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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.
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Introduction

In current health care, the exchange of information from one healthcare professional to another and
hence, the exchange of data from one application to the other, has become a necessity. As sender and
receiver want to understand the exchanged information or data properly, it is of utmost importance
to achieve mutual understanding through ‘semantic interoperability’. Semantic interoperability
represents the core need for electronic health records (EHR) and other health ICT systems, and for
communication between these systems. This document provides an approach to achieve semantic
interoperability through Clinical Information Models (CIMs).
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CTCaSOTTS 10T Crirs OO0 C.

There are fi

a) CIMs dd

knowle

scribe the clinical world of patients and health professionals, representing thelclinical
ge in ICT.

b) CIMs fu

keeping

nction as building blocks from which many different useful solutions’can be created,

the underlying data standardized.
c) CIMs arg specific instances of representations of clinical concepts, contexts, and relations. CIMs
function as specific instances of health ICT architectures. CIMs bridge between real world clinical
processes and IT solutions supporting them. For example, when using ISO 23903, CIMs cqn be
represepted in IT models using IT ontologies.
d) CIMs aj
technol

e independent from technology choices and can.be‘used in any health informption

DEY.

fine representations of clinical concepts independent of implementation, enabling
ion from one technological implementation of:a CIM into another technology based o
M.

CIMs dd
translat
same C]

safe
n the

Each reason| for CIMs is described further below.

Firstly, CIMj
in all kinds

nals,
evel.

are models that describe the clinical world, the world of patients and health professia
of fashions. CIMs provide views’ on the healthcare business at the most detailed

CIMs allow
consistently
and to re-u
documentat
(PHRs) is af
and locatior
interoperab
establish a

and to perf

meaning be
user indepe

providers to represent and tapture the meaning of specific types of clinical informption
and precisely to exchange*that information without concerns about misinterpretation
ke, re-purpose and re-position that information in multiple contexts. Consistent clinical
ion in electronic héalth record systems (EHRs) and personal health record systems
the core of CIM’s-bénefit to assure and ascertain continuity of care across time, proyider,
. This is a prerequisite for data use, data reuse and data exchange. In addition, semantic
lity addressesvissues of how to enable health professionals and ICT professionafls to

maintainithis meaning, coding and transmission of data across time and health services,
m meaningful and cooperative care, based on shared knowledge. CIMs support exchanging
[weenshealth care professionals, providers, patients, and citizens, with a focus on th¢ end
ndént of the actual ICT system(s) used.

In addition, they facilitate mutual understanding between authorities, researchers, managers, policy
makers, educators and morel2l. A key requirement to achieve meaningful data use and exchange is the
standardization of clinical concept representation within health data, including its content, structure,
context, and transmission processes. The ability to use and exchange information between clinical
information systems without loss of clinical meaning is also essential to enable safe and effective
implementation of automated decision support. Interoperability and system integration are challenges
that CIMs can help overcome to meet business objectives.

Standardization of clinical concept representation is a desirable and cost-effective way to aggregate
data from EHR systems for multiple data use and reuse, for example for decision support, clinical
quality, epidemiology, management, policy making, and research. These are the main information
processing activities in healthcare. With respect to the processes relevant to CIMs governance, a Quality
Management System (QMS) based on a framework such as ISO 9001 can be used. Defined processes for
development, application, and governance ensure the quality of CIM artefacts and its use.
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A second important aspect of CIMs is that in any given implementation context, they will need to be
combined into larger interlinked structures or compositions. CIMs facilitate use as building blocks
from which meaningful and useful integrated information solutions can be composed. An individual
CIM does usually not actually facilitate anything. CIMs can best be grouped together to create a
working solution. CIMs are not specific for a particular use case but can be created and combined for
specific use cases to meet the clinical needs. CIMs facilitate a bottom up approach. A consequence of
such requirements is that mechanisms such as composition and decomposition are needed to enable
CIMs to be safely represented at different levels of detail. For example, a hospital discharge summary
will consist of many data elements, many of which might be CIMs. However, the data specification of
a discharge summary is a separate artefact making use of several CIMs and is not a CIM in itself. How
these combinations of CIMs can be achieved using ISO 23903 is not part of this document. For example,
a quality indicator or quality report will usually consist of several CIMs (as a compositio
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ify the patient (even if anonymous, but with a respondent number), the health ofga
linical problem CIM, the clinical activities CIM, and so on. Similarly, for quality(care, t
- CIMs will be used along a patient journey or clinical pathway.

hird reason for this document is the transformation of health care towardspersonalize
This requires the advancement of data exchange between computer systems to
ng among the stakeholders involved, including patients, or evenccitizens. For that 1

finally implementable IT models, using IT ontologies. To perform this challenge cc
stently, ISO 23903 can be deployed to formally represent the<linical business system |
ledge space of the experts of the domains involved représented by those domains’ te
bntologies. In some policies, this level is referred toras ‘the information layer, reprg
led semantic level of the healthcare business. As part of a standardized software (
bss, this formalized system is then transformed.into specific instances for specific en
mation models to specify platform-specific models and implement them.

her International Standard conceptualizing’ health care processes is 1SO 13940. ]
bnce the quality of the CIMs is inevitable. This document refers to standardized te
jonships, standardized datatypes, and~the need to reference term or value sets, §
ure. CIMs model clinical concepts.that are defined precisely at the logical level. CIM
fructs, specifying modular data for clinical information. This document reflects

bnsus based on experience, regarding the level of detail in the breakdown and represg
fepresenting medical knowledge. Similarly, pragmatic views present examples of CIM,
instance data based on,€EIMs can be used within Healthcare Information Architg
opment and management of CIMs requires common and more generic definitions/de
fal concepts, such aS‘health care processes and the constructs health professionals use
bsses, as generallysdepicted in ISO 13940. Contsys is suitable as a common base for dey

rth reasen,is that CIMs do not force into taking one direction with respect to technolog
pendent-from technology choices, and are therefore core assets describing the healthcd
h ape'¢rucial in the negotiations with health IT professionals. There is widespread acc

CIM{

nj: one CIM to

ization CIM,
he same and

H ubiquitous
knowledge
eason, CIMs
nd relations
rrectly and
based on the
rminologies
bsenting the
levelopment
ferprise and

'he need to
'minologies,
nd units of
5 are logical
h pragmatic
entation of a
and support
ctures. The
scriptions of
ithin these
elopment of

es. CIMs are
re domains,
bptance that

need to be developed and standardized by stakeholders including health profession:

1S, patients,

managers, ard {ctinicat) Tesearchers om one tramd-witite being technotogy - Treutrat-yet wsable in real
systems. CIMs address the conceptual content for the logical levels of modelling, but do not intervene
in the physical implementation of IT systems in healthcare. Hence, each CIM can be used in various use
cases, IT architectures, and IT technologies.

An implementation technology standard should be chosen and the CIMs should be translated to this
document within the limits and the constraints of that standard before technical artefacts for that
specificimplementation technology can be derived. These resources, artefacts, or archetypes themselves
can be transformed into various computational representations and programming languages such
as ISO/IEC 21778 JSON, or XML, OWL, Java, C# among many others. In such developments, CIMs are
the core source material and their main function is to offer all technologies the same core clinical
information model, so that the consistency and logic of data can remain in various systems, offering a
key benefit to stakeholders to retain knowledge when replacing old technologies with new. In the world
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of ubiquitous personalized health, this applies for the new technologies used by patients themselves,
which offer highly dynamic interoperability services provided in real time.

NOTE

For specific implementations, the use of a reference (information) model can be required or

recommended, but that is only in the stage where technology decisions are or have been made. Constraints that
technology choices impose on the clinical world do not apply at the CIMs level, hence the CIMs remain the “pure”
unconstrained descriptions of the healthcare business.

Fifth, CIMs define representations of clinical concepts independent of implementation, enabling safe
translation from one technological implementation of a CIM into another technology based on the
same CIM. CIMs facilitate varlous products from standards and technology developers to seamlessly

work toget
archetype b
described i

messaging i
support (seq

CIMs also o
systems or

architecturg,

Standardize
ISO 18308,

sed EHR via HL7®1) FHIR®2) to a SQL based EHR. Data spec1f1cat10ns similar to the
this document have been found to be useful in a wide range of health care inform

ffer a migration path in perspective of ISO 23903, facilitating an approach in whic
applications can be replaced by new ones, without affecting othérlayers or views i
if of course the standards in the various layers are applied.

d CIMs further underpin the coherence of Electronic Health Records (EHR), for inst
where data needs to be accepted from multiple sources and stored in a consistent

predetermined format. In addition, for a functional EHR system (}SO/HL7 10781), queries need

constructed
services nee
terminologi
issues for cl
representat
within and §

In summary
that togethg
information|

The target

particular r
Patient Info
Healthcare |

In this docu

“shall” i

“should|

based on clinical knowledge and tied to clinical context, content, semantics and work
d to be automated based on known values of patient data linked to agreed protocolj
bs; data display and data entry needs to referenceclinical guidelines; and safety and qy
inicians moving from system to system can-be minimized through consistent inform
on. In this way, standardized CIMs form\the lingua franca of use, reuse and reusa
icross various health, clinical and carer€lated systems.

CIMs can be used as a set of accurate clinical building blocks representing clinical con
r meet the requirements for spécific healthcare related use cases for which a mixed 3
and communication technolegical solutions are developed and/or deployed.

hudience for this document includes health informaticians in general but it does hj
elevance for Chief Medical Information Officers, Chief Nursing Information Officers,
Fmation Officers, Healthcare Information Analysts, Healthcare Information Modelers
nformation Architects.

ment, the fol@wing verbal forms are used:
hdicates'a requirement;

indicates a recommendation;

htion
ions,
ision

h old
h the

ance

and
to be
flow;

and
ality
htion
hility

cepts
et of

hve a
Chief
and

“can” in

ticatesapossibitity oracapability;

“may” indicates a permission.
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convenience of users of this document and does not constitute an endorsement by ISO of the product named.

2)

not constitute an endorsement by ISO of the product named.

viii

HL7 is the registered trademark of Health Level Seven International. This information is given for the

FHIR is a trademark of HL7®. This information is given for the convenience of users of this document and does
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Health informatics — Clinical information models —
Characteristics, structures and requirements

1

Scope

This document:

This|document excludes:

2

Therk are.no normative references in this document.

3

pecifies clinical information models (CIMs) as health and care concepts that can bé u
nd to structure information for various purposes in health care, also enabling inform

escribes requirements for CIMs content, structure and context andxspecificat
ata elements, data element relationships, meta-data and versioning, andoprovides g
xamples;

pecifies key characteristics of CIMs used in conceptual and logical’ analysis for usg
s (reference) architectures, information layers, EHR and PHR systems, interoperabil
integration in the health domain, and secondary use of data including for public health

efines a Quality Management System (QMS) for a systematic and effective governe
anagement, and measurement of CIMs through their lifecycle of development, testing,
pplication and maintenance;

bed to define
ition reuse;

on of their
lnidance and

e cases such
ity, systems
reporting;

nce, quality
listribution,

rovides principles for the transformation andapplication of clinical information models through

he wide variation of health information technology.

equirements on the content or application of any particular clinical information mod
information modelling methodolegy;

$pecific applications of clinical information models such as for dynamic modelling of w

$pecifications for modellingentire domains or aggregates of many CIMs such as completg
documents or discharge Ssummaries. It does not specify CIMs compositions;

$pecification of hew.to involve specific clinicians, how to carry out governance including
governance, orlhpw to ensure patient safety.

Normative references

el or clinical

orkflow;

assessment

information

Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2022 - All rights reserved
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3.1.1
concept

:2022(E)

unit of thought

3.1.2

concept analysis
formal linguistic strategy that enables the defining attributes or characteristics of a concept to be

examined

[SOURCE: Reference [19]]

3.1.3

concept def
description

3.14

inition
pf the attributes of a concept to delineate its meaning

clinical concept

concept exp

3.1.5
model
abstract de
relationship

ressed by means of characteristics or attributes pertinent to its use in health or health

Scription of reality in any form (including concepts, data €léments, terms, and
s, statistical, theoretical, mathematical, physical, symbolic-gtaphical or descriptive fo

a domain) that presents a certain aspect of that reality

Note 1 to enti

[SOURCE: I§
added statig

3.1.6
modelling
constructiol
structure of

[SOURCE: R

3.1.7

conceptual
model that
exchange of

Note 1 to ent

[SOURCE: I§
to entry add

y: Itis often further specified to distinguish between coneeptual, logical and computational m

0/TR 23087:2018, 3.5, modified —"concepts, data-elements, terms and their relations
tical, theoretical” and Note 1 to entry have added.]

1 of abstract representations in the-course of design, for example to represent the g
software applications before coding

pference [21]]

model
describes common~concepts and their relationships, particularly in order to faci
information betiween parties within a specific domain of healthcare

ry: This pertaifis in particular to concepts representing clinical information in conceptual moq

0/TS 18864:2017, 3.6, modified —"description” changed to "model that describes”, N
ed.]

3.1.8

care

their
'm of

bdels.

hips,

gical

itate

els.

pte 1

logical information model
logical model

information model that specifies the structures and relationships between data elements but is
independent of any particular technology or implementation environment

[SOURCE: ISO/TR 20514:2005, 2.29, modified — "information" replaced with "data elements", note

removed.]
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3.1.9

physical level

level of consideration at which all aspects deal with the physical representation of data structures
and with mapping them on corresponding storage organizations and their access operations in a data
processing system

Note 1 to entry: This document focuses on the flow from business concepts in any domain via clinical (logical)
information models to their technical implementation in a specific application or system.

[SOURCE: ISO/IEC 20944-1:2013, 3.14.3.6, modified — Note 1 to entry added.]

3.1.10

information
knowledge concerning objects, such as facts, events, things, processes, or ideas, including.cqncepts, that
withjn a certain context has a particular meaning

Note |l to entry: Information is something that is meaningful. Data might be regarded ‘as information once its
mearning is revealed.

[SOURCE: ISO/IEC 2382:2015, 2121271, modified — Notes to entry rémoved, new Not¢ 1 to entry
added.]

3.1.141
healthcare information

clinical information

inforymation about a person, relevant to his or her health or*health care

Note |l to entry: This does include activities in which a patientand care professional interact directly|or indirectly.

Note P to entry: Healthcare information about a patientcan include information about the patient's|environment
and/¢r about related people where this is relevant.

[SOURCE: ISO 13940:2015, 3.9.4, modified ~ "clinical information" added as a term, "heplth" added,
Notep to entry added.]

3.1.12
context
related conditions and situations that provide a useful understanding and meaning of a suhject

[SOURCE: ISO/TR 17119:2005, 2.4]

3.1.13
clinical information model
CIM
health and care information model
HCIM
inforimation model that expresses in a standardized and reusable manner one or more healthcare or
clini¢al-eoncepts and their context in a conceptual and logical model, specifying healthcarelinformation
as a discrete set of data elements, their characteristics and relationships, and appropriate terminology
bindings

3.1.14

medical knowledge

field of knowledge pertaining to the structure, function, or dysfunction of the human body and how
these can be influenced by external or internal factors and interventions

Note 1 to entry: Medical does not imply “physician”, all health professionals have medical knowledge according
to this definition.

Note 2 to entry: This would pertain to observations, findings, diagnoses, outcomes, therapy, etc., to alleviate
disease/dysfunction.

©1S0 2022 - All rights reserved 3
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[SOURCE: ISO 13119:2012, 2.1, modified — Note 1 to entry modified, Note 2 to entry added.]

3.1.15
semantic interoperability
ability for data shared by systems to be understood at the level of fully defined domain concepts

Note 1 to entry: EC Recommendation, COM (2008) 3282 final, stresses that this implies to work for any other
system or application the defined domain concepts were not initially developed for.

[SOURCE: ISO 18308:2011, 3.45, modified — Note 1 to entry added.]

3.1.16
data

reinterpretgble representation of information in a formalized manner suitable for communic3tion,
interpretatipn or processing

[SOURCE: ISO/IEC 2382:2015, 2121272, modified — Notes to entry removed.]

3.1.17
data element
variable, clinical elements are considered synonyms in a clinical information‘\thédel unit of data that is
considered, [in context, to be indivisible

[SOURCE: ISO/IEC 14957:2010, 3.1, modified — "variable, clinical eleménts are considered synonyms in
a clinical information model" added.]

3.1.18
attribute
characteristjic of an object or set of objects

Note 1 to entfy: In the context of this document it can be a specific characteristic of a data element.
[SOURCE: ISO/IEC 11179-1:2015, 3.1.1, modified.— Note 1 to entry added.]

3.1.19
data model
description pf the organization of data in'@ manner that reflects an information structure

[SOURCE: IS0 5127:2017, 3.1.13.33]

3.1.20
datatype
set of distingt values, chanacterized by properties of those values and by operations on those valug

v

[SOURCE: ISO/IEC 11404:2007, 3.12]

3.1.21
metadata
data that defimesamddescribesotherdata

Note 1 to entry: In the context of this document, the metadata that describe clinical information models are
meant to govern the clinical information model (CIM) as objects, for instance to retrieve specific CIMs and to
maintain CIM versions.

