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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 care plans 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 

iCARDEA Care plan definition tool developed within the scope of ñTask 4.1 Adaptable Computer 

Interpretable Clinical Guideline Models for Executable Personalized CIED Follow-upò and will 

contribute to the milestone ñM7 iCARDEA Personalized Adaptive Care Planner for CIED Recipientsò.  

1.2 Definitions, acronyms and abbreviations  
 

Abbreviation/ 

Acronym 
DEFINITION  

AF Atrial fibrillation 

CIED Cardiovascular Implantable Electronic 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 

 

Table 1: List of Abbreviations and Acronyms 
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2 Position of Care Plan Definition Tool in iCARDEA Architecture  
 

Management of cardiac arrhythmia abnormalities that are not transient 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 

Electronic 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. Remote sensor devices are located in patientsô homes to transfer stored data from the 

cardiac implant to a remote monitoring service centre. These remote monitoring service centers, operated 

by device manufacturers, receive, store, analyze and translate transmitted data into patient-specific 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 

processable form.  

 

The iCARDEA project was set out to establish an interoperability framework to semi-automate the 

follow-up of cardiac arrhythmia patients with care plans based on computer interpretable clinical 

guideline models by seamlessly accessing the CIED data and the EHRs of the patients. In the iCARDEA 

architecture, the ñIHE Implantable Device Cardiac Observation Profile (IDCO)ò
1
 is employed to 

automatically expose CIED data from different vendors in a machine processable format to be used in the 

care plan of the patients. While executing care plans for monitoring CIED patients, further information 

from the patient EHRs is needed, such as the history of the non-cardiac conditions, detailed information 

about the severity of each condition (e.g., record of prior hospitalizations, and details of therapy for the 

condition), the medications taken at the time of spontaneous arrhythmia occurrence, and the non-cardiac 

conditions denoting contraindications to the proposed therapies in order to decide the optimum medical 

therapy for a specific patient. The major challenge addressed in accessing the EHR systems is the 

interoperability problem of communicating with various heterogeneous EHR systems. To be able to avoid 

routinely monitoring a wide variety of clinical data from disparate systems, and developing ad hoc 

interfaces to access heterogeneous systems, IHE has specified the ñCare Management Profile (CM)ò
2
 

which is employed in the iCARDEA system. 

 

In iCARDEA, the care plans are designed based on clinical guidelines. Clinical guidelines include plans 

for treatment and aim to reduce inter-practice 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 producing and disseminating clinical guidelines. Several computer interpretable models 

of Clinical Guidelines have also been proposed such as GLIF, ASBRU, and ARDEN. Additionally, there 

are several guideline execution engines processing these models, such as GLEE, GLARE and DeGel 

demonstrating that the guideline definitions can be executed to automate the decision making process. In 

the iCARDEA system, GLIF
3
 is used for the definition of the care plans. GLIF (Guideline Interchange 

Format) is a computer-interpretable language for modeling and executing clinical guidelines. GLIF 

supports sharing of computer-interpretable clinical guidelines independently from different platforms. It is 

based on an object-oriented logical model of concepts and it defines an ontology for representing 

                                                           
1
 IHE Implantable Device Cardiac Observation Profile (IDCO), 

http://www.ihe.net/Technical_Framework/upload/IHE-CARD-TF-Supp-IDCO_PC_2006-04-17.pdf 

2
 IHE Care Management Profile, http://wiki.ihe.net/index.php?title=Care_Management_Profile 

3
 Peleg M, Boxwala A, Ogunyemi O, et al. GLIF3: The Evolution of a Guideline Representation Format.  

Proc AMIA Annu Fall Symp. 2000:645-649. 

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
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guidelines, as well as a medical ontology for representing medical data and concepts. An engine is being 

developed to execute them which also has the capability to access CIED and EHR data seamlessly 

through IHE CM and IHE 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 Tool
4
 to create a new clinical 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 within the scope 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 deliverable. In the 

beginning of Task 4.1, as reported in Deliverable 4.1.1, we have defined three care plans with the medical 

professionals from Salzburg University Hospital and Barcelona Clinic. There the medical professionals 

prepared the flowcharts of care plans in paper, and SRDC team has converted them to 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 professionals. A summary of requirements is presented in Section 2.2. 

