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Abstract

This paper presents a guideline engineering process resulting
in a number of artefacts which lead to successful decision making in
healthcare delivery. EHR Architecture is described in terms of reference
model and archetype model describing the concepts of transaction,
folder, data structures and data types. Existence of the components of
Computer Interpretable clinical Guidelines (CiGs) in the EHR allows the
point-of-care application to better promote the guideline with workflow
and decision support. EHR also supports workflows by identifying the
process of carrying out the actions. Instruction reference model is
explained with a purpose to provide detailed information about
instructions, the states through which instruction execution proceeds

and how instiuction connectors helps to specify workfiow patterns.
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model, archetype model, Instruction Reference Model(IRM).

Introduction
Undertaking a guideline engineering

process, we can develop a set of artefacts
(specifications) trom a source guideline document.
Guideline engineering process is shown in
Figure 1.

The steps followed to perform guideline
engineering process are:

Analysis: Process begins by an
analysis of clinical guideline document and

abstracts from it the required set of actors,
interaction between them, actions to be per-
formed, decision points and data or information
flows to develop scenarios. A scenario is an
account or synopsis of a possible course of
action or events and provides a description of
interactions between identifiable entities, actors
or participants. It is a type of case study or a
use case. Scenarios are “walkthroughs® of the
use case using real world data. Each scenario

should document the :

a) Business processes
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Fig. 1. Guideline Engineering Process and
Associated Key Deliverables

b) Business and technology environment

¢) Set of people and system components

d) Mapping of actors to activities

e) Mapping of environment to activities

f) Data flow throughout the scenario between
actors.

Conceptual design: After developing
scenarios conceptual design begins by producing
process models represented as data flow
diagrams. In this phase Mock-up interface screens
are also developed to simulate the interactions
between providers and clinical information
systems.UML activity diagrams are also
produced to illustratc the system component
interactions when DSS or WfMS(workflow
modeling using scenarios) are used.

Design : In this Phase, UML sequence
diagrams are produced to formalize the
interactions in guideline usage and workflow
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scenarios. Required workflow schemas are
also produced from actions recommended in
the guideline. The workflow schemas provide
formal specifications of the process models
developed during conceptual design. A
computer interpretable specification of the
guideline is also developed based on ontology
created in analysis phase where ontology is
an explicit specification of a conceptualization.
The last step is to create the finalized version
of the mock-up user interface screens which
may undergo several iterations and actual
usability testing.

Implementation : 1t is the final phase
in which we produce the corresponding
instruction definition archetypes from the
workflow schemas and other EHR archetypes
needed for data collection as a result of perfor-
ming the tasks in the workflow.

Current guideline models use different
modeling formalisms to express the different
processes:

a) Flowcharts for algorithmic problem-
solving processes.

b) Disease-state maps relating decisions
made during paticnt carc.

c) Sequencing of activities in care plans.

Engineeringofa guideline in electronically
decision supported clinical information systems
produces a number of artifacts: a) EHR content
(what is to be recorded) b) CiGs, computer
interpretable clinical guidelines (when to record
and how to make decisions) ¢) Workflow
schemas (clinician and system dependent
actions) d) Hypermedia (human readable
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electronic version of a guideline) as shown in
Figure 1. A CiG may reside within a workflow
expression of a larger-scale workflow whose
activity executes CiG. E.g. a workflow activity
of ordering a medication executes a CiG to
recommend the specifics of the drug (name,
dose ,quantity etc.) or referring the patient to
a specialist. A clear relationship among these
artefacts leads to successful computerized
support in cvidence-based CDM.

Guideline

f

EHR Content. Computer-interpretable

Guidelines (CiGs)
8 u
P

Fig. I. Guideline Engineering Artefacts

Workflow Schemas

Hypermedia
(human-readable
electronic guidelines)

Role of CiGs and Workflows in EHR :

CiGs specify decision support rules
and recommend actions to be taken for patient
care. They reside within knowledge bases and
are executed by decision support systems or
applications generating recommendations in
the form of alerts and reminders.

Workflow is modeled in terms-of a
single clinician’s decision-making process along

with the action.

In healthcare, two aspects are supported

D Explicit recording of rationale (process
of arriving at clinical decisions).
2) How to carry out the actions.

