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Abstract

The Norwegian Electronic Prescription Support System (FEST) is a Norwegian drugs database in XML
format offered by the Norwegian Medicines Agency (SLV). FEST includes all information about drugs
that can be prescribed electronically in Norway. FEST is used as a pharmaceutical data source by
practitioners, pharmaceutical companies, and hospitals. The Norwegian hospitals are divided into four
health regions. Each region has its own drug registry, but they use FEST as a resource of drug information
and take the responsibility of updating their own systems with the latest up-to-date version of FEST.

Having access to one common national source of information about drugs which is always up-to-date,
relevant and quality assured would allow a more efficient development of interoperable systems and
solutions based on one well defined, standardized interface and protocol. Our main goal of this thesis is to
automatically map FEST XML into Fast Healthcare Interoperability Resources (HL7 FHIR). Thereby, drug
information will always become available/accessible through a REST-based service, avoiding that the
hospitals have to download the latest up-to-date version of FEST periodically.

Our first step is to use Java XML integration technology to automatically map FEST XML data model into
a Java classes model. The outcome of this step is that all FEST data elements will be accessible as Java
instances of its corresponding generated Java classes. The next step is to define HL7 FHIR profiles for
FEST data and implement these profiles on a RESTful FHIR server where FEST data will be stored as
instances of HL7 FHIR resources. The last step is to develop Web-based back-end components to access
the RESTful service developed in the former step.

As a proof of concept, we developed a front-end interface to provide web-based access to our FEST on
FHIR resources, and a use case of drug-drug interaction detection was applied as well. The result of our
solution is that the latest version of FEST data can be represented in terms of HL7 FHIR international
standards and is always available/accessible through FHIR RESTful service. Consequently, the Norwegian
hospitals may have more opportunity to develop more efficient interoperable systems by using FEST data
available through the FHIR RESTful service.

Keywords: HL7, FHIR, FEST, RESTful, Medicine Norway, Health Information Services (HIS)
Infrastructure, Norwegian Health Network (NHN)
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1 Introduction

Proper electronic exchange of medical information provides patients, practitioners, pharmacists and all other
healthcare professionals with the ability to easy access and securely share medical information of patients.
Consequently, advancing medical systems’ interoperability will expand patient's care quality and reduce the
risk of patient injuries and deaths related to incorrect medication. Standardization supports interoperability
of medical information systems in many aspects; meaning by using standardized healthcare vocabularies,
information and message structures as standardized by Health Level Seven International (HL7), information
transfer by using secure protocols, and availability/accessibility by using services [1].

The field of eHealth is an emerging field where information and communication technologies (ICTs) are
used to support health and its related areas such as healthcare, health surveillance and health education [2].
According to the Norwegian Directorate of eHealth (NDE), ICT systems which are used today by healthcare
professionals still need more development/improvement to follow the patient throughout the patient’s course
completely [3]. NDE claims that one of the reasons is that the healthcare sector in Norway consists of many
independent organizations which are responsible for the priorities, procurement, and operation of their own
systems. Consequently, there are many individual and different solutions in operation [3].

The ministry of health and care services in Norway has the role of the responsible supervisor for hospitals
which are organised into four regional health organizations. Under each one of these four regional health
organizations, there are many hospitals. Each hospital covers a specific local area and maybe distributes over
a number of local hospitals. Each local hospital consists of different departments, centres and clinics [4]. In
addition to local hospitals, there are specialist health services which include psychiatric hospitals, training
and rehabilitation institutions, institutions specialized in drug abuse treatment, prehospital services, private
practitioners and laboratory [5].

In the current structure of health and care services in Norway, a major need for a common national journal
solution for each patient has emerged and a project called “En innbygger - én journal” is currently under
development by NDE. One of the challenges in the “En innbygger - én journal” project is that healthcare
staff in municipalities do not have access to an up-to-date source of drugs information [6]. Consequently,
there is a major need for a common national source of information about drugs that can be easily accessed,
updated, and integrated across various medical information systems including the patient’s journal.

The Norwegian Electronic Prescription Support System (Forskrivnings- og ekspedisjonsstette FEST) is a
Norwegian database in XML format offered by the Norwegian Medicines Agency (SLV). FEST includes all
information about drugs that can be prescribed electronically in Norway. FEST is used as a pharmaceutical
data source by practitioners, hospitals and pharmaceutical companies. FEST provides practitioners with the
required pharmaceutical information when they prescribe a medicine such as side effects, delivery
difficulties in pharmacies, and warning in case a specialist should be contacted before prescribing a medicine.
Today, hospitals have their own drug registry, but they use FEST as a resource of drug information, and they
take the responsibility of updating their own systems. Pharmacies use FEST along with another system,
FarmaPro, developed by Farmalogg; both systems synchronize information about drugs so that pharmacies
have the best information about each drug from both systems [7].

Currently, users of FEST have two options to get an up-to-date version of FEST. They should use a solution
that can automatically search for updates every 3 nights or manually download FEST from SLV website
before the 1* and the 15™ day of each month [8].According to the Norwegian Directorate of eHealth, FEST
needs more development and improvements in many aspects such as data quality, content and update [9].

Applying international standards to the medical data stored in FEST will improve the integration process

with other medical systems, allow better medical interoperability, increase patients’ care quality and reduce
the risk of patient injuries and deaths related to incorrect medication.
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1.1 Background

Interoperability, i.e. the sharing and exchange of data between various information systems, is of great
relevance; disparate healthcare information systems are no exception. Let’s say, for example; a practitioner
sends a patient to a specialist to address a complicated case. The specialist prescribes a drug for the patient
who will get it from a pharmacy. If the prescribed drug is not available at the pharmacy, then the pharmacist
will give the patient an alternative drug and send an instant update to the practitioner. Later, the patient gets
another prescribed drug from the practitioner which may interact with the former drug. So even if the
practitioner, specialist and the pharmacist are using different systems, still patient’s information is exchanged
properly and instantly.

Such interoperability, providing the capability of instant exchange and share of patient’s information,
requires the use of standards. The role of standards is to determine the structure of both shared data and
exchanged messages from one healthcare information system to another. In this context, a list of six
suggested standards and specifications have been mentioned by the academic committee (NUFA) for health
and architecture in Norway [10]:

e HL7 V3 Messaging; the Health Level Seven Version 3 is an international standard based on HL7’s
Reference Information Model (RIM) and HL7 Version 3 Development Framework where messages
and documents are in XML syntax with focus on information’s semantics.

e THE XDS.b; Integrating the Healthcare Enterprise — Cross-Enterprise Document Sharing is an
international specification for exchange and share of documents with no restrictions on the type of
documents being shared [11].

e OpenEHR; offers a set of specifications of interface implementation and a platform of journal
systems, including a query language, decision support rules, and modelling of clinical information
[12].

e HL7 CDA R2; Clinical Document Architecture is an international standard from HL7 used for
documents exchange where a framework of document markup standard is used to describe the
structure and semantics of clinical documents [13].

e Linked Data; a concept of describing and connecting data by using a set of standards from W3C
(World Wide Web Consortium) where an URI is used to name a thing, HTTP-based URI is used to
search for names, RDF and SPARQL standards are used to provide information, and links to other
URIs are used to find more information [14].

e HL7 FHIR; Fast Healthcare Interoperability Resources is a standards framework from HL7
intended for integration/communication of health information between EPR systems (Electronic
Patient Record systems). HL7 FHIR encompasses the best features of HL7’s V2, HL7’s V3, and
CDA. FHIR uses the latest Web standards with a tense focus on implementation. FHIR solutions are
based on modular components called resources which represent a wide variety of medical
information [15].

Support of RESTful architectures is one of the important advantages that HL7 FHIR has over the previously
mentioned standards where it supports service-based architectures [15]. In addition, according to an
assessment of international standards and national coordination of standards published by the Norwegian
Directorate of eHealth (NDE) [10], HL7 FHIR is the only international standard recommended for a solution
where REST-based operations or a REST-based architecture being applied. The assessment takes into
consideration four models of interaction; message exchange, document exchange, document sharing, and
data sharing. HL7 FHIR is the only international standard that can be used in all the interaction models.
Furthermore, base resources in HL7 FHIR can be adjusted for local requirements which supports
interoperability as well [15].

Our main goal of this thesis is to represent the Norwegian Electronic Prescription Support System (FEST)
in terms of Fast Healthcare Interoperability Resources (HL7 FHIR). Thereby, drug information will become
available/accessible through a REST-based service. Sending a request/query to such a REST-based service
will provide a query result in FHIR format. Furthermore, there will be no need to download an up-to-date
FEST database before sending a query about drug information because the update process should be handled
automatically.
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1.2 Motivation

The motivation behind our work in this thesis is to reduce the potential risks in patients’ treatment that may
result from lack of interoperability between various medical information systems. Our concept is to enable
a representation of FEST that follows an international standard which will improve the accessibility of the
information about drugs in Norway.

1.3 Problem Statement and Goals

FEST is a national source of information about drugs which is mainly designed to support e-prescription,
but it is also used today by Norwegian hospitals in the four health regions “Helse Ser-@st RHF,” “Helse Vest
RHF,” “Helse Midt-Norge RHF” and “Helse Nord RHF.” Hospitals have increasing demands related to the
content and the quality of the information that FEST currently offers. In addition, specialist health services
“Spesialisthelsetjenesten” currently have no access to one complete and up-to-date national source for drug
data that satisfies requirements such as decision support for example. Consequently, specialist health service
institutions have to provide their own solutions, use source data from hospitals, maintain and manage source
data locally and utilize resources for their own management.

Currently, each one of the four health regions implements and maintains its own local solutions on a regular
basis to structure and quality assure the data offered by FEST. As a result, providing FEST data elements in
a well-standardized form would give hospitals more flexibility regarding integration solutions as well.
According to the SAFEST project [16], the current demands of hospitals and specialist health services
regarding FEST are categorized under four categories shown in the figure below.

. Incomplete Insufficient New information
Data qualtiy . :
content information elements
e Standardization e Add content * Need more e Update
e Structure details

Figure 1.1: Categories of requirement

Furthermore, the fact that drug data sources can be national and international implies an essential requirement
to establish standardized integration solutions for both national and international drug data providers, which
can fulfil the increasing demands of hospitals for data exchange.

Having access to one common national source of information about drugs which is up-to-date, relevant and
quality assured would save the resources used by each health region to compensate the deficiencies in today's
FEST and enhance hospitals’ performance as well. In addition, more precise coordination will reduce
medication errors and confusion situations, increase patient's care quality and reduce the risk of patient
injuries and deaths related to incorrect medication [9].

According to the report “IE-1005 Assessment of international standards, national coordination of standards”
published by Norwegian e-health directorate, applying international standards and specifications to the
medical data should improve the integration process with other medical systems and allow for better medical
interoperability [10].

Having access to a common national drug register solution in which international standards and
specifications are implemented will solve problems related to the following areas:
e Norwegian health services need a common national drug register solution following international
standards instead of using local solutions to achieve safe, effective and correct prescribing, treatment
and handling of drugs [9].
e (Clear communication inside and across health care services. For example, the Norwegian medical
agency SLV is looking for a new distribution service to be used when a warning message about
safety information related to a specific drug should be sent to the GPs, pharmacies, and patients. In
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the current FEST(M30), an SLV message is sent only to GPs, while in F5 FEST, the message is sent
to GPs, pharmacies, and patients but SLV is looking for a new distribution service as it claims that
F5 FEST is just a proof of concept which will not be further developed, improved or supported in
any way [17].

e Benefits for patients, healthcare professionals, and society through a quality assured and coordinated
source of public drug information.

e Reduce the need for the use of the professional resources in implementing, introducing and managing
medical solutions in specialist health services.

e Operations become safer when services are centralized.

e Medication is a vital part of the healthcare process, and it’s considered as an essential part of some
eHealth research/development projects being conducted at UiA. Thus, accessibility to up-to-date
drug information would improve development and research activities. In addition, when a solution
follows a recommended international standard in the context of information exchange, it becomes
more applicable. In some projects, an implementation of a complete eHealth system is composed of
various software components; a drug information component could be one of them.

1.4 Research Questions, Focus and Limitations

1.4.1 Research Questions

RQI1: How to represent the FEST data model in terms of a HL7 FHIR data model?

RQ2: How to provide accessibility to FEST data through FHIR resources in a REST-based architecture?
RQ3: How to provide decision support information / queries, utilizing the FHIR resources that give access
to underlying FEST data?

1.4.2 Focus and Limitations

Our goal is not to fully represent FEST in all details. Thereby, we will select some catalogues of the main
FEST catalogues and demonstrate a use case.

1.5 Proposed Solution

Applying HL7 FHIR international standards on the medical data stored in FEST register will improve the
integration process with other medical systems and allow for better medical interoperability. According to
the report “Assessment of international standards: National coordination of standards” published by the
Norwegian e-Health directorate, HL7 FHIR is recommended where REST-based operations or architecture
is applicable. There are four different interaction models where HL7 FHIR can be used; message exchange,
document exchange, document sharing and data sharing [10]. An adaption of HL7 FHIR specification to
build a new HL7 FHIR-based data model and a distribution solution by mapping FEST ML30 data entities
to HL7 FHIR resources. While there is waiting for a large-scale introduction of HL7 FHIR, We will introduce
our focus area to develop a proposed solution based on HL7 FHIR standards and specifications as a proof of
concept.

There are various FHIR-based solutions that are in the phase of development or deployment. DoseMeRx is
a clinical decision support software used to determine precisely the optimal drug dose in real-time. Different
data sources are used to provide the required information for clinicians; pharmacokinetic drug data, patient’s
profile, and concentrations of drug. DoseMeRx can be used as a standalone solution accessed through the
Web or as a mobile app as well [18].

Evolve Integrated Care is a FHIR-based solution on cloud-based platform, it provides clinical care pathways
and can be integrated with EHR systems. FHIR is used as both the main data repository and the service to
exchange data with EHR systems. Evolve Integrated Care is currently used by 100 hospitals around UK and
NHS to improve the automation of stroke, behavioural health, and emergency care pathways for clinics [19].
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1.5.1 Mapping FEST M30 data entities into FHIR resources

As drug data is stored in FEST register in XML format, our first step is to use Java XML integration
technology to map automatically FEST XML data model into a new data model represented by Java classes.
As a result, all data elements represented in FEST register will be accessible as Java instances of its
corresponding generated Java classes. The next step will be extending FHIR resources to fit various FEST
drug data elements. The former two steps require analysing FEST M30 XML schema structure and provide
the suitable corresponding FHIR resources if available. Otherwise, we need to extend the defined FHIR
resources or define our own resources which must adhere to FHIR specifications in turn. In this perspective,
the use of extensions in FHIR allows our solution to be more flexible with potential changes in the structure
of FEST.

