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1 Introduction

1.1 Purpose

This document describes the Care Plan Definition Tool that enables the medical professionals to
graphically design the medical cgkans and personalize and assign them to specific patients for remote
monitoring.

1.1 Scope

This document provides detailed information about the requirements, design and implementation of

i CARDEA Care plan definition tool devel oped with
Interpretable Clinical Guideline Models for Executable PersorhliZdED Followu p 0 and wi ||
contribute to the milestone AM7 i CARDEA Personal.

1.2 Definitions, acronyms and abbreviations

Ab:éf;’:’)‘,t:g"/ DEFINITION

AF Atrial fibrillation
CIED Cardiovascular Implantabkelectronic Device
CM Care Management

EGM Endocardialelectrogramm

HIS Hospital information System

ICD Implantable Cardioverter Defibrillator
IDCO Implantable Device Cardiac Observation Profile
IHE Integrating Healthcare Enterprise

SR Sinus rhythm

VF Ventricular fibrillation

VT Ventricular tachycardia

Tablel: List of Abbreviations and Acronyms
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2 Position of Care Plan Definition Tool in iICARDEA Architecture

Management of cardiac arrhythmia abnormalities that areransient or reversible require constant
clinical monitoring as a chronic condition. Delays on diagnosis or medical assistance increase risks of
adverse outcomes such as heart failure, stroke or sudden cardiac. Therefore, Cardiovascular Implantable
Electranic Devices (CIED) have become a part of the standard therapy in patients who are at the risk of
life-threatening cardiac arrhythmias.

CIED devices with remote monitoring capabilities can store and transmit cardiac status and device
function data. Remots e ns or devices are | ocated in patients¢
cardiac implant to a remote monitoring service centre. These remote monitoring service centers, operated

by device manufacturers, receive, store, analyze and translate tradstait into patiergpecific reports

and allow healthcare professionals to access patient data or to receive alerts in case of unusual persisting
data variations. These systems are also capable of providing this valuable information in machine
processabléorm.

The iICARDEA projectwas set out to establish an interoperability frameworlseémiautomate the
follow-up of cardiac arrhythmia patients with care plans basedamnputer interpretable clinical
guideline models by seamlessly accessing the Q&R and the EHRs of the patients. In the ICARDEA
architectur e, t Device Cardi& Obseryation Profdeb (I ' dis employed to
automatically expos€lED data from different vendors in a machine processable format to be used in the
care plan bthe patients. While executing care plans for monitoring CIED patients, further information
from the patient EHRs is needed, suchheshistory of the nowgardiac conditions, detailed information
about the severity adach condition (e.g., record of pribospitalizations, and details of therapy for the
condition), the medications taken at the time of spontaneous arrhythmia occuarehtiee norcardiac
conditions denoting contraindications to the proposed therapigsién to decide the optimum medica
therapy for a specific patient. The major challeragiiressed in accessing the EHR systems is the
interoperability problem ofommunicating with various heterogeneous EHR systems. To be able to avoid
routinely monitoring a wide variety of clinical dataoin disparate systems, and developinghad
interfaces to access heter ogen &anagemestyPeofildChms’, | HE
whichis employed in the iCARDEA system.

In iICARDEA, the care plans are designed based on clinical guide@iieial guidelines include plans

for treatment and aim to reduce inf@actice variations and the cost of the medical services, improve the
quality of care and standardize clinical procedures. A variety of government and professional
organizations are pdwcing and diseminating clinical guidelineSeveral computer interpretable models

of Clinical Guidelines havalso been proposed such as GLASBRU, and ARDEN. Additionally, there

are several guideline execution engines processing these models, SBEEEBSGLARE and DeGel
demonstrating that the guideline definitions can be executed to automate the decision making process. In
the iCARDEA system, GLIFis used for the definition of the care pla@LIF (Guideline Interchange
Format) is acomputesinterpretable language for modeling and executing clinical guidelines. GLIF
supports sharing of computmterpretable clinical guidelines independently from different platforms. It is
based on an objedriented logical model of concepts and #fides an ontology for representing

' IHE ImplantableDevice Cardiac Observation Profile (D),
http://www.ihe.net/Technical Framework/upload/HIARD-TF-SuppIDCO PC 2006)4-17.pdf

2|HE Care Management Profilbttp://wiki.ihe.net/index.php?title=Care_Management_Profile

% Peleg M, Boxwala A, Ogunyemi O, et al. GLIF3: The Evolution of a Guideline Representation Format.
Proc AMIA Annu Fall Symp. 2000:64649.

Page |7


http://www.ihe.net/Technical_Framework/upload/IHE-CARD-TF-Supp-IDCO_PC_2006-04-17.pdf
http://wiki.ihe.net/index.php?title=Care_Management_Profile

IST248240 iCARDEA 31/05/2011

guidelines, as well as a medical ontology for representing medical data and colnegngine ideing
developed to execute thewhich also has the capability to access CIED and EHR data seamlessly
through IHE CM andHE IDCO profiles

As presented GLIF guidelines are represented as an ontology that describes the flow of actions, the
clinical concepts and their information resources in detail. It is possible to use an ontology editor like
Protégé Todlto create a newlinical guideline instance as an ontology. However this process is
cumbersome even for computer specialists; it would be very difficult for the medical professionals to
design the care plans through such an Ontology Editor. To ease this process witigiopth of Task 4.1,

we developed a graphical environment, through which the care plans can be designed intuitively through
drag and drop mechanisms. This Care Plan Definition Tool is the main scope of this delivertige.
beginning of Task 4.1, as reped in Deliverable 4.1.1, we have defined three care plans with the medical
professionals from Salzbutgniversity Hospital and Barcelona Clinic. There the medical professionals
prepared the flowcharts of care plans in paper, and SRDC team has cothemted GLIF definitions.

During this process we identified the requirements of a care plan definition tool in detail, for example we
realized that a graphical interface that resembles the flow chart representation would be much more
usable for medical pfessionals. A summary of requirements is presemt&kctior2.2

After the care plans are designed through this tool, they can be assigned to the speciti qudia
through the tool, and the care plan definition is automatically created in GLIF format ready to be executed
by the Care Plan Engine. In this Deliverable, we present the detailed requirements, design and
implementation of this graphical Care PlBefinition Tool. Before this, in Secti@il, first of all the

GLIF Model is introduced.

2.1 GLIF Model

The GuideLine Interchange Format (GLifjies to build on thenost useful features of other guideline
models, and to incorporate standards that are used in health care. It is proposed as a standard computer
interpretable representation model for sharing clinical guidelines among different healthcare institutes. It

is presented by a research consortium including the Columbia University, the Harvard University and the
Stanford University.

4 Criterion h GetData |
/" Guideline *{ -gemata”_emﬂ_'_' %mn
-eligibility Criteriae—— '\ o - <| ACt-IEasnb&Sste;p p;?;%gmggggi%z::ﬁ Mﬁ?cst?gr? °
v -
- Agortm . Action Specification ( G:é?;r:a ]
L -SEEDE_JLW W SubGuideline
. _/

Action
_|Synchronizati0n\
L Step

MedicallyOriented w
Action Specification

PatientState
Step ]

* Protégé Ontology Ethir and Knowledge Acquisition Systehttp://protege.stanford.edu/
°Peleg M, Boxwala A, Ogunyemi O, et al. GLIF3: The Evolution of a Guideline Representation Format.
Proc AMIA Annu Fall Symp. 2000:64649.
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Figurel: A Part of the GLIF Model

In the GLIF Model, clinical guidelines are represented as instances of a formal model called guideline.

This formal model is represented as an ontology and editablerdiggé GL | F usheassea 0 At a ¢
paradigm for representing the guidelines, i.e., todeposes the guideline definition hierarchically into

networks of component tasks that unfold over time. A brief overview of the GLIF Model is given in
Figurel.

The Eligibility Criteria defines the features of the medical problem for which this guideline can be applied

for. It is represented through a number of Criterion classes. The criteria are represented through the
fexpressionod attr ibbabteé assdss thetekgibil@yr it mag e inecessary 1o aheck

the current situation of the patient and his/her past medical history, hence these data gathering steps are
added as fAget data itemod attributes to the Criter

The clinical processsi represented through an algorithm, which is a flowchart of guideline steps,
including:
A An Action step is used for modeling actions to be performed which may include two types of

tasks: Medically Oriented Actions and Programming Oriented Actions. Througthicily
Oriented Actions medical procedures usually run by medical staff such as recommendation for a
particular course of treatment can be represented. The Programming Oriented Actions are divided
into three: through the Get Data Action the actions fimad data to guideline such as retrieving
data from an electronic patient record are represented; through Message Action the messages that
should be passed between medical systems, such as reminders, alerts are represented; finally
through SubGuideline Ains the guideline definitions can be nested.

A A Decision step represents decision points in the guideline defined in terms of formal
expressions. The GLIF specification exploits an expression language that is derived from the
logical expression grammar @frden Synta% Decision Steps include a number of Decision
Options where decision expressions and destination steps that should be followed if this
expression evaluates to true are presented.