Note 2 to entry: It is possible to relate to persistent instance data using metadata that are based on the clinical
information models in any storage or exchange format, for example to identify on which CIM specific data are
based.

[SOURCE: ISO/IEC 11179-1:2015, 3.2.16, modified — Notes to entry added.]
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2

term
designation that represents a general concept by linguistic means

EXAMPLE “Patient”, “Doctor”, “Body temperature”, “Pacemaker”, “Covid-19 virus”.

[SOU

RCE: 1SO 1087:2019, 3.4.2, modified — EXAMPLE, modified, Note to entry, removed.]

3.1.23
terminological system
set of concepts structured according to the relations among them, each concept being represented by a

sign which denotes it

Note

distinguished: symbols, appellations and terms.

[SOU
Note|

3.1.2
codi]
coml

Note
repre

Note|

termlinological systems, for example because they hayecoding schemes included.

[SOU

3.1.2
code
resu

EXAN
repre

[soy

3.1.2
valu
uniq
teste

Note

1 to entry: In terminology work, and in this document, three types of such signs _(desiy

RCE: ISO 18308:2011, 3.50, modified — Note 1 to entry removed, Note 2 to’éntry has
1 to entry.]

4

hg system

ination of a set of code meanings and a set of code values, basedion a coding scheme

1 to entry: Code meanings are typically represented by terms or rubrics, but they ca
sentations. Code values are typically numeric or alphanumeric:

2 to entry: For clinical information models, the*teding schemes are typically d

RCE: ISO/TR 12300:2014, 2.2.5, modified — Notes to entry added.]

5

value

t of applying a coding scheme to a.code meaning

PLE “CDG” as the representation of “Paris Charles-De-Gaulle” in the coding scheme fo
sentations of airport names.

RCE: EN 1068:2005, 3.6{ modified — Example added.]

6

P set

ely identifiable)set of valid concept representations, where any concept representg

d to determiné whether it is a member

1 to entryA value set is intended to be a set in the formal sense, and so should contain only

nations) are

pecome new

h have other

brived from

- three-letter

ition can be

one code for

each piniguelyidentifiable concept that it contains.

[SOURGE: ISO/TS 18864:2017, 3.32, modified — "of the value set" removed.]
3.1.27

reference model for open distributed processing

RM-ODP

standardized approach to design and governance of information systems, in particular systems
involving data communications between organizations that have different computing platforms.

[SOU

©ISO

RCE: ITU-T Rec. X.901-X.904, Reference [36]]
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3.1.28
use case

2022(E)

set of scenarios that address a particular business/clinical domain or topic

Note 1 to entry: It specifies interactions between external actors and the system to attain particular goals or a
particular methodology.

Note 2 to entry: Use cases can be used in system analysis to identify, clarify, and organize system
requirements or process steps.

[SOURCE: ISO/TR 19669:2017, 3.17, modified — Note to entry removed, new Notes to entry added.]

3.1.29

archetype
instance of
one class of

[SOURCE: IS
3.1.30

archetype model

information|
record entr
health recor

[SOURCE: I§

3.1.31
clinical ten
clinical info
supports re
and promot

3.1.32

electronic health record

EHR
information|
form and re

Note 1 to ent
care.

[SOURCE: IS
3.1.33

electronic health.;record architecture

formal desd

in archetype model, specifying the clinical concept and the value constraints thatapy
record component instances in an electronic health record extract

0 13606-1:2019, 3.3.2]

model of the metadata to represent the domain-specific characteristics of electronic h
es, by specifying values or value constraints for classes afid attributes in the elect
d reference model

0 13606-1:2019, 3.3.3]

Iplate
Fmation model that structures information around discrete clinical concepts in a way
se of components across different clinical' communication and record keeping actiy
bs common approaches to clinical inforthation system development and interoperabilit

relevant to the wellness,health and healthcare of an individual, in computer-proces
bresented according to @ standardized information model

ry: It is the logical répresentation of information regarding or relevant to the health of a subj

0 18308:201%;-3.20, modified — Note to entry added.]

ription of a system of components and services for recording, retrieving and han

ly to

calth
ronic

that
rities
y

sable

pct of

dling

information

in-electronic health records

Note 1 to entry: It is about the logical components defined in terms of information models, and the computational

services.

Note 2 to entry: The two-level modelling principle can be applied in electronic health record architectures using
one generic information model for the whole system and specifying the details in clinical information models.

[SOURCE: IS
3.1.34

0 18308:2011, 3.21, modified — Notes to entry added.]

association
relationship in which classes in a model relate to each other via a connector or link
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3.1.35
aggregation

special type of association in which child classes are configured together to create a more complex

parent class

3.1.36
composition

special type of association in which a child class cannot exist independent of the parent class

3.1.37

lifecycle
sequence of events that mark the development and use of an information resource

Note |1 to entry: Clinical information models are seentas information resources that undergo go
which a lifecycle is a key part.

EXANMPLE Conception of an invention, creation of a draft, revision of an article, publicatidg
acquisition by a library, transcription to magnetic disk, migration to optical storage, translation int
derivption of a new work (e.g. a movie).

thereby the
aged

vernance, for

n of a book,
b English and

[SOURCE: 1SO 15836-1:2017, 3.1.2, modified — "of a resource" removed from term and "information"

degrge to which a setofinherent characteristics of an object fulfils requirements

Note|l to entry: This.defines the degree to which all the properties and characteristics of a produc
servife satisfy the’requirements that ensue from the purpose for which that product, process, or se
used.

Note| 2 to éntry: In the context of clinical information models this is about the quality of
the duality of the developmental process and the services as to the governance of clinical
models.

t, process, or
rvice is to be

the models,
information

[SOURCE: ISO 9000:2015, 3.6.2, modified — Notes to entry deleted, new notes to entry added.]

3.1.42
quality management system
QMS

part of a management system with regard to qualityNote 1 to entry: It is presented here as a framework
described by ISO 9000 and ISO 9001 and it comprises of the three core elements: quality control, quality

assurance and quality improvement.

[SOURCE: ISO 9000:2015, 3.5.4, modified — Note to entry added.]

3.2 Abbreviated terms
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ADL Archetype Definition Language

CDA Clinical Document Architecture

CEN Comité Européen de Normalisation [Committee of European Norms]
CBB Clinical Building Block

CIMI Clinical Information Modeling Initiative

CMET Common Message Element Type

DAM Domain Analysis Model

DCM Detailed Clinical Model

D-MIM Domain Message Information Model

EHR-S FM Electronic Health Record System Functional Model
EVM Eye Verbal Motor

FHIR Fast Healthcare Interoperability Resources

FM Functional Model

GCM Generic Component Model

GCS Glasgow Coma Scale

HIT Healthcare Information Technologies

HL7® Health Level Seven

ICT Information and Communication Technology

ID Identifier

ITS Information Technology Specification

IT Information Technology

MDA Model Driven Architecture

ReEIF Refined eHealth European Intereperability Framework
RIM Reference Information Model

RM Reference Model

OCL Object Constraint Language

PIM Platform Independent Model

PSM Platform Specific Model

QMS Quality Mandgement System

SFM Specialized Functional Model

STU Standard for Trial Use

UML Upified Modelling Language

URI Uniform Resource Identifier

URL Uniform Resource Locator

VP Viewpoint

zib Zorg Informatie Bouwsteen [Care Information Building Block]

4 Health care information models - Concept, purpose, contexts and position

4.1 The Concept of Clinical Information Models

CIMs are used to capture functional, semantic (non-technical) agreements for the standardization of
information used in the care process.

They are models constructed to bridge/link the intersection between the business, enterprise, and
information perspectives. Traceability from a health, clinical or care process (regarding the context)
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and/or a health, clinical or care concept (regarding the content) is recommended for the use of CIMs.
That means that for example, a clinical guideline can express the required data elements for quality care
in the form of a set of required CIMs. CIMs for implementation in health care information technology
should be further expressed against one or more implementable standards to make them useful,
however that process is not part of this document.

Structurally, CIMs provide the data elements and attributes of a concept, including the possible values
and types of attributes and the relationships between data elements needed to convey the health,
clinical or care requirements to domain experts, data users, modellers and implementers.

Contextually, CIMs can be positioned in various (reference) information models. In such context, CIMs

shallrb

prk that has

UT PUDitiUllCd ;ll thC IllfUl lllqt;Ull LCl_yCl- SCC thU Eul UlJCClll Iutcn Ul_ICl qbi}ity Fl alricvy
such|an information layer in Reference [44]. An alternative representation of CIMs is inithe
layer] according to the ISO 12967 series (HISA), and specifically, the CIM placement ifi'the

Viewlpoint of ISO 12967-2.
aJIly, all CIMs make use of a pragmatic and where possible, a purposeful defined maxil
niversal use cases. For safety, “for purpose” CIMs should only use thé.required or d
ents from a potential maximal data set, as needed to suit their purp0se in common us
ose CIMs” means in this context that they are dedicated to specific-dnd not broad clinic
constraint is also in accordance with ISO 23903, reducing the complexity of the modg
e necessary level. CIMs, which represent the clinical conceptsat the logical model le

Ide
for
elem|
purp
This

A widely accepted conceptual model of health care, such as ISO 13940 (Contsys) an
quthoritative clinical reference models can refer to CIMs.

[SO 13606-1 and/or OpenEHRI[48], or HL7® EHR-S FM can refer to CIMs to specify clin
he reference (information) model guarantees that the common attributes for informat
records (such as who, when and where) have already been identified and do notneed to b
dgain in each CIM.

An agreed standard information‘exchange reference information model such as the HL7
[SO 13606-1, ISO 13606-3, or alternatively, the HL7® FHIR® resources, profiles and ex
refer to CIMs for the clinicalmaterials.

Requirements for EHR-architectures, such as ISO 18308 or HL7® EHR-S-FM, or health a
quch as [SO 12967-2-(HISA) can refer to CIMs.

information
[Information

mal data set
ptimal data
b cases. “For
al concepts.
tlled system
vel, shall be

d/or similar

An agreed standard Electronic Health Record“(EHR) reference (information) modlel, such as

ical content.
onin health
e addressed

® v3 RIM or
ensions can

rchitectures

ment to the
be of a size
'he question
ole by itself,
termine the
e to prevent

ments together in the context for which they are specified. This is don

This is further clarified in the following examples:

a)

Atomic CIMs. The CIMs consist of one single data element with a specific purpose. One example

is the CIM Body Mass Index. The BMI has one data element, which is the result of a formula. To use this
CIM “BMI”, both the CIM for length and for weight are required. Another small CIM can be the skull
circumference for youth care. Another reason to create an atomic CIM might be the reuse of the data
element in various other CIMs, such as body position in the blood pressure CIM and in the body length
CIM.

b) Molecular CIMs. Most CIMs consist of multiple data elements. There is no exact nature
determined, due to the diversity of clinical practice documentation. For instance, the CIM body
length has five data elements. Besides the value of the body length itself and the body position, the
device used, potential confounding variables and the origin of the value are also specified. However,
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most implementations will only use the actual measurement. Nevertheless, there are circumstances
where all these other data elements would be useful. In the case of the general practitioner providing
preventive care to diabetes patients, blood pressure must be measured in a consistent manner only,
which the guideline defines as in a sitting position, to ensure reliable comparison over time. In this
situation, the body position "sitting" can be used a default value or can be left out. Other examples of
CIM can have many data elements. For example, a Dutch risk assessment scale for child abuse (DMO
protocol) includes 80 data elements but can still be considered a (larger) molecule.

The reasons for reuse and separation of data elements into separate CIMs include:

— A single standing data element using other existing CIMs that can be used as separate entities

— A data ¢lement that is often reused in other CIMs with (almost) the same purpose; a genevic|level
CIM carl refer to a more specific (partial) CIM containing this data element (e.g. body position).

— A data dlement which, outside the scope of intended use, has a risk for misinterpretation and errors
in judgment. Then the CIM serves to appropriately define the content. In contrast,-it might be that a
specifield data element has been validated for secondary and tertiary uses, such as the HbA1lc values
for pati¢nt outcomes for diabetes care.

) Partial CIMs. These are small, usually atomic sized, CIMs that are @ot used by themselveg, but
only as component in molecular CIMs to provide a specific context. Exarples of such contexts in¢lude
body positipn, anatomic location, laterality and more. These partial ‘€IMs are almost never us¢d as
such, but orfly as part of another concept or CIM. These partial CIMs improve the use of CIMs thrpugh
consistent modelling of frequently used contextual parts.

d) Comipositions of CIMs. Typically, several CIMs can be'grouped together in various composifions
such as groyiping CIM blood pressure, CIM heart rate, CIMibody temperature and CIM breathing ipto a
compositior] of vital signs. Similarly, in the HL7® organization, a DAM typically defines a whole clinical
area (diabetes care, pressure ulcer risk prevention-and care) in which it is logical to de-compose all
data into a geries of CIMs, each of which can be.maintained separately and reused. Models for clinical
context such as specific types of clinical situatiéns and/or specific types of steps in the clinical process
are other examples of CIM in compositions. References [8] and [9] describe how the de-compositipn of
clinical artefacts as forms can lead to a cellection of clinical information models that are reusable parts
that can be|composed into various healthcare ICT solutions. There are some differences in apprjoach
between vafious clinical modelling~initiatives, but this decomposition and composition approach is
common to [all. The constructionef clinical templates is an important approach to make CIMs useful
in relationslip to each other. The generic term for such combination of CIMs is composition. The major
benefit is the overall standatdization of data and its consistency.

4.2 Purppse for Clinical Information Models

The purposg of Health and Care Information models is to provide the basis for precise, semantically
consistent datasand terminology specifications plus the processing rules which are comparablg and
sharable befween multiple care providers, health enterprises and standards-based HIT. Typically,|a set
of CIMs serves as building blocks for one or more use cases.

The conceptual context and knowledge expression of CIMs and their logical model of data elements
provide a common starting point and resource for Reference Architectures or can be directly converted
into machine processable representations. CIMs can also be mapped to different RIM/RM, see 4.4. CIMs
can be used by software applications to provide for or contribute to a variety of functional needs. Each
function requiring the processing and use of clinical (EHR) data determines the degree of semantic
interoperability needed. This is largely determined by the required use of the terminology applied
to define various CIMs data elements, attributes and relationships to support each function; what is
important is a shared use of terminology by trading partners exchanging information expressed so that
specifications on the same concept are consistent for all functions that it tries to achieve.
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The logical specification of a CIM is not restricted for use within one (or a limited number of) software
application(s). It can be used for multiple purposes and/or applications including:

4.3

Context and knowledge of health, clinical and care concepts that precisely express the conceptual
and logical model of the CIMs to support data collection and management in EHRs, including Storage,
Data Processing and User Interfaces.

Clinical content and knowledge with unambiguous detail which can be used across domains and
disciplines, for instance the use of health, clinical or care data communication and exchanges in
messages and services, including Medical Devices and Applications.

d purposes,
uch as Clinical Decision Support Systems, Continuity of Care, reporting of Quality, Measures to
ational Registries, submitting data for Epidemiology and/or Research, Management; Plublic Health
anagement.

Lifetime storage and retrieval of health, clinical or care data and metadatalinked to the knowledge
applied and the context in which data collection took place.

Context of Health and Care Information Models

To b¢ relevant and to contribute to healthcare quality, CIMs need/to be specifically related fo identified
health problems and healthcare requirements. Health problenis/conditions and clinical processes
including healthcare activities are examples of important clinical concepts that need to be[defined and
expldined conceptually as well as contextually. And the clinical concepts are at the heart of the business

requjrements for many (clinical) information management activities in healthcare.

CIM{ can be developed bottom-up: specifying specific clinical concepts and their context, ¢r top down,
using a more abstract concept model of healthcare as a business, or a process descriptiop. A concept
mod¢l or process model can be used as a basis for specifying the content and context|of CIMs for
cominon and shared understanding and interoperability. This is often specified in use|cases using
health concepts. ISO 13940 (Contsys) is alsystem of concepts in health informatics that can fulfil such
needs when working top-down. Themost relevant clinical concepts included in Contsys ps bases for
CIM{ are clinical process, health condition (problem) and healthcare activity (interveption). CIMs

speclfy and concretize such releyant general clinical concepts.

In many policies, including(tlie European eHealth Framework, the business ecosystenl or domain
ontology is depicted on seVeral layers. The ICT and infrastructure layers represent how thdy “integrate
into”| the health care business. Figure 1 presents an example of how CIMs can be positjoned into a
Busihess Framework: A Business Framework functions as a systematic organization |of business
requjrements for-the' application of healthcare information and communication technology. Figure 1
shows the six aspects, as layers, of the development of an information enabled organizatiopal unit that
provjdes andfor'consumes health and care services. Such an organizational unit can be ds small as a
single patient or health professional, or as large as the health system of a country. For clarity of the
concgpt;‘the main actors are depicted on each of the layers. The CIMs are exclusively sithated in the

Infoyniation layer. The six layers are further explained below.