1.5.2 Develop a RESTful service

HAPI FHIR is a Java library in which HL7 FHIR specification is implemented for Java [20].

A model of classes for all resource types defined by FHIR specification and extended by us will be
represented in a RESTful server where we will develop RESTful service to access and query the FHIR
resources representing FEST M30 data entities. Our implementation will be developed in Java programming
language.

1.5.3 Develop web application components to interact with RESTful service

We will develop Web-based back-end components to access the RESTful service developed in the former
step. As a proof of concept, we will develop a front-end interface to provide Web access to our FEST on
FHIR resources, and a use case of drug-drug interaction will be applied as well.

The figure below illustrates an overview of the system architecture to be designed and implemented.

FHIR RESTful
Service

WEB Client

Hospitals

FEST on TR FEST M30 XML
Automatic Mapping
FHIR-based distribution solution Norwegian Medicine Agency

Figure 1.2: System architecture overview

On the other hand, our system design and implementation will be scalable and extensible. We take into
consideration that in the future, the FHIR-based distribution solution can be adapted so that when the
Norwegian medicines agency SLV updates and edits FEST XML file, a request to the FHIR-based
distribution solution will be sent to trigger the automatic mapping of FEST M30 XML data into FHIR
resources representing the structure and content of FEST M30 drug register according to FHIR specification.
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1.6 Report structure

This thesis is divided into five chapters as follows:

Chapter two represents theoretical and technical background where this work is based on.

It includes a review of the related literature; electronic health record (HER), health level seven international
(HL7) and its evolution, electronic prescribing, interoperability in eHealth industry, interoperability between
EHR and ePrescription, fast healthcare interoperability resources (FHIR), state-of-the-art of medicines
information systems, the Norwegian electronic prescription support system (FEST), Felleskatalogen portal
for drug information, the anatomical therapeutic chemical (ATC), SAFEST project, the Norwegian
electronic patient journal (Kjernejournal KJ), HL7 FHIR Release 3 (STU; v3.0.1), HAPI-FHIR, FHIR client,
XML, FEST information model, FHIR profiling Forge tool, Java XML integration, Apache Maven, Apache
Tomcat, and Web application development.

Chapter three represents the details and description of the implementation of our proposed solution. We
describe step by step how we built our solution; starting from the required knowledge we needed, system
design, the implementation of the system, and finally testing and validation of our solution. In addition, we
introduced a practitioner use case to provide a proof of concept.

In chapter four, we discuss our proposed solution based on the outcome. We also describe some challenges
we met through our implementation and compare our implementation to the current solution offered by

Felleskatalogen.

In chapter five, we provide a brief conclusion about our problem, solution, and results. In addition, we
introduce a system architecture for proposed future work.
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2 Theoretical and Technical Background

2.1 Electronic Health Record EHR

The main idea behind having patient’s records stored and shared electronically evolved through the need of
solving issues related to written prescriptions by various providers such as practitioners, clinics and hospitals.
These issues mainly include communication, efficiency, patient medical history, and quality of patient’s care.
EHR becomes a promising concept as the improvement of patient’s care is the focus; improving the
workflow of healthcare service is no exception. EHR is defined as “a longitudinal collection of electronic
health information about individual patients and populations.” [21]

As the concept of EHR being introduced and worldwide used, various categorization, classification, and
customizations of patient’s records were implemented. As a result, a variety of methods for recording
patient’s data has been introduced. The difference of these methods can be expressed in terms of using
different names, different acronyms and having different purposes. Automated Medical Records (AMR),
sometimes referred to as AHR, is one of the earlier methods to transform patient’s data into digital form by
simply scan written prescriptions. Although AMR reduces the usage of paper in patient care process, it is
not that helpful when it comes to decision support process.

Electronic Medical Records (EMR) is considered more complicated system than AMR. All prescriptions,
lab results, and nurse care records are included in the form of digital images. Decision support is enabled to

a certain limit besides statistics which provides more support from business and industrial perspective.

The Medical Records Institute classified different electronic healthcare record systems into 5 levels of
sophistication illustrated in the figure below [22].

16



EPR-EHCR
EHR
Contains all possible
health relevant data
EPR of a person, includes
. ; e.g. wellness, food-
Electronic Patient Data Contains all disease rg,ated and other
EMR relevant data of a health related
patient, can be information, always
- ) tablished beyond | established beyond
Digital medical SRR
recgortd incl. data e an institutional
management (regional), exceed | framework (regional,
: : 2 the framework of national, global),
CMR different views on ) !
record enables. do“iummmar:g dl:ty web-based, includes
g e in a ica rticipation of
T digital medical g isighel -
L AMR oy | record embeddedin e
50% ofilgfﬁnmtnon i 45 ; organgagzze:u %01 |cmeg the record
doc ts and pport | . i
generated,paper- i unmtmg csiigital of clinical processes, mfonmtlonhsdyastt:ms
recordms‘irfilrc\e?l fles, sructure and | documents solely IT | TS Lk
automation in view like paper generated, decision )
medical documen- | ecord,paper-less simcn%r;d
tation (Order/Entry, | Systemno use of ideli
Result Reporting, | OCRand ICR but g::lez!mes,_th
Communication, | Pure image system c&n%c;na\xd
Digital Recording) management data
Level 1 Level 2 Level 3 Level 4 Level 5

Figure 2.1: Levels of Electronic Healthcare Records (EHCR) [22]

From a technical point of view, the development of a healthcare system that can exchange messages and
various medical information with other healthcare systems requires sophisticated communication standards
and interoperability techniques as well. Defining such standards can prove to be a challenging task which
can be illustrated by the figure below /23].
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Figure 2.2: EHR Communication Standards [23]

The figure shows various standards developed and used for different purposes. One EHR system may be
using HL7 standards for hospital pharmacy and clinical content but might be using IEEE standards for
medical devices. Consequently, sharing and exchange of information become more complicated.

2.2 Health Level Seven International (HL7)

In general, development of standards that can fulfil the requirements of healthcare information systems takes
long time as it includes technical committee and experts from different stakeholders, roundtable discussions,
issuing drafts, and voting. If a draft can get agreement, then it becomes an approved standard to be used;
HL7 is no exception.HL7 is considered one of the most worldwide used standards in healthcare information
sector [24]. The number “Seven” refers to the seventh layer, application layer, of the communications model
for Open System Interconnections (OSI) issued by the International Organization of Standardization (ISO)
[25]. At the application layer of OSI model, common application services are handled such as sending
requests and interpreting received responses.

HL7 has partners in all continents. European HL7 partners include 21 countries such as

Norway, Finland, Sweden, Britain, Germany, and Italy. According to HL7 working committee founded in
1987, "Health Level Seven International (HL7) is a not-for-profit, ANSI-accredited standard developing
organization dedicated to providing a comprehensive framework and related standards for the exchange,
integration, sharing, and retrieval of electronic health information that supports clinical practice and the
management, delivery and evaluation of health services. HL7 is supported by more than 1,600 members
from over 50 countries, including 500+ corporate members representing healthcare providers, government
stakeholders, payers, pharmaceutical companies, vendors/suppliers, and consulting firms." [25].

HL7 is the state-of-the-art of international clinical information standards as it has a variety of agreements

with other standards development organizations which allows HL7 to collaboratively facilitate the
integrations between different healthcare systems to share data without interruption.
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Figure 2.3: Healthcare Data Interchange Standards [26]

Some of the standards development organizations which have agreements with HL7 [27]:

SNOMED CT is a clinical reference for health terminology, which provides a precise global
language for health terms.

NCPDP data processing standards for pharmacies.

ADA data processing standards for dental services.

ANIA data processing standards for nursing services.

ASTM messages exchange for observations performed in clinics.

Centres for Disease Control Prevention.

Clinical Data Interchange Standards Consortium for medical and biopharmaceutical product
development.

DICOM clinical images exchange.

X12N exchange of insurance, eligibility, and management information.

The Institute of Electrical and Electronics Engineers (IEEE).
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2.3 Evolution of HL7

From a practical point of view, HL7 represents a framework of clinical standards in which data can be
exchanged. When HL7 vl released, only the structure of the interface between systems was introduced, and
there was a need to customize/develop an interface for each system to be able to exchange data, messages,
with other systems. The motivation behind HL7 v2 comes from clinical interface specialists as they need to
build a standard framework for interfacing, which includes the main common requirements for data exchange
and reduces interface customization efforts at the same time. The main reason behind the market success of
HL7 v2 is the 80/20 approach, where 80% of the interface is predefined, and 20% is left to be customized to
meet the special rules of healthcare providers. Because of the widespread usage of HL7 v2, the focus was on
refinement and addressing challenges related to consistency of data model, message elements relations,
proper definition of user and application roles, and standard precision. In 2005, the first version of HL7 v3
was released, introducing advantages such as internationalization and consistency of data model [28].

MSH|*~\&|AcmeHIS|StJohn|ADT|StJohn|20060307110111| |ADT~A04 |MSGID20060307110111|P|2.4
EVN|AO4

PID|||12001| |Jones~John| |19670824|M| | |123 West St.~"Denver~CO0”80020"USA

PV1| |O|OP*PAREG"| | | |2342*~Jones”Bob| | [OPI [ [ LI LI200 0000 EEErre et ii1120060307110111 |
ALl|1| |31237Penicillin| |Produces hives~Rash~Loss of appetite

Figure 2.4: Message format in HL7 v2 [28]

<author> :]
- <assignedEntity >
<id root="2.16.840.1.113883.9876.210.3"
extension="5332443" />
<telecom value="tel:+1(317)630-7960" />
<assigneePerson >
- <name>
<given >Keiko< /given >
<family >Jones< /lamily >
<suflix>MD</suffix>
</name>
< JassignecPerson >
< fassignedEntity >
<Jauthor >
<!
- <patientSubject>
- <patient>
<id root - "2.16.840.1.113883.9876.211"
extension~"344253425" />
+ <addr>
<telecom value="tel:213-555-4344" />
- <patientPerson>
<id root«*2.16.8640.1.1138683.4.1"
extension <*333224444" />
- <name >
<given >George</given>
<glvon >Simon< /given >
<family >Wigny < /tamily >
</name>
<administrativeGenderCode code="M"
codeSystem=*2,16.840.1.113883.5.1" />
<birthTime value~*19740423" />
</patientPerson >

</[patient > :J

Figure 2.5: Message format in HL7 v3 [28]
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Figure 2.6: HL7 v3 standards categories

Example of HL7 v3 standard under “EHR profiles” category is “HL7 EHR-System ePrescribing Functional
Profile Release 1”. The goal of the standard is a mapping guidance for electronic prescription information
[29]. The Norwegian Electronic Prescription Support System (FEST) is based on HL7 v3. FEST includes all
information about drugs that can be prescribed electronically in Norway.

2.4 Electronic Prescribing (ePrescribing)

The term electronic prescribing (ePrescribing) is defined by eHealth initiative as “the use of computing
devices to enter, modify, review, and output or communicate drug prescriptions” [30]. eHealth initiative
divides ePrescribing into six levels where each level is considered to include all the functionalities of the
level below it [30]. At top levels, ePrescribing is considered as a component of an EHR system [31].

6. Integration
with EMR

5. Connectivity: MDs
Office, Pharmacy, PBM
and Intermediaries

Figure 2.7: Levels of Electronic Prescribing [30]

21



2.5 Interoperability in eHealth Industry (IHE)

When it comes to healthcare services, there are various actors and factors affecting health system
interoperability, for example:
e Patients from different ages.
Healthcare professionals.
Hospitals.
Coordination between different departments within a hospital.
Clinics of different specificities.
Insurance.

Given the above examples, the interoperability of a healthcare system can be defined in terms of:

The system can interchange, recognize and process patient and health information collaboratively.
Differences in language or culture does not affect the system, patient, healthcare professional, or the
workflow of a healthcare service [31].

2.6 Interoperability between EHR and ePrescription

According to the conceptual framework of interoperable electronic health record and ePrescribing systems
[31], interoperability between EHR and ePrescribing systems is divided into levels where interoperability
increases in ascending manner.
Level 1: “Availability/access to stand alone solutions” [31], which means EHR and/or ePrescribing solutions is
available.
Level 2: “Potential for interoperability” [31], which means sharing information without real exchange.
Level 3: “Real inter-operation” [31], which means sharing and exchange of information as well.
Moreover, within level 3, the type of connectivity plays a vital role:
e Local connectivity: only on one site, sharing and exchange of information takes place.
Multi-site connectivity: an organization has multi sites.
Regional connectivity: organizations within the same region.
National connectivity: organizations within the same country.
Multi-national connectivity: cross country border.

2.7 Fast Healthcare Interoperability Resources (FHIR)

“FHIR® — Fast Healthcare Interoperability Resources — is a next generation standards framework created by
HL7. FHIR combines the best features of HL7's v2, HL7 v3, and CDA product lines while leveraging the
latest web standards and applying a tight focus on implement ability. FHIR solutions are built from a set of
modular components called "Resources." These resources can easily be assembled into working systems that
solve real world clinical and administrative problems at a fraction of the price of existing alternatives. FHIR
is suitable for use in a wide variety of contexts — mobile phone apps, cloud communications, EHR-based
data sharing, server communication in large institutional healthcare providers, and much more.” [32].

As FHIR mainly focusing on implementation, there are many libraries available for development with no
restrictions on specification. In addition, FHIR supports various web standards such as XML, JSON, HTTP,
and OAuth. Supporting the web standards enhances the flexibility and extensibility of FHIR which makes
messages and documents exchange becomes easier.

