, by health informatics standards such as the OMG Cor-
bamed [31], [32], [33] specifications and CEN family of health information standards ([23] and many
others), and by a wide range of international projects, national health information strategies and dem-
onstrator pilots.

Accordingly, the EHR is understood in openEHR as one system (or service) within a distributed
health information infrastructure, whose purpose is to manage the longitudinal and comprehensive
EHR of individual patients. There is no definitive list of services or systems required within a health
care environment. However, it is generally understood that in any deployment scenario an EHR serv-
ice would be complemented by a range of other services including: terminology, clinical reference
data (prescribing, interactions), order management, scheduling, decision support, demographics (both
patient and health practitioner), pathology, imaging, and access control. In a distributed system infra-
structure, each of these will usually exist as a service within an infrastructure node. Each system has a
information model, describing the semantics of the data which can be obtained from it or written to it,
aswell asits service interface describing the functional interface to the system.

The approach taken in defining the openEHR EHR Information Model has been to assume this dis-
tributed model, and therefore the existence of several other services, at minimum for demographics,
access control, terminology and archetypes. The Information Model therefore contains classes and
attributes to facilitate interoperability with such services rather than their duplication inside the EHR
service (see design principle RM-ext-ref [3]).

Data from some systems is allowed to be encapsulated as EHR data, leading to the use of encapsu-
lated data types appearing in the EHR information model. In some cases an attribute is defined as a
parseable string, and a formal parse specification is supplied for the allowable values of the string.
Examples where this occurs include the HL7-based general timing specification, and the units
attribute of the pv_ouanTITY class (Data Types Information Model). Motivations for specifying a
syntactical approach are described in [3].

2.3 Relationship to other EHR Information Models

Where relevant, the correspondences to other information models have been documented. Corre-
spondences to the GEHR Australia and EU Synapses/SynEx models are shown, since these are the
models on which the openEHR EHR information model is primarily based.

2.3.1 CEN TC/251 ENV13606

These models have been influenced by and have also influenced the models in CEN ENV 13606;
accordingly, relationships to 13606 have been documented fairly precisely. There are some parts of
this pre-standard which are ambiguous, or confusing, particularly where ssimilar semantics appear in
both parts | and IV, in which case the best attempt to understand the standard has been made.

Since January 2002, the ENV 13606 prestandard has been the subject of significant revision, as part of
its transition to a full European Standard (“EN”). This work has been influenced by the openEHR
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specifications, and hasitself been a source of further insights and changes to the openEHR specifica-
tions. Particular areas of openEHR which have been changed due to this process include:

change of major class names (TRANSACTION -> COMPOSITION etc; see CR-000013);
improved model of ATTESTATION (see CR-000025);
improved model of feeder audits (see CR-000027).

2.3.2 HL7 Version 3

Correspondences to some parts of HL7 version 3 (ballot 5, July 2003) are aso documented where
possible, however, it should be understood that there are a number of difficulties with this. Firstly,
while the HL7v3 Reference Information Model (RIM) - the closest HL7 artifact to an information
model - provides similar data types and some related semantics, it is not intended to be a model of the
EHR. Infact, it differs from the information model presented here (and for that matter most published
information models) in two basic aspects: a) it is an amalgam of semantics from many systems which
would exist in a distributed health information environment, rather than a model of just one (the
EHR); b) it is also not a model of data, but an “analysis pattern” in the sense of Fowler [37] from
which further specific models - subschemas - are developed by a process of custom restriction, in
order to arrive at message definitions. As a consequence, data in messages are not instances of HL7v3
RIM classes, aswould be the case in other systems based on information models of the kind presented
here.

Despite the differences, there are also many areas which can be usefully harmonised, specifically, the
data types, terminology use, archetypes and HL7 templates, and the correspondence between
openEHR compositions and the HL7 Clinical Document Architecture (CDA).

2.3.3 OMG HDTF
To Be Continued: relationship to OMG COAS / orders models should
be described as well.
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3 The EHR Information Model

3.1 Model Overview
FIGURE 1 illustrates the package structure of the openEHR EHR information model.

1
COMPOSITION
— —
- CONTENT
] 1]
NAVIGATION ENTRY

FIGURE 1 EHR Package Structure

The packages are as follows:

Ehr: This package contains the top level structure, the Edr, which consists of a hierarchical
structure of FOLDERs, containing references t0 VERSIONED COMPOSITIONs, and a
collection of coNTRIBUTIONs Which document the changes to the EHR over time.

Composition: The Composition is the EHR’s top level “data container”, and is described by the
COMPOSITION class.
Content: This package contains the Navigation and Entry packages, whose classes describe the
structure and semantics of the contents of Compositions in the health record.
Navigation: The secTION class provides anavigational structure to the record, smilar
to “headings’ in the paper record. ENTRYs and other SECTIONs can appear under
SECTIONSs.
Entry: This package contains the generic structures for recording clinical statements.
Entry types include oBservaTION (for all observed phenomena, including
mechanically or manually measured, and responses in interview), EVALUATION
(for assessments, diagnoses, plans), and INSTRUCTION (actionable statements
such as medication orders, recalls, monitoring, reviews).

FIGURE 2 illustrates an overview of the class structure of the EHR Information Model, along with
the main concepts on which they rely, namely Data Types, Data Structures, Archetyped, and | dentifi-
cation. The EHR Extract core classes are also shown, illustrating the shared content of the EHR and

extracts generated from it.

3.2 Archetypes

All compositional nodes in an EHR and a COMPOSITION are archetypable, with certain nodes being
archetype root points. Instances of the types EHR, COMPOSITION and ENTRY are always guaranteed
to be archetype root points; the topmost SECTION and FOLDER instances in any tree are also guaran-
teed to be archetype root points. Other nodes (e.g. interior SECTIONs, ITEM STRUCTURE instances)
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might aso be archetype root points, depending on how archetypes are applied at runtime to data. This
is achieved by every node inheriting from the class LocaTABLE. Each archetype root point will have
anon-void archetype_details, inherited from LOCATABLE; non-root nodes have no archetype_details.
FIGURE 3 illustrates the application of archetypes to data. In each block of data controlled by a par-
ticular archetype the root node (i.e. the top node of the tree inside the block in question) has a non-
void archetype_details attribute value. This figure shows how archetypes may be applied at any level
of the data.

F == == ==

Application of .| Composition |

Archetypes T F==ST=EE=T —an

Section |

— o
= —_—
|| Entry

FIGURE 3 How Archetypes apply to Data

In this way, each archetyped composition in EHR data has a generating archetype which defines the
particular configuration of instances to create the desired composition. An archetype for “biochemis-
try results’ is an ENTRY archetype, and constrains the particular arrangement of instances beneath an
ENTRY object; a“problem/SOAP headings’ archetype constrains SECTION objects forming a SOAP
headings structure. In general, an archetyped composition is any composition starting at a root node
and continuing to its leaf nodes, at which point lower-level compositions, if they exist begin. Section
trees and Entry structures are thus archetype compositions.

The result of the use of archetypesto create datain the EHR is that the structure of data in any partic-
ular openEHR health record conforms to the constraints defined in a particular composition of arche-
types chosen by auser or piece of software during the creation of the data. In particular, it conforms to
the path structure of the archetypes, as well as their terminological constraints. Which archetypes
were used at data creation time is written into the data, in the form of both archetype identifiers at the
relevant root nodes, and archetype node “meanings’ (an attribute of the class LocATABLE), the basis
for paths. When it comes time to modify or query data, these archetype data enable applications to
retrieve and use the origina archetypes, ensuring modifications respect the original constraints, and
allowing queries to be intelligently constructed.

3.3 Paths

3.3.1 Runtime Path Syntax
The openEHR record includes a “runtime” path mechanism which enables any node or leaf item of
EHR data to be referred to using a string path. The runtime path to an item obeys the Xpath-like path
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syntax defined in the Archetype Definition Language (ADL) specification, and is made from the con-
catenation of attribute names and object identifiers. Each object in a hierarchy has asits runtime iden-
tifier the value of its name attribute. All classes in the model whose instances are accessible by paths
inherit the name attribute from the LOCATABLE class.

The value of the name attribute is chosen at runtime in various ways: either by the software applica-
tion responsible for building the record data, by requesting a value from a human user, already fixed
by an archetype, or via an algorithm. The genera syntax model of path expressions to objects in the
EHR is exactly the same asthe ADL path syntax, i.e.:

[/ | object_id] attr_name ['[’ object_id ‘I'] {!/" attr_name [‘[’ object_id ‘]’ ‘/']}
This givesrise to paths of the form:

/attrl[object_id]/attr3/attr2[object_id]

[root_obj_id]/attrl

3.3.2 Path Values and Language

In most cases, the name valueis related to the value of the meaning attribute of each item, also inher-
ited from the LocATABLE class. The meaning attribute value in EHR data items is predefined by the
archetypes from which the data was generated, and defines the “normative” meaning of a data item,
regardless of what name is chosen for it at runtime; it is effectively aclinically meaningful node iden-
tifier. However, an important difference isthat names are text items, committed in the language of the
locale in which the data were created, whereas meanings are like coded terms, local to each arche-
type, and are represented by their code in archetypes and data. Thus, data items in the EHR will
resembl e the objects shown in FIGURE 4.

German language SECTION SECTION English language
Section object name = “Auswer tung” name = “Assessment” Section object
meaning = “at3000” meaning = “at3000”

FIGURE 4 Names and Meanings in EHR Data

Thus, where meaning values do not change, name values are linguistically dependent. To compare a
name value to a meaning, the logical meaning value in the relevant language has to be obtained from
the archetype.

To Be Determined: a better alternative might be to store meanings
in data nodes as DV_CODED TERM objects, allowing
the code and one rubric to be directly available
from the data.

In contrast, all attribute names are drawn from the information models, and are therefore in English.
(Making attribute names multi-lingual is quite difficult, since object formalisms do not natively sup-
port this, and would seem to be of minimal benefit, especially as most reference model attribute
names are quite generic, such as“data’, “items’, “value” and so on). As aconsequence, runtime paths
for EHR data not created in an English language system will consist of both English words (from the
reference model) and clinical words in the language of the locale; this should not cause much of a
problem, since all clinical words - the names - will appear within brackets (“[]”).

3.3.3 Concrete Path Structure
The syntax applies to the compositional parts of the EHR to create two kinds of paths as follows:
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ehr_path [ “/all_compositions” composition_path [ [entry_path]]]
ehr_path [ “/directory” folder_path composition_path [ [entry_path]]]

Thefirst of these enables an EHR node to be referenced bypassing the Folder directory, while the sec-
ond goes via the Folder directory. The parts are as follows:

ehr_path: identifier of the EHR. See EHR Path on page 32.
folder_path: path to any object in the EHR, viathe folder structure. See Folder Paths on page 33.

composition_path: path to a COMPOSITION (a version of a VERSIONED COMPOSITION) as
defined in Composition Path on page 38.

: path to a particular SEcTION, as defined in Section Paths on page 43.
entry_path: path to an itemin an ENTRY, as defined in ENTRY Paths on page 53.

This syntax allows paths to be partially specified, from the most minimal, referring to the whole
EHR, to afully specified leaf node. Examples of logical paths are as follows.

Everything under the “subjective” heading of “diabetes’ in a Composition committed by Dr
Stephen Smith to patient 39403945's EHR at the primary EHR system at Nambour Base

Hospital:
[39403945@ehr.nambour_bh.health.au]/all_compositiong] patient contact (steven_smith @
ehrl.nambour_bh.health.au @ 03-05-1997 23:04:55)] /content /items

A complete family history Composition in the summary EHR for patient 959678009, in the
“B” EHR system at Nantes genera hospital in France
[959678b09]/all_compositions[family history]

The 1000Hz threshold value of the 3rd sample of an audiogram test, recorded under the
headings “Hearing/test results’, in a Composition committed to patient op01293's EHR at
EHR node ‘A’ at St Bartholomew’s Hospital, London.