This second aspect constitutes the
workflow. The timely flow of information is
critical in workflows between organizations.
It is often required that clinical observations
are recorded at granular level at specific points
in the workflow. At higher granularity level,
the control flow within workflows is dictated
by recording of documents rather than
recording of data items within documents. e.g.
action of ordering a wheelchair to a patient
cannot be performed without receiving the
provider’s documentation of asscssment and
recommendation. It is required to explicitly
specify what to record at specific points in a
workflow, who will record and enact the activities
and to have explicit constructs in the EHR that
retains detailed information about the actual
steps to be taken. The OpenEHR entries have
adirect relationship to components of CiGs as
shown in Figure 2.

CiGs

Wit to anserve and

wWhen

Input parameters ___.>

Likely diagnoses.
goals and targets

B rom 3y i
mydiuaimn

Algorithm
Recommended
treatment, follow-up
Visits

nstrection

Output parameters

Fig. 2. Relationship of the CiG to EHR
content

EHR Architecture :

OpenEHR architecture forms the
basis of EHR approach having two-level
modeling framework: reference model and
archetype model.
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OpenEHR reference model: 1t has a
number of concepts that it represents with

regards to the EHR:

a) Transaction, a durable, atomic, consistent,
isolated. modifiablz unit of information
corresponding to the interaction of a healthcare
agent with EHR. Transactions are either
persistent containing data which remains
pertinent over a long period of time such as
family history or event containing data at a
particular instant of time such as biochemistry
test.

b) Folder, organizing a set of related
transactions (event, persistent or demographic)
as they accumulate over time helping in
logically navigating the contents of EHR.

c) Organizer, provides headings to sections
within the transaction content and is
archetyped as a tree structure.

d) Entry, contains all information occurring
in aclinical statement. It may be an observation
(measurable or subjective statements as BP),
evaluation {results of analysis of obsci vations
as diagnosis), or instruction (actions to be
carried out as medication order).

e) Data structure, captures historical
data. It is in the form of trees, lists or tables. It
may be single having only one data item (e.g.
patient’s weight) or composite having a group
of data items (e.g. systolic and diastolic BP
values).

f) Data type, represents the type of EHR
data. These are derived from other data types
used in GEHR, HL7 v3 RIM. Some OpenEHR
data types are : BASIC, DV, DV_URI,
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DV_TEXTDV_QUANTITY,TIME_SPECIFICATION,
ENCAPSULATED, DV_EHR_UKIL.
OpenEHR archetype model:

Archetypes are formal structured constraint
definitions of clinical concepts which aiiow
guideline-specific and case-specific information
to be recorded in a general and extensible
EHR framework. An archetype defines a
collection of concepts which when aggregated
from a higher level concept, thus defined at
different degrees of granularity. E.g. BP
measurement is an archetype at higher level
and diastolic blood pressure, the position of the
patient during measurernent, patient’s cuff size
which is aggregated to give BP valie.

Archetypes can be specialized for
local use. A specialized archetype conforms
to and corntains all the relevant parts of its
parent archetype. it includes additions and
modifications for specialized use. For Example:
‘Problem’ (consisting of text, clinical description)
is specialized to ‘Diagnosis’(consisting of
terms, grading, diagnostic criteria) which is
further specialized to ‘Diabetes Diagnosis’
(local specialization containing diagnostic
criteria corstrained to fasting > 6.1, GTT2hr
> 11.1) where ‘Problem’ is the parent of
‘Diagnosis’ and ‘Diagnosis’ is the parent of
‘Diabetes Diagnosis’.

The identifier of the specialized
archetype is usually equal to its parent’s archetype
identifier, with a ‘dot’ notation to delimit a
further name to refer to the specialized
archetype. In the case of our example, the
identifiers would be as in Figure 3.

Journal of Corrputer and Information Technology Vol. 1, Issue 1, August, 2010 Pages (1-108)



EHR systems to support patient care using DSS. 27

openehr.evaluatoin.problem.v1

l

openehr.evaluatoin.problem.diagnosis.v1

l

openehr.evaluatoin.problem.diagnosis.diabetes.v1

Fig. 3. Example of Archetype Specialization

Thus, archetypes represent the concepts
used across healthcare domain in a standar-
dized format that maintains their semantics
such that they can be shared between information
systems and provide interoperability, extensibility
and flexibility in EHR systems via archetype
specialization. Whilst archetypes place
constraints on the reference model to define
domain-specific concepts, openEHR templates
describe the high-level constraints on the actual
data that can be collected by specifying the set
of archetypes that can be used and other local
system constraints such as how archetypes
are organized to form EHR document, the
ordering, cardinality, obligation and data item
constraints such as default values.