 

After the care plans are designed through this tool, they can be assigned to the specific patients again 

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 Plan Definition Tool. Before this, in Section2.1, first of all the 

GLIF Model is introduced.  

2.1 GLIF Model 

The GuideLine Interchange Format (GLIF)
5
 tries to build on the most 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
 Protégé Ontology Editor and Knowledge Acquisition System, http://protege.stanford.edu/ 

5
Peleg M, Boxwala A, Ogunyemi O, et al. GLIF3: The Evolution of a Guideline Representation Format.  

Proc AMIA Annu Fall Symp. 2000:645-649. 

http://protege.stanford.edu/
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Figure 1:  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 editable by Protégé. GLIF uses a ñtask-basedò 

paradigm for representing the guidelines, i.e., it decomposes the guideline definition hierarchically into 

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

Figure 1. 

 

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 

ñexpressionò attribute of the Criterion. To be able to assess the eligibility, it may be necessary to check 

the current situation of the patient and his/her past medical history, hence these data gathering steps are 

added as ñget data itemò attributes to the Criterion class.   

The clinical process is represented through an algorithm, which is a flowchart of guideline steps, 

including: 

Á 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. Through Medically 

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 that feed 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 Actions the guideline definitions can be nested. 

Á 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 of Arden Syntax
6
. 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.  

Á The Branch step is used to model concurrent guideline steps. Branch steps 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. 

Á The Synchronization steps are used in conjunction with branch steps. When multiple guideline 

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. When the flow 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. 

Á A Patient state step is usually used as a label that describes 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 (excluding 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 presented in Figure 2. 

                                                           
6
 M. Peleg and O. Ogunyemi and S. Tu,òUsing features of Arden Syntax with object-oriented medical data models 

for guideline modelingò, Proceedings of AMIA Symposium, 2001, pp.523-527 
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Figure 2: An algorithm for the stable angina guideline in GLIF 

GLIF Model proposed to represent the guidelines in three layers. The Core GLIF Model described above 

constitutes the ñLevel Aò. It enables the guideline author to concentrate on conceptualizing a guideline as 

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 that in the second level of abstraction, that is, in ñLevel Bò, this 

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

the logical criteria: 

Á ñLevel Bò the Clinical data is represented as data items. For representing medical data items, 

GLIF supports the use of a Reference Information Model derived from HL7 RIM (USAM)
7
 

presented in Figure 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. 

Á Knowledge items are used to define the clinical concepts which can be used to annotate the data 

items to relate them with well known medical terms. Clinical concepts are defined through the 

tuple <conceptName, conceptID, conceptSource>. For example, the ñchronic coughò concept can 

be represented through the following tuple <chronic cough, C0010201, UMLS> in reference to 

Unified Medical Language System (UMLS)
8
 semantic network. 

Á A formal expression language is used for representing decision criteria, triggering events, 

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

                                                           
7
 HL7 Reference Information Model, http://www.hl7.org/v3ballot8/html/foundationdocuments/welcome/index.htm 

8
 Unified Medical Language System (UMLS), http://www.nlm.nih.gov/research/umls 

 

http://www.hl7.org/v3ballot8/html/foundationdocuments/welcome/index.htm
http://www.nlm.nih.gov/research/umls
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decision criteria can be defined as ñselectAttribute(pq_value,selectAttribute(value, 

Current_LDL_Cholesterol)) >= 160'' in this expression language.  

 

Figure 3: The Reference Information Model used by GLIF 

 

Figure 4: A very simple guideline flow 

GLIF uses these two levels of abstractions to represent a guideline definition as follows: Assume an 

overly simplified guideline that decides whether to prescribe ñAspirinò or ñClopidogrelò as a firstline 

medication to a patient who is suffering from myocardial infarction as presented in Figure 4. The first 

guideline step in the guideline's ñalgorithmò can be an ñaction stepò where it is necessary to gather data 

from patient's Electronic Healthcare Records (EHR). The tasks included in this ñaction stepò are two ñget 

data actionsò. The first ñget data actionò instance as shown in Figure 5is to discover whether the patient is 

currently using the medication ñAspirinò. This action states that the information should be retrieved from 

the ñEHRò (also termed as Electronic Medical Record, EMR). The second ñget data actionò is for 

accessing the contraindications of the patient to the medication ñAspirinò. After executing these actions, 
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through a ñdecision stepò, it is checked whether it is advisable to prescribe Aspirin to the patient as 

presented in Figure 5, in the ñOrderAspirinò ñmedically oriented actionò. 