[op01293@ehr.barts.uk]/all_compositiong Test Results (peter_cole@ehr_a.barts.uk@13-

12-1990 09:22:00)] /content /items /items
/itemg/audiology results| /history /events|sample_3] /data hearing threshold] /itemg][ | eft ear]
/itemg] 1000Hz threshold]

Paths are used to construct instances of the data value type bv_EHR URI, which are smply pathsin
the “ehr” scheme-space.

3.3.4 Archetype Paths

Meaning values are concatenated to form paths in archetypes, known as “archetype”’ paths using the
ADL path syntax. Archetype paths can also be used with runtime data - since each runtime data ele-
ment contains the relevant meaning value - they act as queries, or patterns. Whereas runtime paths are
always unique in data, archetype paths are only unique inside archetypes, but may not be in data.

Runtime paths are thus used to locate data items or trees in the EHR, while archetype paths are used
to match sub-compositions to their generating archetype structures, to identify matching sub-compo-
sitions during archetype-assisted querying, or to aid GUI display. Asan illustration, assume that there
isablood pressure archetype shown herein the ADL abstract syntax:

ENTRY [at0000] matches { -- blood pressure measurement
name matches {...}
data matches ({
HISTORY [at9001] matches { -- history

count matches {1..*}
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events {1..*} matches {
EVENT [at9002] {0..1} matches {-- baseline
name matches {...}
data matches ({

ITEM LIST[at1000] matches {-- systemic arterial BP
count matches {2..*}
ordered matches {True}
items matches

ELEMENT [at1100] matches {-- systolic BP

name matches {...}
value matches {...}
}
ELEMENT [at1200] matches {-- diastolic BP
name matches {...}
value matches {...}
}

ELEMENT [at9000] {0..*} matches {*}

-- unknown new item

}
}
}
}
EVENT [at9003] {0..1} matches {-- other event
name matches {...}
data matches ({
use node ITEM LIST [at0000]/.../datal[at1000]/
- --"1list structure from first sample
}
}
}

}

The meanings are shown as the codes [athnnn] at each node; the comments at the end of each of these
linesis the english text of the meaning (however, any other language could have been used). The fol-

lowing physical archetype path isvisible:
[at1000] /data[at9001] /events [at9002]

or in logical form (i.e. with the meaning texts substituted for meaning codes):
[BP measurement] /datal[history] /events[baseline]

Now consider a data composition, in which a history of two blood pressures has been recorded using
this archetype.

ENTRY [at0000] = < -- blood pressure measurement

name = <XXXX>
data = <
HISTORY [at9001] = < -- history
count = <xx>
events = <
EVENT [at9002] = < -- baseline
name = <“standing”s>
data = <
ITEM LIST[atl1000] = <-- systemic arterial BP
>
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EVENT [at9003] = < -- other event
name = <“sitting”>
data = <
ITEM LIST[atl1000] = <-- systemic arterial BP

>

>

>

The correspondending runtime paths from this data are as follows:

[BP measurement] /datal[history]/events [standing]

[BP measurement] /datal[history]/events [sitting]

Thus, where the same archetype path occurs, unique runtime paths are used. The rules governing

archetype and runtime paths are as follows:

The value of the name attribute must be unique in runtime data at each node, guaranteeing

globally unique paths within the whole structure of data.

The value of the archetype meaning attribute must be unique in archetypes at each node,
guaranteeing globally unique paths within the whole structure of an archetype, and provid-

ing reliable “path patterns’ in runtime data.

The example above illustrates the need to ensure that all instances of a blood pressure entry in the
EHR can be related back to a common archetype governing its logical structure, and also ensure that

each instance is uniquely and unambiguoudly identifiable.
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4 The Record

4.1 Overview

The general design of the openEHR EHR is a combination of concepts from the GeHR Australia
project [27], the Synapses project [20], [21], [22], the CEN ENV 13606 standard, the HL7 Clinical
Document Architecture (CDA) and the HL7 Reference Information Model (RIM) [29]. The structure
consists of Compositions (equivalent to the CEN 13606 Composition and the HL7 CDA Document),
organised by a directory of Folders (a CEN 13606 concept). The openEHR EHR is also versioned:
every Composition isversioned, and so is the folder structure. This means that every previous state of
the EHR - i.e. al states of Compositions and the Folder structure - is available if requested. The ver-
sioning facilities are provided by the concepts defined in the RM.COM-
MON.CHANGE_MANAGEMENT package. All changes to the EHR are created by contributions,
where a contribution might include any of: creation of Compositions, update or correction of compo-
sitions, modification of the Folder structure, move of Compositions in the Folder structure, and dele-
tion of Compositions or part of the Folder structure. This approach guarantees that the EHR
progresses from one valid state to another, regardless of what changes occur in any particular contri-
bution.

This approach to informational integrity underpins the clinical view of the health record, wherein
events, issues, problems, episodes and other clinical arrangements of information are accommodated.

The discussion below commences by describing the general organisation of the EHR, and then how
change control appliesto the EHR. It then describes the semantics of Compositions - the containers of
datain the EHR, and finally describes the role of the Folder structure.

4.2 General Organisation of the EHR

4.2.1 Compositions

The Composition concept in the openEHR EHR originated from the the Transaction concept of the

GEHR project [16], [17], [18], [19], which was based on the concept of a unit of information corre-

sponding to the interaction of a healthcare agent with the EHR. It was originally designed to satisfy

the following needs (which include the well-known ACID characterisation of transactions [4]):
durability: the need for a persistent unit of information committal in the record;

atomicity: the need for aminimal unit of integrity for clinical information, corresponding to
aminimal unit for committal, transmission and security;

consistency: the need for contributions to the record to |eave the record in a consistent state;

isolation: the need for contributions to the record by simultaneous users not to interfere with
each other;

indelibility: the requirement that information committed to the record beindeliblein order to
support later investigations, for both medico-legal and process improvement purposes, and
the consequent requirement to be able to access previous states of the record;

modification: the need for usersto be able to modify EHR contents, in order to correct errors
or update previously recorded information (e.g. current medications, family history); and

traceability: the need to record adequate auditing information at committal, in order to pro-
vide clinical and legal traceability.
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The Transaction concept has since been renamed to “ Composition”, which is the name of the equiva-
lent concept in the current CEN 13606, and it has been expanded and more formally defined in
openEHR in two ways. Firstly, the idea of a unit of committal has been formalised by the openEHR
model of change control (see the openEHR Common Information Model); how this applies to the
EHR and compositions is described below. Secondly, the informational purpose of a Composition is
no longer just to contain data from a passing clinical event such as a patient contact, but also to cap-
ture particular categories of clinical data which have long-lived significance, such as problem and
medication lists.

Experience with health information systems, including the GEHR (Australia) project, SynEx, Syn-
apses, and inspection of common commercial systems, has shown that there are basically two types of
information at the coarse level which exist in the EHR: event items, and longitudinal, or persistent
items.

Events record what happens during the clinical session context [3] which occur due to billable health-
care system events with or for the patient, such as patient contacts, but also sessions in which the
patient is not a participant (e.g. surgery) or not present (e.g. pathology testing). Persistent items cap-
ture information which remains valid in the long term, such as the patient’s family history, current
medications, care plan and so on. Both types of information are contained within Compositions, the
top level information container of the openEHR EHR. FIGURE 5 illustrates a ssimple EHR compris-
ing an accumulation of event compositions.

visit test results | [admission contact radiology surgery review
1/4/1999 1/2/2000 22/11/2000 22/11/2000( | 22/11/2000 24/11/2000 25/11/2000

FIGURE 5 Basic Event-oriented EHR

An important job of the event Composition is to record not only the data from the session, such as
observations on the patient, but also to record the clinical context information, i.e. the who, when,
where and why of the session. For this reason, a specific class representing clinical context is associ-
ated with event compositions in the forma model.

However, in a more sophisticated EHR, there are also likely to be persistent compositions. Many
items of long-term interest in the record are separated by clinicians into well-known categories, such
as.

Family history

Social history

Problem list

Current medications

Therapeutic precautions

Vaccination history

Lifestyle

Care plan
Note that over time, the number of event compositionsislikely to far outstrip the number of persistent

compositions. FIGURE 6 illustrates an EHR containing persistent information as well as event infor-
mation.
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visit test results problem family current therapeutic social
1/4/1999 1/2/2000 list history medications precautions history

FIGURE 6 An EHR containing Event and Persistent Compositions

In any clinical session, an event composition will be created, and in many cases, persistent composi-
tionswill be modified. How this worksis described below under Change Control of the EHR on page
26.

4.2.2 Folders

As compositions accumulate over time in the EHR, they form a long-term patient history. Previous
work in CEN [23] - [26] and SynEx [21] suggests that it is useful to be able to organise Compositions
using ahierarchy of foldersto classify them, much the same way filesin afile system are arranged in
the directory structure, as visualised by the Windows Explorer and other similar tools. In the
openEHR model, folders do not contain Compositions by value but by reference, and are completely
optional. More than one Folder can refer to the same Composition. Folders might be used to manage
asimple classification of Compositions, e.g into event and persistent, or they might be used to create
numerous categories, based on episodes or other groupings of Compositions. Folder structures cann
be archetyped.

A simple structure showing Folders referencing Compositions is shown in FIGURE 7, in which the
following folders are used:

Subject: acomposition containing clinically relevant demographic data of the patient;
Persistent: compositions containing information which isvalid in the long term;

Event: compositions containing information whose currency islimited to the short term after the
time of committal;

Episode_xxx: rather than using a single ‘event’ folder, it may be convenient to group event
compositions into episodes (periods of treatment at a health care facility relating to one or
more identified problems) and/or other categories such as on the basis of type of healthcare
(orthodox, homeopathic, etc).

A justification for these particular categories is based on patterns of access. The persistent category
consists of adozen or so compositions described above, and which are continually required by query-
ing (particularly lifestyle, current problems and medications). The event category consists of clinical
data whose relevancy fades fairly quickly, including most measurements made on the patients or in
pathology. Compositions in this category are thus potentially very numerous over the patient’s life-
time, but of decreasing relevance to the clinical care of the patient in time; it therefore makes sense to
separate them from the persistent compositions.

Regardless of the folder structure used, the folder concept in itself poses no restrictions, nor does it
add any clinical meaning to the record - it simply provides a logical navigationa structure to the
“lumps’ of information committed to the record (remembering that inside compositions, there are
other means of providing fine-grained structure in entries).