OpenEHR Paths: In openEHR data

structure, any node or leaf item can be reached

via a path mechanism which is generated by
the concatenation of the values of two attributes,
‘name’ and ‘meaning’ of each element from a
particular point to the specific node to be
referred. These attributes are inherited from
LOCATABLE class of OpenEHR model. The
path that uses the ‘name’ values is called
runtime path which is unique in data and used
to locate data items of EHR. The path that
uses ‘meaning’ valucs is called archetype
path which is unique within archetypes but
not in EHR. These are used to match sub
compositions to their generating archetype

structures or to assist Graphical User Interface
(GUD) display. The valucs for ‘name’ and
‘meaning’ may or may not be same.

Other OpenEHR components.

1) EHR Extract Model, which represents
an extract of all of some version of EHR which
helps to transmit selected parts of EHRs between
multiple EHR systems.

2) Demographics Model for capturing
aggregated EHR data for secondary purposes.

3) Common Model, which describes
archtyping features for the openEHR models
and external identifiers.

4) Support Concepts for the OpenEHR
reference models.

Rationale Construcr : There exists
a problem to link the decisions made by the
healthcare providers back to the guidelines.
But it can be solved using rationale links which
track the relationship of a series of clinical
encounters to a guideline decision rule
representation. Using openEHR’s archetypes,
we refine the detailed information recording
options for specific classes of encounter. The
rationale construct allows the clinician or the
electronic DSS to record justification for decision
points made during the patient’s care and
includes a) an optional free-text justification
statement from the clinician b) identifier for
the guideline used c) set of indications or links
to justify the decision choscn.

It can reside within any entry
(observation, evaluation or instruction) to
explicitly record and link back to specific steps
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in the CiG which request input parameters,
arrive at decisions and indicatc outpu

nuivary ULIL}]UL
parameters.

Figure 4 shows an example of a
rationale for an instruction within a GP encounter
or contact note, where the instruction is to
prescribe an ACE inhibitor due to the presence
of proteinuria and diabetes type 1.
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Fig. 4. Example of a Rationale for an
instruction within an Encounter
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OpenEHR Instruction Reference
Model supports recording of relatively simple
instructions winci are ihe statements describing
the actions to be enacted and are detailed
enough to be enactable without further details.
Instructiouns are either atomic (one activity) or
composite {twao or morg activitics). Activities
are linked via connectors. These connectors
represent valid types of ordering and execution
of activities within an instruction. The various
connectots used in IRM to link various
activities are sequence, split, conditional_loop
and choice_joins which imply pre and post
conditions for worktlowss. e.g., for a sequence
connector, an activity will be started only if
preceding activity has completed. OpenEHR
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specifies only the future action to be performed
bui there 1s no explicit way to specify what
data is to be recorded for the action or how
the resulting recorded data is linkzd back to
the instruction that initiated it. This all is done
by the archetype author and iie recording of
lmks is specitied by the EHR system itself.
Data is recorded as a result of an instruction
activity being executed and the rationale for
that data includes a linlc to the instruction that
initiated it but still it is needed to know exactly
where to look for that EHR data in the first
place and where it is rezorded. The sxecution
entry allows this and enables the relevant
mstruction related data to be grouped and
reside in a particular place for a particular care
process and activity. Figure 4 shows the
I‘ClaI]Ol’]Shl]) among guicelines, archetypes and

|||ou u\.«l.lUllb.

Clinical knovrledge
{intludes clinician’s expertise and judgment)

Evidence-based - m
\ Kknowledge for specific

problems

Sourze for praducing

Produces computer- _ archztypes
interpretable Source for producing
guideline a chetypes
[— Guide ine Definition r"““ ype B n|uu0n:—I

I(in GLIF, PRODIGY, PROforma, etc),
N

Fy

Customised for a specific Refers to Content constrained by

patient and institutior: and
converted into [nstructions

Patient Centred Process
Definition

Fig. 4. Relationship between Guidelines,
Arcaetypes and [nstructions.

Role of persistent and event transa-
ctions in IRM: Persistent transactions
containing historical data carry out “Instruction
Executions” and Event transactions contaniing
new data carry out “Instruction definitions”.
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The scope of event and persistent transactions
allows to differentiate between past, current
and future work and what recording to be done,
for whom, by whom and whei to be done can
be determined. [nstruction Definition entry
acts as process definition to indicate that some
aciivity is to be undertaken and has some
attributes such as data, protocol and rationale
to capture notes about an instruction. It resides
as event transaction and is referred to by a
sing.e instructicin execution eniry within a
persistent transaction. An ‘activity’ requires
one or more werk items (the representation
of the work to bs processed within a process
instznce). An activity mey be structurcd
(contains composite activities) and some
activities (proxy activities) may refer to other
instructions or they may be atomic. The work
item of activities describes the work to be done
once an atomic activity instance has been
assigned to a party or role. Instruction
Execution entry acts as process instance to
record the state of each ac:ivity as activity
instance identitied in instruction definition. It
resides in EHR as persistent transaction and
is referred to by a single instruction definition
entry within an event transaction that initiated
it. Figure 5 shows the sub-classing and scope
of composite instructions and various questions
addressed by subclasses.