 

 

Figure 5: An Example Get Data Action retrieving Aspirin Medication Status and an Example Medically Oriented Action 
Ordering Aspirin Prescription in GLIF Model 

As presented in the example, through GLIF Levels ñAò and ñBò, a guideline is defined only at the 

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, how the clinical procedures can be discovered and invoked are not 

specified. GLIF recognizes this requirement by defining a third level of abstraction, ñLevel Cò or 

ñMedical Knowledge Layerò, which aims to provide an implementable specification. In this layer, the 

actions specified in the Level ñAò and the patient data references presented in Level ñBò must be mapped 

to institutional procedures and the electronic medical record systems of the underlying system of the 

medical institution where the guideline is to be deployed. For this third level of abstraction, the following 

needs have been identified: 

Á Interfaces to clinical repositories to retrieve Electronic Healthcare Records, CIED data of a 

patient, 

Á Interfaces for interacting with applications such as clinical workflows and alert systems. 

In iCARDEA System, we are using a GLIF enactment engine that is developed by a previous EC Project 

SAPHIRE
9
. In SAPHIRE Project, this third level of abstraction is also defined by extending the GLIF 

definition
10

, in iCARDEA 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 proposed by IHE Care Management Content 

Profiles. Within the scope of Task 4.3, IHE CM and IHE IDCO profiles have been implemented on top of 

                                                           
9
 SAPHIRE Project, http://www.srdc.metu.edu.tr/webpage/projects/saphire/ 

10
Laleci G. B., Dogac A., A Semantically Enriched Clinical Guideline Model Enabling Deployment in 

Heterogeneous Healthcare Environments, IEEE Transactions on Information Technology in Biomedicine Vol. 13, 

No. 2, pp. 263-273, March, 2009. 

http://www.srdc.metu.edu.tr/webpage/projects/saphire/
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SAPHIRE GLIF enactment engine to automatically access the clinical information resources as specified 

in the care plan definition.  

A sample piece of view from the GLIF model for the AF Guideline is shown below: 

 

Figure 6: Sample piece of GLIF Model 

2.2 Summary of Requirements  
 

As explained in detail in iCARDEA Deliverable 3.4.1, definition of requirements is provided for the Care 

Plan Definition Tool used to define adaptable, computer interpretable clinical guideline models for 

executable (personalized) CIED follow-up. 

 

The actors involved in the related use cases (UC 1-2-3) about requirements of Care Plan Editor can be 

divided into two groups, Human Actors and System Actors. The actors involved in Care Plan Definition 

Tool are:  

 

Human actors: 

 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 paper-based care plan definitions into computer interpretable ones. The Medical 

Domain Expert is also capable of defining the medical important parameters for the data analysis 

process and interpreting the found patterns. 

 Care plan Reviewer: A Care plan Reviewer is a user with medical knowledge who validates the 

computer-interpretable care plans and makes sure they match the paper-based ones. 

 

System actors: 
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 Care plan Editor: The Care plan Editor enables to define or modify care plan templates and create 

personalized care plans. Templates are not associated with Patients. Associating a template with a 

specific Patient generates a ñPersonalized Medical Care planò (PMCP) which is separately stored 

and modified by the editor (without affecting the associated template). Creation and modification 

of templates and personalized care plans need an approval of the Care plan Reviewer. 

 Medical Care plan Repository (MCP Repository): The MCP Repository stores the medical care 

plan templates (MCPs) and personalized medical care plans (PMCPs). For better readability the 

abbreviation MCP Repository should be used. 

 

In ñCreate New Medical Care Plan Template(UC-1)ò, the care plan editor enables a Medical Domain 

Expert to define a new care plan templates called ñMedical Care plansò (MCPs) that are based on clinical 

guidelines. These templates are constructed in compliance with related standards and project objectives 

using the selected Care plan Modeling Method and Modeling Tools. Creation of new templates is subject 

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

In ñManage Existing Medical Care plan Templates (UC-2)ò, the care plan editor enables a Medical 

Domain Expert to view, modify, deactivate or delete existing medical care plan templates 

(MCPs).Changes on MCP templates are subject to approval by the Care plan Reviewer(s). Only approved 

changes will be stored persistently. 