The top layer (1) is the legal framework, guiding clinical work, IT, privacy, and data security
requirements among others.

Layer 2 includes the requirements on the policy level. Stakeholders come to agreements about
use cases, architectures, clinical processes, models, IT solutions, infrastructures and many more
aspects of implementing IT in healthcare.

Layer 3 is the clinical process requirements level. Here the use case is described, who are involved,
what is the patient journey, how is care arranged. In the ICT world, Contsys represents (parts of)
this layer.
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— Layer 4 is then the information requirements layer. This is where the clinical ontologies reside, the
terminologies, the CIMs, and more, to ensure the semantics of information in healthcare are useful
and properly addressed.

— Layer 5 describes how various requirements for ICT solutions can assist the clinical processes and
facilitate the semantics of information.

— The bottom layer (6) describes requirements for infrastructural choices.

For example, the Netherlands based its half a billion Euro policy in health care IT investments on choices
made on these 6 layers of the eHealth Framework.

LAWS & REGULATIONS legislators, governments
ORGANISATION POLICY decision makers, administrators,-rnzllr‘lagers
( CARE PROCESS ) health professional_s, patients
CIM INFORMATION health professionals, informaticians
APPLICATION ‘Inf‘ormaticians, IT staff
IT INFRASTRUCTURE - IT staff
\Z.

Organisational unit

Figure 1 — Compact description of the business requirements essentials of the Refined eHgalth
European Interoperability Framework (ReEIF)[44]

The design of different logical models-containing the same conceptual clinical content is acceptable] This
occurs for ekample when somecreate CIMs, others create archetypes and a third creates specific HL7®
FHIR® resofurces and profiles\for the same clinical concepts. Such situations could introduce risKs for
errors and patient safety df\their content differs due to the specific modelling approaches. Somg
argue that this will bring-unacceptable risks by potentially reducing the degree of quality of clini

conceptual gnd-logical model into other richer logical models need to be carefully handled. The real test
would be t tatt i ic; fs; i . ould
not assume a plug and play semantic interoperability at this stage. CIMs cover the data requirements
for the continuum of care and multiple purposes for data use. Health, clinical and/or care knowledge
is an essential component of any health ICT platform. As such, CIMs represent a key foundational
building block for the introduction and use of interoperable person-centric health records and health
information infrastructures. Transformations into archetypes based on ISO 13606-2 or ISO 13606-3
and/or FHIR® resources and profiles for implementations should be done with care.

Health IT platforms facilitate information sharing and integration within and between organizations
and between subjects of care and their care providers. Both health information users and health
software developers rely on the interoperability services provided by the health IT platform and, as
such, depend on the reference information model upon which the platform is based.
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However, there is a mixed order of many different systems in the current health ICT environment
which do not adhere to all standards relevant in a national platform and do not meet the business
requirements. On many occasions a migration strategy is required to achieve seamless semantic

inte

4.4

4.4.

roperability and it is here that CIMs can fill a gap.
Architectural Considerations for Clinical Information Models

1 General

To guarantee that the quality of data of the healthcare systems’, interoperability, and facilitation

of d

Syste
syste
components of the system, their functions and interrelationships (i.e. the architecture of {
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j:rlving clinical concepts based on the clinical ontologies addressed. The ISO 12967 s

ves for that
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m along with its interrelation with (effects on) the environment. In this context,th
m must be properly designed, and the underlying concepts properly representéd."T}

be formally modelled through focusing on stakeholders’ goals and their perspec
m, including naming and structuring the relevant concepts in the domains of inter
ring the conceptual integrity of the resulting models.

h designing a new system, its level of need for interoperability can‘be determined by t
supported and this is useful in positioning CIMs in the health ¢are ICT environment]
asis for choosing the many components that collectively make up the system archit
ssary to understand that the choices made regarding edch' component must result
ble or optimum collective performance.

g
4

h working with existing (current) systems, the functions that can be supported are
e system’s best possible interoperability capaeity as determined by decisions m
ystems architecture. The CIMs framework provides a way to leverage the value of
h, clinical or care modelling work that hasralready been conducted. This documen
of abstraction that releases the expression of information requirements from the imp
ework in which they were developed.»This can simplify the review process and alloy
reuse of the logical model artefacts~The approach using CIMs aims to make sure that
s possible from the generic CIMs-to-an implementable specification, whichever techno
deployed[2]. Annex D provides an example of mapping a CIM to ADL. Annex G present
CIM to HL7 FHIR. Such mappings between types of models are sometimes called tran;

9

(S

view CIMs initiatives appropriately, it is important to place them in this architectur
information.

2 CIMs in anarchitectural view

pd CIM shall-be based on a real clinical business case or use case and business re

refore, itSshould describe the clinical business system architecture as the compo

ess system’s components, their function, and their relations, in other words the syste
ehaviour. The architectural components, operations and (logical) relations are repres

b real-world
erefore, the
hat system)
tives of the
est, thereby

he functions
This forms
ecture. It is
in the best

determined
ade around
much of the
[ provides a
lementation
v wider and
h mapping is
ogy is going
S a mapping
formations.

e for health

quirements.

s[Icion of that

'S structure
ented by the

pries (HISA)

describes an open and modular architecture integrating the common data and business logic into a
specific architectural layer and does not relate to specific applications. For instance, in the ISO 12967
series (HISA), CIMs would be placed in the information layer. ISO 12967-2 specifies the fundamental
characteristics of information models implemented by the information ecosystem. ISO 12967-2 further
provides comprehensive and integrated management of the health data and supports the fundamental
business processes of the healthcare organization.

CIMs are models in which the relationship between concepts is represented using formal logic. For more
information regarding the architectural model of a business case and its representation by a conceptual
model based on business domain ontologies, see References [49][50][51][52] For implementing CIMs, the
conceptual models of the business domain shall be transferred into ICT domain model representations
using ICT ontologies, thereby starting with the business view and then covering the entire suite from
the enterprise view through the information view, computational view and the engineering view up to
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the technology view as defined in the RM-ODP of the ISO/IEC 10746 series. Such an approach is defined
by ISO 23903. The business view has been added to RM-ODP, preceding the enterprise level.

4.4.3 CIMs placed in the Generic Component Model

Clinical Information Models are not directly implementable. For implementation in running
applications, CIMs shall be transformed into ICT models, thereby running the entire development
process. The Generic Component Model (GCM) architecture for structurally and behaviourally
modelling interoperable healthcare systems characterizes any system by three axes. The GCM is a cube
and is represented in Figure 2. It consists of:

Domainfs;

System components;

System [development.

Each axis i§ discussed and the manner in which each axis fits in an interoperability and systems

integration
relative pos
three axes

a)

In the Busirp
actors, worl
of the GCM.
CIMs. In add
requiremen
there is potg
specificatio]
to link the 1
HL7®/ 1SO |

b)

Do

Syst

CIMs are p
as in ISO 2]
ISO/IEC 107
distributed
information|
RM-0ODP. TH
the specific
enterprise Y

reference architecture according to ISO 23903 is explained. Basedon the GCMI[42][52
ition of CIMs in each of the three axes is further illustrated in Figute 2. The GCM c

:lre illustrated:

ain

less view a specific clinical domain is analyzed and modelled, leading to identificati
[flow, data, and data structures. The business view is.represented on the vertical or y
Dn the bottom level, the required data elements and;data structures link to a (collectig
ition, the Electronic Health Record architectureof ISO 18308 links the health care bus
s to logical models for records, addressing thé'cross-domain aspects of the GCM. Alth|
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is would suffice. However, it is different-for an EHR system as there is ample opport
equired content to CIMs specifications’in the functional model for EHR systems, su
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16-1; ITU-T X.901. The RM-ODP is a coordinating framework for the standardization of

computationaly-éngineering and technical viewpoints. The business view extend
is x-axis is the"horizontal base of the GCM in an enterprise architecture framewor
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iew andiinformation view. Some CIMs components by exception would fit in some g
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computation viewzThe latter is specifically only for operations on data that are intrinsic to CIMs such as

calculation {

hers.

pecifications for total scores or the use of formulae or constraints on data, amongst of]

Q) Syst

em development

Model Driven Architecture (MDA) provides an open, vendor-neutral approach to business and technology
change. MDA separates business and application logic from underlying platform technology[23l. MDA
is part of the solution that creates an integrated healthcare IT landscape which allows data use and
reuse, bridges gaps between systems and facilitates aggregation from clinical data. MDA is dependent
upon standards, traceability and on the relationships between components[421[52], [n MDA, CIMs are
important as they provide this consistency, traceability, and reusability across domains. That is not
only between clinical domains, e.g. between general practice and surgery, but also between the clinical
care domain and the aggregate domains of, e.g. epidemiology and/or quality assurance. This is depicted
in the z-axis of Figure 2, illustrating the various System Domains.

Full traceability of CIMs and data allows the identification of which processes and systems are affected
when information definitions change. In MDA, a relation from the whole to the CIMs suffices. There
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is no need for duplication and thus no inconsistencies should occur. CIMs address the conceptual and
the internal logical level and express links to the larger logical model such as Reference (Information)
Models (RIM), illustrating relationships between data elements and constraints. CIMs do not address
the physical implementation level. However, in an EHR system or in a HL7® message, there can be a
reference to a particular CIM stored in a repository for full description.

4.4.4 The Interoperability and Integration Reference Architecture in ISO 23903

The GCM as explained above has been further developed into ISO 23903. ISO 23903 defines a system-
oriented, ontology-based, policy-driven, sustainable model and framework for managing systems
integration and advanced interoperability across multiple domains. It enables the analysis and design
of myllti-domain systems, but also systems integration. It does this by use case specificdegployment of
existiing standards and/or artefacts from different domains, i.e. selection, placement, ¢oflstraining of
the ICT components and their relationships. Contrary to traditional enterprise architecturef, ISO 23903
provides a way to easily reconcile different knowledge domains without requiring thie alteration
of thleir inherent structures and semantics to fit each other, as well as the ICT ‘domain. This implies
the reconciliation of perspectives and requirements of the domains’ stakehaolders withoyit bothering
then] with technology. ISO 23903 plays the same role for domain knowtedge-based interoperability
as the HL7® Communication Standard[34] does it for data and inférimation level interoperability.
The [SO/IEC 21838 series supports knowledge representation and«xmanagement across petworks of
information systems.

Figure 2 shows the placement of CIMs in the Reference Architeeture in ISO 23903 in relation to other
architectural approaches and information models. The CIMs are part of the business viiew, part of
the ¢nterprise view and part the information view. Thismodel enables integration of the different
stanglards, specifications and artifacts into a coherent-afid implementable Reference Architfecture.
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System Conjponent Composition
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Placement of GIMs in the Interoperability and integration reference architecture in
23903 in rélation to other architectural approaches and information models

approaches|and information models. This schema enables integration of the different standprds,

specifications, and artifacts. This also illustrates the distinctions between for instance CIMs,
archetypes and FHIR® specifications. In addition, design models at the physical level will ensure that
the instantiation of logical information models respect the CIM defined constraints. This normally is
the final step for CIM use in specific systems or products, in Figure 2, it is identified as the engineering
view and technology view.

16
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Figure 3 — Placement of other modeling approaches as ISO 13940, the ISO 12967 series,
the ISO 13606 series and HL7® FHIR® in the Interoperability and integration reference
architecture in ISO 23903

4.4.5 Representation of ReEIF through the ISO Interoperability and Integration Reference
Architecture Framework

This subclause exploreshow IS0 23903 can assist the eHealth Framework to meetbusiness requirements.
To prevent confusion between the business requirements essentials of the Refined eHealth European
Interoperability Framework (ReEIF)[44] and Interoperability and Systems Interoperability Reference
Architecture in ISO 23903, an illustration is presented in Figure 4.
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To illustrate how the ReEIF can use architectural approaches, its five layers are plotted in the Cube of
the Interoperability and the Integration Reference Architecture Model in ISO 23903 (see Figure 4). The
policies are in the domain space on top of the cube (red and purple). This is double coloured because
several parts of the ReEIF are sub policies, including collaboration agreement, for example. Privacy and
security form a separate domain and are partly bound to the legal domain and also part of another
(sub)domain ontology for information security measures. Hence, there are many other domains
contributing to one layer in the ReEIF. The care processes (orange) are another layer in the domain
space, bridging several of the slices of the RM-ODP. The information layer of ReEIF (yellow) can best be
represented in the Information Viewpoint in RM-ODP. The application layer of ReEIF (light green) goes
in the Engineering Viewpoint. Finally, the IT infrastructure, again crosses many domains, and is placed
on top of the cube as a full separate domain. Transformations between slices or layers shall not lead to
simplificatigons. The intention of placing it on the right slice is to prevent oversimplification and
that the ineyitable transformations between, e.g. requirements, standards and artifacts tagp

the right leviel in each of the three axes of the cube. (‘1/
transformation/instantiation/speef\YiL’étion
S D )
X S
Gl
&0&\ &@& / IT Infrastructure

) ICT Ontologies”
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Figure 4 — Representation of the Refined eHealth European Interoperability Framework EIF
(see Figure 1) through the Interoperability and Integration Reference Architecture Framework
in ISO 23903 (see Figure 2)
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5 Quality Management System for Clinical Information Models

5.1

General

Clause 5 explains several requirements around the creation, use and governance of CIMs in healthcare,
clinical and care environments. It describes general processes, including lifecycle management of CIMs,
following flexible good practices for a Quality Management System (QMS).

5.2

CIMs quality management system
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e 5. explains how this CIMs quality management system appears.

| the information perspective, CIMs shall be based on requirements from various sta
hcare, clinical situations and care. The focus is on the non-ICT perspective\ta-proper
ealth, clinical and care world, and their ontologies.

irements for CIMs should be based on systematic analysis of processes, user neec
iture, evidence-based guidelines and many more.

eholders should participate in the CIMs lifecycle to ascertain that their requirements a

should be developed in a developmental process, based on simple principles use
lling practice. These principles can include the following: Understandable, Repeat{
uate, Accurate, Current, Consistent and Evidence-based.

CIMs developmental processes yield the arteéfacts that ultimately satisfy the 3
rements.

us stakeholders, should accept, adopt anduse CIMs. Itis anticipated that CIMs are used

in data warehouses, in datamarts, in national registries and many more.

Use (
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should undergo a governance process in order to keep them adjusted to the reqy
us stakeholders, whichiwill undergo changes in time, and which leads to a continuou
ptance by stakeholders, including health professionals and patients.

in health information systems and/or information exchange that are based on CIM;
nce data - shotld require an information governance process. However, this
Fnance processis not part of this document.

f CIMs should lead to evaluation;review, change requests and other maintenance effor
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Figure 5 — The Clinical Information Model Quality Management System

5.3 CIMs|Requirements

CIMs development typically starts with identifying the goal, scope and concrete objectives and follows
with the idgntification of stakehelder requirements. Approaches often used include mind mappipg of
the domain|that needs to be-modelled or the preparation of a use case specification for one or more
purposes.

A domain is fleliberately’defined vaguely. It could be any healthcare, clinical, or care related area, medical
discipline, hiealth caresetting, cooperation between professionals, continuity of care, secondary yse of
data, and sof on.,A>domain could be broad, or small, depending on the scope, goal, use case and budget.
Examples include’ the domams of acute hospltal admission, stroke care, permatology, diabetes [care,
continuity d ,
for specific handlcaps health/ welfare services in the commumty, using health apps weanmg from a
ventilator, development of a nursing record system, application of a monitor for vital signs, content for
a personal health record, exchanging data from an Electronic Health Record (EHR) System to a patients
Personal Health Record System.

A domain usually requires input from different perspectives such as healthcare at large, specific clinical
areas, managerial, scientific, quality improvement, logical, financial, and technical. Given the focus of
CIMs on the healthcare, clinical or care data, it is obvious that health care professionals and providers
are the main stakeholders, however patients and patient organizations are the customer and their
needs and requirements should also be met. This is clearly indicated because patients have become a
true stakeholder in their care.

Clinical Information Models shall differentiate between the structure of the data elements and the
policy of how and what must be collected/used in a specified practice setting on an implementation or
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computable level, allowing constraints to local settings, or differences between domains or different
use cases.

5.4 CIMs acceptance, adoption and use

To ascertain reliability and safety around the acceptance, adoption and use of CIMs, some formal
procedure shall be applied in which CIMs can be reviewed, quality tested and endorsed.

Endorsement should preferably be obtained from one to many professional organizations and/or
stakeholders.
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shall be implementable in EHR, electronic messages and other health inforniation
ms, however, that requires another model to facilitate the implementation; e«g. HI
B V3, or [SO 13606-3 archetypes.

should not specifically address any technical standard or implementation but facili

Achieving quality CIMs

business context shall be the base for the modelling of ,GIMs. CIMs should represent
h care information from the care process, which is used for continuity of care, and reus;
oses such as quality registration, transfer of patients,.or patient-related research and
Fting.

rganization developing CIMs shall have established, documented, implemented, and n

equirements of this document.

e an organization has outsourced ‘GIMs development, the organization shall exerci
‘ol over such processes such that-conformance to this document can be ensured.

rganization’s QMS-CIM shall include documentation regarding its quality policy
tives and governance proeess.