Note that neither the folder names nor the composition names described and illustrated above are part
of the openEHR EHR architecture: all such details are provided by archetypes; hence, EHR structures
based on completely different conceptions of division of information, or even different types of med-
icine are equally possible.
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subject
— details
| | | | |
problem family current therapeutic social
list history medications precautions history
| | | | | |
visit test results [ |admission contact radiology surgery
1/4/1999 1/2/2000 22/11/2000| |22/11/2000 22/11/2000 24/11/2000
| | | |
| | | |
review review discharge contact
24/11/2000 25/11/2000| |26/11/2000| [16/apr/200]
| | | |

FIGURE 7 Using Folders to Group Compositions

The folder structure of an EHR constitutes a thrid category of information which must be controlled
over time, in order to allow changes to the folder structure to be remembered along with changes to
content. The contents of atypical EHR now resemble FIGURE 8.

folders

SN

test results
1/2/2000

visit
1/4/1999

social
history

problem
list

family
history

therapeutic
precautions

FIGURE 8 An EHR containing Compositions and Folder Structure Cls

A final category of information which may be needed in the change-controlled EHR is that of “tech-
nical contextual information”, which includes environment settings, software application names and
version ids, identification and versions of data resources such as terminologies and possibly even
actual softwaretools, configuration files, keys and so on. Such information is commonly versioned in
software configuration management systems, in order to enable the reconstruction of earlier versions
of software with the correct tools. One reason to store such information at all isthat it adds to medico-
legal support when clinicians have to justify a seemingly bad decision: if it can be shown that the ver-
sion of software in use at the time was faulty, they are protected, but to do this requires that such
information be recorded in the first place. We therefore add a fourth category of content to the
notional controlled EHR - that of “environment”, as shown in FIGURE 9.

folders

SN

FIGURE 9 A Comprehensive Medico-legal EHR

test results
1/2/2000

visit
1/4/1999

social
history
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family
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precautions
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4.2.3 Change Control of the EHR

The EHR described thus far is essentially a logical arrangement of Compositions within a directory
structure of Folders. However we have not described the semantics of update to the record, or audit-
trailing of changes.

A number of requirements and design considerations lead to the final design of Compositions in the
openEHR EHR. The first is the system interaction context, in which a healthcare agent (usualy a
human, but may be a software process) interacts with the EHR system to enter data. Thisis the con-
text during which Compositions and Folder structures are created or modified on the system, and
once again, the contextual details of who, when and where must be recorded. As described in [3],
these details might be quite different from the context details of the clinical session, as is the case
when the EHR is updated some time after a contact, and by other personnel.

Given an EHR in which there is afolder structure, and event and persistent compositions, the genera
model of update of the EHR is that any of these might be created and/or modified during the update.
The ssmplest, most common case is probably the creation of a single contact Composition, which is
placed in an “events” folder. A very common case will be the creation of an event Composition, and
modification of one or more persistent Compositions, e.g. due to facts learned in the consultation
about family history, or due to prescription of new medications. Other types of updates include cor-
rections to existing compositions, and acquisition of compositions from another site such as a hospi-
tal. Any of these updates might also include a change to the folder structure, or the moving of existing
Compositions to other Folders. Naturally these scenarios depend on a structure of the record includ-
ing event and persistent compositions, and afolder structures; in the extreme, an EHR consisting only
of event Compositions and no folders, will experience only the creation of a single Composition for
most updates, with acquisitions being the exception.

Recording of contextual information is not the only requirement of the EHR. Numerous projects
(GEHR/Europe, GEHR/Australia, SynEx, Synapses etc) as well as standards (CEN 13606, the emerg-
ing 1SO 18308 EHRRA Requirements) and academic work all agree on the need to satisfy a number
of medico-legal requirements of the EHR. These are essentially: that all additions and changes to the
record be audit-trailed and that all previous states of the record be available for the purposes of
medico-legal investigation. The former is satisfied by the recording of context details in the relevant
places (including at the Entry level, dealt with later in this specification). The latter requirement leads
us to the use of version control of information items, and eventually, to aformal change management
approach.

Change management of information is a non-trivial business, and requires a well-defined approach,
such as the “configuration managment” (CM) paradigm described in the openEHR Common Infor-
mation Model. Under this paradigm we can visualise how changes occur to the EHR. FIGURE 10
shows a number of contributions (known as “change sets’ in CM) to the EHR asfollows:

Thefirst is due to a patient contact, and causes the creation of a new contact composition; it
also causes changes to the problem list, current medications and care plan compositions
(once again, in adifferently designed record, all thisinformation might have been contained
in asingle event Composition; likewise, it might be been distributed into even more Compo-
sitions).

The next contribution is the acquisition of test results from a pathology laboratory.

The third is another contact in which both family history and the folder structure are modi-
fied, and the fourth is a correction.

Thisfourth is an error correction (e.g. amispelled name, wrongly entered value), and shows
that there can be a contribution even when thereis no clinical session.
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FIGURE 10 Contributions to the EHR

The last is an update to the environmental information in the EHR, due to a software
upgrade.

We can now see that the CM paradigm is a suitable approach. Consider the EHR described thus far:
it is arepository of information about the patient, which is separated into distinct entities,
(Compositions);
it may have a directory of folders acting as a navigational structure of the compositions;
there can be multiple, smultaneous users of the repository;

changes to the information occur due to interactions of users with the repository, and must
be attested with revision history information;

previous states in time of the repository must be available upon request.

Thus, the EHR corresponds very closely to the general model of a change-controlled repository. The
implication is that we should consider updates to the EHR to be the “contributions” described in the
CM paradigm, where each contribution causes the creation or modification of one or more Composi-
tions (configuration items, or “CIs”) and/or changes to the folder structure (directory structure).

4.2.4  Versioning of Compositions

Versioning of Compositions is achieved with the vErRsTONED<T> type from the Change Control
package, which in the Composition package is explicitly bound to the composITION Class, viathe
class VERSIONED COMPOSITION Which inherits from the type VERSIONED<COMPOSITION>. This
is done because versioned Compositions are self-standing entities - they are not contained by valuein
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any other class. Consequently, there is no other class where the type binding VERS ITONED<COMPOST -
TION> can take place.

The effect of version control on Compositionsis visualised in FIGURE 11. The versions (each “ver-
sion” being a cCOMPOSITION) shown here in a VERSIONED COMPOSITION are the same versions
shown along each vertical line in FIGURE 10, this time shown with their associated audit items. The
set of versions should be understood as a set of successive modifications of the same data in time.

4

Cnnfar‘f audlt
13 contact
Care |gudi ! 12/3/2001&
update —4> Plan |audit] —< correction
= Composition

Compositions
FIGURE 11 The versioned composition

The VERSIONED COMPOSITION can be thought of as a kind of intelligent repository: how it stores
successive versions in time is an implementation concern (there are a number of intelligent algo-
rithms available for this sort of thing), but what is important is that its functional interface enables
any version to be retrieved, whether it be the latest, the first, or any in between.

Returning to compositions, the logical types “event composition” and “persistent composition” are
modelled using the class composITION and a boolean attribute is_persistent. For event Composi-
tions this attribute is false, and there is a context attribute, which carries the clinical context informa-
tion corresponding to the event. Persistent Compositions do not include this, although if it is
necessary to determine what clinical session (if any) caused an update to a persistent Composition,
the contribution can be found from the audit, and then checked for the presence of an event Composi-
tion.

4.2.5 Versioning Scenarios
The following scenarios for creating new coMPOSITION versions have been identified as follows.

Case 0O: information is authored locally, causing the creation of a new
VERSION<COMPOSITIONS>. If thisisthe first version, a new VERSIONED COMPOSITION
will be created first.

Case 1: information is modified locally, such as for the correction of awrongly entered datum in
a composition. This causes the creation of a new VERSION<COMPOSITION> in an existing
VERSIONED COMPOSITION, in which the VERSION AUDIT.change type is set to
“correction”.

Case 2: information received from a feeder system, e.g. a test result, which will be converted
and used to create anew VERSION<COMPOSITION>. Thiskind of acquisition could be done
automatically. If the receiver system needsto store a copy of the original feeder system audit
details, it writesit into the compos1TION.feeder _audit.

Case 3: a VERSION<COMPOSITION> (such as a family history) received as part of an
EHR_EXTRACT from another openEHR system, which will be used by a loca author to
create a new coMPOSITION which includes some content chosen from the received
VERSION<COMPOSITIONS>. In this case, the new VERSION<COMPOSITIONS> IS considered
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as alocaly authored one, in which some content has been obtained from elsewhere. If it is
the first version, a VERSIONED COMPOSITION IS first created. The VERSION AUDIT
documents the committal of this content, and the clinician may choose to record some
details about it in the coNTRIBUTION.description.

In summary, the vERSTON AUDIT is always used to document the addition of information locally,
regardless of where it has come from. If there is a need to record original audit details, they become
part of the content of the versioned object.
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5 RM.EHR Package

51 Overview

The EHR package is illustrated in FIGURE 12. The EHR class is the root of the EHR information
structure, and is a change-controlled repository of the kind described in the openEHR Common Infor-
mation Model. Accordingly, it contains adirectory, in the form of aversioned Folder structure, logical
reference to the VERSTONED COMPOSITIONs Which are the versioned data containers of the EHR,
and references to the coNTRIBUTIONs Which document all changes so far to the EHR. The directory
structure isoptional, and consists of FOLDERs, enabling the construction of ahierarchical directory of
any complexity. Each folder in the structure can contain any number of references to versioned Com-
positions. The structure as a whole acts as a directory for organising Compositions in the record.

<<hind>>

<FOLDER> " A
EHR T folders 1 <<bind>>
: JO.* 0. ' <COMPOSITION>
E':)R - directory:| DIRECTORY root/ FOLDER . S
subject[1]: o> o compositions_— =
PARTY REF 0.1 1 0. o COMPOSITION
time_created[1]: 1x 0>
DV_DATE TIME al_compositions —js nersistent:
BOOLEAN

1..* | contributions
[uid ]

CONTRIBUTION

FIGURE 12 RM.EHR Package

The use of references between Folders and Compositions allows more than one folder to refer to the
same Composition, in turn alowing multiple ways of finding or classifying Compositions. This
arrangement is akin to a computer directory system which also allows links (Unix) or “shortcuts’
(Windows); in the EHR it allows for example a contact Composition to be grouped with other Com-
positions in an episode, and also in agroup corresponding to atype of problem. The sophistication of
the folder structure is completely under the control of the designers of EHR systems, and can be as
simple or complex as required, according to the use of archetypes. The whole folder structure may
correspond to one archetype, or there may be multiple archetypes used to create it.

References rather than containment by value are also used for the all_compositions relationship
between the EHR and VERSIONED COMPOSITION classes, reflecting the vast majority of retrieval
scenarios in which only select (usually recent) Compositions are needed. Containment by value
would lead to systems which retrieved all VERSTIONED COMPOSITION Objects every time the EHR
object was accessed. (However, while undesirable from the resource usage point of view, there is
nothing semantically incorrect with containment by value between the EHR and its subparts).

Exactly the same logic holds for the relationship between the EHR and its CONTRIBUTIONs. Therole
of Contributions, as documented in the Common Information Model, is to record the set of versions
added to arepository during asingle logical update, along with the audit details of the change. In the
context of the EHR as one such repository, each instance of the CONTRIBUTION class potentially
includesin itslist of versions not only compositions, but also the folder structure itself, if thiswas
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changed during the update. Since the versions attribute of the CONTRIBUTIONSs classisin fact alist
of OBJECT REFs, the same list can accommodate both types of object.

5.2 Class Descriptions

521 EHR Class

CLASS EHR

Purpose The EHR classis the centre node of the EHR “repository” for a subject of care.