A The Branch step is used to model concurrent guideline stemsciBsteps direct flow to multiple
guideline steps. All of these guideline steps must occur in parallel. A branch step may link a
guideline step to any other guideline step.

A The Synchronization steps are used in conjunction with branch steps. When nguiiifeline
steps follow a branch step, the flow of control can eventually converge in a single step. Each
branch may lead to a series of steps, resulting in a set of branching paths. The step at which the
paths converge is the synchronization step. Wherflthv of control reaches the synchronization
step, a continuation attribute specifies whether all, some, or one of the preceding steps must have
been completed before control can move to the next step.

A A Patient state step is usually used as a labeld#sdribes a patient state that is achieved by
previous steps. This way, a guideline may be viewed as a state transition graph, where states are
scenarios, or patient states, and transitions between these states are the networks of guideline
steps (excludig patient state steps) that occur between two patient state step. A patient state step
has a criterion that describes the state of the patient who is at that patient state.

An example of such guideline algorithm defined in GLIF is presentEijure2.

®M. Peleg and O. Ogunyemi and S. T uorientebsniedial ddteenodelsr e s o f
for guideline modelingbo, Proce®2ri ngs of AMI A Symposi um,
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Figure2: An algorithm for the stable angina guideline in GLIF

GLIF Model proposed to represent the guidelines in threedayéie Core GLIF Model described above

constitutes the ALevel AO.

It enables the guidel:i

a flowchart: the guideline is defined as a workflow of hierarchical steps defined in GLIF Formal Model.
At this level of abstraction, the guideline author is not concerned with formally specifying details, such as
decision criteria, relevant patient data, and iteration information that must be provided to make the

specification computable. GLIF proposes thatiret s e c o

nd | evel of abstractio

workflow is detailed by formally expressing the patient data item definitions, the clinical concepts, and

the logical criteria:

A ALevel BOo the Clinical
GLIF supports the use of a Reference Information

d a trepresénting medipat dats dems,e d a s

Model derived from HL7 RIM (USAM

presented irFigure 3. This RIM defines a class hierarchy that organizes medical concepts into
classes. For each class, it provides a data model that defines the attributes of the different classes.
This enables the formal definition of high level Patient data items such as Medication,

Observation, and Procedure.

tuple <conceptName, conceptID, concept3oc e > .
be represented through the following tuple <chronic

Knowledge items are used to define ttiaical conceptavhich can be used to annotate the data
items to relate them with well known medical terms.

Clinical concepts are defined through the
For exampl e, t he fAchr
cough, C0010201, UMLS> in reference to

Unified Medical Language SystetdNILS)® semantimetwork.

A formal expression language is used for representegsibn criteria, triggering events,

exceptional conditions, duration expression, and states in the guideline definition. For example a

"HL7 Reference Information Modéehttp://www.hl7.org/v3ballot8/html/foundationdocuments/welcome/index.htm

8 Unified Medical Language System (UML$itp://www.nlm.nih.gov/research/umls
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deci si on criteria can be defined as nsel
Current_LDL_Cholesterol)) >= 16@1 this expression language.

ROV Enffy

Patient Diata

—service_cd:Concept
—mood_cd:Mood_Code

—id:String

—stams_cd:Stams_Code
—activity_time:Time_Tnrerval
—crirical_rime: Time_Tnterval
—recording_time: Time Interval
—methed_cd:Concept
—body_site_cd-Concept
—interpretation_cd-Interpretation Code
—confidendaliry_ed:Confidensialiry_Code

Observation ! Procednre
—valne: Observation_Valuse ' —enury_site_ed: Concept
—derivation_expression: Siring

—normal_range:Bange
—certaingyint Medication
—severityin:

—check dose_guanticy:Physical Quanicy
—doseform_cd:Doseform_Code

—dosage guantiryPhysical Cuanticy
—rounte_cd: RoueCode

Figure3: The Reference Information Model used by GLIF

ActlonSsep

GetDatad ction
=fatriaving Aspirin
medication slatuss

!

GatDatad ction
«Taria Ing ASpirn
contraindication siahuss

) DecislonSsep
— " «prescribe Aspirin or _—y
¥ - Clopidogrels ]
Madically Orie me d&ction ) Medically Oriensad Action
<prescribe ASpIin. <[rascrine Clopiiogret.

Figure4: A very simple guideline flow

GLIF uses these two levels of abstractions to represent a guideline defastifmlows: Assume an

overly simplified guideline that deci des whether
medication to a patient who is suffering from myocardial infarction as presentédure 4. The first

guideline step in the guideline's falgorithmo can
from patient's Electronic Healthcare Records (EHR). Thetasksuind ed i n t hi s fdacti on
data actionso. The first Rgureistodiacower waetherithe pattentisn st a n
currently wusing the medication AAspirino. This ac
the AEHRO (also termed as Electronic Medical Rec
accessing the contraindications of the patienttoriteed i cat i on #fAAspirino. After
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through a fAdecision stepo, it is checked whether
presented ifrigure5, in the AOrder Aspirino fAimedically orient
MedicallyOrienred Action Instance
GetDraraAction Instance
e Order Aspirin
medical_task
arrribiteTobeAsrigned:  dara_value - 1
variableName:  aspirmMedscationSeams LiteralDaralsem b
. nme EM
ﬂ_nra_fomrc_'_‘;pc EME ot stane
aara_tem: dara_mods]_class:  medication
e Aspisin dara_mode]_source: USAM
id: COODMOST .
“amahleDaraltem Instamce dara_ walwe: —
source:  UMLS - .
name: Aspirin Sl e
dara_model_clars:  medication
dara_mods]_soures: TUSAM Medication Instance
datg_valwe: To be £illed
COmCEpt: service_cd: J
minod Ciode: onder
route_code:  sublingual
dosageuatine: ...

Figure5: An Example Get Data Action retrieving Aspirin Medication Status and an Example Medically Oriented Action
Ordering Aspirin Prescription iGLIF Model

As presented in the exampl e, through GLIF Levels
conceptual level. In other words, how this model can be executed at a specific medical institute, how the
EHR of the patient can be accessed, hogvdlinical procedures can be discovered and invoked are not

speci fied. GLI'F recognizes this requirement by o
iMedi cal Knowl edge Layer 0, which aims to terovide
actions specified in the Level AAO0 and the patien

to institutional procedures and the electronic medical record systems of the underlying system of the
medical institution where the guideline islie deployed. For this third level of abstraction, the following
needs have been identified:

A Interfaces to clinical repositories to retrieve Electronic Healthcare RecOiE® dataof a
patient,

A Interfaces for interacting with applications suctcksical workflows and alert systems.

In iICARDEA System, we are using a GLIF enactment engine that is developed by a previous EC Project
SAPHIRE. In SAPHIRE Project, this third level of abstraction is also defined by extending the GLIF
definition®®, in iICARDEA Project this extended GLIF definition is used, where the clinical concepts
representing CIED Data are coded through IEEE 11073 nomenclature, and clinical concepts representing
EHR data are coded through CDA section and entry codes as prayydstiel Care Management Content
Profiles. Within the scope of Task 4.3, IHE CM and IHE IDCO profiles have been implemented on top of

® SAPHIRE Projecthttp://www.srdc.metu.edu.tr/webpage/projects/saphire/

OLaleci G. B., Dogac A., A Semantically Enriched Clinical Guideline Model Enabling Deployment in
Heterogeneous Hehltare Environments, IEEE Transactions on Information Technology in Biomedicine Vol. 13,
No. 2, pp. 26273, March, 2009.

Page |12


http://www.srdc.metu.edu.tr/webpage/projects/saphire/

IST248240 iCARDEA 31/05/2011

SAPHIRE GLIF enactment engine to automatically access the clinical information resources as specified
in the care plan defition.
A sample piece of view from the GLIF model for the AF Guideline is shown below:

<owl:ObjectProperty rdf:ID="parameters_ passed">
<rdfs:domain>
“owl:CTlass>

<owl:unionOf rdf:parseType="Collection'>
<rdf:Descripticn rdf:akbout="http:/  fwww.w3.orgs2002/07 /fowldThing™ />
<owl:Class rdf:abouc="#Guideline”. >

</ owl:unicnCE>
<sfowl:Class>
=/srdfs:domain>
< s owl tObjectoRProper oy
<owl:ObjectProperty rdf:ID="options":>
<rdfs:domain>
“owl:CTlass>
<owl:unionOf rdf:parseType="Collection'>
<rdf:Descripticn rdf:akbout="http:/  fwww.w3.orgs2002/07 /fowldThing™ />
<owl:Class rdf:abouc="#Decision Step"./>
</ owl:unicnCE>
<sfowl:Class>
=/srdfs:domain>
< s owl tObjectoRProper oy
<owl:ObjectProperty rdf:ID="max time stamp">
<rdfs:domain>
“owl:CTlass>
<owl:unionOf rdf:parseType="Collection'>
<rdf:Descripticn rdf:akbout="http:/  fwww.w3.orgs2002/07 /fowldThing™ />
:Class rdf:abouc—="#Time Interval”./>
</ owl:unicnCE>

< /Sowl::Class>
< /rdfs:domain>
< sowl:ObjectPFropercy>
zowl:ObjectProperty rdf: ID="ocbjecikt'>
<rdfs:domain>
<owl:Class>
<owl zuniconof rdf:parseType="Collection
:Description rdf:about="http://, www.w3.orgs/2002/07 /s/owl#Thing"™.,/>
:Class rdf:abour="#0ObjectLocatio
< Sowl tunionof>
</Sowl:Class>
</ /srdfs:domain>
z/owl:ObjectPropertcys>

Figure6: Sample piece oGLIF Model

2.2 Summary of Requirements

As explainedn detail in iCARDEA Deliverable 3.4, definition of requirementis providedfor the Care
Plan Definition Toolused to defineadaptable, computer interpretable clinical guideline models for
executable (personalized) CIED follavp.