In ñApprove Medical Care plan Template (UC-3)ò, the care plan editor enables a Care plan Reviewer to 

view, approve or reject templates waiting for approval. Approved template will be activated immediately. 

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

so that the request can be deleted or some changes can be made to re-ask for approval. 

Care Plan Definition Tool provides these functionalities with visual GUI which is comprehensible, easily 

understandable and user friendly with a reasonable response time. The detailed information about the 

design of Care Plan Definition Tool based on these requirements is provided in Section 2.3. 

2.3 General Design 
 

The architecture of Care Plan Definition Tool consists of Care Plan Definition Tool Graphical User 

Interfaces(GUIs) and Server-Side communicating through the web-services developed by using BlazeDS 

technology. Each component in Care Plan Definition Tool GUI is designed based on the internal XML 

model explained in detail in Section 2.3.1. 

Server-side configuration of Care Plan Definition Tool is made with BlazeDS communicating the client-

side developed in Flex Builder. The detailed information about server and client side development of web 

services can be found in Section Error! Reference source not found.and Error! Reference source not 

found.. 
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As it can be seen from the Figure 7, general design of Care Plan Editor mainly consists of web-services 

communicating with Care Plan Editor GUI and databases with related database adapters with Hibernate 

technology. 

Care Plan Definition 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 explained in detail in Section 2.3.1. 

2.3.1 XML Model  

 

As presented, in iCARDEA 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 is complex, and we realized that this model 

does not directly map to the flowchart representation formalism used by the medical professionals in the 

definition of care plans. For this reason, we decided to create an intermediate XML model for the care 

plan definition tool that will be used as the core model while designing the graphical interfaces of care 

plan definition tool to 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.  

Figure 7: General Design of Care Plan Definition Tool 
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 Eligibil ity Criteria: This process gives an ability to define a criteria in order to decide whether the 

guideline should start or not.  

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

step. 

 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. 

 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 the assessment of the defined variables via the evaluation of 

predefined scripts. 

 Recommendation Step: 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 Step: This step is to demonstrate the end of the guideline. After this step, guideline finalizes 

and no more step occurs. 

In Figure 8 and Figure 9, identification of the elements in this internal model is shown for the AF (Atrial 

Fibrillation) care plan. 

 

Figure 8: Identification of the elements in XML model (Start Step, Consult Step, Decision Step, Final Step) 
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Figure 9: Identification of the elements in XML model (Recommendation Step) 

 

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 in Figure 10. 
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Figure 10: General XML Model 

As it can be seen in Figure 11, care plans represented in XML model have a tree-like structure that 

demonstrates each step as a single node. 

 

Figure 11: Tree-like structure of the XML model 

Each node 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 Section 3.2.4. Piece of sample 

AF guideline and related XML model which can be generated by using Care Plan Definition Tool can be 

found in Appendix. 
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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 model. The 

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 using the Protégé-OWL API
11

 which is an 

open-source Java library for the Web Ontology Language and RDF(S). iCARDEA GLIF Generator 

program is written in order to use this API and generate GLIF model as presented  in Figure 12. 

 

 

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 directly map to the flowchart representation formalism 

we used. We aim to develop a care plan definition tool that will be used by medical professionals, for this 

reason, we aim to provide 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. It enables 

 to define and personalize the care plans,  

 to bind the clinical guideline steps with remote monitoring CIED data, 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 does. Figure 13 shows the use of this internal XML model in Care 

Plan Definition Tool.  

 

                                                           
11

 Protégé-OWL API, http://protege.stanford.edu/plugins/owl/api/ 

iCARDEA 

GLIF 

Generator 

 

Generated OWL 

(GLIF) 

 

 

Internal XML Model 

OWL Template 

Figure 12: The process of GLIF Generation 

http://protege.stanford.edu/plugins/owl/api/
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Figure 13: Care Plan Definition Tool with the internal XML model 

In this section, overall description and general system architecture of the Care Plan Definition Tool is 

mentioned. In section 3.1, web services used in Care Plan Definition Tool is explained with both server 

and client side. In section 3.2, 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 implementing these Web based interfaces, we have chosen the Adobe FLEX
12

 

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 Services. The web services are 

created as a BlazeDS
13

 web service application in Flex Builder. BlazeDS is the server-based Java 

remoting and web messaging technology. BlazeDS enables Adobe Flex and Adobe AIR applications 

developers to easily connect to back-end distributed data and push data in real-time. BlazeDS makes use 

of AMF3 protocol which is similar to SOAP, but AMF3 protocol is a binary protocol and so is much 

faster than SOAP. BlazeDS, enables Flex applications make remote procedure calls to the Java server. 