The main challenge for healthcare standards is the continuous need to add more fields and options to the
specification which increases the cost and complexity of implementations. “FHIR solves this challenge by
defining a simple framework for extending and adapting the existing resources. All systems, no matter how
they are developed, can easily read these extensions and extension definitions can be retrieved using the
same framework as retrieving other resources.” [32].
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<family value="Levin"/>
<given value="Henry"/>
<suffix value="The 7th"/>

</name>
<gender value="male"/>
<birthDate value="1932-09-24"/>

<careProvider>
<reference value="Organization/2"/>
<display value="Good Health Clinic"/>
</careProvider>
</Patient>

Figure 2.8: Example of Patient FHIR Resource [32]

2.8 State-of-the-art of Medicines Information Systems

From information technology (IT) perspective, there is a growing range of users who need to instantly access
medicines information. Consequently, there is a user’s-focused development of IT services that meet the
requirements of different users such as patients, healthcare professionals, and pharmaceutical companies.

“The International Organisation for Standardisation (ISO), Identification of Medicinal Products (IDMP)
standards specify the use of standardised definitions for the identification and description of medicinal
products for human use. The purpose of these standards is to facilitate the reliable exchange of medicinal
product information in a robust and consistent manner, by providing a common product ’language’ for
stakeholders to use in their interactions. The use of these standards is a regulatory requirement as they are
mandated by the EU legislation (Commission Implementing Regulation (EU) No 520/2012 [articles 25 and
26]).” [33].

One of the use cases of ISO IDMP is HL7 Messaging Specification which defines the structure of the
messages that will be used to exchange information. HL7 Messaging Specification is derived from HL7
standard called Common Product Model (CPM) [33].
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Figure 2.9: ISO IDMP Data Elements [33]

Self Life /

“The approach to implementing the ISO IDMP standards is based on the four domains of master data in
pharmaceutical regulatory processes: Substance, Product, Organisations and Referentials (SPOR) data.

EMA will establish ISO IDMP compliant business services for the central management of data in each of
the four SPOR areas. These include data management services for:
e Substance data: Harmonized data and definitions to uniquely identify the ingredients and materials
that constitute a medicinal product.

e Product data: Harmonised data and definitions to uniquely identify a medicinal product based on
regulated information (e.g. marketing authorisation, packaging and medicinal information).

e Organisation data: Data that comprises of organisation name and location address data for
organisations such as MAH, sponsors, regulatory authority, manufacturers.

o Referential data: Lists of terms (controlled vocabularies) used to describe attributes of products,
e.g. lists of dosage forms, units of measurement, routes of administration.” [33].

2.9 The Norwegian Electronic Prescription Support System (FEST)

“The Norwegian Electronic Prescription Support System (FEST) is an information service provided to
expose common pharmaceutical data to all members of the prescription chain; Physicians, hospitals,
pharmacies and manufactures of surgical appliances receive updated information about all articles available
for prescription/dispensing in Norway from one single source. Basic data provided by the Norwegian
Medicines Agency through FEST can be used for different systems. It is not necessary to replace the systems
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to use FEST, only to adapt them to receive data in the correct format. The suppliers of the various systems
are responsible for developing and providing the required functionality and use of the information.” [34]

Along with the information model provided by FEST M30 v2.5, the latest version of FEST, there is a
prescription model (Forskrivning) which includes information that are not relevant to FEST M30 but used
in the prescription and other notifications of E-prescription [34]. The following diagram illustrates the
combination of FEST M30 information model and Prescription (Forskrivning):

|

M30 FEST Forskrivning

e

Interaksjon e
Kodewerk Vilkar ﬁ
Legemiddelpakni Legemiddel Virkestoff og
ng merkevare merkevare legemiddel virkestoff Handelsvare

-

Handelsvare Varsel fra SLV Byttegruppe
Legemiddel

—

Diagnose Refusjon

Legemiddeldose

Struktu_rert Ordinering
dosering virkestoff

Figure 2.10: Structure of Information Model of FEST M30 and Prescripton(Forskrvning) [35]

As shown in the figure above, FEST M30 consists of various catalogues which used to describe drug
information, prescribing rules, usage warnings and so on. On the other hand, catalogues of Prescription
model are used mainly for drug prescription with administration information such as the price or discount
on the drug in case of chronic disease for example (bla resept).

2.9.1 Felleskatalogen

www.felleskatalogen.no is a Norwegian portal, which freely provides drug information such as ATC-code,
active substance, strength, form, manufacturer, package, and product number. Information is driven from
FEST which is updated each 14 days. Drug-drug interaction analysis is given by entering the name of a drug,
active substance, or ATC-code [36].
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Figure 2.11: Felleskatalogen Drug-drug interaction analysis [36]

2.10 The Anatomical Therapeutic Chemical (ATC)

“The Anatomical Therapeutic Chemical (ATC) classification system and the Defined Daily Dose (DDD) as
a measuring unit have become the gold standard for international drug utilization monitoring and research.
The ATC/DDD system is a tool for exchanging and comparing data on drug use at international, national or
local levels.” [37]. ATC is used for medications and in interactions by the Norwegian Electronic Prescription
Support System (FEST) [34]. The classification of the active substances is hierarchical and divided into five
distinguished levels. For example, the following illustration depicts the code structure of metformin
classification [38].
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4 Alimentary tract and metabolism
{1st level, anatomical main group)

A10 Drugs used in diabetes
(2nd level, therapeutic subgroup)
A10B Blood glucose lowering drugs, excl. insulins
{3rd level, pharmacological subgroup)
A10BA Biguanides

(4th level, chemical subgroup)
A10BADZ metformin
{5th level, chemical substance)

Figure 2.12: ACT code for metformin [38]

2.11 SAFEST

SAFEST is a Norwegian project, managed by National IKT organization, aimed to improve drug information
provided by the Norwegian Medicines Agency (SLV) for use in the specialist health service ( Forbedre
legemiddelinformasjon til bruk i spesialisthelsetjenesten). The goal of the project is to develop national
solutions to support medicines regulations in hospitals with an up-to-date source of drug information, FEST
[39]. The concept behind the project includes the adaption of systems currently used by the Norwegian
Medicines Agency (SLV), integration of national and international data sources, and development of new
systems. The current project phase is realisation [40]. The figure below shows the proposed architecture of
the project.

Kilder Fagsystemer SLV Distribusjon Systemer RHF
Fagsystemer .. Nye distribusjonslgsninger
Internasjonale kilder Legemiddelinformasjon - (APl-er, FHIR etc).
Pl Sdal e ;
Vi | IDMPbasert | B o s :
{ grunndata- FEST — M30 meldingen Kurvelgsninger
Nasjonale kilder { _ modell J Journalsystemer
(Farmalogg, Helfo, ‘ A Informasjon XML >
redaksjoner etc.) 2 P
=% A »' M30ny versjon 2.x
Fagsystem /

Nye kilder \\A 5 7 XML for sykehus

Kvalitetssikring og
produksjon R S e

Etablering av nye kilder

Nye distribusjonslgsninger,
funksjoner og grunndatamodell

Nye API-er eller distribusjoner

> Etablerte integrasjoner

Figure 2.13: SAFEST Concept Overview [40]
When it comes to drug information provided by the Norwegian Medicines Agency (SLV), the data model
structure is proposed to be based on IDMP. On the other hand, in our solution implementation, the data

elements of FEST M30 be will be re-structured according to HL7 FHIR v3 specifications. In addition, both
SAFEST and our thesis address the problem of distribution by using FHIR as a solution.
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2.12 The Norwegian Electronic Patient Journal (Kjernejournal KJ)

According to the Norwegian eHealth Directory, Kjernjournal is a digital solution which includes vital health-
related information about patients which can accessed by both patients and healthcare professionals and
shared across various levels of healthcare systems.

~
A=Y

Figure 2.14: Kjernjournal [41]

Alert information, kritisk informasjon in Norwegian, means information that in a treatment situation may
lead to change decisions, save patient’s life, or help in preventing patient from serious injury. Alert
information is part of the content which is represented by Kjernejournal as shown in red in the figure below.

I " Binyrebarksvikt Innsatt Pagaende
‘I’Ia"s is dak Z‘ . Blpdersykdom mekanisk cellegift-
e an sxace Kritisk hjerteklaff behandling
pasienten
informasjon
:',d"ge,ri 't Legemidler i
Ma vaere lett Praktisk og nyttig J_ertem o bruk
Py | Diabetes
informasjon
Areknuter Type
Operert hofteprotese
Alt gvrig journalinnhold lyskebrokk

Figure 2.15: Content of Kjernejournal [42]

The concept of HL7 FHIR-profile, set of restrictions on FHIR resources to be used in the same context, is
introduced here in Norway by many projects; Kjernejournal is no exception. According to the
implementation guide, published by the Norwegian HL7 FHIR /43/, there are many Norwegian projects
using HL7 FHIR resources. For example, Kjernejournal uses AllergyIntolerance, Medication, Device, and
Procedure resources.

28



DIPS, a Norwegian eHealth solutions platform, uses HL7 FHIR resources Diagnosis and Procedure in order
to support medical coding in its electronic patient journal (EPJ) solution used by Oslo University Hospital
(Oslo universitetssykehus OSU) [44].

2.13 HL7 FHIR Release 3 (STU; v3.0.1)

The version of HL.7 FHIR we are going to use in our implementation is FHIR Release 3(STU; v3.0.1). In
this context, STU means Standards for Trial Use. There are many reasons behind choosing FHIR in our
work; focus on implementation, availability of implementation libraries,

no restrictions on use of specifications, based on web standards; XML, JSON, HTTP, support of RESTful
and service-based architectures [45].

The structure of FHIR specification is divided into five levels; level 1, level 2, level 3, level 4 and level 5.
Each level has a role(s) and includes a set of modules. Each module includes related-resources. The figure
below illustrates the structure of FHIR specification.

Level 1 Basic framework on which the specification is built

+
Foundation Base Documentation, XML, JSON, REST API + Search, Data Types, Extensions
i

Level 2 Supporting Implementation, and binding to external specifications

Implementer &L Security @ = ;
@ Guppoit @1’ & Privacy Conformance @ Terminology Linked Data
Downloads, Security, StructureDefinition, CodeSystem, ROF
Common Use Consent CapabilityStatement, ValueSet,
Cases, Provenance ImplementationGuide, ConceptMap,
Testing AuditEvent Profiling Terminology Sve

Level 3 Linking to real world concepts in the healthcare system

;_ Administration Patient, Practitioner, Device, Organization, Location, Healthcare Service

Level 4 Record-keeping and Data Exchange for the healthcare process

Clinical k Diagnostics @ Medications % Workflow
'k o1 |
Allergy, Problem, Observation, Report, Order, Dispense, Task, Appointment,
CarePlan, Detectedlssue, Specimean, Administration, Schedule, Referral,
Risk&ssessment, etc. ImagingStudy, Genomics,etc Statement, PlanDefinition, etc.

Immunization, etc.

Financial

Claim, Account, Coverage, Claim, EligibilityRequest, ExplanationOfBenefit, etc.

Level 5 Providing the ability to reason about the healthcare process

@' Clinical Reasoning Library, ServiceDefinition & GuidanceResponse, Measuref/MeasureReport, etc

Figure 2.16: Structure of FHIR v3.0.1 [46]
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2.13.1 FHIR Overview

From a technical perspective, FHIR is an implementation-oriented standard where information integrity is
taken in consideration. FHIR is flexible as it can be used as a standalone standard or with other standards.
The main building units of FHIR are resources which are used to exchange data. A resource is composed of
a set of elements of various data types; primitive and complex types. Primitive data types have a value and
no child elements while complex data types have child elements [47]. In addition, a resource has metadata
and human readable part.

instant | time date dateTime
value: xsdateTime 0.1 | value ; xstime 0.1 value : ys:g¥ear| s:gfearMonth [xs.date 0.1 value : xs:g¥ear| isgfearhonth| xs:date | s dateTime 0..1
decimal boolean
- Element
value  xsdecimal 0.1 value : xsiboolean 0.1

v—//v extension : Edension0..* —
————
7 :
nteger ) basesdBinary
string uri

value : sanyURI 0.1

value ! sint 0.1 value : smaseodBinary 0.1

value  essiring 0..1

\/

Figure 2.17: FHIR primitive data types [47]

[ unsignedint I[ positivelnt lLOdE' markdown §

Example of primitive data type in XML format:
<count value = “3">
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Figure 2.18: FHIR complex data types [47]

The following figure illustrates an example of a complex data type HumanName in XML format.
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Structure uML XML JSON Turtle R2 Diff All
XML Template

«[name] xmlns="http://hl7.org/fhir"» > |
<1-- from Element: extension --» -
<use value="[code]"/»><!-- ©..1 home | work | temp | old - purpose of this address --:
<type value="[code]"/><!-- @..1 postal | physical | both --»

<text value="[string]"/><!-- 8..1 Text representation of the address --»

<line walue="[string]"/»<!-- 8..% Street name, number, directicn & P.0. Box stc. -->

<city value="[string]™/»<!-- ©..1 Name of city, town etc. --»

<district value="[string]"/><!-- @..1 District name {aka county) -->

«state value="[string]"/»<!-- @..1 Sub-unit of country {abbreviations ok) --»

<postalCode value="[string]”/»><!-- 8..1 Postal code for area --»

<country value="[string]"/><!-- @8..1 Country (e.g. can be IS0 23166 2 or 3 letter code) --»
<period:<!-- 8..1 Period Time pericd when address was/is in use --»</pericd>

</ [namal>

Figure 2.19: HumanName Complex data type [47]

In general, healthcare information modelling is achieved by using FHIR resources to define the information
contents and the relations between different business objects of the most common use cases with the
capability of using extensions for specific content requirements.

2.13.2 FHIR Infrastructure
From architectural perspective, FHIR is divided into four main components:
e Information Model (FHIR resources-related).
e Constraints (flexibility in different healthcare data system contexts).
e Terminology (ability to represent the values of various code systems).
e Usage (interoperability).
The figure below illustrates the relation between these components.