The actors involved in the related use cases (kB3 about requirements of Care Plan Editan be
divided into two groups, Human Actors and System Actors. The dowmlvedin Care Plan Definition
Tool are:

Human actors:

e Medical Domain Expert:The Medical Domain Expert is a medical specialist such as
Electrophysiologists in the area of health research, especially for CIED Patients. He is able to
translate medical papbased carelan definitions into computer interpretable ones. The Medical
DomainExpert is also capable of defining the medical important parameters for the data analysis
process and interpreting the found patterns.

e Care plan RevieweA Care plan Reviewer is a user with medical knowledge who validates the
computerinterpretable carelgns and makes sure they match the papsed ones.

System actors:
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e Careplan Editor: The Care plan Editor enables to define or modifyplaretemplates and create
personalized carglans. Templates are not associated with Patients. Associaéntptate with a
speci fic Patient gener apglesn®d (APMCK)o nvaHiiczhk di Med
and modified by the editor (without affecting the associated template). Creation and modification
of templates and personalized cplans nee@n approval of the Capan Reviewer.

¢ Medical Careplan Repository (MCP Repository): The MCP Repository stores the medical care
plan templates (MCPs) and personalized medical garess (PMCPs). For better readability the
abbreviation MCP Repository shdube used.

In ACreate New Medi call) 0Carteh ePlcaanr eT epnipalna t eed iUtCo r er
Expertto defneanewcapel an t empl ates pglhahead @AMERsS cal hLaar ar e
guidelines. These templates are construagtecbmpliance with related standards and project objectives

using the selected Capéan Modeling Method and Modeling ToolSreation of new templates is subject

to approval by the Caigan Reviewer(s). Only approved templates will be stored persistently

I n AManage Exi splanTgmplabs Uc)adl, QGahree care plan edito
Domain Expert to view, modify, deactivate or delete existing medical qdae templates
(MCPs).Changes on MCP templates are subject to approval by thpl@aReviewer(s). Only approved

changes will be stored persistently.

I'n AApprove pinhdenplata(U3Ca&r et he care pl glanRevibwertor enat
view, approve or reject templates waiting for approsalproved template will be astited immediately.

Rejection will send the creation/maodification request back to the Medical Domain Expert of the template,

so that the request can be deleted or some changes can be maakk timrapproval.

Care Plan Definition Tool provides these ftionalities with visual GUI which is comprehensible, easily
understandable and user friendly with a reasonable response time. The detailed information about the
designof Care Plan Definition Tool based on these requirements is providstiion2.3.

2.3 General Design

The architecture of Care Plan Definition Tool consists of Care Plan Definition Tool Graphical User
Interfaces(GUIs) and ServeBide communicating through the wetervices developed by using BlazeDS
technology. Each component in Care Plan Definition Tool GUI is designed based on the internal XML
model explained in detail iBection2.3.1

Serverside configuration of CarBlan Definition Tool is made with BlazeD®mmunicating the client
side developed in Flex Builder. The detailed information about server and client side develufprent
servicescan be found irsectionError! Reference source not foundandError! Reference source not

found..
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Care Plan DB Care JDBC Care Plan DB
s L
Service Management
/ DB Adapter
BlazeDS(amf)
Care
Management
CARE PLAN EDITOR DB Adapter
GUI
le—— BlazeDS _ Care CIED Adapter __i[_)_BE_’———D Care
(amf) Management Management
DB Service DB
EHR Adapter
PHR Adapter
BlazeDS(amf)
U
\ User - ser IDBC Uear
t >
Management anagemen Management
DB Service DB Adapter
DB
\ J \ J
Y Y

Blaze DS/Spring Bean Hibernate DAO
Figure7: General Design of Care Plan Definition Tool

As it can be seen from thégure7, general design of Care Plan Editor mainly consists ofseelices
communicating with Care Plan Editor GUI and databases with related database adapters with Hibernate
technology.

Care Plan BEfinition Tool enables the design of care plans by communicating the server side with web
services as an outside communication. For the inside, it uses the internal XML model to represent the
GLIF model in a more intuitive way. This model is explainedetad in Sectior?.3.1

2.3.1 XML Model

As presentedn iCARDEA Care plans are represented and stored as GLIF guideline definitions which is
the standard based represgion formalism for clinical guidelines and guideline execution engine
processes this model. However this representation formalism is complex, and we realized that this model
does not directly map to the flowchart representation formalism used by theahadifessionals in the
definition of care plans. For this reason, we decided to create an intermediate XML mdtel dare

plan definition toolthat will be used as the core model while designing the graphical interfaces of care
plan definition tooko be presented to the medical professionals.

XML Model is constructed based on the flowcharts of the medical care plans. In this model, we have 5
main steps and an eligibility criteria to control the flow of the execution in the following order.
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o Eligibility Criteria: This process gives an ability to define a criteria in order to decide whether the
guideline should start or not.

e Start Step: This step shows the beginning of the guideline. Every guideline should start with this
step.

e Consult Step: This stegemonstrates the consultation to the medical professional for deciding the
next step of execution. It gives a chance to medical professional to make final decision for the
special cases.

e Decision Step: This step represents decision points which are iegeaithout the consultation
of the medical professional in the guideline. This step makes the execution automatic by selecting
the appropriate step based on the assessment of the defined variables via the evaluation of
predefined scripts.

¢ Recommendation t8p: This step enables presenting recommendation message to the medical
professionals and if necessary to patients and their care givers. The message to be presented,
related patient information and urgency level of message should be specified.

¢ Final StepiThis step is to demonstrate the end of the guideline. After this step, guideline finalizes
and no more step occurs.

In Figure8 andFigure9, identification of the elements in this internal model is shown for the AF (Atrial
Fibrillation) care plan.

53:Care Plan Algorithm is §
initiated — > StartStep

'

S5:Presentthe CIED Data and EGM to
the Medical Professional

= Decision Step
D3: Check
q0 : 3
YES YES Noise 0 YES

S8:Evaluate SVT
Case

— — > ConsultStep

S6:Evaluate VT
Case

S7:Evaluate
Noise Case

»{ S4:Finalized -+

— = Final Step

Figure8: Identification of the elements in XML model @8t Step, Consult Step, Decision Step, Final Step)
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S7:Evaluate
Noise Case

#of disch =0
#of discharges>1 D6: Check Inappropriate of discharges
Discharge
i _ > Recommendation Step
#of discharges=1

r

R3: Consider R4:Arrangea
immediate referral follow-up in clinic D7: Check # of such
toclinic noise in the pastweek

of noise cases>=1
#of noise cases=0

$9: Present the Lead Impedance
Alerts, Lead Impedance Trend,
Amplitude of the signal to the
Medical Professional

¥

S4: Finalized |

D8: Check
Abnormalities

RS: Consider
immediate referral
toclinic

r
| S4: Finalized ’L- | |

Figure9: Identification of the elements in XML model (Recommendation Step)

R6: Callthe patient,
andask how s/he is

This internal model represents the steps in XML structure with their specific attributes. This structure
specifies the required information to execute the care plan in Care Plan Engine. The general XML model
can be seen iRigurel0.
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kﬂedicaltareplan name="AF Careplan" ID="AFCareplan" version="2.0" xsi:noNamespaceSchemalocation="Careplan.xsd" xmlns:xsi="http://www.w3.org/2001/XML!
<Header>
<Body>
<EligibilityCriteria>
<Algorithm>
<StartStep ID="S51">
<FinalStep I 4" name="Guideline Finalized"/>
<Consult3tep 85" me="Present the CIED Data and EGM to the Medical Professicnal">
<ConsultStep ID="D5" me="Check Appropriate Discharge">

<RecommendationStep
<RecommendationStep I

R1" name="Arrange an immediate referral to the clinic">
R2" name="There is a VT case and there is no appropriate discharge in the patient. Call the patient and ask how s/he i:

<ConsultStep ID="D6&" me="Check Inappropriate Discharge">
<RecommendationStep ID="R4" name="Arrange a follow-up in the clinic">
<ConsultStep T D7" name="Check # of such noise in the past week">