CEN EHCR class

Synapses | RecordFolder class

GEHR G1_EHR

Inherit LOCATABLE

Attributes Signature Meaning
subject: The subject of this EHR.
PARTY REF

time _created: pv_DATE TIME | Time of creation of the repository

contributions: List of contributions causing changesto this
List<OBJECT REF> EHR. Each contribution contains a list of
versions, which may include references to
any number of VERSTON instances, i.e. items
of type VERSIONED COMPOSITION and

DIRECTORY.
directory: DIRECTORY Optional directory structure for this EHR.
all_compositions: List Master list of all composition referencesin
<OBJECT REF> thisEHR

Is archetype root: is_archetype_root

Directory_valid: directory /= Void and then

directory.latest version.data.is_archetype_root

Subject_exists: subject /= Void

Invariants | Time created exists. time_created /= Void

Contributions_valid: contributions/= Void and then not contributions.is_empty
and then contributions.for_all(type.is_equal(* CONTRIBUTION"))
All_compositions valid: all_compositions /= Void and then
all_compositions.for_all(type.is_equal(“*VERSIONED_COMPOSITION"))
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5.2.1.1 EHR Path

The path to the EHR as a whole is formed from the value of the EHR name attribute. The name
attribute is usually the patient identifier, i.e. the subject.id.value attribute (usually a meaninglessiden-
tifier), optionally with the EHR node id appended. The syntax is as follows:

‘[’ EHR.name.value “]
Possible EHR paths are as follows:
[10290494@st_vincents.health.aul
[04959900021]
Paths from the EHR must include the appropriate attribute names, as follows:

path to any folder:

‘[’ EHR.name.value “]/directory” folder path

€.J. [04959900021] /directory/root/folders[family history]

path to any composition (bypassing the folder directory):

‘[’ EHR.name.value “]/all compositions” composition path
€.J. [04959900021] /all compositions[family history]

path to a contribution:

‘[’ EHR.name.value “]/contributions[” contribution.uid ‘]’
€.J. [04959900021] /contribu-

tions[uid=deepak patel@indrisi clinic.health.in @2000-10-03
12:34:00]

5.2.2 DIRECTORY Class

CLASS DIRECTORY

Purpose A version-controlled hierarchy of FOLDERs.

Inherit VERSION REPOSITORY <FOLDER>
Attributes Signature Meaning
root: FOLDER Root FOLDER of the directory.

Root_exists. root /= Void

Invariants | o ner id valid: owner_idtypeis_equal(*EHR")

5.2.3 FOLDER Class

CLASS FOLDER

Purpose The concept of a named folder.

CEN FOLDER class

Synapses | RecordFolder class

Inherit LOCATABLE
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CLASS FOLDER
Attributes Signature Meaning
folders. List<FOLDER> Sub-folders of this FOLDER.
compositions: The list of references to versioned composi-
List<OBJECT REF> tionsin thisfolder. Since more than one
folder can include the same composition,
this relationship is an association.

Folders valid: folders/=Void implies not folders.empty
Invariants | Compositions valid: compositions/=Void implies (not compositions.empty and
then compositions.for_all(type.is_equal (“VERSIONED_COMPOSITION")))

5.2.3.1 Folder Paths

Folder paths are built using Folder name attribute values, which will usually be derived from the
value of the meaning attribute, plus a unigueness modifier if required. The syntax is as follows:

‘[ FOLDER.name.value “]/folders[” FOLDER.name.value “]/” ...

‘/folders[” FOLDER.name.value “]/”
Example folder paths:

[hospital episodes]

[patient entered datal/folders[diabetes monitoring]
[homeopathy contacts]

Uniqueness modifiers are appended in parentheses, and only needed to differentiate folders at the
same node that would otherwise have the same names, e.g.

[hospital episodes]
[hospital episodes (car accident Aug 1998)]

5.2.3.2 EHR and FOLDER Instance Structure

To Be Continued:

5.24 VERSIONED_COMPOSITION Class

CLASS VERSIONED_COMPOSITION
Purpose Version-controlled  composition  abstraction, defined by  inheriting
VERSION REPOSITORY<COMPOSITIONS>.
Use
GEHR G1_VERSIONED COMPOSITION
Inherit VERSION REPOSITORY<COMPOSITION>
Function Signature Meaning
IS_persistent: Boolean Indicates whether this composition set is
persistent; derived from first version.
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CLASS VERSIONED_COMPOSITION

Meaning_valid: all_versions.for_all (datamean-
ing.is_equal(all_versions.first.data.meaning))

Invariants | Persistent_valid: all_versions.for_all (data.is_persistent =
all_versionsfirst.data.is_persistent)

Owner_id valid: owner_id.type.is_equal(“EHR")

5.24.1 VERSIONED_COMPOSITION Path
The path of a VERSIONED COMPOSITION iS taken from the name attribute value of the contained
compositions. Thus, typical pathsto VERSTONED compositionSinclude:

[family historyl]

[current medications]

[current medications (chinese)]

[patient contact]
The path to any particular version within a VERSTONED COMPOSITION is given by adding the value
of the version _id of the version as a uniqueness modifier. This may be acombination like { committer,
ehr_node, time_committed}, taken from the attributes in the VERSTON AUDIT object attached to the
relevant VERSTON object, or it might be the special symbolic version identifiers “first”, “latest”. The
patterns for the path to a version are therefore:

“[” name “(” committer “@” ehr node @ time committed “)]”
A\ [II name A\ (n firSt \\) ] "
A\ [II name A\ (n latest \\) ] "

Example paths to individual versions include:

[current medications (latest)]
[patient contact (sam_heard@park_rd_clinic.health.au@2002-04-26 12:34:00)]
[test results (p_athologist@dbh.health.au)]

5.3 Historical Views of the Record

It is important to understand that the coMPOSITION versions at a previous point in time represent a
previously available informational state of the EHR, at a particular EHR node. Such previous states
include only those compositions from other sources as have been acquired by that point in time,
regardless of whether the acquired information pertains to clinical information recorded earlier. A
previous historical state of the EHR thus corresponds to what users of a system could see at a particu-
lar moment of time. It is important to differentiate this from previous clinical states of the patient:
previous informational states of the EHR might include acquired information which is significantly
older than the point in time when merging occurred. A previous clinical state of the patient would be
aview of the EHRs in al locations for the patient - what is sometimes called the virtual EHR - at a
given point in time, minus acquired Compositions, since these constitute (usually out-of-date) copies
of Compositions primarily available elsewhere.

It is previous informational states with which we are concerned for medico-legal purposes, since they
represent the information actually available to clinicians at a heath-care facility, at a point in time.
But previous clinical views may be useful for reconstructing an actual sequence of events as experi-
enced by the patient.
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6 RM.COMPOSITION Package

6.1 Overview
FIGURE 13 illustrates the Composition package.

LOCATABLE
[ 1
COMPOSITION
COMPOSITION
: : . *
is persistent[1]: Boolean | g R SECTION
territory[1]: CODE_PHRASE content

e text
0 1100” & 0.1

EVENT_CONTEXT T care Tadlity

time[1]: DV_INTERVAL <DV_DATE_TIME> 1 |PARTY_REF
location[0..1]: String > composer

setting[1]: DV_CODED_TEXT 0%
other_context[0..1]: ITEM_STRUCTURE > sarticipations”| ARTICIPATION

FIGURE 13 RM.COMPOSITION Package

Instances of the compos1TION class can be considered as self-standing data aggregations, or docu-
ments in a document-oriented system (similar to HL7 CDA “documents’). The majority of the use of
paths in openEHR is likely to within Compositions.

6.1.1 Event Context

The EVENT CONTEXT Of a COMPOSITION is used to record information describing the real world
(usually clinical) event which gave rise to the creation or changes in Compositions in the record. An
Event context is created only for Compositions to which the context information relates. Persistent
Compositions do not have an event context. In general, a Contribution to the EHR consists of one or
more Compositions, which were created or modified due to some activity. Within such a set, there
will usually be one Composition relating directly to the event, such as the patient contact - thisis the
Composition containing the doctor’s observations, nurses activities etc, during the visit. This Compo-
sition will include an EVENT CONTEXT object documenting the time, location and participants in the
event. Other Compositions changed during the same event (e.g. updates to medication list, family his-
tory and so on) do not require an event context, since they are part of the same Contribution, and the
event context of the primary Composition can always be retrieved if desired.

Event context is used even if the additions are made to the EHR long after the event took place, such
as happens when a doctor writes his notes into the record system at night, after all patients have been
seen. In such cases, the versioned Composition audit trail indicates the context of when the data were
entered, as distinct from the context of when the clinical interaction took place.

In some cases, updates are made to the record where no event context is recorded, for example, if a
secretary corrects an error in a Composition previously recorded for a patient visit; in such cases, the
Event context of any Compositions from the original commit will remain intact and unchanged
(unless the correction isto the event context itself of course), and will correctly reflect the fact that no
new clinical interaction occurred.
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6.1.2 Participations

As part of the Event context, participations can be recorded to describe who participated, and how.
Usually thiswill be used to record the details of patient and clinician participation. Each participation
object describesthe “mode” of participation as well, such as direct presence, video-conference and so
on. There are no general rules about who participates. For example, while there will be a patient par-
ticipation during a GP visit, there will be no such participation recorded when the clinical event is a
tissue test in a laboratory. Conversely, a patient might record some observations and self drug admin-
istration in the record, in which case there will be no clinician participation. Consequently, the use of
participations will mostly be archetype-driven.

A few ‘participations are predefined: health_care_facility and author. These are formally defined as
follows:

health_care facility (HCF): the health care facility under whose care the event took place. This
is the most specific identifiable (by the health system) workgroup or care delivery unit
within a care delivery enterprise which was involved in the care event. The identification of
the HCF can be used to ensure medico-legal accountability. Often, the HCF is also where
the encounter physically took place, but not in the case of patient home visits, internet
contacts or emergency care; the HCF should not be thought of as a physical place, but as a
care delivery management unit. The physical place of care can be separately recorded in
EVENT CONTEXT.location.

The health_care _facility attribute is optional to allow for cases where the clinical event did
not involve any care delivery enterprise, e.g. self-care at home by the patient, emergency
revival by a non-professional (e.g. CPR by lifeguard on a beach), care by a professional
acting in an unofficial capacity (doctor on a plane asked to aid a passenger in difficulty). In
all other cases, it is mandatory. Archetypes are used to express this.

composer: the person who was primarily responsible for the content of the Composition (not
necessarily its entry into the EHR system). Thisis the identifier which should appear on the
screen. It could be ajunior doctor who did all the work, even if not legally responsible, or it
could be anurse, even if later attested by a more senior clinician; it will be the patient in the
case of patient-entered data. It may or may not be the person who entered the data. it may
also be a software agent. This attribute is mandatory, since al content must be been created
by some person or agent.

location: the physical location where the care delivery took place, and should document a
reasonably specifically identifiable location possible. Examples include “bed 5, ward E”,
“home”. This attribute is optional, since the location is not always known, particularly in
legacy data.

setting: this attribute documents the “setting” of the care event. In clinical record keeping, this
has been found to be a useful coarse-grained classifier of information. The openEHR
Terminology “setting” group is used to code this attribute. It is mandatory, on the basis that
making it optional will reduce its utility for querying and classification.

6.1.3 Composition Content

The datain a Composition is stored in the content attribute. There are four ways the content attribute
can be populated:

it may be empty. Although for most situations, there should be content in a Compostion,
there are at |east two cases where an empty Composition makes sense:
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the first is a Composition in ‘draft’ editing state (VErRsION.lifecycle state =
‘draft’)

the second is for systems that are only interested in the fact of an event having
taken place, but want no details, such as so-called clinical ‘event summary’
systems, which might record the fact of visits to the doctor, but contain no further
information. This can be achieved using Compositions with event context, and no
further content.

it may contain one or more SECTIONs Which are defined in the archetype of the Composi-

tion;

it may contain one or more Section trees, each of which is a separately archetyped structure;
it may be amixture of the last two possibilities.

6.2 Class Descriptions

6.2.1 COMPOSITION Class

CLASS COMPOSITION
One version in a VERSIONED COMPOSITION. A composition is considered the
PUIDOSE unit of modification of the record, the unit of transmission in record extracts, and
P the unit of attestation by authorising clinicians. In this latter sense, it may be con-
sidered equivalent to a signed document.
CEN Composition
GEHR Gl _COMPOSITION VERSION
Synapses Composition class
HL7 CDA DOCUMENT
Inherit LOCATABLE
Attributes Signature Meaning

content: List<SECTION> The clinical session content of this Com-
position, i.e. the information generated in
the clinical session.

context: EVENT CONTEXT The clinical session context of this Com-
position, i.e. the contextual attributes of
the clinical session.