BlazeDS simplifies integration with existing Java code. 

BlazeDS consists of two parts a Clint side development and a Server side configuration. BlazeDS client 

side development is typically an Adobe Flex application or an Adobe Air Application. Client side 

development use Flex components to communicate with the BlazeDS server, including the 

 RemoteObject, 

 HTTPService, 

 WebService, 

 Producer, and 

 Consumer components. 

                                                           
12

 http://www.adobe.com/products/flex/ 

13
 http://opensource.adobe.com/wiki/display/blazeds/BlazeDS 
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For the web-services of Care Plan Definition Tool, server-side configuration is made by using Eclipse 

IDE with BlazeDS plug-in communicating the client-side developed in Flex Builder by using 

RemoteObject component. 

 

3.1.1 Server-Side Configuration   
 

Server-side consists of two type of components which are a User management database and BlazeDS 

services. Each of these components are Spring Beans. The database component has three beans each of 

which implements a Data Access Object (DAO) pattern for an entity. 

 

 Contact DAO 

 Person DAO 

 Organization DAO 

  

 

 
 

Figure 14: Class diagram of DAO pattern 

 
Server-side 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 client-side software has access to databases managed by other 

iCARDEA 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 specify the destination. The code below shows 

the initialization of the patients by using RemoteObject in Flex.  
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Figure 15: Client-side development 

 

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

Care Plan Definition Tool graphical user interfaces (GUIs) have been implemented using Adobe 

Flex
14

.The implementation with Flex has the advantages that the application is: 

 Web-based and  it works with all major browsers, 

 Cross-platform, 

 Executable as a desktop application. 

 

Care Plan Definition Tool GUIs make the care plan and guideline definitions easier and understandable 

for the medical professionals. Following subsections explain views and related available actions 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 3, http://www.adobe.com/products/flex/ 

 

http://www.adobe.com/products/flex/
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At left side of the view, important links of iCARDEA project is located. In the middle of the screen there 

is a text containing brief summary of the iCARDEA project. At the right, a log-in from is provided 

through which each user should log in to system. Available actions are: 

ǒ Log in: Medical Domain Expert and Care Plan Reviewer can log in to the system by filling 

username and password areas and clicking ñLog Inò button.  

ǒ Passwords Recovery: Medical Domain Expert and Care Plan Reviewer can request an e-mail 

containing their passwords by filling username area and clicking ñForgot your password?ò label. 

 

 
Figure 16: Login View 

3.2.2 Medical Care Plan Repository View  
  

In this view (Figure 17), existing medical care plan templates retrieved from Medical Care Plan 

Repository are shown in a data grid with ICD-10 code, name, and approval status. Available actions are: 

ǒ Create New MCP: Medical Domain Expert can create a new medical care plan by clicking 

ñNEWò button. 

ǒ Open MCP: Medical Domain Expert can edit an existing medical care plan by clicking "OPEN" 

button. As a result, care plan is displayed in Medical Care Plan Editing View. 

ǒ Ask for Approval of a MCP: Medical Domain Expert can ask for approval after he/she made any 

changes to the Care Plan Reviewer by clicking ñAsk For Approvalò column for any care plan. 

ǒ Edit MCP: Medical Domain Expert can change the properties of the care plan (such as name, 

ICD-10 code) by clicking edit icon on the row of care plan. 
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ǒ 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. 

 

 

 
Figure 17: Medical Care Plan Repository View 

3.2.3 Medical Care Plan Editing View  
 

This view (Figure 18) is the main design view to construct 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:  

ǒ Add Step: Authorized Medical Domain Expert can add a new step by dragging and dropping an 

item from the ñSTEPSò list to the diagram. 

ǒ Remove Step: Authorized Medical Domain Expert can remove an existing step from diagram by 

clicking ñDELETEò button from the keyboard when the cursor is on the desired step. 

ǒ Open Edit 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. 