<ConsultStep I
<RecommendationStep I
<ConsultStep L
<ConsultStep ID="D12" name="Check Inappropriate Discharge">
<RecommendationStep I

59" name="Present the Lead Impedance Alerts, Lead Impedance Trend, Amplitude of the signal to the Medical Professional">»
RE" name="There is no appropriate discharge in the patient. Call the patient and ask how s/he is.">

me="Evaluate SVT Case">

"R8" name="Arange a urgent (remote/routine) follow-up in the clinic"»

<ConsultStep name="Check Inappropriate Discharge">

<ConsultStep name="Check Inappropriate Discharge">

<ConsultStep name="Check CHADS2 Score">

<ConsultStep name="Present Absclute Contraindications with previous and active conditions">
<Consult3tep name="Present Relative Contraindications with previous and active conditions">
<ConsultStep name="Present Contraindications with recent Lab records">

<ConsultStep name="Present Contraindications with current Medications">»

<RecommendationStep R13a" name="Prescription of Aspirin 81 to 325 mg daily">

<RecommendationStep R13b" "Prescription of Aspirin 81 to 325 mg daily or Anticoagulation (INR 2.0 to 3.0, target 2.5)">
<RecommendationStep R14" name="Prescription Oral Anticoagulation">

<Consult3tep ID="815" name="Rate Control">

<RecommendationStep I R16" name="Arrange Urgent follow-up/ Urgent remote follow-up/ Routine Follow-up">

<RecommendationStep
<RecommendationStep I

ams

R17" name="Consider immediate referral to clinic">

R18" name="Consider immediate referral to clinic">

<ConsultStep ID="821" me="Evaluate Rhythm Control">
<ConsultStep I $24" name="Ask whether the patient has active lifestyle">
<ConsultStep ID="523" me="Control associated diseases">»

<RecommendationStep ID="R24" name="Prescribe Digitialis">

Figure10: General XML Model

As it can be seen ifigure 11, care plans represented in XML model have a-ltkeestructure that
demonstrates each step as a single node.

Root
Header Body
Eligibility Criteria Algorithm
Start Step ConsultStep  Decision Step Recommendation Step Final Step

Figurell: Treelike structure of the XML model

Each mde has its own attributes and elements chosen based on the required data to keep in this structure.
For each step, XML model is provided with the related screen objects in Se&idnPiece of sample

AF guideline and related XML model which can be generated by using Care Plan Definition Tool can be
found inAppendix
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However,Care Plan Engine executes the clinical guidelines in GLIF format. Therefore, this internal XML
model generated by using Care Plan Definition Tool must be converted into the GLIF oelel.
mapping is made by using the GLIF model steps as a reference. In order to achieve this, internal XML
model is converted to the GLIF model. This process is done by th&rRyotégdOWL API™ which is an
opensource Java library for the Web Ontology Laage and RDF(S). iCARDEA GLIF Generator
program is written in order to use this APl and generate GLIF model as preseRigdréi2.

Internal XML Model

iICARDEA
GLIF Generated OWL
Generator (GLIF)

OWL Template

Figurel2: The process of GLIF Generation

3 Care Plan Definition Tool

Care plans are represented and stored as GLIF guideline definitions which is the standard based
representation formalism for clinical guidelines and guideline execution engine processes this model.
However this representation formalism does not directlp toathe flowchart representation formalism

we usedWe aim to develop a care plan definition tool that will be used by medical profession#iss

reason, we aim tprovide more intuitive interfaces that resembles the flowcharts we have been working
on.

Personalized Adaptive Care Plan Definition Tool enables the definition of machine processable care plans
and clinical guidelines. knables

¢ to define and personalize the care plans,
¢ to bind the clinical guideline steps with remote monitoring Ciiiela, EHRs and PHRs of the
patient.

Care Plan Definition Tool uses the internal XML model to represent the flowcharts in more intuitive and
understandable way than that GLIF ddegure 13 shows the use of this internal XML model in Care
Plan Definition Tool.

1 ProtégéOWL API, http://protege.stanford.edu/plugins/owl/api/
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Care Plan Definitions in o T
Care Plan Definition Tool Care Plan Definitions in
GLIF ‘ i

| Import GLIF Export as GLIF

definitions )
Uses as native

data model

Uses as native
data model

Internal XML Model
to represent
Flowcharts

Figurel3: Care Plan Definition Tool with the internal XML model

In this section, overall description and genesgdtem architecture of the Care Plan Definition Tool is
mentioned. h section3.1, web services used in Care Plan Definition Tool is explained with both server
and client side. In sectioB.2, the usage of interfaces and related actions for each individual step are
explained in detail.

3.1 Web Services

For iCARDEA Care Plan Definition Tool, we provide graphical interfaces that can be accessible through
Web Browsers. For implementingiése Web based interfaces, we have chosen the Adobe'¥LEX
technology. These Web based interfaces are thin clients. In order to enable the communication of these
thin clients with the Server side application logic, we are using Web SerVicesweb service are

created as a BlazeBSweb service application in Flex BuildeBlazeDSis the servebased Java
remoting and web messaging technoldgiazeDSenablesAdobe FlexandAdobe AlRapplications
developers to easily connect to bamid distributed data amulish data in reaime. BlazeDSmakes use

of AMF3 protocolwhich is similar to SOAP, blAMF3 protocolis a binary protocol and so is much

faster than SOAPBlazeDS enables Flex applications make remote procedure calls to the Java server.
BlazeDSsimplifies integration with existing Java code.

BlazeDSconsists of two parts a Clint side development and a Server side configuBdipeDS client
side development is typically adobe Flexapplication or amdobe AirApplication. Client side
developmentiseFlex components to communicate with BlazeDS servelincluding the

RemoteObject,
HTTPService,
WebService,

Producer, and
Consumer components.

2 http://Iwww.adobe.com/products/flex/

13 http://opensource.adobe.com/wiki/display/blazeds/BlazeDS

Page |20



IST248240 iCARDEA 31/05/2011

For theweb-services of Care Plan Definition Tool, sergile configuration is made by using Eclipse
IDE with BlazeDS plugn communicating the cliergide developed in Flex Builder by using
RemoteObject component.

3.1.1 Server-Side Configuration

Serverside consists of two type of components which are a User management database and BlazeDS
services. Each of thesmmponents are Spring Beans. The database component has three beans each of
which implements a Data Access Obj@afO) pattern for an entity.

e Contact DAO
e Person DAO
¢ Organization DAO

<<Java Intadface>> ssina Clage>>
<<)ava Intedace>> QrganzationDAD OQrganz ationDACImp!
GenencDAQCT 1D> [ < implements ~
public List<T> findAll{) extends <Organzabion, Stng>
pubtisc T findBytdUsingGet (1D i ) x VAT FT S AT T
joutiic T findByidiD id. boolean lock) Q—J i e
bubic T findByidi0 id) —ng‘l;j—*ﬁf—
jublic boolean delete(iD id) ¢ e ... a
pubic boolean delete(T amity) ' PR <&l >»
public List<T> findByExample(T exampleinstance) < extends <Person Strng> Impements OrganizaticoDADImgl
butic T makePersistent(T entey) [ ST — e
pubiic voud makeTransient(T entity)
pubiic void satSessionF actony{SessonFactory sessonFactory) <3 1 <<ty Interace>>
jpubiic 10 save(T entity) exfends <Contact, Sinng> efactDA
bubiic 10 createtlew(T entity) T & !
jpubihe voud update(T enty) ,,‘Du'#c_vrs < lgva Dlasg>>
public T merge{T entity) bt QrgdnizatigoDAQImgl
|
A oxtrends *
'
axtends
extends
AV
<<l Abstr | >
: BaseHibemateDAQCT ID>
== el T ]

Figurel4: Class diagram of DAO pattern

Serverside provides services for accessing other databases developed in iCARDEA project. This is done
by wrapping Data Access Objects of these database entities as Spring beans. These beans are also
exposed as BlazeDS services so that chaig softwarehas access to databases managed by other
iICARDEA components.

3.1.2 Client-Side Development

The Flex client application uses the Remote Object component to access the Java POJO method, For
doing so client application uses the destination property to specifiesitimation. The code below shows

the initialization of the patients by using RemoteObject in Flex.
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public function init () :veoid
{
service : RemoteCbiject = new REemotelbiject ("subscriptionService"):
cs:ChannelSet = new ChannelSet():
customChannel :Channel = new hMFChannel(“my—amf“,"/icardea_careplaneditor/messagebrcker/amf"j:
ce.addChannel (customChannel) ;
service.channelSet = cs;
service.addEventListener (ResultEvent . RESULT, onResultRegisteredPatients)
service.addEventListener (FaultEvent.FAULT, onFault):
service.listRegisteredPatients ()

public function onBResultRegisteredPatients(result:ResulcEvent) ivoid

{
this.patients = result.result as ArrayCollection;

public function onFault (fault:FaultEvent) tvoid
{
Alert.show (fault.faulc.faultString) ;

Figurel5: Clientside development

3.2 Care Plan Definition Tool Graph ical User Interfaces (GUISs)

Care Plan Definition Toolgraphical user interfaces (GUl$jave been implemented usimgdobe
Flex"’. The implementation with Flex has the advantages that the application is:

¢ Webbased and it works with all major browsers,
e Crossplatform,

e Executable as a desktop application.