Fganization’s QMS-CIM shall maintain a CIMs quality manual and procedures, includiy
ince, CIMs versioning;-and document control management.

Clinical Information Model should be subjected to some (risk) assessment mechanis
fit-for purpese and meets information (safety) requirements. This can be supp
['S 18864-

It.can be difficult to consider the risk associated with a CIM without considering the im|

and d

within the context of expected use.

eployments contexts in which the CIM will be used. Therefore, the risk assessment could b
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CIMs and perhaps also CIM collections should facilitate architectural and model flexibility and
scalability.

Localizing a CIM for flexibility, scalability or other adaptation shall be achieved without compromising
or contradicting its semantics. In other words, it shall not deviate from its intended meaning.

The CIMs governing organization should have appropriate mechanisms in place by which quality CIMs
can be extended and maintained to fully support the requirements of the health care community.
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5.6 Governance of CIMs

The management framework, which governs CIMs development and maintenance decision-making
practices, shall address the direction and control for the development and maintenance of CIMs. The
framework for CIMs governance shall comprise of the following three critical components:

a) Structure of a governance committee (examples include a program board, a technical committee, a
content committee).

b) Membership and accountability (expertise required to populate the structure, roles, and
responsibilities of each membership category) of the governance committee.

c) Processfes (i.e. the decision-making processes, decision rules that govern the decision procgsses,
disagrepment/conflict resolution, processes ensuring separation of project management [from

decisiof

Itis assume
maintenanc
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relationship
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Information|
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d that that these principles are kept when governance moves from a project.to a contin
e organization, albeit adjusted to the change in organization.

sitories of CIMs

y is a place in which CIMs can be stored, quality tested, maintained, presented
It is important for the governance of the CIMs that verification, publication, mainten
ribution environment shall be identified and established in order to facilitate the h
nity’s ability to create, use and share the Clinical Infornration Models.

i for CIMs can be constructed in such a mannerthat its knowledge base, data elem
s, keywords, and meta-data can be searched.

erning organization shall facilitate stakeholders, including patients, health professid
project leaders, technicians and other-target groups in finding the appropriate Cli
Models via multimodal approaches,such as keywords, versions, categories, and meta

loping and or maintaining organization shall provide the versioning control mechanis

loping and/or maintaining erganization shall support changing status of CIMs version

Clinical Inf¢grmation Model repositories shall provide different certification levels to the CIN
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s to the existing models, notify users with new models. Annual releases with clear ve

Fove to be a'proper mechanism.

Dévelopment Processes

1Lnical

uous

and
ance
calth

ents,

nals,

ata.
m.
5.

s to
hase,

1sers
rsion

Data exchange using technical representation(s) of CIMs carries specific hazards concerning data loss,
unauthorized access, and data corruption. Therefore, the definition and implementation of CIMs should
be subject to rigorous multidisciplinary safety risk management, privacy risk management and security
risk management covering healthcare, clinical, modelling, terminological and technical aspects.

A formal hazard analysis and mitigation for data exchange should be undertaken as part of a systematic
and comprehensive hazard analysis of CIMs content and structure and CIMs transformations.

In CIMs creation there should be a balance between the maximal data set (how much to include),
simplicity (not too much to include) and flexibility (allowing selection of subsets from the maximum
data set). This is an intricate process in which users of the CIMs need determine what data set fits their
purposes. The data set can be determined to meet all use cases for the CIM, or the use case that requires
the most data elements. In the latter situation, it is best to have the extensive set optional so that not
every user has to implement the complete set. Maximal data set means as big as possible while being
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realistically manageable. Most CIMs will never be finished and continue to move towards the maximum
data set so that more users can benefit from it.

There is always an option to create separate CIMs for specific use cases or domains, to stay safe and
keep the CIMs precise. There is a risk that the “standardization” with the CIM diverges if any party can
create their own extensions to a CIM. Then two parties can come up with similar concepts, assigning
different codes and hence, creating inconsistency. So, if extensions on a CIM are required, for example
to add highly specialized data elements to a basic CIM, this shall be done in a controlled process. One
example can explain this. For pregnancy, many professionals only need to know if a woman is pregnant,
for how long and perhaps if it is the first pregnancy. This can be a simple CIM. However, for the midwife
and obstetrician, many additional data elements on a pregnancy are needed to deliver quality maternal

care.| The basic elements should remain consistent and the additions shall be placed intg the CIM in
a conmtrolled manner to avoid inconsistencies, duplicates, and errors. So, it is possible th
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facilhutate electronic data communication and should be suitable for supporting the reuse o

fal communities have different needs, but instead of creating many variations, of th
fonsistent CIM that includes all details is the preferred option. This should dbe.done

Fent parties to only use the data elements in the CIM that are required fer\their use
all of them.

e, CIMs shall express the concept within a manageable and relevant set of conte

ith many consensus-based processes, there is the potential for stakeholders themselv{
struct the realization of CIMs, simply due to differences intheir interests. Hence, a well
ty management process and governance for CIMs requires establishment of a strong
ework (see 5.6) and well-controlled development,process (see 5.8) that includes
ion-making.

X A presents an example on how the Netherlands has established a strong devel
Fnance framework for CIMs. It is reproduced’with permission from Reference [54].

Clinical Information Model contént, structure and requirements

Clinical Information Model content and context

ral Information Models organize the structural modelling content of healthcare, clinic
ant information for the\purpose of quality documentation with a focus on continuity
ntic interoperability. A careful development which does not allow ambiguity is morj
giving care professionals maximum freedom to express the smallest nuance. A CIM
ant for the patient, health professional, and healthcare organizations. Likewise, CIM

for electremic’health record systems and personal health record systems. CIMs fuj

for multiple purposes.

e are constraints to which level or what kind of models this document applies. Wor

nt and data

ents that safely define its purpose with the potential for multiple usages in various dojnains.

s to impede
functioning
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transparent
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ther should
Fhealth care

kflow is not

included. However, some dynamic modelling can be part of a CIM, for instance where a repet

ition in time

is required, for example when measuring the Apgar score at 1 min, 5 min, and 10 min. Complex models
are not included. This document acknowledges that constructs or compositions based on multiple
Clinical Information Models are relevant but how to combine and compose is not specified here. The
model’s requirements are based on best practices in the communities of Health Level 7, OpenEHR, the
ISO 13606 series, Clinical Information Modelling Initiative (CIMI) and Nictiz/ NFU HCIM work since
2011.

It is important that the concept of the CIM be placed in the context of its clinical use. This can be
twofold: firstly, the generic use case for the CIM can be defined and secondly through the relationship
of the CIM to other clinical concepts. Since each Clinical Information Model specifies one coherent and
precise concept or set of related concepts, describing the overall picture can be important for a proper
understanding. Context includes patient category. For example, the clinical concept of body position can
be related to the concept of blood pressure measurement, which again can be related to the concept of
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vital signs. Mind mapping has been identified as a valid method for domain and concept analysis and
identifying such relationships. DAMs can serve as the reservoir of clinical concepts from where CIMs
can be derived. Another context is the different formats for reuse of concepts, for instance a quality
indicator, or a whole set of quality indicators can be the context.

CIMs are created purposefully. However, there can be situations in which CIMs are used in a context
other than the original context. On many occasions, that additional use can be possible and can add
value to the CIMs. However, there can be situations where it could be dangerous for patients. If such
situations are known, a statement with respect to misuse should be added to the CIMs.

The Clinical Information Model in question can be placed in context of use in clinical domains and in
the con
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of the Clinical Information Model in contexts other than the original clinical purpose|shall

 explicit.

The use
be mads

Use of a CIM risks

to patients.

in a non-approved (or non-intended) context should be made explicit including safety
CIM content must adhere to several criteria as described in the following sections.

6.2 Concept specification of a Clinical Information Model

A CIM startg with explaining what the concept is about and what the clinicalrelevance of the conce
The intent of a CIM shall be clear and the topic understandable to all its_users. Defining clinical con
can be complex when addressing abstract concepts and systems_of interrelated concepts. A pj
concept analysis, clarification, and definition can be necessary in.some cases.

ptis.
Cepts
oper

el of

The top
the clin

ic or subject of the Clinical Information Model in.gtiéstion shall be expressed on the lej
cal concept and a clinical concept definition or\description.

6.3 Purppse of the Concept

Clinical Inf
interventior
professiona
exchange th
for clinical

brmation Models usually describeclinical concepts such as observations, prob
s or actions, assessment scales, instruments, questions, to allow the health
to document desired information about the patient and his/her care in an EHR, af
is with the patient and the care team. It shall be clear in the CIM why these data are relg
bractice and what health care professionals try to achieve. Often there is a referen

ems,
care
nd to
vant
ce to

(local, natiohwide, or international}guidelines, laws or good practices.

The Clinical Information Mddel shall describe the purpose of the concept in clinical practice.

The Clin]

ical Information’Model shall describe why the conceptis used in quality healthcare delivery.

6.4 Patient Population for which the Clinical Information Model is intended

Some concepts’pertain to a specific patient category, e.g. adults, children, elderly. It can be important
to explain this-since using a concept for patients it is not intended for can lead to misuse. On the pther
hand, several concepts can apply to all patients. In that case, it is also important to know that there are
no restrictions.

— The patient category shall be specified in a CIM.

6.5 Evidence Base for the Clinical Information Model topic

Scientific or legal support for the concept modelled in the CIM is important. In order to obtain content
specification of the highest quality, the CIM specifies the evidence base or scientific or legal support for
the clinical concept described. The description of the (scientific) support can be based on assessment
criteria such as used by the Cochrane Collaboration[22]l. Cochrane tools such as AGREE (Appraisal
of Guidelines for Research and Evaluation) are particularly useful to determine the relevance and
quality of clinical concepts that can be expressed in Clinical Information Models. Of interest are the
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criteria for successful and effective usage of the concept in clinical practice and potential other uses.
Legal obligations can also be a proper evidence for a CIM. In several CIMs there will not be evidence
as suggested above, however, there could be other sources such as best practice, consensus, or simply
common sensel>@l. It is important to include statements about the source for the CIM content.

For example

The Clinical Information Model provides a short description of the kind of research carried out for a
particular assessment scale, including a justification as to why the scale is valid and reliable for certain
patient populations.

gene
heal

6.6

6.6.1

6.6.1.1 The core of CIMs is the explicit and structured listing of one or more data el
repr¢sent the clinical concept. CIMs should express-the clinical content and data elements in

and
infor

The information model represents the domain usually as a hierarchy, or tree, of concepts ar
bpts connected via relationships. The leaves of the tree are the “atomic” concepts or data elements,

conc
whil

e the root of the tree will nerimally be the concept that is the focus of the Clinical Inform
Figure 6 illustrates this with-a;root concept and different data elements.
4 )
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ality, contextuality and tenability to avoid constant amendments with each new dey
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Clinical Information Model should describe or refer to the evidence basé for the goncept, e.g.

ublished knowledge, and/or clinical experience of the clinical concept where it has i
evelopment of the CIM.

f the full evidence base itself is publicly available on a sustainable-online website,
extbook, a link to that website should be used as substitute for a summary of the evidg

Description of the information model and its data’elements in CIMs

General requirements for the information model

ogical manner such that they become useful in various Health Information Techn

hformed the

Dr a current
tnce.

ements that
h conceptual
blogies. The

mation model maps the concepts from the CIMs clinical content to data elements, their attributes,
and their relationships.

d/or nested

ation Model.

Figure 6 — Clinical Information Model representing a root concept and underlying data

elements in a tree structure

6.6.1.2 CIMs documentation shall contain one or more information models specified in a formal
methodology.
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6.6.1.3 The CIM’s data element specification should be consistent with the order, composition,
arrangement, scores, and/or name giving used in guidelines or scientific literature.

6.6.1.4

to questions as what the national standard or guideline needs to be used.

If necessary, scientific or professional organizations can be asked to give a definitive answer

6.6.1.5 CIMs shall include the metadata, concepts involved, data elements, (mandatory) attributes,

constraints,

and relationships between concepts.

6.6.1.6 The relationships between data elements and their occurrence shall be identified within the

composition
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Conversely,
information|

6.6.1.8 C
specific oc
definition of

6.6.1.9 Th
inclusion sh

6.6.1.10 Th

represented 1n a conceptual information model from which a logical model can be der

e CIM shall list all concepts and data elements represented in the informdtion m
the concept list shall not contain concepts or data elements not represented iy
model.

cepts can be “kinds of” other concepts, which means that these are considered a

chrrence of another more general concept. Using this relationship between two concept

a more specific concept can be based on the specification of theimore generic concept

e CIM may include another CIM or a data element from another CIM through nesting.
buld be specified through a data element that refers to.an‘existing CIM.

e description of the information model shall contaifYenough detail for a CIM implement

to be interclhangeable and unambiguously interpretable within the EHR.

A possible n

In some ca
Careful con
interoperab
Information

For exampld
naming of t
total score, 3
required in

6.6.2 Dat

6.6.2.1 D3
element” wi

jodelling approach to Clinical Information.Model is described in Annex C.

bes, there is a difference in versions of CIMs that are translated into other langu
sideration shall be given as to whether there are potential consequences for sem

Models.

, the Dutch and English versions of the Barthel index have local variations such as diff
he data elements, different scores per answer category and hence a significant diff
ind a different interpretation of what score is normal and what score is an abnormal, c4
Lhis situation. See.6.8.

h elements

ta element, data, variable, clinical elements are considered synonyms in a CIM;
[] besused here.

ived.
odel.
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more
5, the

Such

htion

ages.
antic

lity. If this is the case, the different versions should be specified in separate Clinical

Prent
brent
hre is

data

The CIM information model represents concepts either as data elements or as terms. Data elements will
generally be presented using classes or records in communication and storage. On the other hand, terms
often become converted to codes from coding systems. This way, the CIM information model separates
the clinical concepts cleanly into those present in the information model and those represented using
terminology.

Experience shows that for a given concept “one to many” data elements are specified. The scope of a
single Clinical Information Model is intended to be an optimal data set and specifying the data set allows
flexible albeit standardized implementations. Allowing a selection of relevant data elements only, can
enhance the broader use of the same standard. The next sections delineate each possible characteristic
of a CIM data element (see Figure 7).
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6.6.2.2 A CIM shall be composed of one or more data elements which together represent the clinical
concept.

6.6.2.3 Each concept should be split up into simpler concepts until a concept is “atomic” and there
is no need to consider and represent its properties as attributes. Based on experience, this lowest
representation level is the data element, including its characteristics.

6.6.2.4 A CIM shall represent concepts from the clinical content sections as data elements and assign
unique names.

6.6.
conc

6.6.2
bind

6.6.2
of su
and 1

6.6.2
instn
elem

6.6.7
sepa

6.6.2
Infor
able

6.6.7

.5 One of the concepts present in the information model shall represent the main suk
bpt of the CIM. This should be called a “root concept”.

.6 A specified data element in a CIM shall consist of name, definition, datatype,
ng and unique coding.

.7 CIMs shall reveal default values, value sets, reference values, observations in sca
bscales or items and flavours of null, cardinality and optionality wiien they are part of {
heir application in practice.

.8 If a CIM expresses an assessment scale, score, 4dndex, or other scientifically
ument for which a total score is calculated, the total s¢ore itself shall be added as a s4
ent with appropriate coding and datatype specification.

9 If a CIM expresses the outcome of a calculation, the outcome shall be added to {
rate data element.

.10 The applied calculations, algorithins or heuristics shall be fully expressed in
mation Model, either expressed in ¢th€ meta-data or appropriately referenced such t
fo confirm instantaneous verification.

.11 Relationships between data elements in a CIM shall be expressed.
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Figure 7 — A data element representing one atomic concept as single data element with its
atomic attributes that specify the characteristics required for its use in information systems
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For example, Figure 8 illustrates the details of the CIM for an Apgar Scorel5Z] in a logical model using
UML. For an example of a Table format of a CIM, refer to Annex F.

class Information Modey

Legend
D rootconcept
D . 7S INT ST

container
«data» «data» «data»
D data ApgarScoreDateTime ApgarScoreTotal Comment
D codelist .
constraints
D constraint {Waardebereik: 0-10}
1 1 0.1

co

«data» ——e. i
< «rootconcept» GrimaceScore
RespiratoryScore ApgarScore

0.1 o ()9
T AN
| \

RespiratoryScoreCodelist D GrimaceScoreCodelist D
A A
o1 0.1 0.1
co . co
«data» «datay \ «data»
PulseScore MuscleToneScoreo\ AppearanceScore
(0.4)

‘ PulseScoreCodelist ‘ MuscleTonieScoreCodelist D ‘ AppearanceScoreCodelist D}

A A A

Figure 8 — Logical Model of the Apgar Score illustrating data elements as classes and
references to value sets

6.6.3 Dath Element Name and Identifier

6.6.3.1 Toldocument care consistently, the data elements shall be recognizable by health professidnals,
patients, anfl other users; via logical and sensible terms, but for the use of data for computation these
shall have upique identifiers.