Conformance Statement Code System

Elemant Dafinition
_
REST API

Figure 2.20: FHIR Specification Components [48]

2.13.2.1 FHIR Information Model
In order to model health data, FHIR information model represents the healthcare information domain as
collection of small sub-domains. As FHIR resources are the basic building units, each sub-domain includes
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related resources. The organization of FHIR resources is achieved in terms of layers of related categories.
The purposes of such FHIR composition framework includes support of resources navigation and
identification, grouping of related resources, flexibility in adding new resources as the top layers combine
most commonly used resources. The figure below illustrates the organization of FHIR resources.
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Figure 2.21: FHIR Composition Framework [48]

2.13.2.2 FHIR RESTful API

The term REST stands for REpresentational State Transfer. In this context, the word “Representational”
means that we request a representation of a specific resource, an instance of a resource, for example, some
or the whole information about a patient by sending the patient’s URI. The word “State” means that the
information we request reflects the state of this particular instance of resource. The representation format
can be in XML, JSON or CSV etc. The action of our request is in terms of HTTP verbs such as POST, GET,
so HTTP is the interface between the client and the server that provides RESTful service. The response of
our HTTP request includes the representation of the requested resource. Another word in this context is
“stateless”, which means that the server does not keep information about the client’s state. In other words,
from the client perspective, the response is stateful because it provides us with the state, information, about
the requested resource. RESTful architecture supports the concept of separation of concerns by its layered
architecture where there could be middle hardware or software between the client and the server.
Consequently, RESTful architecture provides scalability which is a vital aspect of healthcare information
systems.

FHIR RESTful API defines operations on resources in terms of interactions. There are several levels of
interactions. “Instance” level of interactions includes actions such as read, update, and delete of instances.
“Type” level interactions includes actions such as create and search for.

An example of a Read operation/interaction to retrieve a single instance of Patient resource looks like “GET
http://fhir.someserver.org/fhir/Patient/1” and follows the definition:

VERB [base]/[type]/[id]

where VERB: GET,

service base URL: http://thir.someserver.org/fhir,
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resource type: Patient,
id: instance id value is 1 [49].

There are many interactions offered by FHIR REST API following the above definition [50]:

Create interaction:  POST https://fhir.someserver.org/path/{resourceType}

Read interaction: GET https://fhir.someserver.org/path/{resourceType}/{id}

Update interaction: PUT https://fhir.someserver.org/path/{resourceType}/{id}

Delete interaction: DELETE  https://thir.someserver.org/path/{resourceType}/{id}

Search interaction:  GET https://fhir.someserver.org/path/{resourceType} ?search parameters

2.13.3 FHIR Key Concepts

From implementation perspective, there are main concepts in FHIR specification which we should
understand in order to be able to map FEST data model and represent it using FHIR specification.

As we mentioned before, the main building unit of FHIR is resources which are used to store and exchange
healthcare data. According to FHIR specification, each resource “has a known identity (a URL) by which it
can be addressed, identifies itself as one of the types of resources defined in this specification, contains a set
of structured data items as described by the definition of the resource type, and has an identified version that
changes if the contents of the resource change” [51].

The identity of a resource is a logical identity for the resource which is given by the server storing it; an
example of a logical id of a Patient resource can be http://fhir-server/Patient/123.

When the structure of a resource changed, the resource will have a version. For example, if the definition of
patient resource is updated, then the old version can be accessed by using the URL

“http://thir-server/Patient/123/ history/1”” and the new version is accessible by using the URL
“http://thir-server/Patient/123/ history/2”.

“All resources have the following features in common:
e A URL that identifies the resource
e Common metadata
e A human-readable XHTML summary
e A set of defined data elements - a different set for each type of resource
e An extensibility framework to support variation in healthcare” [50].

In the context of FHIR specification, sometimes the terms “Resource” or “Resource instance” are used
interchangeably which may lead to misunderstanding. We will use the term “Resource” when we refer to a
resource as a data type. But when we refer to an instance of a resource, we use the term “Instance”. According
to FHIR specification, each instance of a resource is composed of resourceType, id, meta data, human
readable text, extension, identifier, and data.

2.13.3.1 FHIR Profiling

The concept FHIR Profiling is intended to facilitate the customization of base FHIR specification in terms
of'the various local requirement of healthcare systems. Consequently, there should be some rules about which
resource elements to be used, resource elements to be added, terminologies to be used [52].

A medication which has various levels of complication can be represented differently by using FHIR
Profiling so that the local requirement can be handled [52]. A set of all customizations is gathered in
“Implementation Guide” which organizes the customization in packages, each package includes a profile
about the changes made to used resources. The following figure illustrates a simple example of
Implementation Guide:
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<ImplementationGuide>
<meta />

<url value="http://ehealth.uia.no/FHIR/profiles/FestImplementationGuide" />
<version walue="0.1" />

<name value="FestImplementationGuide" />

<status value="draft" />

<date value="2018-04-22T17:47:06.513445+02:00" />

<description value="FEST jimplementationgnide for FHIR" />

<fhirVersion value="3.0.1" />
<package>
<name value="FEST Medication" />
<description value="Package for profiles related to FEST" />
<resource>
<example value="true" />
<name value="Medication" />
<description value="Profile for Medication" />
<sourceReference>

<reference value="http:/fehealth.uia.no/FHIR/profiles/Medication" />
</sourceReference>
</resource>
</package>

</ImplementationGuide>

Figure 2.22: ImplementationGuide Example

2.13.3.2 FHIR Extensions

“The paper forms (Resources) in FHIR are somewhat generic. They have to be usable in different countries
and by different types of clinicians in different contexts (human care, veterinary care, public health, research,
etc.). Recognizing that a one size fits all approach is not appropriate in the healthcare space, FHIR provides
the ability to adjust the forms (Resources) to be able to handle the needs of different implementation spaces
by defining "extensions" as well as enforcing constraints. For example, a "prescription” form might have
extension elements added to support tracking of restricted medications while also constraining the codes that
can be used to communicate types of drugs to a particular national standard. Forms are designed in such a
way that these changes can be made without changing how systems pass forms around, enabling any system
to consume completed forms even if they have additional elements added, whether or not those additional
elements are used by the receiving system.” [53].

The way FHIR Profiling handles the required customizations is achieved by adding structural definitions
called “Extensions” where the added data elements are defined. For example, “MedicationStatement” is
FHIR resource, organized under the Medication module, can be customized by adding an extension to refer
to the prescriber who is responsible for issuing the prescription. The following figure illustrates an XML
representation of the extension with a reference to “Practitioner” resource [54].

Summary Full Structure XML JSON All

XML Template

<l-- pPrescriber --» -

KR

<extension xmins="http://hl7.org/fhir®
url="http://hl7.crg/fhir/structurebefinition/medicationstatement-Prescriber” >
¢1-- from Element: extension --»
<valueReference»<!-- @..1 Reference{Practitioner) value of extension --»<fvalueReference:
</extensions

Figure 2.23: Extension Content Example [54]
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Another example is the extension “doseType” which is part of the defined FHIR profile “International Realm
Pharmacy Extensions”. The type of dose can be “initial”, “maintenance”, or “loading”. The following figure
illustrates “doseType” extension content /55/.

Summary Full Structure XML JSON All
XML Template

<l-- doseType -->

<extension xmins="http://hl7.org/thir"
url="htip://hl7.crg/fhir/structurebefinition/pharmacy-core-doseType" »
<}-- from Element: extension --»
<waluecodeableConcept»<!-- @..1 CodeableConcept

Value of extension --»</valueCcdeableConcepts
</extension>

Figure 2.24: doseType Extension Content [55]

2.13.3.3 FHIR Terminology

“The Terminology Module provides an overview and guide to the FHIR resources, operations, coded data
types and externally-defined standard and FHIR-defined terminologies that are used for representing and
communicating coded, structured data in the FHIR core specification and profiles. Collectively, these
capabilities are used to provide the terminology service functionality required for supporting the use of coded
data in FHIR resources throughout the specification as described in the other modules.” [56]. The figure
below illustrates resources FHIR Terminology and the relationships between them.

Value Set: et
A selection of a
set of codes for

Code System:
Defines a set of
concepts with a

coherent meaning

useina
particular
context

L 4

Conforms
Code

Display - .
Definition Refers to Coded Datal Type:
code/
Coding/
CodeableConcept

Figure 2.25: FHIR Terminology Resources and Relationships [56]

FHIR CodeSystem Resource defines a group of codes with their semantics. The following "ACME Codes
for Cholesterol" is an example of a code system resource [57].

Code Displa

“chol-mmol | SChol (mmol/L) | Serum Cholesterol, in mmoIEL >
chol-mass [SChol LUmnay &) cterol, in mag/L
chol SChal Serum Cholesterol

Figure 2.26: CodeSystem Example [57]
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The Anatomical Therapeutic Chemical Classification System (ATC) is acknowledged by FHIR specification
as an external published code system with URI “http://www.whocc.no/atc”. The following figure illustrates
a representation in XML for the ACME Codes for Cholesterol CodeSystem.

<CodeSystem xmins="http: //hl17.org/fhir">
£id wvalue="example" />
<url value="http://hli7.org/fhir/CodeSystemn/example" />
<identifier>
-<system valus="http:/facme.comfidentifiers/oodesystems" />
s<walue value="internal-cheolestercl-jinl"/ >
<fidentifier>

<name value="

FPlasma'" />

Concept>
<code value="ghol-mmel"/ >
<display value="5Chol {(mmgl/L)"/>
<definition wvalue="Serum Cholestercl, in mmel/L"/>
COncepL>

d
-cdisplay walue="5Chol (mg/L)"/>
sodefinition value="Serum Cholesterol; in mg/L"/>
</ concept>

<CONncept>
-<ocode value="ghol"/>
s»<display wvalue="5Chol" />
<definition value="Serum Cholesterol"/>
</ concept>
</ CodeSystem>

Figure 2.27: ACME Codes for Cholesterol CodeSystem [58]
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FHIR ValueSet is a collection of codes from one or more code systems; the following example illustrates
ValueSet concept in FHIR:
<ValueSet zmlns="http://hl7.grg/fhir">
<Lext>
<status wvaluse="generated" />
<div zmins="http://www.w3.00g/1999/xhtml ">
<p>Possible Clinistix codes: neg, trace, +, ++, and +++</p>
<fdive
</teRt>
<url value="http://hl7.grg/fhir/ValueSet/clinistix"/ >
<name value="Codes for Clinistix"/ >
<publisher value="HL7"/>
<contact>
<name valuse="FHIR project team"/>
<telecom>
<aystem: value="gprl" />
<walue value="http: //hlT.grg/fhic "/ >
</telecom>
</contact>
<description value="Clinistix Codes"/>
<status wvalue="draft"/>
Ege" />
013-10-01"/>

<experimental Vil

Z<date wvalus
<COmpoS el

csystem value="http: [/ /example.olg/codes/simple—grades" />
<CONCept>

<code value="neqg"/>
</ concept>
<cOncept>

<code valus="trace"/>
</concept>
<COncept>

<code value="4+"/>
</concept>
<oconcept>

<gode valus="4+"/>
</concept>
<CONCept>

<eode value="44+" />
</concept>
<concept>
<code wvalue="+4+4+"/>
Cconcept>

</inM

</ compose

</ValuslSet>

Figure 2.28: ValueSet of Codes for Clinistix [58]
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2.13.4 FHIR Clinicians

We are going to focus on FHIR Clinical layer where most of resources that we are going to use in this thesis
are categorized under the following modules [53]:
e Clinical Summary
Care provision
Diagnostics
Medications
Administrative

The use case of this thesis describes a practitioner who can display a list of medication statements which are
currently active for a patient. The practitioner can read drug-drug interaction information related to the
patient active medication statements. The practitioner decides to prescribe a new medicine. The practitioner
always has access to an up-to-date medicine information. In other words, the practitioner does not need to
worry about the update status of medicine information. In case a new drug-drug interaction information is
added to this specific medicine, it will show up instantly providing the patient more safe medication by
avoiding undesired consequences of drug-drug interaction .The instant update happens by an authorized
member of the Norwegian Medicines Agency (SLV) who can search for a specific medicine, add a new
medicine, update a medicine related information about interaction, and delete a medicine. In other words,
any update to FEST XML database will be instantly reflected in the query result sent to the practitioner.

This scenario, include the following FHIR resources:

Medication: used to define and identify a medication with ingredients and packaging.
Medication Statement: a prescribed medication to a patient.

Medication Request : An order to supply a medication to a patient.

Patient: a person who needs medical help.

Practitioner: a physician.

DetectedIssue: represents a drug-drug interaction risk for this patient.

The relationships between the above-mentioned resources are expressed in terms of references, for example,
the resource “Patient” has a reference “generalPractitioner” to resource “Practitioner”. The following
diagram illustrates potential references:

‘——!.“Eﬁcmo"
implicated —L—
il n’__lcham: D~ implicated __ - ) \
" S [Detectadissus
(3]8]] medicationReference
medicationReferance | detected] FOME / ;
MedicationRequest
| [ MR
patient e
MedicationStatement -
MS 2 |
| 5 L;bjé]:t
subject | P
- Y &

Patient
Cle Nordmann

o generalPractitioner

-,
Practiioner

MedicationStatement Dr. Niels
Ms 1

medicationHeference

Medication |
A

Figure 2.29: Use Case Resources References
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2.14 HAPI-FHIR

HAPI-FHIR is a java implementation for FHIR specification developed by the University Health
Network(UHN) group. UHN group describes HPAI-FHIR as "a chance to build our own integrated FHIR
RESTful server which exposes data supported by several systems and repositories” [hapithir.io/]. The
following figures illustrate architectures that HAPI-FHIR supports and fit our solution implementation [20].

Use the HAPI FHIR server I
in an application to allow HAPI g
external applications to External FHIR HAPI FHIR Model 58
access or modify your Clients Server £ L3
: Objects a
application’s data. | =z

Use the HAPI |
JPA/Database Server to

deploy a fully functional JPA
FHIR server you can Ap;z;‘arﬁon HgZINF:IR Persistence
develop applications Module

aaainst I

HAPI JPA
Database
Server

Figure 2.30: HAPI-FHIR Server [20]

2.14.1 FHIR Client

HAPI-FHIR library provides a RESTful client which supports searching for FHIR resource instances
including various search parameters and returns a bundle of results that matches the specified query, if any.
In addition, this RESTful client can be used to create, read, update, and delete FHIR resource instances.

2.14.2 JPA Persistence Module

HAPI-FHIR provides an embedded instance of a Java database called Apache Derby where FHIR resources
instances are stored permanently. This database supports CRUD operations (create, read, update, and delete)
on the stored FHIR resources instances.

2.15 Extensible Markup Language XML

In general, the syntax of XML language is like HTML language where data is represented by element tags.
The key difference between XML and HTML is that XML is designed to carry, transport, data while HTML
is designed only to display data along with using cascading style sheets for formatting purpose. XML is
extensible because tags are not predefined, which mean we can define, invent, our own tags to carry data,
but we must provide a schema file which describes the semantics of such defined tags.