IS_persistent: Boolean Indicates whether this Composition is
considered persistent, i.e. of longitudinal
validity or not.
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CLASS COMPOSITION

territory: CODE PHRASE Name of territory in which this Composi-
tion was written. Coded from openEHR
“countries’ code set, which is an expres-
sion of the SO 3166 standard.

is_archetype root: is_archetype root

content_valid: content /= Void implies not content.is_empty
is_persistent_validity: is_persistent xor context /= Void

Invariants | name _value: not is_persistent implies name.value.is_equal (con-
text.health_care facility.as display_string + con-
text.time.lower.as_display_string)

territory_valid: territory /= Void and then code_set(“ countries”).has(territory)

6.2.1.1 Composition Path
Like all other EHR components, the path of a composITION is derived from its name attribute.
Because VERSIONED COMPOSITIONs are archetyped, the runtime value of name is normally
related to, if not the same as the value of the meaning attribute. The composITION runtime name
value for both persistent and event compositions is based on the meaning value, although it can be
any other value if required. The general model for the name valueis:

meaning “(” modifier “)”
Here “modifier” isan addition to the name attribute to ensure uniqueness. For persistent compositions
such as “family history” and “current medications’, there would normally only be one instance,
although there is no guarantee of this, for example when different groups of practitioners (e.g. west-
ern medicine clinicians and chinese herbalists) maintain separate instances of the major persistent
compositions. The modifer will then be be the name of the clinician group. There are many other rea-
sons why persistent compositions might be split. Typical name values include:

“family history”

“current medications”

“current medications (chinese)”

“therapeutic precautions (food and allergy)”

“therapeutic precautions (drug)”

To Be Continued: to be reviewed: in the following, in fact there is
no need for uniqueness on event composition names, since the
paths will be made unique at the next level up.

For event Compositions for which there will normally be numerous instances, the name requires a
different type of uniqueness modifier. One approach would be to use ordinal numbers, leading to
name values of the form:

“patient contact (1)”
“patient contact (2)”

“patient contact (73)”
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This creates problems for merging Compositions from other records for the same patient. since inde-
pendent changes might be made to more than one copy of a previously-shared Composition held on
two or more EHR systems.

A Dbetter approach uses a modifier made from attributes from the EVENT CcONTEXT object, which all
event Compositions must include. Specifically, the attributes health_care facility, time should guar-
anteed uniquness within a given patient record, and constitute an appropriate uniqueness modifier.
The name value for an event Composition will thus be of the form:

meaning “(” health_care facility “@” time*)”
Example Compositions paths are therefore:

[patient contact (Park Rd Clinic@1997-09-12 12:24:00)]
[test results (QML Taringa Lab@2001-01-08 15:35:00)]

6.2.2 EVENT_CONTEXT Class

CLASS EVENT_CONTEXT

Documents the clinical context of the clinical session (or encounter). The context
information recorded here are independent of the attributes recorded in the ver-
sion audit, which document the “ system interaction” context, i.e. the context of a

i poss user interacting with the health record system. Clinical sessions include patient
contacts, and any other business activity, such as pathology investigations which
take place on behalf of the patient.

CEN Composition class

Synapses | Composition class

HL7 TBD

Attributes Signature Meaning

health_care facility: parTY REF | Theheadth carefacility under whose care
the event took place. Thisis the most
specific workgroup or delivery unit
within a care delivery enterprise which
has an official identifier in the health sys-
tem, and can be used to ensure medico-
legal accountability.

time: Start and end times of the clinical ses-
DV _INTERVAL <DV DATE TIME> sion.

COMPOSEr: PARTY REF The person primarily responsible for the
content of the Composition (not neces-
sarily its entry into the EHR system).
Thisistheidentifier which should appear
on the screen. It may or may not be the
person who entered the data.
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CLASS EVENT_CONTEXT

participations:
List <PARTICIPATION>

Parties involved in the clinical session.
These would normally include the physi-
cian(s) and often the patient (but not the
latter if the clinical sessionisa pathology
test for example).

location: string

The actual location where the session
occurred, e.g. “microbiol lab 27, “home”,
“ward A3" and so on.

Setting: DV_CODED_TEXT

The setting in which the clinical session
took place. Coded using the openEHR
Terminology, “setting” group.

other_context: ITEM STRUCTURE

Other optional context which will be
archetyped.

composer_exists: composer /= Void
time_exigts: time /= Void

participations_validity: participations /= Void implies not participations.empty

Invariants | location_valid: location /= Void implies not location.is_empty

ting.defining_code)

setting_valid: setting /= Void and then Terminol-
ogy(“ openehr”).codes_for_group_name(* setting”, “en”).has(set-

6.2.3 COMPOSITION Instance Structures

To Be Continued:

Date of Issue: 11 Mar 2004 Page 40 of 68

Editors:{T Beale, S Heard}, {D Kalra, D Lloyd}

© 2003 The openEHR Foundation



11Ee vperen 2R Inorinauorn viouel KIVLCUNFUDITIVUN.CUNITENI.NAVIOAITIUN FdCKkdye
Rev 4.4.1

7 RM.COMPOSITION.CONTENT.NAVIGATION
Package

7.1 Overview

The Navigation Package defines a hierachical heading structure, in which all individual headings are
considered to belong to a “tree of headings’. Each heading is an instance of the class secT1oN, illus-
trated in FIGURE 14.

LOCATABLE

items

CONTENT_ITEM

*

NAVIGATION‘

SECTION
COMPOSITION

FIGURE 14 RM.COMPOSITION.CONTENT.NAVIGATION Package

Sections provide both a logical structure for the author to arrange ENTRY s, and a navigational struc-
ture for readers of the record, whether they be human or machine. Sections are archetyped in trees
with each tree containing a root Section, one or more sub-sections, and any number of Entries at each
node. Section trees which are separately archetyped, such as the SOAP headings, or the heading
structure for a physical examination, can be combined at runtime to form one large heading structure.

In terms of understanding of clinical data, section structures are not essential in a Composition - in
theory they could be removed. They do not contain primary instances of meaning-modifying terms or
headings. This means that if there are meaning-modifying terms, such as “history of”, “risk of” etc,
such terms are not primarily recorded as sections. However, this does not mean that they cannot
appear in sections as well, as would typically occur with data about family history. Thus, the section
“family history” appearing in an section structure is not to be taken as the definitive indicator that any
entries are about family history of the subject (rather than directly about the subject); rather, it is a
guide to the kind of information to be found under it. If there are indeed entries recording family his-
tory information, the fact that the subject of that information is not the patient but amember of higher
family will be formally recorded in the ENTRYs themselves.

Despite the above, section structures do not have to be regarded as ad hoc or unreliable structures. On
the contrary, as they are archetyped, their structures can be relied upon in the same way as any other
structure in the record can be relied on to conform to its archetype. Accordingly, solid assumptions
can be made about sections, based on their archetypes, for the purposes of querying. In fact, the main
benefit of Sectionsisthat they may provide significant performance benefits to querying, whether by
interactive application or by automated systems.

One potentially confusing aspect of an section structure is that while the root section is logically a
section, it would not appear in a display or printed form as a visible section, due to the fact that
humans don’t usually write down top-level headings for anything, since there is always a containing
structure acting as a top-level organising context (such as the piece of paper one is writing on). For
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COMPOSITION o

¢
ARCHETYPE_DETAIL%-

’ A D -
ARCHETYPE_DETAILS \ \ \

FIGURE 15 Section View of a General Practice Contact Composition

example, consider the way a clinician writes down the problem/SOAP headings on paper. She writes
the name of thefirst problem, then under that, the SIO/A/P headings, then repeats the process for fur-
ther problems. But she doesn’t write down a heading above the level of the problems, even though
there must be one from a data structure point of view.

7.2 Class Descriptions

7.2.1  SECTION Class

CLASS SECTION

Purpose Represents a heading in a heading structure, or “section tree”.

Use Created according to archetyped structures for typical headings such as SOAP,
physical examination, but also pathology result heading structures.
MisUse Should not be used instead of ENTRY hierarchical structures.
CEN Headed section

COAS::CompositeObservation (COAS does not distinguish between the seman-
OMG HDTF | ticsof Sectionsand hierarchical structureinside Entries, modelled in openEHR by
Cluster).
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CLASS SECTION
GEHR G1_ORGANISER
HL7 CDA Heading.
Inherit CONTENT_ITEM
Attributes Signature Meaning

items: List<CONTENT ITEM> Ordered list of content items under this sec-
tion, which may include:

* More SECTIONs

*ENTRYS

Invariants Items_exists: items/= Void implies not items.is_empty

7.2.2 Section Paths

Section paths are built using the values of the name attribute of each sEcTION in an section structure,
asfollows:

‘'[/ SECTION.name.value “]/items[” SECTION.name.value “]/”
‘/items [ SECTION.name.value “]/”

Examples include:

[SOAP headings] /items [diabetes mellitus]/items[Plan]
/items [diabetes mellitus]/items[Plan]

7.3 Section Instance Structures

7.3.1  Problem/SOAP Headings

An example of an section tree representing the problem/SOAP heading structure is shown in FIG-
URE 16.

7.3.2 Care Plans

To Be Continued: this section to be developed
General form:

therapies & indications

review

monitoring

managers (who) - participants, roles

goals

preventative health care (screening, education)

triggers

To Be Continued:
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COMPOSITION

n = “patient contact”
m = at0000 (patient contact)

lcontent

items

items items items items

OBSERVATION OBSERVATION OBSERVATION INSTRUCTION
n = “headache” n=*“BP" n ="“hypertension” n="low salt diet”
m = at0203 (pain) m = at0000 (BP meas) | |m = at0000 (diagnosis) m = at0100(dliet)
OBSERVATION
n = “weight”
items m = at0000 (weight)
- i
items items items items
OBSERVATION OBSERVATION OBSERVATION INSTRUCTION
n = “lower back pain” n = “tender ness’ n = “muscular n = “diclofenac”
m = at0203 (pain) m = at0000(pal pa- sprain” m = at0000 (medi-
tion) m = at0001 (diagno- cation order)
Sis)
FIGURE 16 “problem/SOAP” Section Structure
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8 RM.COMPOSITION.CONTENT.ENTRY Package

8.1 Overview

All information which is created in the “clinical statement” context (see [3]) is expressed in terms of
Entry instances. Entry subtypes contain instances of structure, history and action structures, and ulti-
mately data items. Thus, when we speak of a logical “entry”, we mean the entirety of the ENTRY
including all the structure below it. The ENTRY class defines the context attributes common to all
Entry subtypes, while specific subtypes describe only those attributes relevant. FIGURE 17 illustrates
the Entry package.

CONTENT_ITEM

]
ENTRY
ENTRY
subject[1]: RELATED_PARTY
provider[1]: PARTICIPATION
protocol[0..1]: ITEM_STRUCTURE
act_id[0..1]: String
guideline id[0..1]: OBJECT REF
other_participationg0..1]: List<PARTICIPATION>
OBSERVATION EVALUATION INSTRUCTION
data[1]: data[1]: ITEM_STRUCTURE state[1]: DV_STATE
HISTORY <ITEM_STRUCTURE> action[1]: ITEM_STRUCTURE
state[0..1]: profilgf0..1]: ITEM_STRUCTURE
HISTORY <ITEM_STRUCTURE> dataf0..1]: ITEM_STRUCTURE
status[1]: DV_STATE

FIGURE 17 RM.COMPOSITION.CONTENT.ENTRY Package

The choice of subtypes of ENTRY is based on the analysis of knowledge types described in Design
Principles for the EHR [3] (which isitself mainly a synthesis of previous research such as described
in Rector, Nowlan et al [5], and knowledge representation theory). These are as follows.