6.6.3.2 Eachdata element in a CIM shall have a unique name for identification purposes. This ulllique
name can bje based on the combination of two or more terms. For example, “observable value| and
“related value” can refer to the same base concept but a distinct data element.

6.6.3.3 Each data element should be capable of being mapped to additional terms which offer an
equivalent meaning to its name (synonym, alternative name).

6.6.3.4 Each data element in a CIM shall have a unique identifier to allow technical applications to
operate with it. Although the naming of data elements in the Clinical Information Model is unique, it
is possible for similar names in different CIMs to exist. The identifier differentiates the multiple data
elements which could have the same/ a similar name.
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6.6.4 Data Element descriptions

6.6.4.1 The description or definition of each data element clarifies its meaning.

6.6.4.2 The CIMs shall include definitions or descriptions that specify the meaning of each data
element.

6.6.5 Semantic coding of data elements

rminologies
e coding is
e of data for

, identifies the

a element can be assigned multiple synonyms as there, is{(no preference for a spe
bulary or terminology. An important issue is that precise codes shall be selected, not g
epts that would create imprecision. This particularly<pertains to clinical data elemg
ss necessary for time stamps or person identifiersithat apply other formats. Since ¥
Fantly evolve to meet changing needs, it can be pogsible that there is no current code 4
bn vocabulary for some data elements and therefore a process to request codes for miss

termfinology with unique codes. Sometimes a distinction is made between an interface tern|

a refi
can k

6.6.3

erence terminology. CIMs accept any Kkifid of controlled terminology, but national or |
e made.

.2 To ensure correct interpretation, the meaning of the concepts / data elements usg

pbe required. If no code is available in standardized terminologies, it is possible to cy

' to describe
code for the

cific clinical
ome related
ints but can
rocabularies
vailable in a
ng concepts
eate a local
inology and
ocal choices

d in the CIM

'minologies.

from one or
lassification

shall|be defined.

6.6.3.3 Everydataelementin the CIM carrying semantic meaning shall be labelled using te
6.6.3.4 Each data element in a CIM shall have a minimum of one unique code assigned
multjple coding systems from a recognized or locally defined vocabulary, terminology, or ¢
system.

6.6.3.5 Coding of data elements in the CIM shall be unambiguously expressed.
6.6.3-6—Each-data—elementecanhaveequivalentcodesfromalternativecodingSystems
synonyms.

slassigned as

6.6.5.7 Each coded data element shall have an associated description which clearly identifies the

term

inological or classification system by name and/or the identity and version.

6.6.5.8 Each unique code and description for each data element should be derived from a formal
standardized terminology.

6.6.5.9 Coding of different data elements in one CIM may be taken from different terminologies, if the

term
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6.6.5.10 The CIM information model shall express clearly which data elements and concept
specifications are handled in the information model space and what is handled in the terminology
model space in those cases where ambiguity exists.

6.6.6 Datatype

6.6.6.1 Different data formats are used in clinical care such as text, numbers, pictures, graphs, date
and times, true-false statements, enumerations of lists of observations (concept descriptors) and sets
of predetermined answers to questions. Health Information Technology has learned how to properly
process such formats. Different standards developing organizations have created lists of datatypes

which have ; plent

system would be acceptable.

Experience has shown that despite the numerous variations in datatypes, only a limited set islfrequently

used in the majority of CIMs.

6.6.6.2 The datatype for each data element shall be unambiguously expressed from a fixed set.

6.6.6.3 THhe formalism to express a CIM shall allow the use of the minimumcofthe datatypes expressed

in Table 1.

6.6.6.4 THe datatypes should be consistent with ISO 21090 or an.equivalent datatype specification.

Table 1 — Minimum set of datatypes for CIMs

Code Name Description Type

ANY Any datatype Data representing any datatype.

CD Concept Descriptor | Data representing a uriguely coded concept from a terminology|Complgx
defining a precise meaning.

co Coded Ordinal Data representing coded ordinal concepts, representing both a|Complgx
meaning and a‘numeric value for calculations.

PQ Physical Quantity |Data representing quantities with both a scalar value and unit, | Complgx
including ratio data.

INT [nteger Data representing numerical values of type integer, that is without|Primitive
decimals.

ST String Data representing text. Primitive

BL Boolean Data representing Boolean values representing true or false. Primitive

TS Time Stamp Data representing a moment in time. Primitive

I1 [nstanceldéntifier |Data elements that uniquely identify a thing or an object. (including | Complgx
OID, URI and URL).

ED Fnicapsulated Data |Data representing sampled data, images, sound and multimedia. |Complgx

6.6.6.5 The formalism may support other simple types, provided they are specializations of the types

listed above

6.6.6.6 A CIM may include datatypes representing an interval of time, an interval of a quantity and/or
an interval of a numerical value.

Annex E presents a specific Datatype profile for the logical model part of a CIM.
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6.6.7 Value

6.6.7.1 Adataelementalways hasavalue. Data elements can have common or different characteristics.
An example of a common characteristic is that it can be carried out at a particular date, time and
location.

For example

If the patient is observed, questioned, or measured, it normally results in a value which must be
documented, resulting in the actual patient instance data.

s, diagnosis
descriptor.

Ins .

and dssessment scales, the result of clinical work reveals a specific rate, assessment score o
In some examples, the value can be derived from a predefined list of options; this kind'of fepresentation
led a value set. From a value set, one or more values can be selected, repreSentihg what the
clini¢ian finds appropriate to document. For an intervention planned or carried-6ut;the dath can simply
be a statement of its clinical status ‘done’ or ‘not done’.

6.6.4.2 A description of the value shall be part of the CIM specification.

6.6.1.3 Where applicable, for values with Concept Descriptor (GD)'or Coded Ordinal (CO) according to
ISO 41090, the data element shall specify the value set and its unique identifier (Persistent|URI/URL or
OID)|or equivalent specification.

6.6.7.4 For data elements representing a quantity, thewvalue shall specify the unit express¢d in Unified
Codg for Units of Measure (UCUM)[22] or equivalent standard units of measurement.

Example data element value: An example value.8hould be added to each data element exgression. For
instance, if the data element is body temperature, the example value can be 37 °C.

6.6.1.5 A data element can have a minimum of one example of the value described.

6.6.4.6 A CIM shall indicate how.many times the data element shall be present in an instlance via the
cardinality.

6.6.4.7 The CIM shallspecify whether a data element is optional (allowed to not be present in an
instgnce) or required.{sheuld be present in each instance if the data is available).

6.6.4.8 The CIM should specify an upper boundary to the number of occurrences, which may be
“unlimited”.

6.6.71.9 Alfthe CIM does not specify upper boundaries to occurrences, this implies that the data element
can qcclr once at most.

6.6.7.10 The CIM shall specify whether the data element can contain no data.

6.6.7.11 If a data element is required and data is not available, the CIM should express a requirement
for the data element to indicate the reason why it contains no data.
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6.6.8 Value set expression

6.6.8.1 A value set can be described as a micro vocabulary of allowed answers to questions or a
limited subset of observation findings; most often these are Concept Descriptors (CD) or Coded Ordinals
(CO).

A Concept Domain expresses the options within a value set that needs to be encoded but is not tied to
a specific terminology; this coding within a value set is known as value domain coding. Alternatives
are to create subsets of values from existing coding systems, such as from SNOMED CT®3)[€0] and
LOINC®%Ie1], Further, examples are known where specific clinical instruments have been precisely
coded within a controlled terminology.

6.6.8.2 A [value set is a micro vocabulary and shall have a name and a separate identifichtion
(Persistent URL, URI or OID).

6.6.8.3 Al clinical terms in value sets shall be associated with at least one code fronyYany (specified)
coding syst¢m.

6.6.8.4 FoIr data elements in CIMs that have the CD (Concept Descripter)y or CO (Coded Ordinal)
datatype, edch enumerated value in the value set shall be uniquely coded.-A reference to an external
value set is acceptable.

6.6.8.5 THe CIM shall be able to associate one or more codes ftom any coding system to any fterm
specified infa value set for a data element.

6.6.8.6 THe value set specification for a data element should be based on a standardized terminglogy
such as SNOMED CT ®, LOINC®, IDMP, or similar, or on'thbore local standardized terminologies.

6.6.8.7 Coding of different values within one value set may be taken from different terminologies, if
the terminologies are properly identified with:both terminological system name and unique identifier
(Persistent URI/URL or OID) to prevent confusion.

NOTE In| several CIMs, the value set/dentifies options within the observation findings and adds a specific
numeric value; the latter is known asthe-Coded Ordinal (CO) datatype and is generally used in measurgment
scales or ass¢ssment instruments. This"CO allows mathematical operations to be carried out, thereby deyiving
a total or surh score on an instrument. At the same time, a meaning can be given because the number foi] each
individual scpre represents an @bsetrvation in the real world. The meaning of the observation can be added {o the
CO numeric vfalue in the formofa display text.

See ISO 21090 for morédetails on datatypes.

6.6.9 Relationships in CIMs

The following relationships will frequently be applied in CIMs

The formalism used to model CIMs should support the following types of relationships between data
elements / classes:

— Association;

— Aggregation;

3) SNOMED CT is the registered trademark of the International Health Terminology Standards Development
Organization (IHTSDO). This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of the product named.

4) LOINC is the registered trademark of Regenstrief Institute. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of the product named.
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Composition;
Generalization;

Specialization.

6.6.10 Localization of CIMs

6.6.10.1

The CIMs describe the optimal representation of the clinical concept and its data

elements and associated characteristics. Nevertheless, not everybody will use the CIM in the same
manner. Depending on the context of use of a CIM, some or all of its data elements should have default

valug
exanjple another country, another clinical domain (for example from general practitiong
healt
electronic health record versus electronic data exchange).
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0.2 The CIMs should allow localization through not using some of its data elements
of the associated values in a value set.

0.3 Not using some data elements shall only be possible for CiMs content which do
er clinical practice.

Example instances

ral information modelling is still abstract work, often difficult to understand by stal
lbe seen best practice to add one full expressed:e€xample of a CIM. That means that :
epresented both via all data elements, and that for each data element a relevant va
istrate the use of the CIM. Typical exampleS’include draft forms, screen mock-ups, u
ns and more, which are filled with instance data that are example data.
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¢linical concept and its use(s).

ant, this subclause.can be used to specify clinical knowledge on normal, low, high scqg
blines usually¢provide the clinical content and knowledge that can be summarized
ription of how-the results of the scale, or the collection of data should be interpreted a
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When interpretation of values of total scores, or similar, is bound to certain limits or
these can be expressed in this section.

This section can also be used to explain the consequences of results for patient and car

boundaries,

e.

If an interpretation varies per specific target group or patient category, this can be expressed in this

section.

If a clinical decision during care delivery is based directly on a particular score or value, this can be

described here.

If guidance applies for the interpretation of the CIM outcome, score, or results, these should be
expressed as point of reference or a reference to an authoritative source should be included.
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— The CIM should describe specific consequences of a result or score for a patient.
For example

A pressure sore risk assessment scale, such as the Braden Scalel®2], is often used to calculate the
potential for developing pressure ulcers. The sum scores indicate nursing actions to be taken to prevent
pressure ulcers in that patient.

There is an increased risk at a score of >8 which increases again after 12, stated as:

<8 no increased risk, 8-12 increased risk and >12 extra increased risk.

InstructiongTor clinical care:
If a sum score is <8, then actions 1, 2 and 3 are indicated.
If a sum score is between 8 and 12, then actions 3, 4 and 5 are indicated.

If a sum score is >12, then actions 5, 6 and 7 are indicated.

6.9 Constraints or Limitations for use

In some sithiations, it might be necessary to limit or narrow down thé usage possibilities of a|CIM.
Constraints|currently identified are presented in this subclause. A textsection in a CIM would norinally
be enough tp outline the limitations or constraints.

— Each CIM should clearly express — when applicable - any identified limitations of use of the model in
practiceg or in systems.

— Constraints in the model or its technical representations shall be clearly expressed.

Specifically,|limitations might be necessary for CIM data elements, occurrences, relations, value sgt, or
value set bindings.

— Contextrspecific constraints on data elemments should be clearly expressed.
For examplg

— A data ¢lement in a Clinical Information Model might only be applicable for a male and not{for a
female ¢r vice versa.

— Constraints on valué-set expressions and their code bindings should be expressed.
For exampld,

— The dedicated_codes for each of the values in the value set for each of the data elements gdf the
Braden Scale(é4l that are created in the Logical Observation Identifiers Names and Codes (LOINC®)
code sy$tem:

— Constraints on relationships between data elements should be expressed

Types of relationships between data elements can be classed as hierarchical (arranged according to
importance), nesting (e.g. a combination of data elements which is a subset of a larger CIM) and use of
style patterns (e.g. data elements that are defined in a specific manner). They can be expressed as data
element A ‘has a’ relationship to data element B or an ‘is a’ relationship.

— Constraints on types of relationships between data elements should be expressed.
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Cardinality specifies the multiplicity or wide range of a relationship. For example, a total score can be
derived from underlying data elements; the multiplicity for a total score is 1 total score consisting of *’
(many) sub scores.

Constraints on cardinality of relationship between data elements should be expressed in the Clinical
Information Model.

There can also be a range or minimum/maximum value limit for an Integer value (INT).

Constraints on values, such as minimum or maximum values should be expressed in the Clinical
Information Model.

Som¢ data elements within a CIM require or are the result of a derivation mechanism; such as sum
scorg¢ calculation, use of algorithms, among others.
— The derivation of value limits should be identified to ensure that consistent measures 4re taken.

Algorithms used or derivation methods applied on data element values should be clear
o support appropriate interpretation of data.

y expressed

xample,

Body Mass Index (BMI) is calculated based on the formula body weight (in kilograms
he square of body length (in meters).
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n be considered best practice to implement only some>selections or subsets from th
set in a CIM. This approach allows constraints and/or selections of some data eler
ral Information Model’s data set. These constraints$’are not part of the CIM specificat
additional separate implementation specifications.

For dgxample,

Dnly three of the data elements out of*\a set of 15 may be implemented in a particu

included in a HL7® v3 message. For@€xample, for a report on blood pressure for a natio

ality registry, only systolic and diastolic value and the body position sitting would

u
}ijt the circumstances of the patient and not the time of the day it was measured, not
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Instructions for use of CIMs

btain correct, safe,*and meaningful data in the EHR, data communication and use f

ble way. If CIMs are deployed in medical devices, proof of valid and reliable recording
esent todrely upon the output of the device. Of course, for medical devices more relia

edfational organizations and/or biomedical engineering departments.

oses, it is assuimed that data based on the Clinical Information Model are recorded in

ar EHR and
nal diabetes
be reported,
the cuff size

r identified
a valid and
pf data shall
ble methods

to determine the validity and reliability including calibrations and validation measyrements by

Such

principtes—of Tecording semanticatty vatid—amdTetiabte informmatiomr suchr—as—o

servations,

administration of assessment scales, carrying out of activities or conducting measurements with
devices applies to any type of CIM (see Reference [63]). Provenance prevents unwanted variability in
the documentation per data element and the CIMs concepts.

The consequences of clinical findings based on the data elements for patient care should be guidance
for a valid and reliable interpretation of the CIMs concepts. It can also be used to derive minimum or
maximum values in medical devices, EHRs or messages.

— The Clinical Information Model should contain a reference to identified usage guidelines and/
or instructions for appropriate use of the clinical model for various use cases, care processes, or
clinical systems, where appropriate.
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— A CIM should express any differences in the variation of results of a score, assessment, or index per
patient target population.

6.11 Care process / dependence

Clinical Information Model content can be relevant in specific phases of the care process, assessment,
treatment plan or care path. If constraints are placed on the CIMs, these are explained in this subclause.

If necessary, provide a description of the place of the CIMs in the care process including any
dependencies of its use and implementation in relation to other activities in the care process as well
as criteria, decisions that need to be taken in advance and who needs to do what. This is still use case
independent since all patients some way or the other receive care via a care process.

For exampld, two types of Clinical Information Models can be identified in the care process-as depjcted
in ISO 1394p (Contsys). One type of CIM covers the health-related condition (e.g. obseryedyevalyated
or stated in[SNOMEDCT® as the Observable Entity or Clinical Finding Hierarchy) and the 6ther tyjpe of
CIM is activjty related (e.g. contains method description, how and who). One Activity,€IM would pe to
“take the blpod pressure” and the Health-related Condition CIM would be the result of the activity of
taking the blood pressure, in this case an observation with an actual blood pressure value.

Both CIM types could be used in different steps in a care process, whether generic or specific. The Activity
CIM only says what kind of information is needed, information about thelindications/contraindications,
current congdlition, goal condition, activities, patient view of the activijty. is still required.