Care Pan Definition Tool GUIs make the care plan and guideline definitions easier and understandable
for the medical professionals. Following subsections expligws and related availabltions in Care
Plan Definition Tool in detail.

3.2.1 Login View

In this view (Figure 16) Healthcare Actors including Medical Domain Expert and Care Plan Reviewer
who are authorized by the system administrator can log in the system.

14 Adobe Flex Fhittp://www.adobe.com/products/flex/
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At left side of the viewimportant links of CARDEA project is located. In the middle of the screen there
is a text containing brief summary of the iCARDEA project. At the right, aifofyjom is provided
through which each user should log in to system. Available actions are:

0 Log in: Medical Domain Kpert and Care Plan Reviewer can log in to the system by filling
username and password areas and clicking fALog

0 Passwords Recovery: Medical Domain Expert and Care Plan Reviewer can requastian e
containing their passwords by filling userrmarea and clickinf For got your passwor

st

viCardea An Intelligent Platform for Personalized Login
Remote Monitoring of the Cardiac Patients
with Electronic Implant Devices
Overview Username:  elif
Over the last decade, there has been an
P ial growth in the number of cardiac
implantable devices, in their electronic and
software complexity widening their function Forgot your password?  ( Login
and application. However, due to their limited
processing capabilities restricted by their size,
CIEDs need to be supported with software
running on the data centers. Currently, the
data center processing is standalone with
their custom software and proprietary
interfaces. iCARDEA will expose CIED data
through standard

Home Page

FAQ Password: |

more...

Figurel6: Login View

3.2.2 Medical Care Plan Repository View

In this view (Figure 17), existing medical careplan templates retri@d from Medical Care Plan
Repositoryare shown in a data grid with ICID codename, and approval status. Available actions are:

0 Create New MCPMedical Domain Expert can create a new medical gdae by clicking
ANEWO button.

0 Open MCP: Medical Domain Expert can edit an existing medicalpiareby clicking "OPEN"
button. As a result, capgan is displayed in Medical Care Plan Editing View.

0 Askfor Approval of a MCP: Medical Domain Expert can ask for approval after he/she made any
changes to the Care Plan Reviewer byplac|l i cki ng
0 Edit MCP: Medical Domain Expert can change the properties of the carespieim &¢s name,

ICD-10 code) by clicking edit icon on the row of care plan.
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0 Assign to the Patient: Medical Domain Expert can assign this guideline to any of the registered
patients by clicking assignment icon on the row of care plan.

iCARDEA

Welcome elif  Logout

Defined Care Plans

~iCardea
ICD-10 Name Status Ask for Approval Edit Delete | Assign to the Patient

Home Page 148 Sample Careplan-1 no [¢ .// x #’
FAQ

Account Settings

~Tools
Careplan Definition Tool

Careplan Menitoring Teol

Patient Management

NEW OPEN

Figurel7: Medical Care Plan Repository View

3.2.3 Medical Care Plan Editing View

This view (igure 18) is the main design view to consitti the care plans. The demonstration of
flowcharts can be created by using this view. It consists of a diagram on the right and building blocks as
care plan steps on the left. Available actions are:

0 Add Step: Authorized Medical Domain Expert can add a s&p by dragging and dropping an
item from the ASTEPSO I|ist to the diagram.

0 Remove Step: Authorized Medical Domain Expert can remove an existing step from diagram by
clicking ADELETEO button from the keyboard

0 OpenEdit Step Dialog: Authorized Medical Domain Expert can a open edit dialog for any step by
clicking "Edit" button. Appropriate dialog for each step type is displayed to the user.
0 Linking Steps: Authorized Medical Domain Expert can define next step of éggltby simply

clicking link icon that appears when mouse hovers on upper right corner of any step and dragging
this icon to another step.
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Welcome elif  Logout

Careplan Properties A R

ICD10 Code: 148

ID

Defavit column

HAME: Sample AF Guideline

UPDATE CANCEL
STEPS.

Defeuittite [
®

[ s J| Eweer  J| impor

4] =] ] »

Figurel8: Medical Care Plan Editing View

After making changes, Medical Domain Expert cadate the opened care plan in order not to discard
changes. This facility can be used by clicking the "Update" button below the properties of the care plan.
When logging in the system again, the new care plan can be shown in the Medical Care Plan Editing
View. If the changes are wanted to be discarded, "Cancel" button can be used to return Medical Care Plan
Repository View.

Lastly, this view is capable of importing and exporting .mcpd (l\sdical Care Plan Diagram File)
which keeps the compressed statfihe both XML model and diagram model together.

3.2.4 Care Plan Steps Editing View

This viewconsists [Figure19) of 5 careplan steps, eligibility éteria definition and editing of their
properties. As it is mentioned in XML model Section2.3.], these are:

e Eligibility Criteria: This process gives an ability define a criteria in order to decide whether the
guideline should start or not.

e Start Step: This step shows the beginning of the guideline. Every guideline should start with this
step.
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e Consult Step: This step demonstrates the consultation to theanedifessional for deciding the
next step of execution. It gives a chance to medical professional to make final decision for the
special cases.

e Decision Step: This step represents decision points which are executing without the consultation
of the medicaprofessional in the guideline. This step makes the execution automatic by selecting
the appropriate step based on the assessment of the defined variables via the evaluation of
predefined scripts.

¢ Recommendation Step: This step enables presenting recomioenchessage to the medical
professionals and if necessary to patients and their care givers. The message to be presented,
related patient information and urgency level of message should be specified.

e Final Step: This step is to demonstrate the end afuideline. After this step, guideline finalizes
and no more step occurs.

Each of these views is described separately in the following subsections.

Welcome elif

Careplan Properties T AQQ
ICD10 Gode: 148 =
NAME:  Ssmple Careplan-1 (E)C].cw 4 ectrny B
T
ueoate CANEEL = = Care Plan Present the CIED Data and EGM to
i 8 Algorithm is the Medical Professional
Detection of
Start Step AF!
The case is Yt Thecase is SVT!
B Consult Step There is Noise!
Finalize
% Decision Step carepian!
(®)  Recommendation Step I I
Check Appfopriate Chetk Inappropriate ) Evaluate\SVE
X>  FinalStep Digcharge Discharye Finalize Casé
careplan!
[ -
Fo
Referral Ask There is Sinus There is
CaRResr Tachycardia!
Detection of AF! El
Referral I I
e Follow-up i
—— ._[F2 Checﬁ[c"f;;'::rf;éunare Check Inappropriate
[ s J| mees [ imen Disgharge
Referrat rgent follow
Foligw-up Urgenbliuﬁuvﬂ'p
Referral Follofi-up
Arrange ag There is a VT case and therefis no : lI
immediate referral fo appropriate discharge in the Arrange a l;.f’rang_e aurgent.
the clinic patient. Call the patient and|ask follow-up in the (remote/routine)
how she is. clinic fo/D‘\-’—L[fp in the
clinic
Finalize Finalize Finalize
I anlvm.l carenlan! careplan! - .. -
“ v

Figurel9: Care Plan Steps Editing View
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3.2.4.1 Eligibility Criteria

In this view Figure 21), Medical Domain Expert has an ability to define a criteria in order to decide
whether the guideline should start or not. This decision iserbaded on thevaluation scriptshat the
Medical Domain Expert can specify. The specification ofdtmptsis done by mapping one variable to
the desired situatiothrough mathematical expressions, it is guided by a specific view presented in
Section3.2.4.8 The XML model for the Eligibility Criteria is shown Figure20.

<EligibilityCriteriay

<Variable name="AFStatus" type="boolean">

{Congept code="739568" name="MDC_IDC EPISODE TYPE" scheneID="MDC IDC'"/»

¢<Datadource code="C0581396" name="Cardiac implant device" schemeID="TMLS"/»

<Refinementicript>function refine(list) { var x; var y=false; var names=list.toArray(); for(x in names) { println(names[x]); if{names[x] =

"Epis AT AF") y=true; } return y; }¢/Refinement3eripts
¢[Variable»
<EvaluationScriptrfunction EligibleTofuidelineCriterion(AFStatus) { if ( AFStatus.getValue().getText({) = "true") return true; else return false; }

¢/Evaluationdcript>
¢/EligibilityCriteria>

Figure20: XML model of Eligibility Criteria

This view is developed based on the requirements in XML model of Eligibility Criteria. As it is shown in
Figure 20, an eligibility criterion has variables and evaluation script to define the criteria with the
variables. The variables also have the own properties to specify the concept and data source of that
concept, as well as refinement script take operations with the other defined variables. The concepts
and related data sources are chosen from the CIED and EHR/PHR Data Providgiverewm detail in
Section3.2.4.7

This view is accessible via the Start Stgplained in SectioB.2.4.2 List of variables defined in order to
nd the specific values are shown in AVariabl eso

bi

0

[@]3

(@]

[@]3

(@]

Add Variable: Medical Domain Expert can create a new variable tasbd in the evaluation
process by clicking ANEWO button.