In FEST, data about drugs are carried by XML tags, for example <legemiddelMerkevare> element includes
all data about the medicine brand product. The semantics of this tag will not be clear unless the definition of
its complex type is written inside a schema file which in turn must be referenced in the FEST XML file itself.
In addition, FHIR specification uses XML to display the structure definition of FHIR resources. An instance
of FHIR resource, medication for example, can be returned in XML format as well.

40



2.16 FEST Information Model

In this section, we are going to introduce an overview of the main components, catalogues, of FEST
information model, which will be used in our solution implementation. We focus on the structure of each
catalogue, and the connection between catalogues. In general, FEST catalogues are structured in a way that
can match different purposes. In other words, a solution implementation based on FEST catalogues can be
selective so that the solution can use some of the catalogues which meet its business logic [34]. Our main
purpose here is to develop a good understanding of the catalogues we are going to represent in terms of FHIR
data type structures with the necessary profiling to adopt the intended business logic of FEST.

2.16.1 Legemiddel (Medicine) Class

The Legemiddel (Medicine) class is an abstract class, circled in red , which is inherited by the main
catalogues, circled in green, of FEST information model.

LegemiddelMerkevare (MedicineBrandProduct)
LegemiddelVirekestoff (MedicineActiveSubstance)
LegemiddelPakning (MedicinePackage)
LegemiddelDose (MedicineDose)

In each one of the main catalogues, there is a central class carries the same name of the catalogue and inherits
the main class Legemiddel.

[ — |Beraa fomn styde - string | [ I
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£ [OR G
pnawn brm styrke : string
F kot s O R
e fl v!ug: IDREF : o w
E Bteler P
pc BLV : CE 2
- : boolzan Rpnewer 2
Bpsart trakant | OV

— -
Legemnidiel urkestoff legem
Egemidds whesioF 3 D , egEmisdzidoeeid 1D
Brekanse legemiddel merkeare | IDREF| I :sting
B mEmnss leEmi a: IDREF ne:.‘ug.PQ.h\‘
By brskriwningsanbet res=pt : OV N it v i
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{Epenhet ordnering | OV
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Figure 2.31: Class Legemiddel(Medicine) [34]
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2.16.2 LegemiddelMerkvare (MedicineBrandedProduct) Catalogue

The LegemiddelMerkvare catalogue represents information about “prescription of a strength and form of a
specific branded product” [34]. The following figure shows the information represented by this catalogue
along with what is inherited from the main class Legemiddel (Medicine) [34].
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Figure 2.32: LegemiddelMerkevare ( MedicineBrandedProduct) Catalogue Content [34]
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2.16.3 LegemiddelVirkestoff (MedicineActiveSubstance) Catalogue

The LegemiddelVirkestoff catalogue represents information about “prescription of active pharmaceutical
ingredients” [34]. The following figure shows the information represented by this catalogue along with what
is inherited from the main class Legemiddel (Medicine) [34].
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Figure 2.33: LegemiddelVirkestoff (MedicineActiveSubstance) Catalogue Content [34]
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2.16.4 LegemiddelPakning (MedicinePackage) Catalogue

The LegemiddelPakning catalogue represents information about “prescription of a specific package of a
branded product (article number)”. The following figure shows the information represented by this catalogue
along with what is inherited from the main class Legemiddel (Medicine) [34].
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Figure 2.34: The LegemiddelPakning Catalogue Content [34]

2.16.5 LegemiddelDose (MedicineDose) Catalogue
The LegemiddelDose catalogue represents information about “prescription of a specific branded product
with ID (LMR number) representing the smallest selectable unit, for instance, one ampoule or one tablet.”
[34] The following figure shows the information represented by this catalogue along with what is inherited
from the main class Legemiddel (Medicine) [34].
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Figure 2.35: The LegemiddelDose Catalogue Content [34]

2.16.6 Interaksjoner (Interactions) Catalogue

The Interaksjoner catalogue represents information related to interactions between two substance groups.
Let’s say we have two medicines and we need to check drug-drug interaction between two medicines. In
case the active substance of one medicine exists in one substance group, and the active substance of the other
medicine exists in the second substance group, then there is an interaction. The severity of interaction can
be “should be avoided”, “precaution should be taken”, or “no action necessary” [34]. Clinical consequences
of such interaction provide information about the clinical risk resulted from the interaction. Each active
substance is identified by its ATC-code.

2.16.7 FEST and FHIR

In our published paper, “Mapping FHIR Resources to Ontology for DDI reasoning”, we used FHIR resources
to extend the capabilities of Forskrivnings- og expedisjonsstette (FEST). We extracted

Interaction and medication data from FEST and represent it in terms of FHIR resources on HAPI-FHIR
RESTHful server. Then we used FHIR resource instances to build an ontology representing a family history
use case and applied drug-drug interaction reasoning [59].

2.17 Forge FHIR Profile Designer

“Forge is the official HL7*FHIR® profile editor. Tailoring the FHIR specification to a specific use-case is
an important aspect of the FHIR standard. This process is also known as profiling. While the FHIR spec
targets all countries and all use cases, profiling allows you to define local use of FHIR.” [60]. In this thesis,
we use Forge FHIR Profile Designer to create and validate profiles and extensions.

2.18 Java XML Integration

When it comes to parsing XML content, we have to consider many factors before choosing the right API to
start with; available memory, XML content size, and the complexity are no exception. The content of FEST
XML file is huge, and it keeps growing because of the ongoing process of update carried out by Statens
Legemiddelverket (SLV). Consequently, we consider using a Java API for XML processing which provides
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us with a binding processor where the process of deserialization XML into Java classes works efficiently,
and it’s easy to maintain as well. Our choice is JAXB binding processor APL

2.19 Apache Maven

“Apache Maven is a software project management and comprehension tool. Based on the concept of a project
object model (POM), Maven can manage a project's build, reporting and documentation from a central piece
of information.” [61]. In our implementation of the proposed solution of this thesis, we are going to use
Apache Maven in two cases. The first case when we deserialize FEST XML content into Java Classes model
to represent FEST information model. Apache Maven will be used in the “pom” file of our Java application
to manage the dependency of the software components used in our project, compile and build the solution
as well. The second case when we install our HAPI-FHIR server, where we need to compile and build the
source code of the server before we install it. In addition, we will be adding some required configurations to
the server to fit our work and recompile the server using Apache Maven.

2.20 Web Development

In general, the term web development describes a broad development environment where client-server model
is adopted. On the web server side, all the files which are required to render the business logic and user
interface are stored. On the client side, a web browser should be able to render the web page content sent by
the web server as a response to the user’s request.

2.20.1 Apache Tomcat Web Server

“The Apache Tomcat® software is an open source implementation of the Java Servlet, JavaServer Pages,
Java Expression Language and Java WebSocket technologies.” [62]. In our implementation of the proposed
solution of this thesis, we are going to use Apache Tomcat web server in two cases. The first case to deploy
our HAPI-FHIR server in which FEST resource instances are persistently stored in the built-in Apache Derby
database. The second case, to deploy our demo for the web components we will develop to display FEST
medicines and drug-drug interaction information. All the software components we will develop through this
thesis are coded in Java programming language.
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3 Implementation of Solution

The goal behind this thesis is to map FEST domain model into HL7 FHIR resources-based model to support
interoperability between various health information systems which require instant access to an up-to-date
information about medicines in Norway. This chapter describes in detail the phases we have gone through,
the functionalities we have developed in each phase, and the tools we have used in this thesis in order to
achieve our goal of having FEST on FHIR. This chapter can also be considered as a manual for developers
who need guidelines to implement a similar solution. The implementation is described in a step by step
manner by following the time and sequence of operations. I provide visual illustrations through screenshots
along with comments on code snippets.

In this thesis, we adopted an Object-Oriented Modelling (OOM) approach to construct collections of objects
representing the FEST information model by using Java 8 programming language capabilities which
provides us with object identification and allows for communication between objects along with all features
of inheritance and encapsulation. In other words, OOM is the conceptual basis for understanding the
concepts behind FEST data structures and the mapping of FEST.

In our implementation, we adopted a use-case driven approach in which we extract the required FEST
information we need to represent drug-drug interaction. In addition, we have followed HL7 FHIR
specifications in order to represent the extracted FEST data in terms of FHIR resources and retain the
relations between FEST data in terms of FHIR resources references.

The following diagram illustrates briefly the processes workflow, top-down, we have implemented to
achieve the above-mentioned goal. Each row represents a process starts from left to right where the process
is defined as a task, then the steps and methodology we have taken to finally reach the outcome of the process
at the most right of each row. Each process strongly depends on the outcome of its former process, which
means we had to work in sequence.
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Process

Steps

Methodology

Outcome

—_

o Understand FEST usage
and information model

- Identify FEST resources.
- Identify FEST scope and status.

- Search engines.
- Discussions with supervisors

Understand FEST structure and
relations between FEST catalogues.

e Map FEST domain model
into Java Classes.

Understand Java XML Integration
technology for parsing huge
amount of data in FEST xml.

Testing parsing XML with SAX,
DOM, JDOM, StAX, and JAXB.
Using Java Eclipse IDE.

Select JAXB to parse FEST xml data.

e Select FEST Catalogues

Understand FEST catalogues
mapping and specify which
catalogues to be used.

Understand FEST information
model and FEST interaction
mechanism.

Select LegemiddelMerkevare and
Interaksjoner catalogues

o Define HL7 FHIR structures
for FEST

Understand HL7 FHIR Profiles.
Create profiles.

Use the official FHIR tool Forge
to define and validate FEST
profiles.

Define FEST medication, group,
and substance profiles.

e Set up FHIR Server

Understand usage of hapi-fhir java
library and install hapi-fhir server.

Setup of Apache Tomcat 9 web
server.

Build hapi-fhir server and
deploy it on Tomcat using
Apache Maven.

Having access to local FHIR server
endpoint.

e System design

Design system architecture for
having FEST on FHIR.

UML tool

System architecture and use case
architecture.

e System implementation

- Develop Java classes for FEST
legemiddelMerkevare catalogue.

- Develop Java classes for FEST
interaction catalogue.

- Implement FEST medication,
interaction, and substance profiles.
- Develop new search parameters
for legemiddel varenavn and ATC-
code name of active substance and
implement them on FHIR server.

- Develop implementation of FEST
interaction catalogue mechanism.

- Java 8 programming language
- Java Eclipse IDE

Norwegian medicines information
in FEST with HL7 FHIR standards
become available on FHIR server.

e Practitioner use case

- Define practitioner use case.
- Design user interface mock up.
- Develop back-end functionality

- Java 8 programming language
- Java Eclipse IDE

Proof of concept.
We can compare interaction
results with

www.felleskatalogen.no

Figure 3.1:Solution processes workflow

3.1 Understand FEST usage and information model

As we mentioned in the previous chapter M30 FEST comes in the format of an xml file that comprises
various elements where some elements can have attributes in the form of key-value pairs. Understanding the
semantics of the structures in M30 FEST xml file is a vital point for the next processes of parsing the file.

The following two diagrams illustrates how the M30 FEST information model is defined in UML and in
terms of an XML schema in order.
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Figure 3.2: M30 FEST Information Model [34]

<element name="FEST">
<complexType>
<sequence>

FEST definition in XML
schema

<element name="HentetDato" type="dateTime"/>
<element name="GyldigFradatoHelfo" type="date" minOccurs="0"/>

<element ref="m30:
<element ref="m30:
<element ref="m30:
<element ref="m30:
<element ref="m30:
<element ref="m30:
:KatDiagnose" minOccurs="0"/>
<element ref="m30:
<element ref="m30:
:KatVarselSlv" minOccurs="0"/>
<element ref="m30:
:KatByttegruppe" minOccurs="0"/>
<element ref="m30:
<element ref="m30:
<element ref="m30:

<element ref="m30

<element ref="m30

<element ref="m30

</sequence>
</complexType>
</element>

KatLegemiddelMerkevare" minOccurs="0"/>
KatLegemiddelpakning" minOccurs="0"/>
KatVirkestoff" minOccurs="0"/>
KatOrdineringVirkestoff" minOccurs="0"/>
KatLegemiddelVirkestoff" minOccurs="0"/>
KatHandelsvare" minOccurs="0"/>

KatRefusjon" minOccurs="0"/>
KatVilkar" minOccurs="0"/>

KatKodeverk" minOccurs="0"/>
KatLegemiddeldose" minOccurs="0"/>

KatInteraksjon" minOccurs="0"/>
KatStrDosering" minOccurs="0"/>

Figure 3.3: FEST complex type
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Each M30 FEST catalogue is represented as an xml child element under FEST element and has its own
definition as a complex type which comprises all child elements. For example, KatLegemiddelMerkevare
catalogue is defined in the following diagram:

<element name="KatLegemiddelMerkevare">

<annotation>
<documentation>Katalog legemiddel merkevare</documentation>
</annotation>
<complexType>
<sequence>
<element name="OppflLegemiddelMerkevare" minOccurs="0" maxOccurs="unbounded">
<annotation>
<documentation>Oppfert medisinsk produkt</documentation>
</annotation>
<complexType>
<complexContent>
<extension base="m30:typeEnkeltoppforingFest">
<sequence minOccurs="0">
<element ref="fs:LegemiddelMerkevare'"/>
</sequence>
</extension>
</complexContent>
</complexType>
</element>
</sequence>
</complexType>
</element>

Figure 3.4 LegemiddelMerkevare catalogue definition in XML schema

It is shown from the above diagram that the catalogue has OppfLegemiddelMerkevare child element which
represents a single entry for each LegemiddelMerkevare instance under the catalogue.

Understanding the data types used to represent M30 FEST information is also important before we start
parsing the xml file. The primitive data types used in FEST are based on ISO’s language independent
datatypes. There are complex data types such as CV used to represent the identity of each medicine according
to the ATC coding system. The following snippet illustrates CV complex type.

<complexType name="CV">
<attribute name="V" type="token" use="optional"/>
<attribute name="8" type="kith:oid" use="optiocnal'"/>
<attribute name="DN" type="string" use="optional"/>
<attribute name="OT" type="string" use="optional"/>
</complexType>

The following snippet illustrates how in a legemiddelmerkevare instance, the attribute V represents the ATC-
code given to a legemiddel and the attribute DN represents the display name of the active substance of this
legemiddel.