ǒ Linking Steps: Authorized Medical Domain Expert can define next step of each step by 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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Figure 18: Medical Care Plan Editing View 

After making changes, Medical Domain Expert can update 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 files (Medical Care Plan Diagram File) 

which keeps the compressed status of the both XML model and diagram model together.   

3.2.4 Care Plan Steps Editing View 
 

This view consists (Figure 19) of 5 care plan steps, eligibility criteria definition and editing of their 

properties. As it is mentioned in XML model in Section 2.3.1, these are: 

 Eligibility Criteria: This process gives an ability to define a criteria in order to decide whether the 

guideline should start or not.  

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

step. 
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 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. 

 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 the assessment of the defined variables via the evaluation of 

predefined scripts. 

 Recommendation Step: 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 Step: This step is to demonstrate the end of the guideline. After this step, guideline finalizes 

and no more step occurs. 

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

 

 

Figure 19: 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 is made based on the evaluation scripts that the 

Medical Domain Expert can specify. The specification of the scripts is done by mapping one variable to 

the desired situation through mathematical expressions, it is guided by a specific view presented in 

Section 3.2.4.8. The XML model for the Eligibility Criteria is shown in Figure 20. 

 

Figure 20: 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 to make operations with the other defined variables. The concepts 

and related data sources are chosen from the CIED and EHR/PHR Data Provider View given in detail in 

Section 3.2.4.7. 

This view is accessible via the Start Step explained in Section 3.2.4.2. List of variables defined in order to 

bind the specific values are shown in ñVariablesò data grid. Available actions are: 

ǒ Add Variable: Medical Domain Expert can create a new variable to be used in the evaluation 

process by clicking ñNEWò button. 

ǒ Edit Variable: Medical Domain Expert can edit an existing variable by selecting a node at 

CIED/EHR/PHR Data Provider view which opens when s/he clicks ñEDITò button. 

ǒ Remove Variable: Medical Domain Expert can delete an existing variable by selecting a variable 

and clicking ñDELETEò button. 

ǒ Write Refinement Script: Medical Domain Expert can write refinement script using Script Editor 

explained in detail in Section 3.2.4.8 by 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 functionality. 

ǒ 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 

execution of a care plan by making the desired assessment operations on the defined variables. 
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Figure 21: 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 shown in Figure 22. 

 

 

Figure 22: XML model of Start Step  

 

As it is shown in Figure 22, 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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criteria functionality explained in detail in Section 3.2.4.1 for the care plan by clicking ñEligibility 

Criteriaò button. 

 

 

Figure 23: 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 in Figure 24. 
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Figure 24: XML model of Consult Step 

 

This view is developed based on the requirements in XML model of Consult Step. As it is shown in 

Figure 24, 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 consultation 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 Section 3.2.4.9. 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 also have their own 

properties to specify the concept and data source of that concept, as well as refinement script to transform 

the value of the variables to the desired values through the specified operations taking the other defined 

variables as inputs. The concepts and related data sources are chosen from the CIED and EHR/PHR Data 

Provider View explained in detail in Section 3.2.4.7. 

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

ñVariablesò data grid. Following actions are available: 

ǒ Add Variable: Medical Domain Expert can create a new variable to be used in the evaluation 

process by clicking ñNEWò button. 

ǒ Edit Variable: Medical Domain Expert can edit an existing variable by selecting a node at 

CIED/EHR/PHR Data Provider view which opens when clicks ñEDITò button. 

ǒ Remove Variable: Medical Domain Expert can delete an existing variable by selecting a variable 

and clicking ñDELETEò button. 

ǒ Write Refinement Script: Medical Domain Expert can write refinement script using Script Editor 

explained in detail in Section 3.2.4.8 by clicking script icon on the variables 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. 

ǒ Edit Display HTML: This functionality provides to design the consult windows which will be 

shown to the medical professionals while the care plan is being executed. 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 execution by 

clicking ñHTML Designò button which opens HTML Editor View. 

 

 

 
Figure 25: 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 the assessment of the defined variables through the specified scripts. The XML model of this 

step is shown in Figure 26. 
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Figure 26: XML model of Decision Step 

This view is developed based on the requirements in XML model of Decision Step. As it is shown in 

Figure 26, decision step has variables, next steps with 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 evaluation of scripts. 