Observation: statements due to observations of any phenomenon of interest in the care of
the subject; typically but not restricted to clinical phenomena. For example, a pathology
result, a blood pressure reading, the family history and social circumstances as told by the
patient to the doctor, self-entered answers to a psychological assessment questionaire by a
patient.

Evaluation: statements created by the author as a result of interpretation or analysis of
observations. These include hypotheses, decisions, diagnoses, plans, goals etc. Usually clin-
ical but not necessarily so.

Instruction: statements describing actions to be enacted. Instructions are detailed enough to
be enactable without further details. E.g. while an evaluation may mention that “oral cor-
tico-steroids are indicated at a peak flow of 40I/m”, an instruction isrequired to detail which
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actual drug, route, dose, frequency, and so on. Instructions may aso describe non-clinical
intentions such as consent.

Variations on these types are widely recognised in existing systems and standards and proposals, such
as the OBSERVATION, SUBJECTIVE OBSERVATION, INSTRUCTION typesin the GEHR (Australia)
model and the HL 7v3 moods. The three types appear in the openEHR model in the form of the classes
OBSERVATION, EVALUATION, and INSTRUCTION.

All types contain their data in generic structures as follows:

OBSERVATION: Since observation datais situated in time, it is expressed asaHISTORY<T>,
which itself contains instances of ITEM STRUCTURE, Such @ ITEM LIST, ITEM TABLE
etc.

EVALUATION contains its data directly in ITEM STRUCTURE instances, since there is no
need for timing information (apart from the time of authoring, which isrecorded in the com-
position).
INSTRUCTION represents its datain terms of ACTION SPECIFICATION objects, whichin
turn contain their datain ITEM STRUCTURE instances.

The view subtypeis also defined, for expressing derived views on other data.

To Be Continued: VIEW semantics to be defined

8.1.1 Contextual Information
Contextual attributes defined on ENTRY are as follows:

subject: person or other demographic subject of the information contained in the ENTRY. Thisis
expressed in the form of a RELATED PARTY, Which describes the kind of relationship, and
optionaly, identifies the demographic entity when the relationship is not “self”.

provider: the person who provided the information. This is usually the patient or the clinician,
but may be someone else.

other_participations. other participations which existed for this ENTRY, e.g. a nurse who
administered a drug in an INSTRUCTION ENTRY; only required in cases where participants
other than the subject of the information and the provider of the information need to be
recorded.

Time is expressed for observations in instances of the HISTORY classinside OBSERVATION, and as
time specifications within INSTRUCTIONSs.

8.1.2 Workflow and Guidelines

The attributes act_id and guideline_id have been included, respectively, to enable workflow systems
to retain identifiers of particular acts, and the EHR to record identifiers of guidelines which gaverise
to particular Entries.

8.1.3 Relationship to HL7 Moods
ENTRYs in the openEHR record correspond to the moods defined in the HL7v3 RIM in the following
way:

OBSERVATION: moods OBS (Observation) and EVN (Event)

EVALUATION: moods INT (Intent), PRP (Proposal), RMD (Recommendation)

INSTRUCTION: moods ORD (Order), APT (Appointment), ARQ (Appointment Request)
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Moods which are not mapped 1:1 to openEHR types are DEF (Definition), EVN.CRT (Event crite-
rion) and OPT (Option). These appear to be mappable to one of the ENTRY types depending on their
context of use. The significance of such a mapping is that HL7v3 messages can be converted to
ENTRYs in an openEHR EHR system.

8.1.4  Action Specifications

Statements of future actions constitute a major category of information in the health record. In this
section, we are concerned with “actionable” statements which are described in sufficient detail that
they can be enacted, and where the executor is stated or at least obvious by implication. Thisisin
contrast with “plans” which are statements of intent, but are not in themselves formally processable
action statements.

Action specifications are created in the EHR due to decision-making processes. They may be directly
entered by the clinician, or created by a decision support application, typically as the result of the
evaluation of aguideline.

It is worth considering the relationship between guidelines, care plans and the EHR in order to under-
stand what information needs to be stored in the EHR. Guidelines are formal, genera (i.e. independ-
ent of particular patients) models for managing care, consisting of decision and action nodes, and can
be represented, maintained and processed in decision support systems. Sometimes guidelines are cus-
tomised for a patient into a persona care plan (e.g. for management of asthma). Such care plans may
take the same form as a guideline (networks of decision and action nodes), or may be able to be
expressed as a guideline profile. In either case, they would be stored in the record in their original
form (e.g. aGLIF, EON, or Proforma statement) inside aDv_ENCAPSULATED Object.

The evaluation of guidelines in a decision support tool results in action specifications being written
into the record. These are sufficiently concrete statements (e.g. a particular drug and administration
has to be chosen by the clinician) to be actionable and/or automatically processable.

Here we are concerned with modelling the action concept, i.e. any action corresponding to a single
clinical concept (and consequently, a single archetype). Examples include:

simple medication orders, e.g. an antibiotic prescription. Medication orders may include a
termination condition;

“chained” medication orders, including single medication prescriptions which have admin-
istration directions which change in time, e.g. changed dose, form, route, frequency of the
drug;

recalls and reviews, where the action is to cause a notification in the health system which
will result in a patient coming in for observation;

monitoring directions, i.e. directions to a patient or health professional to engage in an
observational or data-gathering activity, such as measuring peak flow or blood sugar over a
period of time;

referrals, which are essentially adirection for transfer of care.
Each of these concepts is describable by a single archetype, and can be represented under a single
ENTRY asillustrated in FIGURE 18.

8.1.5 Semantics of Actions

There are two kinds of semantics which can be imputed to any statement of action: “real-world” and
“gystem”. Consider an action specification describing a medication administration for the patient. The
“action” hereisunderstood to be the real-world instruction to administer a particular drug to a patient.
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Single medication

medication:
metronidizole

Chained single medication

medication:
prednisilone prednisilone
25mg tab, po, chgto: od x 2d
bd x 3d

Recall
recall: PAP 2y

FIGURE 18 Simple Action Specifications
This kind of action specification stored in the record is on its own, passive, and must be executed by a
real world actor, such as the patient or a nurse.

In contrast, a specification for arecall in the record is only useful if it specifies actions which can be
executed by the “system”, i.e. some application or service in the information infrastructure containing
the EHR. Actual actions of this kind might be of the form notify (recall, pat12093, “PAP
due on 12/3/2001, ....),whichcanbedirectly processed by the system, in order to generate a
real-world action, such as mailing or phoning the patient.

Ultimately, all action specifications express specific things that are intended to occur in the red
world. Typically, they include conditions or criteria for starting, stopping, repeating, delaying, etc,
which can be influenced by real world events. For instance, an action specification for commencing
oral corticosteroids for asthma would be conditional on the measured peak flow falling to (say) 40 -
60% of the normal. Similarly, chemotherapy might be required to stop if a measured haemoglobin fell
below acertain threshold. A general way to understand thisisthat actions progress through meaning-
ful states of execution due to events occurring. For example, medication actions often obey a state
machine such as the one shown in FIGURE 19. The logical events “start”, “order”, “suspend”, “fin-
ish” etc all have real-world counterparts, which might be monitored in a hospital and made available
to the application whose job it is to manage the medication action. In contrast, the state machine for
most simple GP-prescribed medications would probably consist solely of the states PROPOSED, COM-
PLETED and ABORTED, Since the action is completely executed by the patient, without reference to
the computerised environment.

In asimilar way, recalls obey a state machine similar to the one shown in FIGURE 20. In this case,
trangition actions, or what we will call “notifications” here, are shown aswell as events for some tran-
sitions. These notifications should be distinguished from the primary “action” of the specification, i.e.
to cause arecall event in the real world - they are instructions to some part of the system, not to the
outside world. Taken together, events and notifications constitute a two-way communication between
an action-processing application and the surrounding computing environment. Both the events and
the notifications shown in the model of FIGURE 20 are logical, as might be found in a standard
model of medication orders or recalls. If we consider just how one such state machine might be exe-
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finish

EHR data
haemoglobin restart

Event Criteria terminate
suspend: $haemoglobin < 112 g/l ABORTED
etc

FIGURE 19 Simple State Machine for a Hospital Medication Order

Variables
recall_period: 2 y
: notify_ack_period: 1 month
start suspend_period: 1 month

Iset_recall_timer min_pap_age: 18y
max_pap_age: 70y

terminate

Tcancel > EHR data

recall_fimer age: 7?72?27
ehr_id: 222227277

recall_timer_event
Inotify_recall
[set_notify_ack_timer

Event Criteria
start: $age > $min_pap_age and

$age < $max_pap_age
recall_timer_event: timeout.id = $ehr_id and
timeout.type = RECALL

notify_acked
Iset_recall ftimer

etc
Notifications _ _
set_recall_timer: set_timer($ehr_id,

RECALL, $recall_period)
etc

FIGURE 20 Simplified state Machine for System-based Recall Management
cuted for a particular patient, it soon becomes obvious that logical models have to be trandated into
computational expressions, such as those indicated under the headings “variables’, “EHR data’,
“event criteria’ and “notifications’ in the diagrams. While the particular approach illustrated in these
figuresisnot in any way normative, it islikely to be representative in its general form of how models
of action specifications are likely to be interpreted or augmented to enable their execution in a partic-
ular system environment, for a particular patient.

We can now begin to consider the question of what needs to be modelled in the EHR information
model. Clearly, the details of processing actions are not the business of the health record. System-ori-
ented actions will be executed by other applications, or by human beings who have read the action
specification in the record. Similarly, models of state machines or other ways of representing the rules
of events and notifications for a particular type of action are not the business of the EHR as such: they
are knowledge models, which should be expressed in a convenient form such as an archetype.

A general scheme of action-specification processing which takes account of these factsis illustrated
in FIGURE 21. In the system as a whole, models of action specifications are described in a knowl-
edge base, such as an archetype repository. Particular models are chosen by human users or applica-
tions, and used to write action specifications into the record, including “profiles’ (see below); they
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are also used by applications to execute action specifications. During execution, events from the sys-
tem environment will be received (such as timers, record writes, notifications of external events) and
notifications may also be created.

el event event notification

actions & events

=7

-

notification i
action |._—¢€vent
processor

— -
—

\
.

_ _ _ — — -notification

real-world .
actions & events,_health computing

environment

real world

FIGURE 21 General Scheme for Processing Action Specifications

8.1.6  General Model of Action Specifications
From this scheme, and the above discussion, we can state the following conceptual model for an
action specification in the EHR:

current state of execution of an action specification;

aprofile including:

- list of variables

- list of EHR dataitems

- list of event criteria

- list of notifications

- €tc

any other state data used during the execution of the action;

references to the generating guideline where relevant;

following actions.

Expression Syntax
In the profile category above, items such as event criteria take the form of a {name, expression} pair.
While the form and syntax of such itemsis likely to be completely dependent on applications and/or
other syntaxes, there is an argument for describing a standard default syntax. The elements of such a
syntax are as follows:

Operators:

- boolean operators (AND, OR, NOT)

- relational operators (<, >, <=, >=, =, <>)
- arithmetic operators (*, /, +, -, », ...)

- set operators (count, sum, average, ...)

- functional operators (log, sin, 1/x, etc)
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operands:

- EHR dataitems, such as $weight, $blood_pressure;

- variables obtained from the outside world, i.e. from a user or machine, e.g. $pulse,
$breathing, $temperature; $blood pressure;

- environmental variables, such as $time;

- constants of appropriate types.

nesting.