Edit Variable: Medical Domain Expert can edit an existing variable by selecting a node at
CIED/EHR/PHR Data Provider view which openswisémec | i cks AEDI ToO button.
Remove Variable: Medical Domainxgert can delete an existing variable by selecting a variable
and clicking ADELETEO button.

Write Refinement Script: Medical Domain Expert can wriBnement script using Script Editor
explained in detail in SectioB.2.4.8by clicking script icon on the variables data grid. This
process is for the refinement of the variables. The binding process with the desired situations and
variables is done via this functiality.

Write Evaluation Script: Medical Domain Expert can write evaluation script using Script Editor
by clicking script icon near the "Evaluation Script" label. This process decides the start of
executionof a care plamy making the desireglssessmemperations orthe defined variables.
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Eligibility Criteria Properties
VARIABLES.

Name Type Refinement Script | AddNewVariable |
AF status boolean }9 _
) | Editvariable |
< J
| DeleteVariable |
L J

EVALUATION SCRIFT =

| EVALUATE |
N /

Figure21: Eligibility Criteria

3.2.4.2 Start Step

Start Step shows the beginning of the guideline. Every guideline should start with this step. In XML
model, start step is in the following format showrrigure22.

<5StartStep ID="51">
<HextStep ref="85"/>
«/5tartStep>

Figure22: XML model of Start Step

As it is shown irFigure22, start step has its own id and next step reference to continue the execution
when it is started. Although this step does not have eligibility criteria as a property in its XML model and
eligibility criteria is independent from any step of care plan, this view provides adding the eligibility
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criteriafunctionalityexplained in detail in Sectioch2.4.1for t he car e pl an by <cl i cki
Criteriao button.

iCARDEA ]

Welcome elif  Logout

Careplan Properties T A8Q

Defauit column
HAME: Sample AF Guideline BEE

I

UPDATE CANCEL
STEPS,

Start Step

Defaulttite [F]
=

Defaulttitie:

Defebﬁon of
AF!

[E] Consult Step

Decision Step

Recommendation Step

Final Stap

(= J[ meer [ imem |

Figure23: Start Step

3.2.4.3 Consult Step

This step demonstrates the consultation to the medical professional for deciding the next step of
execution. It gives a chance to medical professional to make final decision for the special cases. The
XML model of this step is shown fRigure24.
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<ConsultStep ID="S55" name="Present the CIED Data and EGM to the Medical Professional">

<Variable name="VTStatms" type="boolean">
<Concept code="739568" name="MDC_IDC EPISODE TYPE" schemeID="MDC IDC"/»
<DataSource code="CO0581396" name="Cardiac implant device" schemeID="UMLS"/>
<RefinementScript>function refine(list) { var x; var y=false: for(x in list) { if(list[x] = "Epis VT") y=true; } return y: }
</RefinementScript>

</Variable>

<Variable name="SVTStatus" type="boolean">
<Concept code="739568" name="MDC_IDC EPISODE TYPE" schemeID="MDC_IDC"/>
<DataSource code="CO0581396" name="Cardiac implant device" schemeID="UMLS"/>
<RefinementScript>function refine(list) { var x; var y=false: for(x in list) { if(list[x] = "Epis SVT") y=true; } return y; }
</RefinementScript>

</Variable>

<Display>
<HIML>

</Display>

<NextStep ref="D5">
<EvaluationScript>function check (55Choice) { if(55Choice.getValue().getText() = "The case is VT!") return true; else return false; }
</EvaluationScript>

</NextStep>

<Next3tep ref="D6">
<EvaluationScript>function check ($5Choice) { if(55Choice.getValue().getText() = "There is Noise!") return true; else return false; }
</EvaluationScript>

</NextStep>

<NextStep ref="S8">

<EvaluationScript>function check (85Choice) { if(S85Choice.getValne().getText() = "The case is SVT!") return trume; else return false; }
</EvaluationScript>

</Next5tep>

<NextStep ref="54">»
<EvaluationScriptrfunction check (55Choice) { if(55Choice.getValue().getText() — "Finalize careplan!") return true; else return false; }
</EvaluationScript>

</NextStep>

</ConsultStep>

Figure24: XML model of Consult Step

This view is developed based on the requirements in XML model of Consult Step. As it is shown in
Figure24, consult step has variables, next steps with evaluation scripts to decide the which step will be
the next and HTML display view to take the saliation of the medical professional while deciding the
step. The evaluation scripts of next steps are connected with the variables defined in HTML view
explained in detail in Sectio®.2.4.9 By using HTML view, medical professional can specify the values
that he/she wants to see while execution by binding them to variables. The variables alsoithaws the
properties to specify the concept andadsurce of that concept, as well as refinement scripamnsform

the value of the variables to the desired values through the spexpfeationgaking the other defined
variablesas inputs The concepts and related data sources are chosen fronEbea@d EHR/PHR Data
Provider Viewexplained in detail in Sectidh2.4.7

Medical Domain Expert can edit a consult step through this view. Listanabhles are shown in
ivari ablesodo data grid. Foll owing actions are avai

0 Add Variable: Medical Domain Expert can create a new variable to be used in the evaluation
process by clicking ANEWO button.

0 Edit Variable: Medical Domain Expert can edit an 8RR variable by selecting a node at
Cl ED/ EHR/ PHR Data Provider view which opens wh

0 Remove Variable: Medical Domain Expert can delete an existing variable by selecting a variable
and clicking ADELETEO button.
0 Write Refinement ScriptMedical Domain Expert can write refinemeutipt using Script Editor

explained in detail in SectioB.2.4.8by clicking script icon on the varidds data grid. This
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process is for the refinement of the variables. The binding process with the desired situations and
variables is done via this functionality.

0 Edit Display HTML: This functionality provides to desighe consultwindows which will be
shown to the medical professionalshile the care plan is beingxecued The consultation is
made by Medical Domain Expert by examining the desired values shown in these windows in
HTML format. Medical Domain Expert can edit the HTML displayed during execuby

clicking AHTML Designodo button which opens HTML

iCARDEA ‘.