This can then be applied to specific care processes such as for 'congestive heart failure, adult’ wherje the
activities anjd conditions relevant in this specific case are populated. However, that is use case spdcific,
and will not|be part of the CIM.

There should be reference to both the CIMs which proyide the structure for the type of informption
that a health-related condition could contain and the-kind of information an activity CIM will contain
within the different steps of a care process. This allows the application of different CIMs. Alternjative
care procesf representations where CIMs can be-placed include care or clinical pathways and pdtient
journeys.

— CIMs should be developed independent of any use case, specific care process, context, or clinical
system when possible.

— Clinical|Information Modelswhen developed for a specific use case, or care process or context,
learly express th€-identified clinical care processes and or compositions it has jeen

The issue dection“provides guidelines for Clinical Information Model content. It can explain the
relationships with terminologies and classifications and whether they are used, if there are mifsing
codes or whether a set of codes has been requested.

Remarks can be made about the quality of the material along with suggestions for future adaptations.
Possible inclusions are a notation that evidence or other literature is missing along with suggested
approaches for obtaining the evidence along with local changes / variations in CIM content.

Modelling issues, choices or difficulties can be explained as well, preferably including the options and
choices made. In general, it is similar to the discussion section in a research paper.

For example, The CIM for the Barthel Index notes that its information model and CIM description is
based upon the Dutch version, which differs in scores from the original English version.
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Alternatively: often codes are not available for each data element in a CIM. Data elements for which

codes are missing can be listed here.

— A CIM could contain specific information on modelling choices, e.g. when these lead to a specific

representation of the concept, which could have alternatives.

Each Clinical Information Model should identify unresolved, controversial, or contentious issues

that require further discussion in future revisions of the model and that model users should be

aware of before applying the CIM.

6.13 Example of the use of a CIM

An ekample can be included for clarification purposes such as the use of a scanned papé
or picture of the instrument as it is used in practice in a paper-based record, preferablyj
readpble quality of JPEG / BMP / PNG / TIFF or another common format. Another pption is
from|an existing EHR system.

It is
pern
CIM.

lission needs to be granted from the developers of that example and)explicitly state

1

\ Clinical Information Model may have a section allowing inclusion of examples f
ractice, screenshots or User Interface mock-ups of the clihical concept and its data e
xample values.

6.14 References

Thissection provides references that are relevant te\the content of the CIM including project
world wide web pages and vocabulary to properlyacknowledge prior work. Also note the p
which source material for the CIM has been developed, if in the form of artefacts such as a
HL7® R-MIM, template or XML component.

Identify vocabularies including the release and/or version.

For example, two vocabularies_are referenced with their matching OIDs: SNOMEDCTG
2.16,840.1.113883.6.96, LOINC®, with OID: 2.16.840.113883.6.1.

For example, use of SNOMEDCT in a care setting and/or an application requires a li
inforimation can be foufid on the website of SNOMED International https://www.snomed.

r document
a good and
h screenshot

also possible to create a User Interface mock-up with real data values for illustration though

| within the

rom clinical
ements and

s, literature,
rojects from
h archetype,

with OID:

rense. More
prg/snomed

-ct/get-snomed or thé-websites of national member bodies.

ach Clinical itfformation Model shall include identified references to all published and
iterature; guidelines, knowledge, specifications, terminologies, and all other materia
informedhits content.

epresentation of each reference should adhere to common citation formats used

inpublished
Is that have

in scientific

b Aot

A
cCTacurcy

NOTE The APA, Harvard, NLM or Vancouver formats for referring to literature, or any other for
can be used to list references (see Reference [64]).

6.15 Intellectual property issues around Clinical Information Models

mal guidance

There are four areas of concern around issues in CIMs content, use and intellectual property (IP).
These include copyrights of source materials, disclaimers, terms of use and copyrights for the models
themselves. The first issue is the use of existing clinical materials to describe the concept and medical
background, which could include copyright and or licensed materials.

— A Clinical Information Model should include a clear statement of any copyright or licensing
restrictions that apply to the content of the CIMs to respect the intellectual property.
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— Permission to use specifications from other sources than the CIMs shall be included.

The second is the potential use of a disclaimer which can be relevant to the development and use of the
Clinical Information Model or after it has been declared obsolete.

— A (Clinical Information Model can include a disclaimer that applies to the content of the CIM to
prevent liability issues.

A third area of concern is terms of use of the models.

— A CIM can contain a specification of terms of use under which any stakeholder can apply the CIM,
e.g. in guidelines, care processes, information standards, EHR systems, electronic messaging or as
data definitions for secondary purposes.

The fourth ¢oncern is the copyright of the CIMs themselves. Clinical Information Models have authors
and respongible parties and they have intellectual property rights. These can be waived)e'g. thrpugh
creative commmons policies or similar.

— Authorghip, IP holders and/or governing authorities of Clinical Information Models, including njeans
of obtaihing permissions for obtaining licenses for use, should be made explicit in the meta data.

— The author of each Clinical Information Model should be clearly. identified to ascertain
trustwqrthiness.

NOTE The author can also be an organization, such as a clinical orgarization.

— The copgyright holder and/or governing authority for each*Clinical Information Model should be
clearly ¢xpressed.

The idea behind the CIMs is the provision of high-qualitj*sharable specifications of clinical congepts
for use in hpalth care IT. This implies sharing and confributing. It also implies that the CIM sh3ll be
traceable tol authors and responsible parties. Also,@, quality label can be given. The following bullets
refer to noriative statements that highlight certain'aspects of legal issues around CIMs.

— Certain|rules should apply for proper deployment of CIMs.

— Change$ in content, data, and codes.of CIMs could be viewed as an infringement of copyright and
potentially damaging to patients because it jeopardizes the realization of semantic interoperability.

— Change$ can be suggested to(the author or responsible party of a CIM and, if accepted, they carl lead
to:

— Argvised CIM

— Varjations adapted to a local situation, without changing the original CIM, which could be|done
via extensions.

— A ClinicpHnformation Model, or its repository should include information for (potential) usefs on

A L.
how to cofrduet thanget Cqucoto.

There should be online information for users of any CIMs from a source organization regarding change
requests and patient safety and quality of care implications of changing a CIM without permission.
Including this information in every CIM would be burdensome but a link to the main discussion site
for change requests could easily be included in every CIM. How this is operationalized will vary. The
minimum, however, would be to include it as a separate statement in an individual CIM if there is no
reference available.
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7 Metadata for clinical information models

7.1 General

Several metadata elements are required for Clinical Information Models. It is necessary to identify
responsibility for a particular CIM in order to allow an assessment of the integrity of the work. This
area would include any unique identifiers, author details and endorsing organization.

Metadata conveys information that is non-essential for the purpose of the clinical concept being

described but that is important for other purposes such as:

CIM§g
easy

The

ocating a specific Clinical Information Model based upon e.g. subject, area of applicab
resentation.

;

1
gdnd by whom its use in clinical practice has been endorsed.

q

retrieval.

The metadata should support unambiguous and international ufiderstanding of impor
o describe a Clinical Information Model, e.g. author, version,validity.

procedures.

|

lechnological and human stakeholders, whether‘ahealth professional or a patient.

The metadata should be potentially usable fo¥’automatic processing, e.g. support seard
festrict matches to Clinical Information Models of a certain type or quality level.

Loverning authorities for a CIM shotld enable any reference to published knowledge
include a date when the knowledge-is due to be reviewed (and therefore when the CIM
e reviewed).

etadata here described is hot intended to:
Describe documents gryelectronic records about a single patient, such as medical recor

Describe details ofthe medical content of the document or record (though some idea o

\ssessing quality of the Clinical Information Model, e.g. its age, author integrity; certifig

will be available in an accessible repository and/or a registry with metadata, supp

The metadata should be applicable to all Clinical Inforiation Models, e.g. observat]

Metadata should be presented in a manner capable of being correctly interpret

jlity, form of
ation status
orting their
fant aspects
ions, scales,
ed by both
h engines to
or policy to

itself might

ds.

Fthe content

¢an be ascertajned via keywords or codes).

Prescribe-the criteria for the quality of the document or record content.

7.2 | THeimetadata elements of the Clinical Information Models

Relevant metadata etements are presented in labie 2 atong with their description. 1he cardinality
expresses whether the element is mandatory or optional and the terms in the use column expresses the
normative strength.

This CIMs metadata list is based on an analysis of ISO 13606-2 (on archetypes), ISO/IEC 11179
(on metadata), ISO 13119, CEN/TS 15699 (on metadata), Eurorec documentsl(®tl, HL7® templates
specificationl®Zl, and HITSP/TN903[%8l, In the list, “mandatory” and “recommended” are included.
Mandatory means that it shall always be present without exception. Recommended means that if these
metadata are available, they should be included. For example, the expiration date of a CIM should be
included if it is known.

1. A Clinical Information Model should include meta-information as specified in Table 2.
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Table 2 — Clinical Information Models Metadata elements, descriptions, datatypes, mandatory
or recommended uses

Metadata element Description Datatype | Cardinality Use
1. Name The name of the Clinical Information Model |ST 1.1 manda-
as given by its creator. It is a free text natural tory

language name identifying the Clinical Infor-
mation Model concept.

Reference: HITSP/TN903, HL7® Template
project, ISO/IEC 11179-1:2015, 3.2.21, Eu-

rorec
2. Type There is an assumption that different types of | CD 0.1 recoin-
Clinical Information Models can be identified, mended

such as observation, procedure and evalua-
tion. At this stage however, it is unclear which
types will exist.

If ISO 13940 (Contsys) is used, then the type
of Clinical Information Model will be identi-
fied from the business process as defined in

that standard.
3. Identifi¢ation A globally unique, non-semantic identifier II 1.1 manda-
for the Clinical Information Model assigned tory

by “the owner”. This can be a persistent URI/
URL or an OID but equally could be another
identification system.

Reference: ISO 13606-2, HITSP/TN903HL7®
Template project, ISO/IEC 11179

4. Keyworfds A set of terms from a controlled.¥eference ST and/or |1.* manda-
terminology which can assist with index- CD tory
ing and searching for a Clirtical Information
Model.

A keyword can be a(synhonym, derivative
term or a generic (such as the Braden Scale
with a keyword-Pressure Ulcer Risk).

In all case§ the display text and the code are
used inrorder to allow clinical verification at

all times:
Reference: ISO 13606-2, HL7® Template
project
5.  Author(f) A uniquely identified person and/or organ-  |PN 1.* manda-
ization and / or governing organization, it tory

would also contain names of those who con-
tributed to the development of the Clinical
Information Model.

A distinction is between the author of the
clinical content, the author of the information
model, the person who provided the coding
and the person who reviewed the end prod-
uct.

The organization for which these individuals
work is also mentioned. The position/role of
the author can also be stated.

Reference: ISO 13606-2, HITSP/TN903, HL7®
Template project
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Metadata element

Description

Datatype

Cardinality

Use

6.

Endorsing authority

The authoritative organization which has
reviewed the Clinical Information Model for
clinical accuracy and relevance, endorsing it
for publication and/or use.

Reference: HL7® Template project, ISO/
IEC 11179

EN
AD
TEL

1.*

manda-
tory

7.

Identification of the
endorsing authority

Formal identification of the above organiza-
tion.

I1

Reference: HL7® Template project

manda-
tory

Version number

Version identifier for the Clinical Information
Model; the ability to determine the correct
version is essential to its identification.

The version number shall be raised in every
change.

NOTE If the creator identifies no version
number, the registry or repository will assign
a version number using the publication date
associated with the Clinical Information Medel
expressed in the format YYYYMMDD.

Reference: Eurorec, HITSP/TN903, HL7® Tem-
plate project, ISO/IEC 11179

INT

1.1

manda-
tory

Creation date

The date this Clinical Information Model was
created in YYYYMMDD format.

Reference: HITSP/TN903,HL7® Template
project, ISO/IEC 11179

TS

manda-
tory

10.

Publication date

The date on whigh-the Clinical Information
Model came/wil come into use expressed in
YYYYMMDD_format. Use of the CIM prior to
this date would be considered invalid usage.

Reference: [SO 13606-2, HITSP/TN903, HL7®
Template project, ISO/IEC 11179

TS

manda-
tory

11.

Expiration date

The date on which the Clinical Information
Model expires expressed in YYYYMMDD
format. It can be used as point of reference
for data analysis based on historical data
but after this date it should no longer be
employed.

Reference: HITSP/TN903, HL7® Template
project

TS

recom-
mended

12.

PR P I )
Superscaca oy

ThethnmicaHnformation Modetthathas st
perseded this CIM and which should be used
instead. This field can only be created if the
publication status of the former CIM is set to
'Superseded'.

Reference: ISO 13606-2, HL7® Template
project

—+
—_—

=)
ik

recom-
mended

13.

Revision date

The date this Clinical Information Model
was revised when applicable in YYYYMMDD
format.

Reference: HITSP/TN903, HL7® Template
project

TS

recom-
mended
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Table 2 (continued)

Metadata element Description Datatype | Cardinality Use
14. Nextrevision date The anticipated date of review for the current|TS 0.1 recom-
Clinical Information Model to confirm it re- mended
mains clinically valid in YYYYMMDD order.
[SO 13606-2
15. Development status |Status of the Clinical Information Model CS 1.1 manda-
during its development: Author Draft(s); tory

Committee Draft(s); Organization draft(s);
Submitted; Withdrawn.

Reference: ISO 13606-2, HITSP/TN903, HL7®
Template project, ISO/IEC 11179

16. Lifecyclp status The status of the Clinical Information Model |CS 0..1 recom-
during system implementation. mended
Reference: Eurorec

17. Publication status The status of the Clinical Information Model |CS Ty1 mandla-
in relation to its publication in the registry tory

or repository. Several options are possible
for shared publication status, e.g. complex
distributed governance structures for exam-
ple: Not for Use (i.e. teaching); Approved for
testing; Approved for Production Use; Withs
drawn; Superseded; Rejected; Obsolete.

Reference: ISO 13606-2, HITSP/TN903;HL7®
Template project, ISO/IEC 11179

18. Publisher The party responsible for submitting this EN 1.1 manda-
Clinical Information Model to the registry or AD tory
repository.

Reference: ISO 13606-2; HL7® Template TEL
project

19. Language The natural language(s) in which the Clinical |CS 1.* mandla-
Information Model is represented using the tory

ISO 639 series/code (two, three, or four letter
language identifiers).

Metadata will be expressed in this language.

Reference: 1ISO 13606-2, HL7® Template pro-
ject, ISO/IEC 11179

20. Quality| label ~ ‘or|Formal quality validation of the Clinical ED 0.* recomn-
certification Information Model; specify the type of test mended
performed.
Reference: ISO 13606-2
21. Format As there are different formalisms possible to |ST 1.* manda-
define a Clinical Information Model such as tory

textual description in a word file, table lay
outin Excel, XML expression, ADL version 1.4,
ADL version 1.5. UML, OWL, HL7® template,
HL7® version 3 R-MIM model, among others,
it is helpful to identify in which format the
CIM is available.

Reference: HL7® Template project
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Table 2 (continued)

Metadata element Description Datatype | Cardinality Use

22. Additional formats If the Clinical Information Model has been ST 0.* recom-

transformed into other formats; currently mended
CIMs have been presented in UML, XML,

HL7® v3 clinical statement, ADL version 1.4,

Excel tables and Word document.

Reference: HL7® Template project.

8 Yersionmmmamagement of climical informmatiom modets

New|versions of Clinical Information Models are often built on previous versions.'so"the governing

authprity should apply some sort of mechanism to track and trace modifications over'time. [nformation

about its current version needs to be present and providing historical references allovs users to
identify the changes between different issues.

NOTH All versions of a Clinical Information Model would normally be backwards compatible with prior

versipns. Any change to the semantic meaning that is not backward compatiblétequires the creatior] of a new CIM

with p different identifier. A change is not backwards compatible if it couldresult in an instance data processor
which is unaware of the more recent definition of the CIM and therefore interprets conformant datla incorrectly.

Generally, removing or changing the meaning of existing data elements or their associated vocabplaries is not

backvards compatible (HL7® Template project[6Z).

a) The responsible formative organization shall apply astrict version control to CIMs.

b) Kach Clinical Information Model shall be versioned‘by the formative organization.

c) Any material change to a CIM shall result in.@revised version that references the formgr version.

d) The last CIM change should specify thé_person and/or organization and/or governimg authority
fesponsible for the latest change, theldate of the change, a description of what has b¢en changed
and the reasons for the change.

e) A CIM should specify if its draft versions have been developed through an open ¢onsultation
or social computing form~oefpeer review (e.g. undergone a ballot cycle or published for public
¢omment).

The |proposed versioncfedtures in this Clause are presented as a ‘minimal’ approach. A more

comprehensive (andCmachine-readable) mechanism to track model component chang
requ

See A

red for actual‘use in practice.