To Be Continued: Sensible behaviour must occur 1in distributed
systems where copying of EHR compositions
occurs, 1i.e. actions are enacted only in one
place, or else multiple executions are explic-
itly understood and handled in a clinically
proper way.

8.2 Class Descriptions

8.2.1 ENTRY Class

CLASS ENTRY (abstract)

The abstract parent of all ENTRY subtypes. An ENTRY isthe root of alogical item
of “hard” clinical information created in the “clinical statement” context, within a
clinica session. There can be numerous such contexts in a clinica session.
Observations and other Entry types only ever document information cap-
tured/created in the clinical session documented by the enclosing Composition.
(The effect of thisisthat pathology results etc, if represented in the EHR, must be
Purpose expressed as Entries inside Compositions representing the session in the pathol -
ogy lab, not within Compositions created during a consultation during which a
clinician might read the pathology result and make some decision based on it.)

An ENTRY is aso the minimal unit of information any query should return, since
awhole ENTRY (including subparts) records spatial structure, timing information,
and contextual information, including meaning-changing modifiers as well as the
subject and generator of the information.

CEN Cluster OCC

COAS::HeathRecordEntry and COAS::ObservationQualifier, a generic class

LIS al2N11= which is used to represent context attributes which are concretely modelled here.

Synapses | Theltem classisthe closest match for Entry as described here.

GEHR * CONTENT
HL7 Act
Inherit CONTENT_ ITEM
Attributes Signature Meaning
Editors:{T Beale, S Heard}, {D Kalra, D Lloyd} Page 51 of 68 Date of Issue: 11 Mar 2004

© 2003 The openEHR Foundation



RIVI.LUIVIFUDI TTUN.CUNTEN LLEN T KY FdiKkdye
Rev4.4.1

e openchr SR HIormauornt viouel

CLASS ENTRY (abstract)

subject: RELATED PARTY

Id of human subject of this ENTRY;
usually the patient, but may be:

* organ donor

» foetus

 afamily member

» another clinically relevant person
Relationship of subject of this ENTRY
to the subject of the record. May be
coded. If it isthe patient, coded as
“self”.

provider : PARTICIPATION

Id of provider of statement in this
ENTRY, Which might be:

* the patient

* a patient agent, e.g. parent, guardian
* the clinician

* adevice or software

protocol: ITEM STRUCTURE

Description of how and/or why the
information in this entry was arrived
at. For OBSERVATIONS, thisisa
description of the method or instru-
ment used. For EVALUATIONs, how
the evaluation was arrived at. For
INSTRUCTIONs, how to execute the
instruction. This may take the form of
references to guidelines, including
manually folowed and executable;
knowledge references such as a paper
in Medline; clinical reasons within a
largercare process.

act id: string

Optional act identifier for this Entry,
used by e.g. aworkflow system for an
act to which this ENTRY corresponds.
Thisidentifier might have internal
syntax and meaning to an external
processor.

guideline_id: OBJECT REF

Optional external identifier of guide-
line creating this action if relevant

other_participations:
List <PARTICIPATION>

Other participations at ENTRY level -
archetypable.
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CLASS ENTRY (abstract)

Subject_exists: subject /= Void and then
(subject.relationship.type.is_equal(“DV_CODED_TEXT”")) implies
Terminology_id_Subject_relationships.has (subject.rel ation-
ship.terminology_id.value)

Provider_exists: provider /= Void and then provider.func-
tion.is_equal(“DV_CODED_TEXT")) implies
Terminology_id_Provider_functions.has (provider.func-
tion.terminology_id.value)

Other_participations valid: other_participations /= Void implies not
other_participations.is_empty

Invariants

8.2.1.1 ENTRY Paths

Entry paths are based on the value of name, which will usually be the meaning attribute, and may
have a unigueness modifier, if there is more than one entry based on the same archetype, under the
same SECTION, thus:

‘[’ ENTRY.meaning ' (’ uniqueness modifier ‘)’ ‘]'
Examples include:

[ECG results]

[blood pressure (before exercise)]

[blood pressure (after exercise)]
The paths to access the structures connected by the data, state and protocol attributes are built in the
usual way, using the names of these attributes followed by the relative paths to the node of interest,
l.e..

ENTRY.meaning ' (’ uniqueness modifier ')’ '/’ attribute name '/’

subpart _path - -
Examples include:

[ECG results] /datalhistory]/items[event 16]/item[ECG

result] /items [lead 3]

[blood pressure measurement (after exercise)]/datalhistory]/items|[1
min] /item[blood pressure] /items[systolic pressure]

[blood ressure measurement (after exercise)]/protocol [BP
protoco ]/items [position]

Semantics of Paths

One of the concerns of EHR data is the role and handling of ‘meaning-modifying’ terms, e.g. “risk
of”, “family history of” and so on. This problem was discussed in [3], where it was suggested that
modifying terms can only sensibly be handled as part of larger semantic structures, of exactly the kind
the Structure package describes. Previous efforts in this area have concentrated on finding a special
place or kind of marker in the information model to indicate the presence of a modifier, mainly to
guarantee that query engines do not falsely match things like “family history of coronary disease”
when searching for “coronary disease” as a current problem of the subject of the record.

However it can easily be shown that the problem of meaning modification is far larger than just the
prepending of one term to another. Consider the following examples from [3]:

ablood sugar level after a 75gm oral loading vs a fasting blood sugar

the phrase “fear of” associated with the phrase “lung cancer” vs the phrase “cause of death”
associated with the same phrase.
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“total hip replacement” in the context of a“planned procedure”
“meningitis” in the context of a“differential diagnosis’

Clearly the modification of the meaning cannot be modelled in a hard way in the information model,
since meaning modifying terms might appear anywhere in a semantic structure. Consequently, there
is no specia attribute or place for modifying terms in the spatial classes or elsewhere in the informa-
tion model. The question remains of how querying will function properly: how will false positive
matches for terms with meaning modifiers be avoided? The key to ensuring safe querying isto always
use whole paths, not partial ones, i.e. complete paths always starting from the root of a spatial struc-
ture. It is apparent that if full paths e.g. [differential diagnosis]/items[meningitis] is used compared to
[current problems]/items[meningitis] there will be no ambiguity in querying. Conversely, errors will
occur if paths not commencing at the root are used. Paths in spatial and temporal structures used
inside Entries are described in the Data Structures Information Model.

8.2.2 OBSERVATION Class

CLASS OBSERVATION

Entry subtype for al clinical datain the past or present, i.e. which (by the time it
Purpose isrecorded) has already occurred. 0BSERVATION datais expressed using the class
HISTORY<T>, Which guaranteesthat it is situated in time.

OBSERVATION is used for all notionally objective (i.e. measured in some way)
Use observations of phenomena as well as al statements or opinions (i.e. subjective
data) about thingsin the past.

MisUse Not used for future statements of any kind, including instructions, intentions,

plans etc.
CEN Cluster
GEHR G1 OBSERVATION CONTENT, G1 SUBJECTIVE CONTENT
HL7 Observation
Inherit ENTRY
Attributes Signhature Meaning
data: The data of this observation, in the form of ahis-
HISTORY tory of values which may be of any complexity.
<ITEM STRUCTURE>
state: The state of subject of this observation during the
HISTORY observation process, in theform of a history of val-
<ITEM_STRUCTURE> ues which may be of any complexity. Optional.

Invariants Data_exists: data/= Void

8.2.2.1 OBSERVATION Instance Structures
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FIGURE 22 illustrates three events over 35 seconds, with the first event 15 seconds after the origin.

OBSERVATION

m = at0000 (heartrate)

n = “heartrate measure-
ment”

subject = 284395; “ self”
provider = 79798

FIGURE 22 Periodic series Instance Structure

Blood Pressure with Protocol
FIGURE 23 illustrates a blood pressure observation with protocol.

OBSERVATION

provider = 79798

m = at0000 (blood pressure)
n = “blood pressure (sitting)” |

subject = 284395; “ self”

protocol

[TEM_LIST

item

item

ITEM_SINGLE

item

m = at0103(heartrate)
n = “heartrate”
v =85 bpm

ITEM_SINGLE

item

m = at0103(heartrate)
n = “heartrate”
v =105 bpm

ITEM_SINGLE

m = at0103(heartrate)
n = “heartrate”
v =122 bpm

n ="“BP protocol”

m = at0100 (BP protocol)

[TEM_LIST

m = at0101 (device)

v = [?72?2:xxx(sphyg-

m = at0200 (BP va ue)
n="“BP value’

m = at0004(systolic BP)
n = [snomed:xxx(systolic BP)]

v =110 mm[Hg]

n = “device” momanometer)]

m = at0102 (cuff) v = [?722xxx(wide)]
n = “cuff”

m = at0103 (position) |v = [???:xxX(seated)]
n = “position”

m = at0005(diastolic BP)
n = [snomed:xxx(diastolic BP)]

v=72mm[Hg]

FIGURE 23 Blood Pressure Measurement Observation

Glucose Tolerance Test
An oral glucose tolerance test takes the following form, although the number and timing of the blood
sugar levels may be dlightly different in practice:

. challenge: no calories fasting from 12pm to 8am
. datum: BSL - 8am
. challenge: 75 g glucose orally - 8:01 am
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ITEM_LIST

m = at0003 (OGT T Protocol)
|
protg:o» n="OGTT Protocol”
m = at0005 (XXXX) V = XXXX
n = [snomed:xxx(Xxxx)]

ITEM_SINGLE

m = at0010 (chal-
lenge)

n = “fasting”

v ="“calorie fast”

OBSERVATION

m = at0000 (diagnostic test)
n="GTTBSL"

subject = 284395; “ self”
provider = 79798

ITEM_SINGLE
m = at0010 (chal-
lenge)

n = “glucose”

Vv =759

ITEM_SINGLE

m = at0007 (BSL)
n=“BSL"

v =5 mmol/L

data

ITEM_SINGLE

m = at0007 (BSL)
h=“BSL"

v = 115 mmol/L

ITEM_SINGLE

m = at0007 (BSL)
h=“BSL"

v =8 mmol/L

FIGURE 24 OGTT Instance Structure

. datum: BSL - 9am

. datum: BSL - 10 am
The OGTT istreated as a single clinical concept, and thus requires only one archetype. As with any
other clinical concept, there is undoubtedly more than one way to represent an OGT T. The model pro-

vides one very obvious one however, in which the two challenges, and the set of three blood sugar
levels are each represented by aHISTORY under an ENTRY, asillustrated in FIGURE 24.

Clinical Observation Set

The observation periodically made by a nurse may occur every 15 mins up to once/twice day in hos-
pital, and might be weekly in anursing home. The following four dataitems are recorded:

- pulse

. BP

. temperature

. respiratory rate
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To Be Continued: is this an event history? depends when it 1is
entered into the record (might be recorded in
some other system, and summarised into the EHR.

8.2.2.2 Apgar

To Be Continued:

8.2.3 EVALUATION Class

CLASS EVALUATION

Purpose Entry type for evaluation statements.

Used for al kinds of statements which evaluate other information, such as inter-
Use pretations of obvservations, diagnoses, differential diagnoses, hypotheses, prob-
lem assessments and plans.

Should not be used for actionable statements such as medication orders - these are

sl e represented with the INSTRUCTION type.
CEN Cluster
GEHR Gl _SUBJECTIVE_ CONTENT
HL7 Observation
Inherit ENTRY
Attributes Signature Meaning

data: ITEM STRUCTURE | Thedataof thisevaluation, intheform of aspatial
data structure.