<LegemiddelMerkevare xmlns="http://www.kith.no/xmlstds/eresept/forskrivning/2014-12-01">
<Atc V="H@1BA@2" S="2.16.578.1.12.4.1.1.7180" DN="Desmopressin” />

The importance of understanding mapping from one catalogue to another is no exception for our work in the
next sections, so we tried to follow the UML diagrams and mapping notes offered in the implementation
guide of FEST /34]. For example, there is a direct reference from LegemiddelVirkestoff catalogue to the
Legemiddelmerkevare catalogue by using IDref (direct reference). Another example is to use IDref to map
from LegemiddelMerkevare catalogue to get information about the relevant medicine packages in
LegeMiddelPakningMerkevare catalogue.

The following snippet illustrates how an actual medicine is represented in LegemiddelMerkevare catalogue.
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<LegemiddelMerkevare xmlns="http://www.kith.no/xmlstds/eresept/forskrivning/2014-12-01">
<Atc V="HO1lBA@2" S="2.16.578.1.12.4.1.1.7180" DN="Desmopressin” />
<NavnFormStyrke>Minirin Tab ©,1 mg</NavnFormStyrke>
<Reseptgruppe V="C" DN="Reseptgruppe C" />
<LegemiddelformKort V="53" S$="2.16.578.1.12.4.1.1.7448" DN="Tablett" />
<RefVilkar>ID_491E7F6C-23A9-45C3-A90@6-95A1332AD5BD</RefVilkar>
<Preparattype V="11" DN="Krever godkj. Fritak" />
<TypeSoknadSlv V="2" DN="Sgknad vurderes av apotek" />
<Administreringlegemiddel>
<Administrasjonsvei V="53" S="2.16.578.1.12.4.1.1.7477" DN="Oral bruk" />
<EnhetDosering V="13" S="2.16.578.1.12.4.1.1.7480" DN="tablett" />
</Administreringlegemiddel>
<Id>ID_@Q@eCOAFE-42AE-4522-AE22-BAAF5746D81E</Id>
<Varenavn>Minirin</Varenavn>
<LegemiddelformLang>Tablett</LegemiddelformlLang>
<SortertVirkestoffMedStyrke>
<Sortering>@</Sortering>
<RefVirkestoffMedStyrke>ID_1F464BED-F3CE-43C8-87D3-024E3202DD48</RefVirkestoffMedStyrke>
</SortertVirkestoffMedStyrke>
<ProduktInfo>
<Produsent>Ferring</Produsent>
</ProduktInfo>
<Reseptgyldighet>
<Varighet>P1lY</Varighet>
</Reseptgyldighet>
</LegemiddelMerkevare>

Figure 3.5: Medicine instance in LegemiddelMerkevare catalogue

3.2 Map FEST domain model into Java classes model

In order to choose the right Java XML API to parse FEST XML file, we had to read about a set of Java APIs
for XML Processing (JAXP). We had to take in consideration the size and complexity of FEST XML file
and to pay attention to the required memory to process such a huge XML file. In addition, as our task in this
section is to read FEST xml file and create its corresponding Java classes model, our focus was on JAXP
APIs that meet our needs. The main idea is to read the xml file and use the annotations in the schema files
of FEST to generate the Java classes model.

We started by testing SAX which is a simple API for xml, it can read the XML file, but it works as a streaming
API with events such as start document, end document. So it did not help in creating Java classes model. We
had the same result with DOM, JDOM, StAX APIs.

Java Architecture for XML Binding (JAXB) API is our best choice because it reads the XML file and uses

the annotations defined in XML elements and attributes to bind the XML content into corresponding java
classes with properties and the required accessor methods.
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We developed a maven project in Eclipse with the following directory structure:

£ Package Explorer i3
v %= MappingFESTXmIModelTolavaModel
v B src/main/java
v i no.uia.ehealth.MappingFESTXmIModelToJavaModel parSing code
J] AutomaticMappingFESTOnFHIR java

v B target/generated-sources/xjc/workflow

8 no.uia.ehealth.workflow FEST Java Classes Model
= META-INF

v (® src/main/resources

ER-M30-2014-12-01.xsd
Forskrivning-2014-12-01.xsg
kith.xsd
® src/test/java
=\ JRE System Library
B, Referenced Libraries
B\ Maven Dependencies

(@) [

M30 FEST Schema files

3> SIc

> target

&= UML

X fest251xml Norwegian Medicine Database
|m] pom.xml . M30 FEST

JAXB configuration

Figure 3.6: Parsing FEST

3.2.1 Functional requirements

In this section, we explain how we added the required Java Architecture XML binding library (JAXB2) to
our Java project which we used to compile FEST XML schema in order to deserialize the XML content of
FEST file and generate the Java classes model. The following snippet code illustrates how we used the
library.

// create JAXB context and generate FEST information model java classes
JAXBContext context = JAXBContext.newInstance("no.uia.ehealth.workflow™);
Unmarshaller um = context.createUnmarshaller();

BufferedInputStream bis = new BufferedInputStream(new FileInputStream(new File(XML_FILE)));

try {

FEST fest = (FEST) um.unmarshal(bis);// End of Generate java classes for FEST informat

Id 1 | Requirement Functional requirement 1 Event | Setup project config. file
type pom.xml

Description Add required configuration to pom file and configure maven plugins.

Rationale To add required libraries/API to parse FEST xml file and generate Java classes model.

Source Islam Al Khaldi

Dependencies None

Conflict None

Table 1: POM file configuration

The configuration file of our Maven project is “pom.xml”, which is used to manage the dependencies of the
software components/plugins we use in our project in addition to determine the build configuration of the
project. The following snippet illustrates the content of our POM file related to parse FEST XML file.
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<dependencies>

A package of Java utility classes for
<dependency> P |
I <groupIld </groupId>— te mmmw’
<artifactId>commons=Iang3</artifactld>
<version>${commons-lang3.version}</version>
</dependency>
<dependency>

/groupld> ﬁ A package for XML schems compiigion

Sorg.jvnet.jaxb2_common

<groupld
<artifactId>jaxb2=basi SFF1factId>
<version>@.6.5</version>
</dependency>
</dependencies>

Figure 3.7: Dependency configuration

In the build section of pom file, we add the following plugins.

<piugin>
<groupIld>org.jvnet.jaxb2.maven2</groupIld> — Plugin for generating java classes
<artifactId>maven-jaxb2-plugin</artifactId> model
<version>@.13.3</version>
<executions>
<execution>
<id>add-source</id>
<goals>
<goal>generate</goal>
</goals>
<configuration> Set the directory where
<schemaDirectory>src/main/resources/workflow</schemaDirectory> q FEST Schema files are
<includeSchemas> located
<includeSchema>**/* .xsd</includeSchema>
</includeSchemas>
<extension>true</extension>

<arg>-enableIntrospectio
<arg>-XtoString</arg>
<arg>-Xequals</arg>
<arg>-XhashCode</arg>
<arg>-XautoNameResoluti

<73
<remove0ldOutput>true</remove0ldOutput>
<verbose>true</verbose>
<bindingDirectory>src/main/resources/workflow</bindingDirectory>
<generateDirectory>target/generated-sources/xic/workflowaigenerateDirectory>
<generatePackage>no.uia.ehealth.workflow</generatePackage>
<plugins>
<plugin>
<groupld>org.jvnet.jaxb2_commons</group
<artifactId>jaxb2-basics</artifactId>
<version>0.9.4</version>
</plugin> Create package for
</plugins> generated classes
</configuration>
</execution>
</executions>
</plugin>

Set generated
classes directory

Figure 3.8: Configuration of JAXB2 plugin
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<piugin>

</plugin>

<groupId>org.codehaus.mojo</groupId> Set generated source

<artifactId>build-helper-maven-plugin</artifactId> code directory as a

<version>1.9</version> source directory in the

<executions> project.
<execution>

<id>add-source</id>
<phase>generate-sources</phase>
<goals>
<goal>add-source</goal>
</goals>
<configuration>
<sources>
<source>${basedir}/target/generated-sources/xjc/workflow</source>
</sources>
</configuration>
</execution>
</executions>

Figure 3.9: Set source directory plugin

As shown in the figure below, inside class AutomaticMappingFESTOnFHIR there is our main method where

we start the

1/

JAXBContext context = JAXBContext.newInst

no.uia.ehe B
Unmarshaller um = context.createUnmarshaller(

execution of the application and call the constructors of other classes to proceed with mapping.

SELABET UL ULG . CHEOL LGP AIEE LD AR TUUTL | UG Y GIRIUT Ly
import java.io.BufferedInputStream; ] Set FEST xml file
sublic class AutomaticMappingFESTOnFHIR {
// private static final String XML_FILE = "migi
private static final String XML_FILE = “fes -xml”;
private static List<MedicationFHIRInformation> medicationFHIRInformationlList = new ArraylList<MedicationFHIRInformation>();
private static List<InteractionFHIRInformation> interactionFHIRInformationList = new Arraylist<InteractionFHIRInformation>();
private static final String baseURL = "http://localhost:8081/fest/baseDstu3™; // to be replaced with url of production web server
private static FhirContext ctx = FhirContext.forDstu3();
public static void main(String[] args) throws JAXBException, FileNotFoundException { E;:;agti\:f::tde:s;g:cg;:f
[/ FEXEFXZTIXXZIIXETXXTIXLTTxZGenerate FEST java class model* EEEEEE e > nerated Pac_kage name
// For more details about the Apache Maven configuration behind FEST java model we defined in "pom.xml"
// generation | please refer to the "pom.xml”™ file of this project. A lot of setu file.
// installation and re-installation efforts have been paid to get the mod ed into java
// classes model.
]| FEEErEEszzsszzsrxees rxxrxxrEEEE = XXX EAXXEXXXEXXXTXXEXXTIXLE Unmarshaller means parser
from XML to Java
// create JAXB context and generate FEST inf model java classes

read FEST 2.5.1 xml file

BufferedInputStream bis = new BufferedInputStream(new FileInputStream(new File(m_FILE)));P Read the file

try {

FEST fest = (FEST) um.unmarshal(bis);// End of Generate java classes for FEST information model

\ Parsing result stored in an instance of FEST class.
The fest variable is an instance of FEST xml file but in terms of Java model. In

other words, all the content of FEST xmil file are mapped and can be accessed
through fest object. All the relations, navigation capabilities between FEST
catalogues are mapped and can be represented in terms of Java classes
hierarchy, inheritance , methods and properties inside classes.

Figure 3.10: Mapping FEST to Java model
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3.2.2 FEST Java Classes Model

Our FEST Java classes model fully represents FEST data structures. By using the Java Architecture for XML
binding (JAXB), we managed to compile FEST schema and generate Java classes for each complex type of
FEST. Each generated Java class represents all the XML elements of its corresponding FEST complex type
as properties. In addition, Each Java class has getters and setters methods (accessor methods) which are
required to access its properties and connect the class instance with other parts of FEST as well. The
generated Java classes model reflects and keeps the cardinalities and relations between FEST catalogues in
the same way as FEST data structures are designed. All the generated Java classes are available in a GitHub
repository, for more details refer to Appendix D: FEST Java Classes Model.

We are going to represent some of them in the following sections. The following diagram illustrates the
created FEST catalogues Java classes.

<=lava Class>>
(@ KatVirkestoff

no.uia.ehealth work flow

#katVirkestoff

<<Java Clags>»>
(@ KatLegemiddelVirkestoff

no.uia.ehealth work flow

<=]ava Classs»
(3 Katinteraksjon

no.uia.chealth. work flow

#katLegemiddel/irk no.uis_ehealth workflow

#katOrdineringVirkestoff

=<Java Class=»
(9 KatLegemiddelMerkevare

no.uia.ehealth work flow

<<Java Class=>

no.uia.ehealth workflow

(® KatLegemiddeldose

A

GFEST

#katByttegruppe’, 0.1

#kat\ilkar

#katKodev: 0.1

0.1 e et kT
no.uia. ehealth. work flow no.uia.ehealth work flow
#kat vare
#katv v
==lava Class»= 0.4 ==Java Class»=
0.1 (© KatHandelsvare
(9 KatVarselSiv 3 i
no.uis.ehaalth work flow

<=]ava Class»»
(9 KatlLegemiddelpakning

no.uia.zhesith. workflow

#hatinteraksjon #katlegemiddeMerkevare |0..1 #katLegemiddelduge/ 0.1 #katLegemiddelpakting 0.1
1 o // =«Java Class»»
<<Java Clags=» i
@ KatRef #katRefusjon P #katStrDosering | (@ KatStrDosering
e o no.uia.ehealth. work flow
no.uia.ehealth.workflow | 1 0.1
<<Java Class>>

<=lava Class»>
(& KatVilkar

==Java Class>=
(& KatOrdineringVirkestoff

no.uia.ehealth. work flow

#katDiagnose M. 1

==Java Class»=
(S KatDiagnose

no.uis.ehaalth. workflow

=<lava Class>>

(® KatByttegruppe

no. uia.ehealth. work flow

==lava Class>>
(9 KatKodeverk

no.uia.ehaalth work flow

Figure 3.11: FEST catalogues Java classes

3.2.2.1 FEST Class
The following two diagrams illustrate how the properties of the FEST class generated in our solution
completely represents the FEST complex type defined by FEST schema.
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<element name="FEST">
<complexType>

<sequence>
<element name="HentetDato" type="dateTime"/>
<element name="GyldigFradatoHelfo" type="date" minOccurs="0"/>
<element ref="m30:KatLegemiddelMerkevare" minOccurs="0"/>
<element ref="m30:KatLegemiddelpakning" minOccurs="0"/>
<element ref="m30:KatVirkestoff" minOccurs="0"/>
<element ref="m30:KatOrdineringVirkestoff" minOccurs="0"/>
<element ref="m30:KatLegemiddelVirkestoff" minOccurs="0"/>
<element ref="m30:KatHandelsvare" minOccurs="0"/>
<element ref="m30:KatDiagnose" minOccurs="0"/>
<element ref="m30:KatRefusjon" minOccurs="0"/>
<element ref="m30:KatVilkar" minOccurs="0"/>
<element ref="m30:KatVarselSlv" minOccurs="0"/>
<element ref="m30:KatKodeverk" minOccurs="0"/>
<element ref="m30:KatByttegruppe" minOccurs="0"/>
<element ref="m30:KatLegemiddeldose" minOccurs="0"/>
<element ref="m30:KatInteraksjon" minOccurs="0"/>
<element ref="m30:KatStrDosering" minOccurs="0"/>

</sequence>

</complexType>
</element>

Figure 3.12: FEST complex type

=zJava Clags»>

(OFEST

no. uis. eheaith workflow

<+ hentetDato: XMLGregorianCalendar

< gyldigFradatoHelfo: XMLGregorianCalendar

< katLegemiddelMerkevare: KatLegemiddelMerkevare
<+ katLegemiddelpakning: KatLegemiddelpakning

< katVirkestoff: Kat\Virkestoff

< katOrdineringVirkestoff. KatOrdineringVirkestoff
< katLegemiddeMirkestoff, KatLegemiddelirkestoff
< katHandelsvare: KatHandelzvare

< katDiagno=se: KatDiagnose

< katRefusjon: KatRefusjon

< katWilkar: KatVilkar

< katvarzelSh: KatVarselShe

< katkodeverk: KatKodeverk

<+ katByttegruppe. KatByttegruppe

< katLegemiddeldose: KatLegemiddeldose

<+ katinteraksjon: Katinteraksjon

< katStrDo=sering: KatStrlosering

Figure 3.13: FEST class properties

The following diagram illustrates the getters, setters, and the constructor of the FEST Java class.