Careplan Properties

~~~~~

I Present the CIED Data and EGM to the Medical Professional

VARIABLES

- Name Type Refinement Script ( Add New Variable )
1 Fungl Saw Edit Variable
I ot varae

(o) (Hmpesion )

Figure25: Consult Step

3.2.4.4 Decision Step

This step represents decision points which are executing without the consultation of the medical
professional in the guideline. This step makes the execution automatic by selecting the appropriate step
based on thassessmertf the defined variablethrough the specified scriptghe XML model of this
step is shown ifrigure26.
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<DecisionStep I0D="D5" name="Check Appropriate Discharge">
<Variable name="AppropriateDischarge" type="integer">
<Concept code="737824" name="MDC IDC STAT TACHYTHERAPY SHOCKS DELIVERED RECENT" zchemeID="MDC IDC"/>
<DataSource code="C0581396" name="Cardiac implant device" schemeID="UMLS"/>
</Variable>
<NextStep ref="R1">
<EvaluationScript>function check (AppropriateDischarge) { if(parselnt (AppropriateDischarge.getValue().getText()) > 0)
return troe; else return false; }
</EvaluationScript>
</NextStep>
<NextStep ref="R2">
<EvaluationScript>function check (AppropriateDischarge) { if(parselnt (AppropriateDischarge.getValue().getText()) &lt;= 0)
return true; else return false; }
</EvaluationScript>
</NextStep>
</DecizionStep>

Figure26: XML model of Decision Step

This view is developed based on the requirements in XML model of Decision Step. As it is shown in
Figure26, decision step has variables, next steph evaluation scripts to decide the which step will be

the next. The evaluation scripts of next steps are connected with the defined variables. Instead of
consultation of medical professional, the decision is made automatically with the evaluatiiptef

The variables also have the own properties to specify the concept and data source of that concept, as well
as refinement script téransform the values of the variables to the requested vahoesexample,
refinement scripts can be used to convertuhi¢ of a lab result variable from g/l to g/milhe concepts

and related data sources are chosen from the CIED and EHR/PHR Data Providexpamed in detail

in Section3.2.4.7

Medical Domain Expert can edit a decision step through this view. List of variables are shown in

ivari ablesodo data grid. Foll owing actions are avai

0 Add Variable: Medical Domain Expert can create a new variable tasbd in the evaluation
process by clicking ANEWO button.

0 Edit Variable: Medical Domain Expert can edit an existing variable by selecting a node at
Cl ED/ EHR/ PHR Data Provider view which opens wh

0 Remove Variable: Medical Domain Expean delete an existing variable by selecting a variable
and clicking ADELETEO button.
0 Write Evaluation Script: Medical Domain Expert can write evaluation script using Script Editor

explained in detail in Sectidh2.4.8by clicking script icon near the "Evaluation Script" label.
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Figure27: Decision Step

3.2.4.5 Recommendation Step

This step shows the recommendation mesdhgéaarget of recommendation messagel urgency level

of message. It recommends an action which should be taken while execution of guideline. The XML
model of this step is shown igure28. Based on the urgency level, care plan engine can select the
transmission means as SMS or email.
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<RecommendationStep ID="R1" name="Arrange an immediate referral to the clinic">
<Receiver ref="P3"/>
<Urgency>2</Urgency>

<Display>
<HTML>
<head/>
<table>
<tr name="PatientBlock">
<td>
<!——The following HTML will be populated automatically in the execution phase--»
Patient Name:
<data src="garemanagementdb://Patient/fgivenName" />
<data src="caremanagementdb://Patient/isecondlame" />
<data src="caremanagementdb://Patient/EfamilyName" />
<br/>
Patient ID:
<data src="caremanagementdb://Patient/@patientIdentifier"/>
<br/>
Initial Diagnosis:
<data src="caremanagementdb://Problem|[fcode=C0560180] /@problenValue0riginalText" />
<a href="http://patient.parameter.monitor.link">Access to EHR</a>
<br/>
Implanted Device:
<data sro="caremanagementdb://720897:MDC_IDC PG TYPE"/>
<data src="caremanagementdb://T20898:MDC_IDC PG MODEL"/>
<br/>
Last Follow-up Date:
<data 3:c=“caremanagementdb://721028:HDC_IDC_SESS_DTH_PREVIOUS”f>
</td>
</tr>
<TT>
<td>Arrange an immediate referral to the clinic.</td>
<ftr>
</table>
</HTML>
</Display>

<NextStep ref="54"/>
</RecommendationStep>

Figure28: XML model of Recommendation Step

This view is developed based on the requirements in XML model of Recommendation Step. As it is
shown inFigure28, recommendation step has recommendation messageat:fig using HTML

display viewexplained in detail in Sectidh2.4.9 recipent of themessage and urgency level to define
the level of urgency of the recommeridatmessage. Recommendation messages and the other desired
information can be designed by using HTML display view.

Medical Domain Expert can edit a recommendation step through this view. List of available actions are:

0

0

[@]3

Edit Recommendation Message: Medicabniain Expert can edit recommendation message
name by writing it to the text area and also from the diagram view.

Edit Receiver: Medical Domain Expert can edit receiver simply by selecting from the patient list
near the AWhom?d | abel

Edit Urgency: MedicaDomain Expert can edit urgency simply by selecfirogn radio buttons

Red, Yellow and Greemeaning that Red is the most urgent case, Yellow is the medium and
Green is the least urgent case.
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0 Edit Display HTML: Medical Domain Expert can edit HTML displayddring execution by
clicking AHTML Designodo button which opens HTML

iCARDEA 4
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) Recomm—mtion ey L Ref Name D
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i Pias Stas P2 Michael Thomas | =) repla v v
P3 Nathan Woods
- B B P5 Claire Ellington A
Urgency?
e — - [ Yor)
| ok || mmesin |
(=) [ = x

TETEI T TO TR T e

Figure29: Recommendation Step

3.2.4.6 Final Step

This view only shows the finalization of the guideline. When the guideline has reached this step, the
execution finalizes and there will be no more step after that. The XML structure of the final step is shown
in Figure30.

<FinalStep ID="54" name="Gunideline Finalized"/>

Figure30: XML model of Final Step

As it can be seen from the XML model of the Final Step, this view only shows the finalization of the
guideline with their id and nanatributes.
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Figure31: Final Step

3.2.4.7 CIED and EHR/PHR Data Provider View

This view provides the graphical user interface to choose the data providerariablefrom CIED or
EHR/PHR of patient. Data providesse used in ordeto bind the concepts and data sources with the
variables. These data sources are retrieved from the related tables of iICAB®EAVianagement
databaseBased on this binding, while the care plan is executed by the care plan engine, the most recent
values éthese variables are automatically retrieved from the Care Management Database.

CIED, EHR and PHR data schemas are represented in a tree model and medical professional can select
any node then click ASAVEO but tteddatd source af vagableih at v a
any step that has a variable. The detailed explanation of each data provider can be tfoafallowing

subsections.

Page |36



IST248240 iCARDEA 31/05/2011

Variable Properties

v [y CIED: Cardiac implant device
» (1 MDC_IDC_PG: Implantable Pulse Generator CIED: Cardiac implant device
» (] MDC_IDC_LEAD: Implantable Lead Attributes

| MDC_IDC_SESS: Interrogation Session

| MDC_IDC_MSMT: Measurements

] MDC_IDC_SET: Settings

| MDC_IDC_STAT: Statistics

1 MDC_IDC_EPISODE: Episode

LA . A

-«

7 EHRIPHR: Electronic Health RecordsiPersonal Health Records
|| Problem

| Medication

|_IimagingResult

|| Procedure

|_] Careplan

| Patient

| Save | | Cancel |

TE—— ——

Figure32: CIED and EHR/PHR Data Provider View

3.2.4.7.1 CIED Data

CIED data retrieved from the data centers of cardiac implantable device. The format of tree structure is
determined based on th4DC_IDC_Nomenclatur€. This tree structure has 7 main components with
the subcomponents that represent the properties of the cardiac implantable device. These are:

e MDC _IDC_PG: Implantable Pulse Generator
e MDC_IDC_LEAD: Implantable Lead Attributes
e MDC _IDC_SESS: Interrogation Session

MDC_IDC_Nomenclature

ftp://ftp.ihe.net/Patient_Care_Devices/Profiles/IDCO/IDCO_Nomenclature/Archive/MDC_IDC_Nomenclature V0.
70.xls
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data sources coming from ClI

button to save. This data sources are storelde variable as concept and data source in the XML model.
The sample variable with CIED data source in XML model is illustrat&dgiare33.

{Variable name="VT5tatos" type="boolean">

(Cancept code="139568" nane="WDC IDC EPTSODE TYEE" schens[[="MC IDC'/>

{DataSource code="C03B1396" name="Cardiac implant device" schenell="TMLS"/»

(Refinenencicript>function refine(list) { var x; var y=false; for(x in List) { if(list[x] = "Epis VI") y=true; | return y; b¢/RefinementSeripty
¢[Varisbley

Figure33: Sample variable with CIED data source in XML model

Variable Properties

v (23 CIED: Cardiac implant device

¥ (23 MDC_IDC_PG: Implantable Pulse Generator

') MDC_IDC_PG_TYPE
[*) MDC_IDC_PG_MODEL

) MDC_IDC_PG_SERIAL
L) MDC_IDC_PG_MFG

') MDC_IDC_PG_IMPLANT_DT

) MDC_IDC_PG_IMPLANTER

) MDC_IDC_PG_IMPLANTER_CONTACT_INFO

') MDC_IDC_PG_IMPLANTING_FACILITY

» (21 MDC_IDC_LEAD: Implantable Lead Attributes
» (1) MDC_IDC_SESS: Interrogation Session

» () MDC_IDC_MSMT: Measurements

» () MDC_IDC_SET: Settings

» () MDC_IDC_STAT: Statistics

Save Cancel

MDC_IDC_PG_TYPE
Partition Code: 720867
Display Name: Implantable Pulse Generator Type

Definition: The type of pulse generator.

Metric Type: Enum

Figure34: CIED Data
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3.2.4.7.2 EHR/PHR Data

This part shows the data sources coming from Electronic Health Record (EHR) or Personal Health
Record (PHRYata of the patient. First oflahe medical professional ne&al select the type of the EHR
and PHR data of the patient. In this view avail al
into 6 groups that each group includes the predefined vedlegsd to each entry. These groups are:

e Problem

e Medication

¢ Imaging Result

e Procedure

e Care Plan

o Patient
These types map to the tables defined in iCARDEA Care Management Database. These tables have