The variables also have the own properties to specify the concept and data source of that concept, as well 

as refinement script to transform the values of the variables to the requested values. For example, 

refinement scripts can be used to convert the unit of a lab result variable from g/l to g/ml. The concepts 

and related data sources are chosen from the CIED and EHR/PHR Data Provider View explained in detail 

in Section 3.2.4.7. 

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

ñVariablesò data grid. Following actions are available: 

ǒ Add Variable: Medical Domain Expert can create a new variable to be used in the evaluation 

process by clicking ñNEWò button. 

ǒ Edit Variable: Medical Domain Expert can edit an existing variable by selecting a node at 

CIED/EHR/PHR Data Provider view which opens when clicks ñEDITò button. 

ǒ Remove Variable: Medical Domain Expert can delete an existing variable by selecting a variable 

and clicking ñDELETEò button. 

ǒ Write Evaluation Script: Medical Domain Expert can write evaluation script using Script Editor 

explained in detail in Section 3.2.4.8 by clicking script icon near the "Evaluation Script" label. 
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Figure 27: Decision Step 

 

3.2.4.5 Recommendation Step  
 

This step shows the recommendation message, the target of recommendation message and urgency level 

of message. It recommends an action which should be taken while execution of guideline. The XML 

model of this step is shown in Figure 28. Based on the urgency level, care plan engine can select the 

transmission means as SMS or email.  
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Figure 28: XML model of Recommendation Step 

 

This view is developed based on the requirements in XML model of Recommendation Step. As it is 

shown in Figure 28, recommendation step has recommendation message designed by using HTML 

display view explained in detail in Section 3.2.4.9, recipient of the message and urgency level to define 

the level of urgency of the recommendation message. 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: 

ǒ Edit Recommendation Message: Medical Domain Expert can edit recommendation message 

name by writing it to the text area and also from the diagram view.  

ǒ Edit Receiver: Medical Domain Expert can edit receiver simply by selecting from the patient list 

near the ñWhom?ò label. 

ǒ Edit Urgency: Medical Domain Expert can edit urgency simply by selecting from radio buttons 

Red, Yellow and Green meaning that Red is the most urgent case, Yellow is the medium and 

Green is the least urgent case. 
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ǒ Edit Display HTML: Medical Domain Expert can edit HTML displayed during execution by 

clicking ñHTML Designò button which opens HTML Editing View. 

 

 

 

Figure 29: 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 Figure 30. 

 

 
 

Figure 30: 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 name attributes. 
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Figure 31: Final Step 

3.2.4.7 CIED and EHR/PHR Data Provider View 
 

This view provides the graphical user interface to choose the data provider of a variable from CIED or 

EHR/PHR of patient. Data providers are used in order to bind the concepts and data sources with the 

variables. These data sources are retrieved from the related tables of iCARDEA Care Management 

database. Based on this binding, while the care plan is executed by the care plan engine, the most recent 

values of these 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 ñSAVEò button to save that value as a concept with related data source of variable in 

any step that has a variable. The detailed explanation of each data provider can be found in the following 

subsections. 
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Figure 32: 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 the MDC_IDC_Nomenclature
15

. This tree structure has 7 main components with 

the subcomponents that represent the properties of the cardiac implantable device. These are: 

 

 MDC_IDC_PG: Implantable Pulse Generator 

 MDC_IDC_LEAD: Implantable Lead Attributes 

 MDC_IDC_SESS: Interrogation Session 

                                                           
15

 MDC_IDC_Nomenclature, 

ftp://ftp.ihe.net/Patient_Care_Devices/Profiles/IDCO/IDCO_Nomenclature/Archive/MDC_IDC_Nomenclature_v0.

70.xls 

 

ftp://ftp.ihe.net/Patient_Care_Devices/Profiles/IDCO/IDCO_Nomenclature/Archive/MDC_IDC_Nomenclature_v0.70.xls
ftp://ftp.ihe.net/Patient_Care_Devices/Profiles/IDCO/IDCO_Nomenclature/Archive/MDC_IDC_Nomenclature_v0.70.xls
ftp://ftp.ihe.net/Patient_Care_Devices/Profiles/IDCO/IDCO_Nomenclature/Archive/MDC_IDC_Nomenclature_v0.70.xls
ftp://ftp.ihe.net/Patient_Care_Devices/Profiles/IDCO/IDCO_Nomenclature/Archive/MDC_IDC_Nomenclature_v0.70.xls
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 MDC_IDC_MSMT: Measurements 

 MDC_IDC_SET: Settings 

 MDC_IDC_EPISODE: Episode  

  

This part shows the data sources coming from CIED data, user can select any node then click ñSAVEò 

button to save. This data sources are stored in the variable as concept and data source in the XML model. 