& FESTI)

@ getHentetDato ) XMLGregorianCalendar

@ =etHentetDato XMLGregorianCalendar): void

& getGyldigFradatoHelfol ) XMLGregorianCalendar

@ setGyldigFradatoHelfo(XMLGregorianCalendar}void

I © getkatlegemiddeMerkevare(:KatLegemiddeMerkevare

i zetkatlegemiddeMerkevare/KatLegemiddeiMerkevare ) void
» & getkatlegemiddelpakning KatLegemiddelpakning

& setkatl egemiddelpakning(Katlegemiddelpakningsassid
& getkatVirkestoffi ) KatVirkestoff

@ =etkatVirkesto fiilKatVirkestoffy void TD gEt an iﬂEtEnEE Df

& getkatOrdineringVirkestoffi( ) KatOrdineringi |_ .
egemiddeMerkevare
& setKatOrdineringWirkestoffikKatOrdinering\Virke g

& getkatlegemiddelNirkestoff( ) KatLegemidde CEtEIDQUE
@ =etkatlegemiddelirkestoffikatLegemiddelVi
& getkatHandelzvareKatHandelzvare

& setkatHandelzvare(KatHandelzvare j:void

@ getkatDiagnozeljKatDiagnose

i =etkatDiagnoselKatliagnose ) void

@ getkatRefusjon().KatRefusjon

@ setKatRefusjoniKatRefusjon): void

@ getkatVilkar(y:Kat\Vilkar

@ setkatVilkar(KatVilkar ) void

@ getkKatvVarzelSh( ) KatVarselShy

& setkatvarselzviKatVarzelSheovoid

& getkatkodeverk(} Katkodeverk

@ =etkatkodeverkiKatkodeverk) void

@ getKatByttegruppel ). KatByttegruppe

@ setkatByttegruppe(KatByttegruppe): void

& getkatl egemiddeldose(} KatLegemiddeldose
@ =etkatlegemiddeldozeikatlegemiddeldose ) void
& getKatinteraksjon( ) Katinteraksjon

& setkatinterakzjoniKatinteraksjon ) void

@ getkatStrioseringl :KatStrlosering

i@ setkatStrioseringlkatsirDosering )ovoid

Figure 3.14: FEST class methods and constructor
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3.2.2.2 LegemiddelMerkevare Catalogue
The following UML diagram represents LegemiddelMerkavare catalogue in our FEST Java classes model.
The UML diagram in the right side is taken from the information model documentation of FEST [34].

<<Jana Class>> <<TOP>>

FEST

no.uia. ehealth workflow M30 FEST - Katalog legemiddel merkevare
om M30 FEST 0.1

1

#katLegemiddelMerkevare | 0..1

<<Java Class>>
(9 KatLegemiddelMerkevare
no.uia.ehealth. work flow

|10..*
Oppfort legemiddel merkevare

Mapping LegemiddelMerkevare

catalogue into Java classes

#oppflLegemiddelMerkevarel 0f*

<<Java Class>> 0.1
(® OppfLegemiddelMerkevare Legemiddel merkevare
no.uia.ehealth workflow (from Legemiddel)
) egemiddel merkevare id : ||
#legemiddelMerkevare | 0.1 m‘m . 'mm
<<Java Class>> & /legemiddelform lang : string
® LegemiddelMerkevare I“ﬂl’\.k :CS
no.uia.ehealth. workflow & referanse virkestoff - IDREF

Figure 3.15: Mapping LegemiddelMerkevare catalogue into Java classes

3.2.2.3 Interaction Catalogue

The following UML diagram represents Interaction catalogue in our FEST Java classes model.
The UML diagram in the right side is taken from the information model documentation of FEST [34].
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<<Java Class>> <<TOP>> : :
OFEST M30FEST | o Katalog interaksjon
no.uia.ehealth work flow (from M30 FEST) 0.1

#katinteraksjon | 0..1

% <<Java Class>>

(9 Katinteraksjon

0.*
no.uia.ehealth. work flow e

Oppfert interaksjon

¢

Mapping Interaction

#oppfinteraksion | 0..* catalogue into Java classes
<<Java Class>>
RA
(9 Oppfinteraksjon OORA}
no.uia.ehealth workflow
0.1
Interaksjon
_ ‘ &interaksjons-id : ID
#interaksjon | 0..1 &relevans : CS

hUJ

&ysituasjonskriterium : string
&klinisk konsekvens : string
&yinteraksjonsmekanisme : string
& kildegrunnlag : CS
&handtering : string
&visningsregel : CV

<<Java Class>>

(9 Interaksjon
no.uia.ehealth. work flow

Figure 3.16: Mapping Interaction catalogue into Java classes

3.2.3 Non-functional requirement

The compilation of FEST schema should be fully completed without any compiling errors.

Java jdk 1.8.0_171 is used in our Java development environment.

Compilation and building of the solution is managed by Apache Maven version 3.5.2 which must be installed
properly. The solution is written in Java so it is platform independent and can run on Windows, Mac, or
Unix/Linux operating systems.

3.3 Select FEST catalogues

The outcome of the previous step is that FEST data is fully mapped to FEST Java classes (i.e., instances the
Java classes produced by the parser). An object of class FEST contains all FEST data with all required
methods to navigate between FEST catalogues. In this thesis, we focus on two catalogues;
LegemiddelMerkevare, and Interaksjon.
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3.3.1 LegemiddelMerkevare class

LegemiddelMerkevare Java class, shown in the figure below, is the core of LegemiddelMerkevare catalogue.
The class has accessor methods (getters and setters) which provides connections with other catalogue of
FEST. For example, the getter method getProduktInfo() returns information about the packaging of the
medicine and the producer. By using such methods, we can retrieve information from various catalogues.
On the other hand, the setter method setProduktInfo(Produktinfo) can be used to update information about
packaging and producer of the medicine.

<<Java Clagz==
(2 LegemiddelMerkevare

o uia. ehealth work flow

W

R

W

b

W

R

id: String
varenavn: String

< legemiddelformLang: String
< sortertVirkestoffMedStyrke: List=SortertVirkestoffMedStyrke=

sortertVirkestoffUtenStyrke: List<SortertVirkestoffUtenStyrkes
zmak: CS

< produktinfo: Produktinfo
< reseptgyidighet. List=Reseptgyldighet=

hjelpestoff: List<Hjelpestoff=
preparatomtaleavsnitt: List<Preparatomtaleavsnitt=

{fLegemiddeIM&rke'.fare(}
@ getld(}.String

@ setldiString)void

@
@ setvVarenavniString):void

getVarenavni ). String

@ getlegemiddelformLang(): String

@ setlegemiddelformLang(String ) void
@ getSorertVirkestoffMedStyrke(): List=SortertVirkestoffMedStyrke=
@ getSortertVirkestoffUtenStyrke( ) List=SortertVirkestoffUtenStyrke=
@ getsmaki(}:.CS

& setEmaki(CS)void

@ getProduktinfo(): Produktinfo

@ setProduktinfolProduktinfo):void

@ getReseptgyidigheti):List=Rezeptgyidighet=

@ getHjelpestoff() List=Hjelpestoff=

@ getPreparatomtaleavsnitt() List=Preparatemtaleavsnit=

Figure 3.17: LegemiddelMerkevare Java Class
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«zlava Class»==
(& TypeLegemiddel

o, uia . ehealth. work flow

==Java Class=>
(® LegemiddelMerkevare

o, uia.ehealth. work flow

#zortertVirkestoffUtenStyrke 0..* #hjelpestoff o= #zortertVirkestofiMedStyr #preparatomtd snitt 0.*
==lava Class>= <<Java Class>> ==Java Class=» <<Java Class>>
(® SortertVirkestoffUten Styrke (3 Hjelpestoff (® SortertVirkestoffMed Styrke (& Preparatomtaleavsnitt
no.uia.ehestth work flow neo.uia.ehealth work flow no.uia.ehealth. work flow e wia. ehaalth. work flow

Figure 3.18: LegemiddelMerkevare class relations

Class LegemiddelMerkevare extends class TypeLegemiddel. Consequently, all the data elements defined for
a legemiddel by FEST schema and mapped to FEST TypeLegemiddel Java class become totally accessible
in LegemiddelMerkevare class. In addition, the getter and setter methods of TypeLegemiddel provide
connection between LegemiddelMerkevare class and the other main catalogues of FEST. For example, to get
information about the dosage of a medicine, we can use getAdministreringLegemiddel() which in turn returns
dosage information such as unit dose.

[ ] [ | n
<z lava Clagg==

(% TypeLegemiddel

no. uis. eheslth. work flow

< atc, CV

< navnFormStyrke: String

< reseptgruppe: CS

< legemiddelformKort; CW

+ refVilkar: List=JAXBElement=0Object==

<+ preparattype: CS

< typeSoknadShv: CS

< opioidzoknad: Boolean

< refusjon: List=Refusjon=

<+ pakningByttegruppe: PakningByttegruppe
<= administreringLegemiddel. AdministreringLegemiddel
<« svartTrekant. CV

Figure 3.19: TypeLegemiddel Java class
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3.3.2 Interaksjon class

Interakjson class is the core of the Interaksjon catalogue; it defines all the data elements defined by FEST
schema about interaction along with the required getter and setter methods required to communicate with

other parts of the FEST model.

==Java Clagz=>
(= Interaksjon

no. uia.ehesith. work flow

< W String

< relevans: C5

< situasjonskriterium: String

<+ kliniskKonsekvens: String

<+ interaksjonzsmekanizme: String

< kildegrunnlag: CS

<» handtering: String

< wizningsregel: List=CW=

<+ referanse: List=Referanze>

< substansgruppe: List<=Substansgruppes=

{:Plnterﬂ ksjon()

@ getld(}:String

@ setld(String)void

@ getRelevans().C5

@ =etRelevans(CS)void

@ getSituasjonskriteriumi ). String

@ setSituasjonskriteriumiString yvoid

@ getklinizskKonsekvens( ). String

@ setkliniskKonsekvens(String ) void

@ getinteraksjonsmekanizme(). String

@ =etinteraksjonsmekanisme(String ) void
@ getkildegrunnlag(y.C3

@ setkidegrunnlag{CS)void

@ getHandtering( ). String

@ setHandtering(String)void

@ getVisningsregel()List=C\V=

@ getReferanse() List=Referanse=

@ getSubstansgruppel): List=Substansgruppes

Figure 3.20: Interaskjon class

3.3.2.1 FEST Interaction mechanism

Let’s say we have two medicines and we need to check drug-drug interaction between them. In case the
active substance of one medicine exists in one substance group, and the active substance of the other
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medicine exists in the second substance group, then there is an interaction [34]. The following flowchart
illustrates FEST logic of finding interaction. More details about how we implemented this mechanism in
system implementation section.

Medicine A Medicine B
Check
Interaction
et all groups Get all groups
including Medicine A including Medicine B
Of+] O+

A and B are in different groups with the same interaction ID7?

Send interaction

details Mo interaction

Figure 3.21: FEST interaction mechanism flowchart

3.4 Define HL7 FHIR structures for FEST

In this section, we define FHIR profiles for “Medication”, “Substance”, and “Group” resources.

The main point here is to use Forge tool which is the official FHIR tool to create and validate profiles. By
validating our profiles this way, we guarantee that we did not violate FHIR specification so that resource
instances of our profiles can be understood, and exchanged with other health information. The definition of
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each structure we defined in the profiles is accessible through the url value attached to each structure. For
example, the URL of our FEST medication resource definition is :
<url value="http://ehealth.uia.no/StructureDefinition/FESTMedication" />

The following diagram illustrates how we created an implementation guide for medication, group and
substance profiles.