Annex B fox further guidance.

bs could be
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Annex A
(informative)

Release and maintenance process example in the Netherlands

Several countries have other models, in particular Spain and Australia, which ISO 13606-2 based
archetypes. Sweden has also started the creation of clinical information models in 2020. This document

includes ag
approach, th

In 2011, the
in eight Un
homes and
such as med

The Dutch (
sustainable

ostic examples that apply the UML based approach. Since the Netherlands is deployjing
is document the Dutch model as an example[>41[69],

Netherlands created CIMs for use in EHR systems, data exchange and data reuse’ It st:
ersity Hospitals. Since then, hospitals, mental health, general practitionérs,”and nu

i
]I;]ome care have adopted this approach. Several professional organizations-also have i

ical specialists, nurses, general practitioners and, recently, physiotherapists.

IMs (zibs) currently form a key component of several projects whese focus is to achi
national information framework for healthcarel69]. This Dutch ¢evelopment is largely i

on the Refinfed European eHealth Framework[44] (Figure 1) and governedthrough NEN 7522.

Since CIMs

are used nationally, a strong governance process has“been laid outlZll in which 4

developmenft team - consulting stakeholders - creates draft CIMs or summarizes proposed chg

in existing (

IMs. Next, via a public consultation for all interested parties, change requests are soli

and handled. The pre-final CIMs are then submitted to th& €IM authorization body, representsg

expert polic
developme

y officers from stakeholder organizations. Thistauthorization body will not redo the co

r this

irted
rsing
nput,

bve a
ased

CIM
nges
cited
d by
ntent

, but it mainly focuses on the correct procediires, on the fact that all comments are handled
correctly anld that the overall set of CIMs remains adequate for purpose.

After approyal, the finalized CIMs are published ob-the CIM wiki, for which the operational manage

is carried o
CIMsle9], Pu
that are fing
in the versi
depend on t

Each of the{
quality regi

t by Nictiz. The wiki contains information about the three most recent publications d
plications appear on average once every year or two years and each contains a set of
lized and consistent. To implement CIMs in accordance with a publication, all relevant
bn as mentioned in the rélevant publication summary should be used. However, this
he kind of government implementation projects ongoing for each health care domain.

e projects defines“@specified set of CIMs ,e.g. for use in EHR, data exchange, or nat|
stries. During.such projects, and ongoing use, limitations of CIMs will be experie

and to handlle change requests, an online software tool is deployed. Anyone with an interest

vendors imj
authorizatid
in Clause 6.

blementing €IMs in their applications, professional organizations not represented iJ
n body,-0r individuals, can submit change requests on CIMs, or CIM components as dep

To meet the|

demand for flexibility for early adopters without undermining the desired and nece;

ment
f the
CIMs
CIMs
does

ional
nced
, e.g.
h the
icted

sary

stability, current developments are released in between one and four pre-publications per year.
pre-publications are consistent sets of CIMs and include the accepted change requests to existing CIMs,
and the newly approved CIMs. However, there is no guarantee that these CIMs will not be changed
in the period until the next actual publication. Pre-publication users should realize this risk. Unlike
publications, pre-publications will not remain available on the Dutch wikil®2] but will be replaced by the
following (pre-) publication.

44

hese

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=3bb7d6b8bc64a0329ab06c7ee734408d

IS0 13972:2022(E)

Annex B
(informative)

Version management backwards compatibility

In the case of new versions, there can exist implementation questions about backwards compatibility. If
the models are backwards compatible, there is usually no issue. However, when there is no backwards
compatibility, usually changes are required in the systems. And then it is important-tq have more
inforymation. That is quite different per jurisdiction and per type of system and even per|yéndor.

— new version or revision number of a CIM should be assigned if backwards conjpatibility is
uaranteed.

— A new version of a CIM should be created if there is no backwards compatibility. This ngw CIM shall
e assigned a separate unique identifier.

— A new version of a CIM should be created if there is no backwards.compatibility. Assignjing this new
[IM a different CIM name could be considered.

— Aprevious CIM shall be assigned a status of Superseded whei a new version of a Clinical [nformation
Model is created due to lack of backwards compatibilityef the former version.

— If there is no backwards compatibility, the newly‘created CIM should be linked somghow to the
$uperseded CIM so that users of the new CIM can'trace the history of both the new and the previous
felated CIMs.
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Annex C
(informative)

Guidelines and principles for Clinical Information Modelling

C.1 General

The data md
to data elen
classes and

del section maps the concepts identified in the Clinical Information Model’s clinicaljce
nents and their relationships. An information model contains classes, attributes)of {
constraints on these attributes. In addition, this annex specifies the rules used to a

htent
hese
ssert

validity of the data contained in the attributes. It also specifies the relationships between.data elements

in the (clasj
class.

The descrif
interchange
about how 4
the content{
criteria, the

Clinical
mandat|

CIM dod
here on

NOTE

The for
criteria

A conce

CIM doq
element

diagranp.

This list

The cor
models.

This document uses Unified Modelling Language (UML) as an example formalism.

) model. A principle applied is that one single data element is represghted by one s

tion of the data model shall contain enough detail for a CIM~implementation t
able and unambiguously interpretable within the EHR. These~¢riteria are not guidg
n author should map concepts in the CIM to a data model, but rather minimum criter

of the section and the formal methodology used by the-author. Since these are mini
formalism can support more features than the required set given below.

Information Models shall include the metadata,the concepts involved, data elem
pry attributes and constraints and relations betitéen concepts.

umentation shall contain one or more data models specified in a formal methodology,
referred to as “the formalism”.

malism may be used to express aspects of the data model beyond those required b
specified in this document.

pt in the domain can be present in the data model section.

umentation should-contain a list of concepts present in the data models, expressed as
s, accompanied by text to clarify its meaning and its relationships to other concepts i

of conceptswill from here on be referred to as “the concept list”.

ceptist'shall contain all concepts and hence all data elements represented in the
Conversely, the concept list shall not contain concepts not represented in the data mo

ingle

o be
lines
a for
mum

ents,

from

y the

data
n the

data
lels.

CIMs sh

all reveal delault values, value sets, reierence values, observations In scores, nesti

ng of

subscales or items and flavors of null, cardinality and optionality when they are part of the concepts
and their application in practice.

CIMs sh

ould apply reusable components from comparable instruments or observations.

The CIM information model shall express clearly which data elements and concept specifications

are handled in the information model space and what is handled in the terminology model space.

C.2 Specification of concepts in Clinical Information Models

The CIM data model represents concepts either as classes or as terms. Classes will generally be
presented using entities or records in communication and storage. On the other hand, terms will
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become converted to codes from coding systems. This way, the data model will separate the concepts
cleanly into those present in the information model and those represented using terminology:.

i

n classes and to assign unique names.

concept of the Clinical Information Model. This should be called a ‘root concept’.

The formalism shall be able to represent concepts from the clinical content sections as data elements

The data models can contain data elements which do not represent concepts from the domain.

One of the concepts present in the data model section shall represent the main subject or focal

C3

An i1
as af
prop
into

cons
elem|
also

As e
elem|
a dat
“non
elem|
the K

]

Specification of properties of concepts

formation model will not only contain concepts but also the properties of thoseconcepits, modelled

tributes. These properties are regarded as being concepts themselves sqcthey can
erties that can also be of interest to our model. Continuing this way, each-¢concept wi
simpler concepts until, for the purpose of our domain, a concept is “atomic?and there i
der and represent its properties. Based on experience, this lowest representation leve
ent, including its characteristics. This implies that the class representation of one daf]
bn the lowest atomic level possible, with attributes further specifying this.

ich data element is itself a concept, it will be associated with a class. In the data mo
ents at the leaves will be expressed using elementary structures like quantities, numbe
atype. These elementary structures are called simple\classes. Conversely, a class rej
Latomic” concept is called a complex class. Figure 7¢{llustrates the breakdown of the
ent into attributes. The attributes of complex classes can be divided into two categor
ind of data they contain:

Data that was measured, observed or otherwise determined and which is considered

f the clinical acts described in the Clinical Information Model, referred to as results.

atawhichis captured duringthe clinicalactdescribedinthe CIM butonlyservestoaidin
fthe results or which influencethe'results. These are called qualifiers.

The formalism can(provide more specific classification of model qualifiers or
interpretation 6fdata gathered in the CIM.

attributes present elsewhere in the information model. For instance, a total score g
from¢ther classes.

The formalism should support specification of the way data in a derived attribute
from other classes.

again have
1 be split up
s no need to
l is the data
a element is

lel, the data
s and codes,
bresenting a
atomic data
es based on

hs the result

ferpretation

The formalism shall be able to specify the properties of concepts as attributes of data elements.

results. For

example, either reépresenting aspects of the state of the patient or the protocol relevant to the

The formalism should be able to identify data elements which contain data derived from other

lass derived

is computed

C.4

Every data element, either complex or simple, shall specify the attributes.

If an attribute has a complex class, this data element shall be defined in one of the
models of the Clinical Information Model.

Specification of atomic attributes

A list of criteria shall be met for the specification of atomic attributes.

information

— The simple class of every atomic data element shall be selected from a fixed set of class types
predefined by the formalism.

— This fixed set of predefined class types shall contain a class for each of the following kinds of data:

©ISO
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Data representing a coded concept. Attributes of this type shall contain a single expression from a

terminology which defines a precise meaning for that term. Attributes of this class shall contain a
unique code which identifies this specific concept.

Datarepresenting coded ordinal concepts. Attributes of this class shall contain a value set expression

from a terminology that defines the precise meaning for those terms. Attributes of this class shall
also contain a set of unique codes which identify these specific concepts, and the codes shall be of a
format that allows calculations, e.g. numbers.

in which the quantity is expressed.

list

Table C.1 lis

Data rej

Data rej
Data rej
Data rej

Data rej

Data rej
Data rej
Data rej
Data rej

The

The

Data representing quantities. Attributes of this class shall contain both a scalar value and the unit

Data representing text.

Data representing a ratio

pbresenting numerical values. These values can be integer, fractional or real.

presenting Boolean values.
presenting a moment in time.
bresenting an interval of time.

bresenting an interval of a quantity.

value.

presenting an interval of a numerical value.
presenting images, sound and multimedia.
bresenting an instance identifier
presenting a URI / URL.

formalism can support other simpleclasses, as long as they are specializations of the {
bd above, for instance from datatype ANY.

datatypes should be consistent with ISO 21090 or an equivalent datatype specificatign

[s the most common datatypes.

Table C.1 — Common datatypes for CIMs

ypes

Code Name Description Type
ANY Any datatype Data representing any datatype. Not
applicaple

CD Concept Descriptor | Data representing a uniquely coded concept from a terminology|Complgx
dpfining a prnr‘icp mpqning

co Coded Ordinal Data representing coded ordinal concepts, representing both a|Complex
meaning and a numeric value for calculations.

PQ Physical Quantity |Datarepresenting quantities with both a scalar value and unit. |Complex

INT Integer Datarepresenting numerical values of type integer, that is without|Primitive
decimals.

ST String Data representing text. Primitive

BL Boolean Data representing Boolean values representing true or false. Primitive

TS Time Stamp Data representing a moment in time. Primitive

I1 Instance Identifier |Data elements that uniquely identify a thing or an object. Complex

ED Encapsulated Data |Data representing sampled data. Complex
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C.5 Constraints on the contents of attributes

Using these criteria, it is possible to specify an information model reflecting the hierarchical or
other relational structure of the concepts and the data elements or classes used to represent the
concepts. Based on these specifications, it is possible to construct a collection of data which adheres
to the structure specified in the information model. In this collection of data, each class in the model is
instantiated to contain some actual data collected in accordance with the class specification.

In addition to the criteria for specifying the structure of the data, the formalism used to specify the data

model will also be required to support the constraint of the allowed range of data within instances.

indicates how many times the data element can be present in an instance of a class. O¢cy
be specified for all data elements.

The formalism shall be able to specify whether a data element is optional (allowed not 4
in an instance) or mandatory if available (shall be present at least oncé-in each ing
gvailable).

q

The formalism should be able to specify an upper boundary to th&number of occurrg
ay be “unlimited”. If the formalism does not support the spécification of upper bq
ccurrences, this implies that the data element can occur once at/most.

ative criteria for the specification of constraints on the&)centent of atomic data elem
ssed hereafter.

he formalism shall be able to specify whether the@data element can contain no data.

fan atomic data element can contain no data, the formalism should be able to expressai
or the data element to indicate the reason why it contains no data.

he formalism should be able to specify<a-default value for data elements that are allows
o data. Whenever a data element contains no data in an instance, it is considered to
efault value.

or data elements containing‘a coded concept, the formalism shall be able to specify a s¢
erms called a value set. If"the coded attribute contains a term, it shall be one of the
his value set. The formalism should be able to depict the definition of a value set bj
s abstract, which means further specializations of the class containing such data e
rovide the full defidition of the value set.

or data elements containing a quantity, the formalism shall be able to specify the alloy
he scalar value of the quantity in combination with a set of allowed units in which th
xpressed.

or,data elements containing a numerical value, the formalism shall be able to specify
ange of values.

of a class: it
rrence shall

o be present
tance when

nces, which
undaries to

ents will be

requirement

d to contain
contain this

et of allowed
terms from
y marking it
ement shall

ved range of
b quantity is

the allowed

For data element containing a moment in time, the formalism shall be able to express
using

ayear only,

a year and month,

a year, month, and day,

a year, month, day, and hour,

a year, month, day, hour, and minute,

an hour only, or
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an hour and minutes.

For data elements containing an interval, the formalism shall be able to specify whether the interval
is closed or open and whether the interval has a lower or upper limit. Since limits are themselves
moments in time, quantities or numerical values, the formalism shall be able to constrain the
allowed values for these limits. It should use the same mechanism for constraining attributes to
restrict the limits of intervals.

The formalism can express these and further constraints using a constraint formalism like OCL

(Object

Constraint Language)[Z2] or GELLOIZ3],

C.6 Repr

Concepts cd
occurrence

definition o
Since conce
that the def]
These new

the data ele
class will be
that serve o
properties g

esenting specialization hierarchies

n be “kinds of” other concepts, which means that these are considered a more sp
of another more general concept. Using this relationship between two,‘doncepts
f a more specific concept can be based on the specification of the more(generic con
bts are represented in our information model using data elements oriclasses, this nj
initions of new data elements can be based on the definitions of eXisting data elem
lata elements are then called specializations of the existing datatelements and inher
ments and constraints of the original (called the base class); it is«also possible that the
extended through the addition or restriction of new data elemeénts or constraints. Cl
nly as base class for specializations and which are never usSed for the identification of]
re called abstract classes.

— The formalism shall be able to specify that some data element-or class is a specialization of an

data el¢

intheb

constra
dat

dat
tha

dat
tha

in the b
is a sub

The for

ment.

The fornalism shall allow the specialized class to overtide the constraints specified on the attril

hse class.

Overridden occurrence constraints on data elements and relationships shall be stricter

nts specified in the base class. Thisineans that
h elements that are declared optional can be made required,

h elements with a minimum'occurrence of X can narrow the occurrence to some value h
h or equal to X, and

h elements with a maximum occurrence of Y can narrow the occurrence to some value |
h or equal to Y.

Overridden constraints on the content of a data element shall be stricter than constraints speq

hse class¢ This means that the set of allowed values for the data element in the derived
bet of thesset of values of allowed values for the same data element in the base class.

malism should allow a specialized class to constrain coded data elements by disallo

peific

the
cept.
eans
ents.
it all
base
hsses
data

bther

butes

than

gher

pwer

ified
type

wing

terms f1

4] ] ol dod dos 1 PRI | ] 1 Tl 1d 1 e H ,]
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to list the terms for an abstract value set specified in a coded data element in the base class

defining a default value for the data element.

in the base class.

of abstr

50

act classes, the model shall mark them as being abstract.

lass

The formalism should allow a specialized class to constrain any data element of the base class by

The formalism shall enable the specialized class to specify data elements in addition to those present

The formalism should be able to mark classes as abstract class. If the formalism supports the notion
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C.7 Localization of Clinical Information Models

Depending on the context of use of a Clinical Information Model, some or all its data can have reasonable
default values. A desirable feature of the formalism is therefore support for localization, which means
constraining the definition of the classes, concept identifying codes and value sets of an existing CIM
to generate a subset or new model which is more applicable to its context of use. Examples of such
localization are geographical changes, adaptation for a specific care facility or adjustment for a specific
clinical domain, e.g. pediatrics.

— The formalism should allow localization of a Clinical Information Model through not using some of
its data elements.

— INot using some data elements shall only be possible for CIM content which does nat alffect proper
¢linical practice.

For ¢xample, it is acceptable to skip concepts on body position in a Clinical Anfermatiqgn Model on
Heart Rate but is not proper clinical practice to eliminate variables from mostassessment scales that
suminarize into a total score as they will be invalid and unreliable.

— The Clinical Information Model content should specify what is not @llowed in localizatipn.

.

— The formalism should allow the data elements in a localized(Clinical Information Model to use
gpecialized data elements instead of their base types in thelocalized CIM.

— The formalism should allow extensions to the localized:model.