The sample variable with CIED data source in XML model is illustrated in Figure 33. 

 

 
 

Figure 33: Sample variable with CIED data source in XML model 

 

 
Figure 34: 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 (PHR) data of the patient. First of all the medical professional need to select the type of the EHR 

and PHR data of the patient. In this view available data types about patientôs EHR and PHR is divided 

into 6 groups that each group includes the predefined values related to each entry. These groups are:  

 Problem 

 Medication 

 Imaging Result 

 Procedure 

 Care Plan 

 Patient 

These types map to the tables defined in iCARDEA Care Management Database. These tables have 

previously designed based on the sections available IHE 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 variable is linked to. 

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 a patientôs EHR, than the specific LOINC code indicating this lab result should be 

specified. The Care Plan Definition Tool provides the necessary interfaces to fill in these concept codes as 

presented in Figure 36: EHR/PHR Data. 

 

In this view, each code value has a code system name and related id. From this view, Medical Domain 

Expert can do the following actions: 

 The Care Plan Definition Tool provides a pre-defined concept list. The user can select the 

concepts from this list, by clicking "Show" button. 

 Adding a new concept to the list can be done by clicking "Add" button. 

 The default value for the each entry is whole type (such as whole Problem list). 

 

The sample variable with EHR data source in XML model is illustrated in Error! Reference source not 

found.. 

 

 

 
 

Figure 35: Sample variable with EHR data source in XML model 
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Figure 36: EHR/PHR Data 

 

3.2.4.8  Script Editor View  

 

Script Editor enables the users to create the refinement and evaluation scripts in a more easy and 

understandable way. These scripts are used to refine and evaluate the variables to decide the next step of 

the execution. The evaluation and refinement scripts are in the format illustrated in Figure 37.  

 

 

 
 

Figure 37: Evaluation and Refinement Scripts in XML model 
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As it can be seen in XML model, it is difficult for a medical professional to generate such scripts without 

using any tool. In fact, understanding of execution is hard to observe. Script Editor enables the medical 

professional to define the relevant scripts easily. Script Editor provides arithmetical, comparison, logical 

and condition operations for single 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 as follows: 

 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 value (integer, string, etc.). 

 Conditional operation "IF" enables the user to define boolean expression and return value if the 

condition is true or not. 

 List operations have more complex structure than basic operations. These operations are valid 

only on previously defined lists. The list operations are: 

o getSize: This operator is for the calculation of the size of the list.  

o makeList: This operator makes a list from the pre-defined variables with name. After 

that, the list can be seen in the "Defined Lists" data grid. 

o inList: This operator determines whether desired element is in the list or not. It takes both 

list and a element. 

o andList: This operator makes AND logical operation between the all elements in the list.  

o orList: This operator makes OR logical operation between the all elements in the list. 

o sumList: This operator makes + arithmetical operation between the all elements in the 

list. 

 

 
Figure 38: 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 process while 

the care plan is being executed. They 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 being modeled.  

It allows to the following actions: 

ǒ Selecting Block: Medical Domain Expert can select a block after clicking ñBlock Editorò button 

and then selecting any of the Patient, EGM, Choice, and CIED Blocks.  

ǒ Creating Custom Block: Medical Domain Expert can create a new block by clicking ñAdd Blockò 

button and providing width and height of the table. 

ǒ 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, Label, Button, Text Input and  

Radio Button as basic elements, Variable block to assign variables and Script block to write 

scripts as complex elements. 

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

while execution of the care plan. Defaults blocks are: 

ƺ Patient block: keeps the information of the patient 

ƺ CIED block: keeps the information of the cardiac implant device 

ƺ EGM block: keeps the information of EGM 

ƺ Choice Block: keeps the information of the next steps 

 

 
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: 

 

 
Figure 40: HTML model in 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 web-server to get the information of the registered patients before. 

"Registered 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.  

 

 
Figure 41: Patient Management 

 

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 iCARDEA Protocol ID, CIED ID, ORBIS ID, PHR ID, patient name, surname, 

date of birth, gender, address, 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. 

 