Instruction

'

E Llnstruction Definition_J
B SR,

)

H e What to do? = What was done?

H . «  what was recorded?
1 »  Who did it?

2 e What else to do?

' « By whom?

, *  What else to record?
'

Wihat to racord?

«  Who will do it?

Fig. 5. Sub-Classing and scope of
composite instructions.

This model supports simple instructions.
e.g  “take thic medicine 3 times per day”. it
has the notion of “do this action”. It records the
acts that have taken place as a kind of observation
eritry. It presents and uses OpenEHR Action
Specification which adds the notion of Action
to consider the idea of Acts and Participants
and includes the following:

a) Profilz: configuration of data rappings
from archetyped model of action.

b) Action: description of acts to be
performed.
¢) Data: execution data as a result of

excecuted actions.

R LR TN ottt ’f“L:“‘vA‘-- -
d) State: current state of action according

to state machine model.

e) Guideline Identifier: identifier of
guideline which initiated action.

Modeling Instructions: In healthcare
delivery, modeling of instructions requires an
unclerstanding of the types of semantics that
can be placed on the concept of instructions
themselves. Thus, there are two semantics of
action: a) system executed actions such as
alerts and reminders generaied by Clinical DSS
and b) real world actions performed by humans
such as a nurse administering a drug to a
patient. Instructions result from evaluations or
clinical decisions being made. Thus, devisions
and actions have direci relationship.

Modeling Workflows: Action specifi-
cations do not allow complex linkage of actions
to sunpnort mare comnlex type of instructions

that model workflow. Modeling business
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processes in healthcare does not take into
account conditional branching and parallc!
execution of activities supported by workflows.
Workflows are modeled in terms of composite
instructions (WfMC) which have explicit

Al .
oI HE auu

constructe for varionus types ofbranc
temporal sequencing of activities in a workflow
allowing close correspondence between workflow
and EHR, integrating EHR with WfMS, EHR

itself pnnfalnc

.............. 1s clinically oriented workflows
which need to be coordinated with other

workflows.

1) Generalized process definition: It
consists of a network of activities, their
relationshins, criteria to indicate the startand
end of a process and information about the
individual activities such as participants, data
etc. It is a generic template for a whole class
of process definitions and stem directly from

clinical guidelines.

2) Patient centered process definition: It
is a tailored process definition for a specific
patient. It is captured as an instruction definition
entry which is stored in a specific patient’s
EHR. For e.g. a chained medication order for

a patient as shown in Figure 5
3 Process Instance: It is the representation

)

of a single enactment of a process and is
, managed and terminated by workflow
management system. For e.g., a surgery
performed for a specific patient. [t uses its
own process instance data and capable of
indcpendeiit control and audit as it progresses
towards completion or termination.
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[Chained A ion_Order : [nsiruction_Definition
entry_type = Instruction_Definition -
— e ]data =
protocol
rationale
containg

con

|
|
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\

Eirst_Medication . Clinical_inter seatign_Activity
; activity_id = Pat1/Chained. Med_Order/First Med confams
Tactivity_name = First_Medication

subject_state_precondilion = heart attack & stroke risk = high !
subject_state postcondition = heart attack & stroke risk = moderate
is_starl_activily = true
is_end_activity = false
L data_to_collect = Jpenebr.entry instructior .med_order.v1

ins

i
|
|
!

conl patient_state_goa! = reduce risk of heart allack. clol-retated strokes \

patient_state_target :
work_item = take ? aenirine hwice dai E |
source
outgoing
nE
next_activity : Seque.ice |
p ition = First_Medi activity_execution_ stale complete 1 ‘
ion = Second_f ation.activity _state = ellglt)B .
input_activity id = at1 Order/First Med L
ot i G Oidensesong wved

| incoming

farget

Second_Nedication : Clinical_Intetvention_Activity

activity_id = Pat1/Chained_Med_Order/Second_Med
activity_name = Second_Medication
subject stale precondition = heart attack & stroke risk = moderate

subject_state_posicondition = heart altack & stroke risk = negligible|
is_start_aclivity = false
is_end_activity = true
data_to_coliect = 0 enehr entry instruction. ed_order vt
patient_state_goal = reduce risk of heart attack. clot-related strokes
patient_state _target
work _item = take o.1e aspirin once daity