C.8 | Inclusion of other Clinical Information'Models

Although the criteria state that all complex class€s used by data elements or as a base for specialization
shoulld be present in one of the information medels of the section, it is possible to include a complex
class{on an information model defined in thesinformation model of another Clinical Informpation Model.
Inclusion implies reuse of the definition pfianother existing CIM, not that one instance of data from one
CIM [s referring to an instance of data from another. The latter is sometimes referred to as|“linking” to
or creating a “semantic link” betweeninstance data.

For gxample, the Body Mass index CIM references but does not repeat all the specifications|from length
and eight. In blood pressute) body position (lying, sitting, standing) is identified, which{ can also be
reus¢d in other CIMs. Therefore, a means of referring to other CIMs should be included in order to both
make it useful and prevent the duplication of data elements.

Including definitiens from another Clinical Information Model in a CIM works as follows:

— A data elenient can refer to the “full definition” of another CIM(s), including the information in
the clinieal sections such as interpretation or protocols. This kind of reuse will be called Clinical
[nformation Model inclusion.

heformalismsh : ; rform rMode roth hretigh nesting.
Such inclusion should be specified on a data element by ensuring that the data element refers to an
existing CIM. The data element’s class will be the referenced CIM’s focal class or root concept.

C.9 Use of terminology

To ensure correct interpretation, it is necessary to define the meaning of the concepts used in the
Clinical Information Model. The human-readable name of the elements does not guarantee unambiguous
interpretation and does not suffice for automated systems; every element carrying semantic meaning
shall be labelled using terminologies.

— The formalism shall be able to associate one or more codes from any coding system to any term
specified in a value set for a coded attribute (data element).
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— All clinical terms in value sets shall be associated with at least one code from any coding system.
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Annex D
(informative)

Example mapping a CIM to ADL specification: Glasgow Coma Scale

D.1 Core parts of a CIM

To f4cilitate the mapping from CIM into any technical representation, reference points afe needed at
both|the level of the CIM and on the level of the representation it is mapped to. Seeelow summary of
the Key elements of any CIM.

— A CIM has one root concept.

— A CIM has a minimum of one data element.

— A CIM can have one to many data elements.

— A data element has one code binding to external terminologi¢s.

— Adataelementcanhave one to many bindings to differentterminologies (although atimplementation
vel a choice shall be made).

— A data element has a datatype.

— A data element has a value.

— A data element can have a value set.

— A data element can have a unit.

— Data elements can be grouped into containers for clarity or better organization.
— (IMs can refer to other CIMs for reference.

— (IMs can be grouped(together into compositions.

D.2 | Mapping.aCIM to ADL

To illustrate €he implementation of a CIM into an implementable representation, the Glasgow Coma
Scalg (GCS)tis'takenlZ4l, The CIM representation in ADL is presented here for illustration of the mapping
according the Interoperability and Integration Reference Architecture. Representations arg possible in
other technologies as well, but that is not part of this illustration.

The source for the CIM is https://zibs.nl/wiki/GlasgowComaScale-v3.1(2017EN)

The source for the ADL is https://www.openehr.org/ckm/archetypes/1013.1.137

Core components of the CIM include the root concept, data elements, and value sets. In D.3.5, the GCS is
presented in UML model, the data elements are listed in a table and for various items the corresponding
value sets are expressed in tables. To illustrate the conversion from a CIM into a technical representation
the GCS is illustrated as an OpenEHR archetype, including a mindmap and Archetype Definition
Language. Before showing the details, the mapping between both CIM and ADL are presented in
Table D.1. This mapping between components facilitates the implementation from CIM into ADL. For
other technologies, such as HL7® v3 or HL7® FHIR®, a similar mapping exercise is necessary. For
purpose of brevity, the variations for infants and children have been removed from the CIM. Another
reason is that the ADL example specify different archetypes for adults and for young children.

© IS0 2022 - All rights reserved 53


https://zibs.nl/wiki/GlasgowComaScale-v3.1(2017EN)
https://www.openehr.org/ckm/archetypes/1013.1.137
https://standardsiso.com/api/?name=3bb7d6b8bc64a0329ab06c7ee734408d

IS0 13972:2022(E)

Table D.1 — Mapping between CIM and Archetype

CIM ADL Example (these are taken from both CIM and ADL, there is and
must be overlap).
Root concepts Entries (of type) OBSER-|Glasgow Coma Scale
VATION
Table with data ele-|ITEM_TREE This represents the list of all variables
ments
Containers Clusters Not present in GCS
Data elements Elements Eyes,
Motor,
Verbal,
Total,
Date/Time
Condition
Comments
Concept Concept Description Fifteen-point scale used to assess@impairment of consciougness

in response to defined stimuli.'More correctly known af the
Modified Glasgow coma scate{from ADL).

Purpose Purpose The GCS score provides the opportunity to document a clinical
observation of a patient's conscious state with a validatdd in-
strument which maKes'use of a patient’s responses to stimuli.

(from CIM)

Evidence bage Use and misuse See websites

References References Teasdale &jennett (1974)[74]

Meta informption Attributes One example from CIM: DCM::1d: 2.16.840.1.113883.2.4.3111.6
0.40.3112.8

D.3 The CIM example
D.3.1 Gerleral

The next subclauses present exeerpts from the CIM for GCS.

D.3.2 Conlcept

Fifteen-poirlt scale fer expressing a person’s level of consciousness, from fully awake to [deep
unconsciougness, in\asnumber: the EMV (Eye-Motor-Verbal) score.

The GCS scilre or.EMV score is a scale to measure the extent of consciousness, based on eye, verbal and
motor respanses to specific prescribed sound and pain stimuli

D.3.3 Purpose

The GCS score provides the opportunity to document a clinical observation of a patient’s conscious
state with a validated instrument which makes use of a patient’s responses to stimuli.

D.3.4 Evidence Base
The GCS is used to evaluate a patient’s consciousness by means of three elements:
— opening eyes (eye response);

— answering questions (verbal response);
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The three response values are looked at individually and as a whole. The minimum total score is 3 and
the maximum is 15. A slightly altered scale is used for infants (age 0 to 2) and toddlers (age 2 to 5).

The EMV score can be expressed as a combination of each of the three individual scores, such as: E3M2V4
(opens eyes when spoken to, arms stretch in response to pain and patient produces incomprehensible

sounds).

If one of the EMV elements cannot be evaluated - such as might be the case if a patient is intubated and
incapable of verbally responding or is paralyzed/weak and incapable of fulfilling the motor request,

then

the individual score is included (crnrp 1) but with an extra comment

V1T 1s used for an intubated patient, in which t = "tube’.

Clini
evalyation is not possible, an explicit explanation.

The

ral decisions are based on each of the specific data of the eyes, motor, and verbal resp

each

D.3.

b CIM example Information model for Glasgow Coma Scale

bnses and, if

[IM for the GCS is depicted in Figure D.1 and Table D.2. Tables D.3, D.4 and D.5 specify the values for
individual element of this scale. Table D.6 shows the metadata of the.Dutch example.

clasp Information ModeV

Legend
j rootconcept

cq

<

j container 0.1
:] data

a»
_Eyes

E)

GCS_EyesCodelist Al

A

j codelist
:] constraint

INT|

«data,derived>»
TotalScore

constraints
{Range: 3-15}

cq

ST

«data»
Comment

«data»
GCS_Motor

GCS_MotorCodelist

0..1
0..1

«rogtconcept»
GlasgowComaScale

col

I

ConditionsDuringMeasurement | 0..*

GCS_VerbalCodelist

cq

s !

| 0.1
TS|

«data»
GCS_Verbal

GCS_VerbalCodelistToddler

bnditionsDuringMeasuremehttodefist

GlasgowComaScaleDateTime
A

GCS_VerbalCodelistBaby gq

{Age duer 5}

L 7

------ {Age Jp to 2}

LV

Figure D.1 — UML representation of the Glasgow Coma Scalel62][74]

Table D.2 — Data element specification of the Glasgow Coma Scale

Type |Id Concept Card |Definition Definition|Reference
Code

NL-CM:|GlasgowComaScale Root concept of the Glasgow-|L O I N C ® :|Thescaleasaninstru-
12.8.1 ComaScale information model.|3 5 0 8 8 - 4| ment

This root concept contains all|{Glasgow

data elements of the Glasgow-|coma scale

ComaScale information model.

TS |NL-CM:|GlasgowComaScale-|1 Time at which the EMV score

12.8.8 |DateTime was determined.
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Table D.2 (continued)

Type

Id

Concept

Card

Definition

Definition
Code

Reference

co

NL-CM:
12.8.2

GCS_Eyes

0.1

Best eye response to a stimulus.
The element is mandatory but
does not require a numerical
value. If no value is given, the
reason for thisis to be provided
in the ConditionsDuringMeas-
urement concept.

281395000
Glasgow
coma score
eye opening
subscore
(observable
entity)

GCS_EyesCodelist

co

NL -
12.8.4

<)
ih

BCD‘I: lllUtUl I CDlJUllDC tU d Dtilll
ulus. The element is mandatory
but does notrequire anumerical
value. If no value is given, the
reason for thisis to be provided
in the ConditionsDuringMeas-
urement concept.

281396604
Glasgow
Coma Score
motor re-
sponse sub-
score

Va¥alcllh V W% Faligh |
UlLo_IVMIULUI'UWUUT

ist

co

NL-(¢M:
12.8.p

GCS_Verbal

Best verbal response to a stim-
ulus. The element is mandatory
but does notrequire a numerical
value. If no value is given, the
reason for thisis to be provided
in the ConditionsDuringMeas-
urement concept.

281397008
Glasgiow
comakscore
verbal re-
ssponse
Subscore
(observable
entity)

GCS_VerbalCode|

GCS_VerbalCod
Baby

GCS_VerbalCode
Toddler

ist

blist-

ist

INT

NL-(¢M:
12.8.1L0

TotalScore

The sum of the EMV seg¥es, ex-
pressed as a numberon a scale
from 3 to 15. The'value does
not have to be\recorded, as it
can alwaysbe calculated based
on the individual scores, and as
recording the total is not com-
mof for a difficult to determine
individual score.

LOINC®:
9269-2 Glas-
gow Score
Total

The score result

CD

NL-(¢M:
12.8.11

ConditionsDuring-

Measurement

Conditions during the measure-
ment that prevent one or more
of the subscores from being
determined (non testable), e.g.
intubation during testing of
GCS_Verbal.

ConditionsDurin

Measurement Co

g
Helist

ST

NL-(¢M:
12.8.p

Comment

Comment on (the context of) the
EMYV score measurement, such
as any problems or factors that
may influence interpretation.

48767-8
Annotation
comment

Table B3

Val al ol »l Lodaelict ol £ NTIN. 2 4 OA4AN 1
ULIO_LYyCTOUUUTIISU VvAIuToTL ULV, 4.1U.07VU. 1.

Conceptname

Conceptcode

Conceptvalue

Codesystem
name

Codesystem OID

Spontaneous |E4

GCS_Eyes

2.16.840.1.113883.2.4.3.11.60.40.4.2.1

To verbal stim-
uli, command,
speech

E3 3

GCS_Eyes

2.16.840.1.113883.2.4.3.11.60.40.4.2.1

To painonly |E2

GCS_Eyes

2.16.840.1.113883.2.4.3.11.60.40.4.2.1

No response |E1

GCS_Eyes

2.16.840.1.113883.2.4.3.11.60.40.4.2.1
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Table D.4 — GCS_MotorCodelist Valueset OID: 2.16.840.1.113883.2.4.3.11.60.40.2.12.8.2

Conceptname | Conceptcode |Conceptvalue|Codesystem |Codesystem OID
name
Obeys M6 6 GCS_Motor |2.16.840.1.113883.2.4.3.11.60.40.4.2.2
Localises pain [ M5 5 GCS_Motor |2.16.840.1.113883.2.4.3.11.60.40.4.2.2
Withdrawal|M4 4 GCS_Motor |2.16.840.1.113883.2.4.3.11.60.40.4.2.2
response
Flexor re-|M3 3 GCS_Motor |2.16.840.1.113883.2.4.3.11.60.40.4.2.2
sponse
Extgnsor re-|MZ 2 GUS_Motor [Z2.16.640.1.115663.2.4.5.11.60.40.4. 2.2
sponse
No r¢sponse |M1 1 GCS_Motor |2.16.840.1.113883.2.4.3.11.60.40:4'2.2
Table D.5 — GCS_VerbalCodelist Valueset OID: 2.16.840.1.113883.2.4.3:11.60.40.2.12.8.3
Congeptname Conceptcode |Conceptvalue |Codesystem | Codesystem OID
name
Oriented V5 5 GCS_Verbal |2.16.840.1.113883.2.4.3.11.60.40.4.2.3
Conflused V4 4 GCS_Verbal |2.16.840:1.113883.2.4.3.11.60.40.4.2.3
Inappropriate|V3 3 GCS_Verbal |2.16:840.1.113883.2.4.3.11.60.40.4.2.3
speech
Inco]nprehensible V2 2 GCS_Verbal 42/16.840.1.113883.2.4.3.11.60.40.4.2.3
sounds
No re¢sponse V1 1 GCS_Verbal |2.16.840.1.113883.2.4.3.11.60.40.4.2.3
Table D,6*— CIM Metadata
DCM}:CoderList Kerngroep Registratie aan de Bron
DCMt:ContactInformation.Address 4
DCMf:ContactInformation.Name *
DCM:ContactInformation.Telecom *
DCM}:ContentAuthorList Projectgroep Generieke Overdrachtsgegevens & Kerngroep Registratie
aan de Bron
DCM}:CreationDate 29-11-2012
DCMf:DeprecatedDate
DCM;:Descriptionlanguage nl
DCMf:EndorsingAuthority.Address
DCM}:EndorsingAuthority.Name PM
DCMf:EndorsingAuthority.Telecom
DCM::1d 2.16.840.1.113883.2.4.3.11.60.40.3.12.8
DCM::KeywordList Glascow coma schaal
DCM::LifecycleStatus Final
DCM:ModelerList Kerngroep Registratie aan de Bron
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DCM::PublicationStatus Published
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Table D.6 (continued)

DCM::Version 3.1
DCM::PublicationLanguage EN

D.3.6 ADL Glasgow Coma Scale mindmap
Figure D.2 shows the mindmap for GCS as archetype.
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D.3.7 ADL representation for GCS

The next se¢tion (as excerpt) presents the ADL representation for GCS as archetype.

definition

OBSERVATION [at0000] matches { -- Glasgow coma scale

data matchgdgs{
HISTORYTatOOO T matTe ——Fvermt—Scric
events cardinality matches {1..*; unordered} matches {
EVENT[at0002] occurrences matches {0..*} matches {-- Any event

data matches {
ITEM TREE[at0003] matches {-- Tree
items cardinality matches {3..*; unordered} matches {

ELEMENT [at0009] matches { -— Best eye response (E)
value matches {
1| [local::at00107, -— None
2| [local::at0011], -- To pressure
3| [local::at0012], -- To sound
4] [local::at0013] -- Spontaneous

}

null flavour existence matches {0..1} matches {
DV_CODED TEXT matches ({

defining code matches {[openehr::273]}

}
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}

}

ELEMENT [at0007]
value matches {
1| [local::at0014
2| [local::at0015
3| [local::at0016
4| [local::at0017
5| [local::at0018
}

null flavour exi
DV_CODED TEXT ma

defining code ma
1

IS0 13972:2022(E)

matches { —-- Best verbal response (V)
1, —-— None

1, -— Sounds

1, -—- Words

1, -—- Confused

] -- Orientated

stence matches {0..1} matches {
tches {
tches {[openehr::273]}

ELEMENT [at0008]

’alue matches {

| | [local::at0019
[local::at0020
[local::at0021
[local::at0022
[local::at0023
[local::at0024

hull flavour exi
DV _CODED_TEXT ma
lefining code ma

FLEMENT [at0026]
yalue matches {
DV_COUNT matches
hagnitude matche

FLEMENT [at0030]
yalue matches {
DV TEXT matches

FLEMENT [at0037]
yalue matches {
DV_TEXT matches

Etate WMatches {
[TEM TREE [at0040

matches { -- Best motor response (M)
1, -- None

1, -- Extension

1, -— Abnormal flexion

1, -— Normal flexion

1, -- Localising

1

-— Obeys commands
stence matches {0..1} matches {

tches {
tches {[openehr::273]}

occurrences matches {0..1l}Miatches { -- Total score

{
s {[3..15]}

occurrences matches {0..1} matches { -- EVM profile

{*}

occurcences matches {0..*} matches { -- Comment

&)

] matches { -—- Tree

i tems cardinality matches {0..*; unordered} matches {
occurrences matches {0 *1 matche { —— Confounding factors

ELEMENT [at0047]
value matches {
DV_TEXT matches

protocol matches {
ITEM TREE[at0038

{*}

] matches { -—- Tree

items cardinality matches {0..*; unordered} matches {

allow archetype
include

CLUSTER[at0039] occurrences matches {0..*} matches {

© IS0 2022 - All rights reserved
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archetype id/value matches {/.*/}
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