Invariants Data valid: data/= Void

8.2.3.1 EVALUATION Instance Structures

Differential Diagnosis (EVALUATION)
To Be Continued:

Plan
Plans are typically created for a patient based on published plans, and have a structure which usually
includes the elements:

therapies

monitoring

review

prevention

education
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Each of these might be represented as EVALUATION and/or INSTRUCTION instances, depending on
whether they are intended to be general statements of intention to be interpreted at a later time by a
clinician, or actual executable statements, such as medication orders.

FIGURE 25 illustrates a partial asthma management plan in which monitoring (peak flow) with
dependent actions (review and admission to ER) and therapy (bronchodilator) are shown. In a com-

LIN INSTRUCTION
m = target /M = “chained medication order”
source “therapy” n =“bronchodilator 1st course”
state = initial
‘Iinks
EVALUATION _ LIN INSTRUCTION
M= LT linkts m= -/ = “chained medication order”
n= ?sthma manage- “next action” | 298t |n = “bronchodilator 1st course’
ment state = initial
sourc
p LINK EVALUATION
m = “moni- | target|m = “monitoring”
'toring” n=“monitoring”
data
ITEM_LIST

m = “monitoring details”
n = “asthma monitoring”

m = “condition” v ="if pf <40% see
n="“review” doctor”

m = “drug attr” v ="“if pf <20%
n=“emergency” attend ER”

FIGURE 25 Partial Asthma Management Plan

plete plan, symptom monitoring and other medications might be shown. The parts of the plan are
linked to the root EVALUATION node viathe links: set <LINK> attribute inherited from the LoCATA-

BLE class.

Future experience with archetypes and plan design will show in better detail how plans should be rep-
resented.

8.2.4 INSTRUCTION Class

CLASS INSTRUCTION

Purpose Theroot of an action specification.

Used for any actionable statement such as medication and therapeutic orders,
Use monitoring, recall and review. Enough details must be provided for the specifica-
tion to be executed by an actor.

Not to be used for plan items which are only specified in general terms, e.g. “com-
mence bronchodilator”.

MisUse
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CLASS INSTRUCTION
CEN n/a
GEHR G1_INSTRUCTION
HL7 Act subtype Substance_administration, any Act type which isreally an action
specification (cf an Act in the past)
Inherit ENTRY
Attributes Signature Meaning
state: DV _STATE current state of the action in a state machine
description
action: ITEM STRUCTURE | description of the action to be executed.
profile: configuration data mappings from archetyped
ITEM STRUCTURE model of action.
data: ITEM STRUCTURE | state dataof action execution.
Function Signature Meaning
next_actions: List Next actionsin chain, derived from links attribute -
<INSTRUCTION> any LINK instance with name = “next actions’.
status: DV_STATE Overall status, derived from the state values of all
linked INSTRUCTIONS in the chain.
Invariants state exists: state /= Void
action_exists: action /= Void

Instruction Status

The value of the status function of an INsSTRUCTION is derived from its own state, and the states of
other INSTRUCTIONSs in the action specification chain, i.e. connected by LINKs whose meaning is
“next action” . In the majority of cases, thereisonly one INSTRUCTION, and the statusis a copy of the
state value. If there are several INSTRUCTION Objects, the value of INSTRUCTION.Status is deter-
mined from the state values of the relevant INSTRUCTION objects.

It should be noted that the status attribute might not be of interest in some cases. In primary care, GPs
or alied health practitioners prescribing standard medicines for self-administration would not nor-
mally bother with anything but the original prescription, which is effectively a proposal and order
rolled into one. The patient is expected to take responsibility for the rest. This might also be the case
for other routine treatements like physiotherapy or dialysis. In contrast, in secondary care, status is
much more likely to be used, since most treatments (including antibiotics and pain relief) require
nurse or machine-assisted administration.

The main use of statusisfor determining which instructions are current, overdue, executing, etc in the
record. The list of medication type instructions in the “currently executing” state is equivalent to part
of the current medications ist.
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8.2.4.1 INSTRUCTION Instance Structures

Simple Medication Order

FIGURE 26 illustrates the objects representing a medication order for Flagyl (Metronidizole) over 10
days. It consists only of an action, since there is no intent to do any system processing, thereis no
need for a profile or execution data, apart from the state. As with any medication, this represents only
the ‘normal’ situation, and does not attempt to describe exceptions, which are the business of the cli-
nician.

INSTRUCTION

m = “therapeutic order”
n = “first course’

state = administering

action

ITEM_LIST

m = “medication description”
n = “medication description”

m = “drug attr” v = [?722:xxx(met-
n="‘“generic name” |ronidizole)]
m = “drug attr” v = [?722:xxx(flagyl)]

n = “trade name’
m = “admin attr” V=

n="“route” [snomed:xxx(oral)]
m = “admin attr” V=

n="“form” [snomed:xxx(tab)]
m = “admin attr” v = 300 mg

n = "“dose’

m = “admin attr” v ="/(8h)AC”
n = "“frequency”
m = “admin attr” v=3d
n="“duration”

FIGURE 26 Action for a Simple Medication Order

Chained Medication Order

Often, a medication order for one drug consists of segments in which one or more of the administra-
tion details of route, form, frequency, dose etc is changed. In hospitals, intravenous antibiotics and
pain relief drugs may be followed by atablet form of the same drug to be taken orally. Other exam-
ples are common in general practice, such as the following order:

trade name = Panafcortelone; generic name = Prednisolone; form = tablets; dose = 25mg;
route = oral; freq = bd x 3 days; od x 2 days.

Bearing in mind that the details of the structure representing such an order are archetyped, there are
various ways to model it; the most obvious approach isillustrated in FIGURE 27, where for each seg-
ment of the order (technically, each separate order) after the first, only the changes are described. It
would be equally possible (controlled by archetyping) to fully describe all segments. The choiceisup
to archetype designers, and best practice will emerge as more implementation and clinical experience
is gained.

Again, no profile or execution data apart from state are required.
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INSTRUCTION LINK INSTRUCTION
m = “chained medication order” g m=rnext | pelM= “chained medication order”
n="*“1st course” — n="“2nd course”
o actions’
state = administering state = initial
action + action
ITEM_LIST ITEM_LIST
m = “medication description” m = “medication description”
n = “medication description” n = “medication description”
m = “drug attr” V= m = “admin attr” v ="“/(24h)”
n="“generic name’ |[???:xxx(Prednisolon n = “frequency”
)] m=“adminatr” |v=2d
m = “drug attr” V= n = “duration”
n="“tradename” |[???:xxx(Panafcortel
one)]
m = “admin attr” V=
n=*“route” [snomed:xxx(oral)]
m = “admin attr” V=
n="“form” [snomed:xxx(tab)]
m = “admin attr” v =25mg
n="“dose’
m = “admin attr” v ="/(12h)”
n = “frequency”
m = “admin attr” v=3d
n =“duration”

FIGURE 27 Plan for a Chained Medication Order

Recall

The general form of arecall isa communication action or appoi ntment which needs to occur at a cer-
tain point in time. Recalls can be generated by management plans, particularly for chronic patients,
e.g. opthalmology and podiatry checkups for diabetics, or by legislated or otherwise standardised
public health procedures, such as Pap smear checkups, vaccination programs and so on. The main dif-
ferences between recalls and other plans are that the time periods involved tend to be long.

In this example recall management is assumed to be done by the computer system, so there is a
requirement for a recall profile and execution state data. FIGURE 20 shows a state machine model
and profile for arecall, although in reality, the state machine and profile specification are likely to be
somewhat more complex. In any case, the design of the model and profile are to be found in arche-
types rather than the record. Thus, for the purposes of the example here, we simply need to give an
idea of the kind of profile and data that might be created in the EHR. A Pap recall is illustrated in
FIGURE 28, showing representative profile and data items.

Encapsulated Guideline

FIGURE 29 illustrates how a guideline which is expressed in an external syntax could be represented
using the action class. Instead of the structure explicitly modelling the intended events as in previous
examples, it provides containment for a guideline (expressed asaDv_PARSABLE), along with its exe-
cution state and state data. Storing a guideline in this way is probably only sensible for patient-spe-
cific guidelines; normally one would expect a reference to a standard guideline. However, the ability
to store state data could be very useful - it assumesthat the EHR systemis a preferred or morereliable
per-patient persistence mechanism than the guideline system (and there is no reason why a guideline
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profile

INSTRUCTION ] p [TEM_TREE
m = “recall” m = “recall profile”
n="“PAP recall” n="“PAP recall profile”
state = initial T m = “variables’
n="“PAP variables’
m = “recall period”
n=“PAP recall period”
v =2y
m = “other variables’
n="“min PAP age’
v =18y
m = “queries’
n="“EHR queries’
m = “query_id”
n="“age’
v = “$age’
action|ITEM_LIST
_|m ="recal| action”
"In=“PAP recall action”
m = “action item” v = “PAP”
n=‘“recall type’
m = “action item” V = “XXX"
n = “message’
m = “action item” v = “system notifi-
n = “action type” cation”
data ITEM_LIST
m = “recall data”
n=“PAP recall data”
m = “variabl€’ v = 2003-06-01
n = “last notified”
m = “variable” v=3
n = “suspend count”

FIGURE 28 Action for a Recall

system should not be constructed on the assumption that execution state data would be stored outside
itself).

8.2.4.2 INSTRUCTION Paths

Paths for plans follow the same form as for other structures, i.e. via the concatenation of relevant
name values and attribute names. The form of the path is as follows:

“[" INSTRUCTION.NamMe “]/action”
“[” INsTRUCTION.Nname“]/profile’
“[" INsTRUCTION.NAME “]/data’

For example:

[therapeutic order]/action[2nd course] /data[generic name]
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INSTRUCTION
m = “encapsulated guideline’
n = “diabetic guideline specification”
ction
+ data \\V
ITEM_LIST ITEM_SINGLE
m = “execution data” m = “encapsulated guideline’
n = “details’ n="“GLIF 3 guideline’
m = “guideline dynamic data”  [v = “xxxx” v = glif3:sorensdfoisndf
n = “recall type’
m = “guideline dynamic data” V = “XXXX"
n = “recall type’
m = “guideline dynamic data” V = “XXXX"
n = “recall type’
FIGURE 29 Encapsulated Guideline
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A Glossary

Al openEHR Terms

HCA Health care agent - any doctor, nurse or other recognised staff mem-
ber, or software or device

HCF Health care facility - any place where EHRs are kept

HCP Health care professional - any doctor, nurse or other recognised staff

member of an HCF

A.2 Clinical Terms

Care Pathway A global care management strategy for a patient, showing manage-
ment of health problems or issues in a time-based framework, similar
to a project management view of an engineering work.

Contribution

Episode A series of clinical events linked in time, such as a hospital admission
or a surgical episode.

Event

Extract

Issue A problem as identified by the patient, e.g. “inability to do exercise due
to breathing difficulty”; may be the object of wider health care, e.g.
social workers, physiotherapists etc.

Section

Problem A health problem of the patient, as identified by its underlying medical
cause, e.g. asthma; the object of medical care.

Composition

A.3 IT Terms

NET

API Application programmer’s interface - the software interface to a library
or module.

COM Microsoft's Component Object Model; designed to enable integration
of binary components obeying stated exported interfaces.

CORBA Common Object Request Broker Architecture - an object-oriented mid-
dleware architecture enabling the construction of 3-tier systems, in
which backend data providers (DBMSs etc) are known only by the
services they export to the network. CORBA is an open standard man-
aged by the Object Management Group (OMG).

DCOM Distributed version of Microsoft COM. Similar in its aim to CORBA.

J2EE

ODMG-93 A standard for object databases, which includes an object definition
language (ODL) for writing schemas, an object query language (OQL)
for querying, and several language bindings
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