previously designed based on gextions availablHE Care Management templates that are going to be
used within the scope of IHE Care management profiles to collect clinical data from EHR and PHR data
repositories.

Secondly, the Medical professional needs to specify a medical concept that this variatiedigd.

These concepts are required to be selected from well defined Medical terminologies such as LOINC,
SNOMED CT. For example if the user wants to specify a specific lab result to be retrieved from the Lab
Result section of apeciicallOINE noded isdicafing fhis lalh desaulhshoulth ke s
specified. The Care Plan Definition Tool provides the necessary interfaces to fill in these concept codes as
presented ifrigure36: EHR/PHR Data

In this view, each code value hagode systenmameand related id. From this view, Medical Domain
Expert can do the following actions:
e The Care Plan Definition Tool provides a jiefined concept listThe user can select the
concepts from this list, by clicking "Show" button.
e Adding a new concept to the list can be done by clicking "Add" button.
e The default value for the each entry is whole type (such as whole Problem list).

The sample variable withHR data source in XML model is illustratedEmror! Reference source not
found..

<Variable name="Heartfailure" type="boolean">

<Concept code="CO018801" zchemsID="TMLS"/>

<DataSource code="C2362543" name="Electronic Health Records" achemeID="UMLS"/>

<DataSource code="C0033213" name="Problem" zchemeID="UMLS"/>

¢RefinementScriptrfunction refine(list) { var x; var y=false; for(x in list) { y=true; } return y; }</RefinementScriptr
¢/Varizbler

Figure35: Sample variable with EHR data source in XML model
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Variable Properties

Hame: Hypertension

» (] CIED: Cardiac implant device

¥ [y EHR/PHR: Electronic Health Records/Personal Health Records
] Problem
L) Medication

Please enter the code values

Name

‘ Hypertensive disease

L}

| ImagingResult ‘cuuzusas

) Procedure Code System

| Careplan m—

= 7
|) Patient
Add this variable to the list ( Add |
pehy
Add from predefined values [ Show |
Qe
For correct info see the website:
https:/fiuts.nim.nih.gov/home.html
Note: If you keep the fields empty whole list will be
executed!
Save | Cancel |

PN __

Figure36: EHR/PHR Data

3.2.4.8 Script Editor View

Script Editor enables the users to create the refinement and evaluation scripts in a momd easy a
understandable way. These stgipre used to refine and evaluate the variables to decide the next step of
the execution. The evaluation and refinement scripts are in the format illustr&igdreB7.

(Ivaluasionscripeyfmotion check (35Choice) | if(35Choice.getValue().oetText() = "There is Noise!") return true; else retum false; }</Tvaluationdcripey

¢Refinementicript>function refine(list) { var x; var y=false; for(x in list) { if(list[x] = "Epis VI") y=true; } retumn y; }¢/RefinenentSeripty

Figure37: Evaluation and Refinement Scripts in XML model

Page |40



IST248240 iCARDEA 31/05/2011

As it can be seen in XML model, it is diflilt for amedical professional to generate such ssnipthout
using any tool. In fact, understanding of execution is hard to observe. Script Editor enables the medical
professional to define the relevant scripsily. Script Editor provides arithmetical, comparison, logical
and condition operations fongjle variables as well as list operations for the defined list with one or more
variables. It has the drag and drop functionality for selecting variables and saving expression functionality
for further use. The functionalities of the operators are asafsilo
e By selecting operation from the Arithmetical operations or Logical operations, one can write a
basic expression by dragging a variable from variable list or simple (rateger,string etc.).
e Conditional operation "IF" enables the user to definddmoexpression and return value if the
condition is true or not.
e List operations have more complex structure than basic operations. These operations are valid
only on previouslydefined lists. The list operations are:

0]
(0]

o

getSize: This operator is for the calation of the size of the list.

makelList: This operator makes a list from the-gedined variables with name. After
that, the list can be seen in the "Defined Lists" data grid.

inList: This operator determines whether desired element is in the list.dt takes both

list and a element.

andList: This operator makes AND logical operation between the all elements in the list.
orList: This operator makes OR logical operation between the all elements in the list.
sumList: This operator makes + arithneeti operation between the all elements in the
list.

‘Script Editor
Please first choose an operator frombelow:  Defined variables: Defined lists:
Name Type Name

AppropriateDischarge integer
Eaa
‘ Comparison operators.
E

IF AppropriateDischarge > 0

gggggggggggggg

andlist | | orlist || sumlist © Clear

Figure38: Script Editor
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3.2.4.9 HTML Editor View

HTML Editor provides a user interface to design the windows for the care plan monitoring prbdess

the care plan is being executdthey are basically used for Consult and Recommendation steps where
interaction with medical professionals is required. Through this functionality such windows can be
designed graphically while the care plan is beirggleled.

It allows to the following actions:

0 Selecting Bl ock: Medi cal Domain Expert can sel
and then selecting any of the Patient, EGM, Choice, and CIED Blocks.

0 Creating Custom Block: Medical DomainExperen cr eate a new bl ock by
button and providing width and height of the table.

0 Editing HTML View: Medical Domain Expert can drag and drop HTML elements after selecting
a block or creating a custom block. These HTML elements are, LBikdn, Text Input and
Radio Button as basic elemeniriable block to assign variables and Script block to write
scripts as complex elements.

0 By using Screen Editor, Medical Domain Expert can specify the blocks that he/she wants to see

while executiorof the care plan. Defaults blocks are:
3 Patient block: keeps the information of the patient
3 CIED block: keeps the information of the cardiac implant device
3 EGM block: keeps the information of EGM
3 Choice Block: keeps the information of the next steps

‘»Home

Figure 39: HTML Editor View
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After designing the windows, this design is saved in HTML format in the internal XML model with the
"Display"” label. The model can be seen in the below:

e
2 [ <HML>
3 = <head>
4 </head>
= <body>
= <table cellspacing="10" style="background-color:#elelel">
= <tbody>
= <tr name="PatientBlock" id="PatientBlock">
9 = <td style="background-color:f§eceece">
10 <p align="center"><b>Brief Information about the patient <«/b></p>
11 = <p>Patient Hame:
12 <data src="caremanagementdb://Patient/Egivenllame" />
13 <data sr caremanagementdb: //Patient/Esecondiame” />

14 <data src="caremanagementdb://Patient/ffamilyName"/>
15 <br />
Patient ID:
<data src="caremanagementdb://Patient/EpatientIdentifier"/>
1z <br />
19 Initial Diagnosis:
20 <data src="caremanagementdb://Problen[Ecode=95281009]/EproblenvalueOriginal Text" />
21 <a href="http://patient.parameter.monitor.link/a.php?patientID">Access to EHR</a> <br />
22 Implanted Device:
23 <data src="caremanagementdb://720897:MDC_IDC_PG_TIPE"/>
24 <data src="caremanagementdb://720898:MDC_IDC PG MODEL"/>
25 <br />
2 =] Last Follow-up Date: <data =r caremanagementdb://721028 :MDC_IDC SESS DTM PREVIOUS"/><a hre http://link.to.care.management.db">Access
27 to previous Remote follow-up results</a> </p>
28 = <py<br />
29 </p>
30 r </td>
31 £ <ty
2 [ <tr name="CIEDBlock">
33 % <td style="background-color:#eeeeee">
34 <p alig center"><b>Brief Information about the recent alarm </b></p>
35 Received Date: <data src="caremanagementdb://Patient/CIEDData/EreceivedTime"/><br />
36 AMlarms Detected: Atrial Fibrillation episcde at a rate of 180 <br />
37 b <a href="http://patient.parameter.monitor.link">Access to Report Exported</a> </td>
8 r </ftr>
33 [ <tr name="ER{Block">
40 = <td style: ackground-color:feseece” >
41 <p zlign="center"><b>Brief Information about the EGM and detected problems < /b> </p>
2 [ <table cellspacing="10" width="1008">
43 = <tbody>
a2 [H <tr>
45 [ <td>
<p align="center"> BGM: <a href="http://patient.parameter.monitor.link">Access to Report Exported</a> <br /> </p>
<p><img width="312" height="190" id="Picturel" =src="caremanagementdb://Patient/Observation/Ebase6i5tring" alt="x.bmp" /></p>

8 r </td>
43 [ <tds
50 <p align="center"> Assesment by CIED <a href="http://patient.parameter.monitor.link">Access to Report Exported</a> <br />
51 <br/>
52 -] <p align="left"># of AppropriateDischarges: $AppropriateDischarge <br />
53 r </p>

54+ </p>

55 B </td>

56 £ <tr>

57 - </thody>

58 - </table>

59 <>

60 £ </ tr>

61 [ <tr nam

62 <td style="background-color:f§eeceee">

63 <p align="center"><b>Recommendation and Next 5tep to follow </b> </p»

64 <p>»Please choose the suitable option</p>

<form action="consultValueRetriever.php" method="post">

o
T

<input type="submit" name="D5Choice" valus="Appropriate Discharge > 0"/>
<input type="submit" name="DiChoice" valus="Appropriate Discharge = 0"/>

68 r </form>

69 r </td>

70 r <ftr>

7+ </thedy>

72 F </table>

73 r </body>

74 r </HIML>

7S - mEsEla
Figure40: HTML modein internal XML model
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4 Patient Management

This view enables Medical Domain Expert to register the patient and subscribe to data for the patient.
This view communicates with the walerver to get the information of the registered patients before.
"Regisered Patients" data grid shows the id, name, surname, gender and birth date of the patient.

Subscriptions which are done before can be shown by clicking subscription icon on the row of registered
patient.
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Figure41: PatientManagement

4.1 Register Patient

From this view, Medical Domain Expert can register a patient by filling the required areas. These areas
are patient ID including iCARDEArotocol 1D CIED ID, ORBISID, PHRID, patient name, surname,

date of birth, genderaddress, phone and initial diagnosis. After filling these areas, the patient is
registered by clicking "Register" button and this entry can be seen in "Registered Patients" data grid.
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