Fig. 6. Chained Medication Order in an
Instruction definition

IRM Data Types: The data types used by IRM
are COORDINATED_TERM,
DV_EXPRESSION:DV_CHOICE _JOIN_TYPE,
DV_SPLIT_TYPE, DV _STATE,
DV_EXECUTION_ STATE,
DV_EXECUTION_STATE CHANGE.

Equivalence of IRM connectors and
workflow patterns: Few of the workflow
patterns such as Multi-Merge, the Discriminator
and the N-out-of-M-join are not explicitly
representable in the WfMC’s XML Process
Definition Language (XPDL).Therefore, they
are mapped from XPDL to Instruction models.
e.g.
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Sequence

The enabling of one activity after the
completion of another activity in the same
process.

IRM Connector Equivalent: Sequence
connector.

Parallel Split

B

A AND

C

A point in the process where a single
thread of control splits into multiple threads of
control and can be executed in parallel (at the
same time or in any order).

IRM Connector Equivalent: Split
connector with attribute split_type=AND_split.

Multi-Merge

A OR D

A point in the process where one or
more threads reconverge without synchronization.
That is, if more than one branch is executed
then they are executed in parallel, but are then
reconverged asynchronously such that activity
“D” is started for every incoming branch.

IRM Connector Equivalent:.Split
connector with attribute split_type = OR_split,
and Choice Join connector with attribute
choice_join typc=OR_join,andis_synchronous
= false.

Discriminator

A point in the process where the
.- process waits for one out of one or more threads
to complete before starting the subsequent
activity. It then waits for all remaining threads
to complete and ‘ignores’ them. Once all
incoming branches have been triggered, it resets
itself so that it can be triggered again.

IRM Connector Equivalent: Split
connector with attribute split_type =OR_split,
and Choice_Join connector with attribute
choice_join_type=XOR_join,andis synchronous
= true.

Setting synchronization to ‘true’
ensures that the subsequent activity can be
started when it receives an incoming branch
that was triggered, but does is not considered
‘complete’ until all branches that were
triggered have completed.

State Machine Model for Instruction
Execution : ‘

Instructions specify actions occurring
in the real world. Thus, they include conditions
for starting, delaying, repeating, stopping or
cancelling which are all influenced by real
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world events. Instructions and activities within
instructions progress through meaningful
execution states (Figure 7) due to occurrence
of events.

a) Ineligible: service object is disabled
and cannot be started.

b) Eligible: service object is waiting to be
executed.

c) Executing: service object is running.
d) Completed: execution of service object

is compieted.

e) Suspended: execution of service object
is temporarily suspended.

f) Aborted: executing service object is
terminated due to an exception.

Fe-enanhe

Fig. 7. State Machine Model for Instruction
Execution

State machine model may be too
granular to be executed by the system itself
for some instances of instruction itself which
are largely executed in the real world. The
progression of such states largely depends on
the incoming events.
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Conclusion

From this paper, we have concluded
that Guideline Engineering process produces
various artefacts which help in patient care.
From the perspective of using the DSS, a
computer interpretable guideline provides the
logic/reasoning, recommendations, hypermedia
information of the clinical guideline being
considered. OpenEHR reference moded is iniro-
duced with respect to the EHR, data structures
and data types as they provide the building
blocks of workflow-integrated EHR. OpenEHR

H e remaad bie s mam - -1 A i
reference model is consirained by an archeiype

Lt

model to represent specific information recording

«P.mmxefal,imw- a SR HIEADAL
PV_EXECUTION STATE DV EXECUTION STATE CHANGE
Hrdtial state ltialise
Firal sure -E rabie
-Ieeliceble -Oisabile
L Eligibide -Stae
~Executing -Complate
-Compieted gileriis

Abored - Ssnerd

FSuspended L R
LRa-ﬁr;:l.zék.-
-Dastray

requirements or concepts used across healthcare
domain. e.g. to enroll a patient in a “post-
stroke rehabilitation program” and describing
all the activities of the workflow. Workflow
models the work to be carried out, by whom,
when and how and information about the
instructions that initiate the actions constituting
workflow can be collected using rationale links.
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