<ImplementationGuide>
<meta />
<url value="http://ehealth.uia.no/StructureDefinition/FestImplementationGuide" />
<version value="0.1" />
<name value="FestImplementationGuide" />
<status wvalue="draft" />
<date value="2018-05-20T17:47:06.513445+02:00" />
<description value="FEST implementationguide for FHIR" />
<fhirVersion value="3.0.1" />
<package>
<name value="FEST on FHIR"/>
<description value="Package for profiles related to FEST" />
<resource>
<example value="true" />
<name value="FESTMedication" />
<description value="Profile for Medication" />
<sourceReference>
<reference value="http://ehealth.uia.no/StructureDefinition/FESTMedication" />
</sourceReference>
</resource>
<resource>
<example value="true" />
<name value="FESTGroup" />
<description value="Profile for Group" />
<sourceReference>
<reference value="http://ehealth.uia.no/StructurebDefinition/FESTGroup" />
</sourceReference>
</resource>
<resource>
<example value="true" />
<name value="FESTSubstance”" />
<description value="Profile for Substance"/>
<sourceReference>
<reference value="http://ehealth.uia.no/StructureDefinition/FESTSubstance" />
</sourceReference>
</resource>
</package>
</ImplementationGuide>

Figure 3.22: FEST on FHIR implementation guide

3.4.1 FEST Medication Profile

3.4.1.1 Functional requirements

Id 2 | Requirement Functional requirement 2 Event | Create FEST Medication
type Profile
Description Create FEST Medication Profile according to HL7 FHIR v3 specification
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Rationale To map FEST medication elements to FHIR resource elements

Source Islam Al Khaldi

Dependencies Functional requirement 4, this profile has reference to substance profile
Conflict None

Table 2: Create FEST medication profile

3.4.1.2 Mapping specification

The following figure illustrates how FEST LegemidddelMerkevare elements mapped into FHIR Medication
profile elements:

LegemiddelMerkevare in

‘ FEST Medication Profile in
FEST

FHIR

=D - CETE
)« CET

T

\

, CrrEm R

|

‘ Manufacturer.display — Legemiddel produsent
| isOverTheCounter — Legemiddel type sgknad

‘ Extension LegemiddelAdministrasjonVei _ Legemiddel administrasjon vei
| Extension LegemiddelEnhetsdosering _ Legemiddel enhets dosering

Extension LegemiddelKortDose — Legemiddel kort dose
Ingredient lemReference — Legemiddel active substance
(reference to substance resource)

Figure 3.23: Mapping elements of LegemiddelMerkevare to FHIR medication resource

The structure definitions of the FEST medication profile and its extensions are in XML format and can be
found in thesis appendix. HL7 FHIR validation rules are applied on each element we create and define in
FEST medication profile so that each profile’s element is considered complying to HL7 FHIR specifications.
The following screenshot illustrates how we use Forge FHIR Profile Designer to define the coding system,
ATC, in our FEST medication profile and set the cardinality value for the element system.
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% Profile on Medication™: FESTMedication

Properties  Marrative:  Element Tree:  Element Grid XML

) { g + Add Shice 55 Remiove t Pr ties:
B Edend 36 Slice xF AddSice iERemove P 4 @ Element Properties: system
» Medication Hemmentin
» code dication.code coding.system
- cading 1
chaRg ¥ Cardinality
system
version - ! il &0 §| & i
cade 7 Typels) Profile
display
userSelected v/ uri
- text g% ¥ Valueset binding
ATC-navn (1) f‘,
Fixed value
status
o hitp:/fwww.whocc.nofate v

Figure 3.24: Set system element properties for FEST Medication profile

3.4.2 Group Profile

3.4.2.1 Functional requirements

Id 3 | Requirement Functional requirement 3 Event | Create FEST Group Profile
type

Description Create FEST Group Profile according to HL7 FHIR v3 specification

Rationale To map FEST interaction elements to FHIR resource elements

Source Islam Al Khaldi

Dependencies Functional requirement 2

Conflict None

Table 3: Create FEST group profile

3.4.2.2 Mapping specification

Based on section 3.2.2.1 FEST Interaction mechanism, we are going to represent FEST interaction
information as a FHIR Group resource where the members of the group are medication resources which
share the same interaction information. The reason behind our selection of FHIR Group resource is discussed
in the discussion section of this thesis. The following figure illustrates how FEST Interaksjon elements
mapped into FHIR Group profile elements:
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FEST Group Profile in Interaksjon in

FHIR FEST

BT« T
T« .
)«
e R e —
e R
I <~

Figure 3.25: Mapping elements of Interaksjon to FHIR group resource

The structure definitions of the FEST group profile and its extensions are in XML format and can be found
in thesis appendix. HL7 FHIR validation rules are applied on each element we create and define in FEST
group profile so that each profile’s element is considered complying to HL7 FHIR specifications. The
following screenshot illustrates how we use Forge FHIR Profile Designer to set the entity type of the FEST
group profile to be FESTMedication which is based on FHIR medication resource. If we specify an entity
type that is not valid by HL7 FHIR specification, we get a validation error message.

Element Properties: entity (1)

Element ID

Group.member.entity

Cardinality
1 easd] T g8 8 0.7 1.1 1.
&

m Typels) 4 & Profile Target profile & e
Reference(Patient) http://hi7.org/fhir/StructureDefinition/Patient
Reference(Practitioner) http:i.’hl?.orgﬁhir.’StructureDEﬁnition}'Practitioner
Reference({Device) httpz//hi7.org/fhir/StructureDefinition/Device
Reference{Medication) http//hi7.org/fhir/StructureDefinition/Medication
Reference(Substance) https//hi7.org/fhir/StructureDefinition/Substance

v Refersnce(FESTMedication] - -

¥ Fixed value

T Thttp://ehealth.uiz.no/StructureDefinition/FESTMedication ™

Short description

Figure 3.26: Set entity properties of FESTGroup profile.
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Forge tool has validation error feature which checks that the values we assign to the element properties of
the profile are valid and conform to HL7 FHIR specification. For example, HL7 FHIR specification restricts
the type of members of the group profile to be one of the following resources; person, animal, practitioner,
device, medication, or substance. The following screenshot illustrates an example of such validation error
feature if we set the member type to be observation resource.

m Typels) 4+ o 44 Profile Target profile
code
« code Medication

« Reference « £} J hﬁp:.-'.'.f'hl?.D-rgffhir,a'Stmctu reDefinition/ G@

¥ Valueset binding

Validation error:
£\ FESTGroup / type / Type(s) / Reference Invalid type: ‘Reference’. The specified type is not a valid constraint on any of the base
types.

Figure 3.27: Validation error

3.4.3 Substance Profile

3.4.3.1 Functional requirements

Id 4 | Requirement type | Functional requirement 4 | Event | Create FEST Substance Profile
Description Create FEST Substance Profile according to HL7 FHIR v3 specification

Rationale To map FEST virkestoff elements to FHIR resource elements

Source Islam Al Khaldi

Dependencies Functional requirement 2

Conflict None

Table 4: Create FEST substance profile
3.4.3.2 Mapping specification
The structure definitions of the FEST substance profile and its extensions are in xml format and can be found

in thesis appendix. The following figure illustrates how FEST Virkestoff elements mapped into FHIR
Substance profile elements:
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Virkestoff in \
FEST

FEST Substance Profile in

FHIR

Code.coding.code: virkestofflD — Virkestoff ATC code V attribute

Substance.code.coding.display _ Virkestoff ATC code DN attribute
Code.text engelskNavn BBl Virkesstoff engelsk navn

Figure 3.28:Mapping elements of Virkestoff to FHIR substance resource

3.4.4 FEST on FHIR Simplifier Project

We have created a project on www.simplifier.net to host our FEST on FHIR profiles and extensions.
The following figures illustrates the structure of each profile in our FEST on FHIR project.

['—ll Medication
El extension

leggemiddelFESTID 1..1 Extension{s 1
legemiddelvarenavn 1..1 Extension( i
legemiddelMavnFormStyrke 1..1 Extension{ )]
legemiddel&dministrasjons... 1..1 Extension( 1
lemiddelEnhetsdosering 1..1 Extension{: |
legemiddelkortDose 1..1 Extension( 3
B[ code
Cj cading
EIG Fext
* ATC-navn ;e
- @& isBrand
Bl @8 isOverTheCounter
* legemiddelvarselTrekant 1;
= @% manufscturer
* legemiddelProdusent j B
E: 5 ingredient
o temReference (FESTSubstance)

Figure 3.29: FEST Medication Profile
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£ entity

[T U ) = R
oo R

Extension{
Extension(

Extension{

[ . T

Extension(|

Extension

Medication
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Figure 3.30: FEST Group Profile
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Figure 3.31: FEST Substance Profile
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3.4.5 Non-functional Functional requirements

e Install Forge FHIR Profile Designer tool.
e Sign up in www.simplifier.net

3.5 Set up FHIR Server (HAPI-FHIR)

In this thesis, we use HAPI-FHIR as our FHIR server end point. The following functional requirements are
implemented in sequence to set up our environment for FHIR RESTful operations so that we can create
instances of medication and group resources and save them on Apache Derby database hosted on FHRI
server for persistency. This step is very vital for our project and must be implemented properly as FHIR
server will hold the whole FEST data structures we mapped according to HL7 FHIR specification.

3.5.1 Functional requirements

Id 5 | Requirement Functional requirement 5 Event | Setup Apache Tomcat v9
type
Description Install and configure Apache Tomcat v9 as our web application server ( Servlet container)
Rationale To host FHIR server ( hapi-fhir)
Source Islam Al Khaldi
Dependencies None
Conflict None
Table 5: Setup Apache Tomcat v9
Id 6 | Requirement Functional requirement 6 Event | Build hapi-thir server
type
Description Download hapi-fhir-jpaserver-example server from github repository of hapi-thir project and
build it using Apache Maven command “mvn_install”.
Rationale To get the WAR file of hapi-fhir-jpaserver-example which will be deployed on Apache Tomcat
web server.
Source Islam Al Khaldi
Dependencies Functional requirement 5
Conflict None
Table 6: Build HAPI-FHIR server
Id 7 | Requirement Functional requirement 7 Event | Deploy hapi-fhir server
type
Description Deploy HPAI FHIR server on Apache Tomcat web server by uploading the WAR file through
the management console of Tomcat.
Rationale To access our FHRI server via web by using the URL http://localhost:8081/fest
Source Islam Al Khaldi
Dependencies Functional requirement 6
Contflict The default port of Tomcat is 8080, so we changed it in the configuration file to 8081 to avoid

conflict with jetty web server we used during the development of web applications of
practitioner and update FEST use cases.

Table 7: Deploy HAPI-FHIR server
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4] APl FHIR X [
¢ G- S l= W calho 8081 fest/home?encoding=null&pretty=trud

[ Master [ Bookmarks Bar (File) [J Bookmarks Bar (Fire" [ Wrting [J Cars [J Bookmarksbar [ UIA [ Business [ BANANDRGEASW: [J VISMA [J Mased [J CCNA [ MA-429 [J WRITING [3J Advance

Options |

Encoding ‘(dzfauﬂ) XML | JSON

Pretty (defaulf) | On | OF

Summary ‘ (none) | true | fext | data | count S ( A{ F | R
Server

Se jome/Act

This is the home for the FHIR test server operated by University Health Network. This server (and the testing application you are currentty u:
Eva implementation of the FHIR specification.

Resources
ere are some things you might wish to try:
GEEt « Viewa bst of patients on this server.
ActivityDefinition h servers)
AdverseEvent Ith information or any other confidenti
Al List of all FHIR resources before we populate
Appoiniment the server with instances of our FEST resources
AppointmeniResponse
AuditEvent
Basic
erver Actions
Binary
BodySite Retrieve the server's conformance statement.
nformance
Bundie

Retrieve ihe update history across all resource types on the server.

CapabilityStatement

story Since ]
CarePlan
Post a bundle containing mulliple resources to the server and store all resources within a single atomic transaction
CareTeam £F) Transaction Bundle* | (place transaction bundle body here)
Chargeltem

Figure 3.32: Home page of FEST on FHIR HAPI-FHIR server

3.5.2 Non-functional requirements

Java jdk 1.8 must be installed, and the path of the bin folder of Apache Maven must be added to the PATH
environment variable. We have to select Java home directory when installing Apache Tomcat.
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3.6 System Design

In this section, we introduce our system architecture to map FEST on FHIR. In addition, we introduce our

Web application architecture for the practitioner use case.

3.6.1 FEST on FHIR system architecture

The following diagram illustrates the system architecture. From the right side, we start parsing and mapping
FEST database. As a result, on the left side, parsed FEST data elements are stored as FHIR resources

instances in HAPI-FHIR database (Apache Derby).

TOMCAT WEB SERVER JAVA APPLICATION

FHIR SERVER FHIR CLIENT

M30 FEST
XML

¢

Medicine & Interaction

FEST(A FHIR DATA

£
(v )

FEST Java Classes MODEL h
DATABASE!

<legemiddel>
</legemiddel>

<interaksjon>
</interaksjon>

FEST on FHIR

FEST

database database
Figure 3.33: FEST on FHIR system architecture
The following diagram illustrates the execution workflow:
Step# | Description Tool/Software
1 Parsing M3 FEST xml and schema files and create FEST Java Classes Model Java/Eclipse
2 Develop Java classes to hold data of selected FEST catalogues Java/Eclipse
3 Develop Java classes for FEST medication, interaction and substance profiles. Java/Eclipse
Develop Java classes for adding search parameters to FHIR server for
extensions.
Implement FEST interaction mechanism.
4 Create instances of FEST profiles and upload them on FHIR server. Java/Eclipse
Read instances of FEST profiles from FHIR server.

Table 8: System execution workflow
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TOMCAT WEB SERVER JAVA APPLICATION

FHIR SERVER M FHIR CLIENT
_e M30 FEST

Medication Interactoin ¢ XML

Medicine & Interaction

T DATA |
<legemiddel>
</legemiddel>

" <interaksjon>
FEST Java Classes MODEL h <finteraksjon>
DATABASE _o

Figure 3.34: System execution workflow

3.6.2 Practitioner Web Application Architecture

TOMCAT WEB SERVER

Practitioner FHIR SERVER
M WEB APPLICATION
Medication Interactoin

FHIR CLIENT

FEST”A FHIR

DATABASE

Figure 3.35: Practitioner web application architecture

3.7 System Implementation

At this very stage, we have a FEST object which is an instance of FEST class in our FEST Java model. Our
task here in this section is to extract FEST data from FEST object and initiate objects of classes that can hold
FEST data for later use when we start creating instances of medication and interaction resources to be saved
on FHIR server. In our implementation, we apply the concept of modularity where we separate the code that
handles LegemiddelMerkevare catalogue from the code that handles Interaksjon catalogue and drug-drug
interaction detection as well.

As the main challenge at this part was the lack of documentation, I tried my best to explain each step in
detail. As a result, this system implementation section can be used as user manual when it comes to
implement FEST profiles on HAPI-FHIR server.
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3.7.1 Develop Java classes for FEST LegemiddelMerkevare Catalogue

First, we create LegemiddelMerkevareCatalogueMapper class which takes FEST object as an argument.

Id 8 | Requirement Functional Event | Develop class
type requirement 8 LgemiddelMerkevareCatalogueMapper
Description This class takes FEST object as an argument so that all catalogue data are available for mapping
operations.
Rationale To loop through FEST catalogue data elements and store them.
Source Islam Al Khaldi
Dependencies | Functional requirement 1, 9,10
Conflict None

Table 9: Class LegemiddelMerkevareCatalogueMapper

==java Classs=

{# LegemiddelMerkevareCatalogueMapper
neo. wia. ehealth, MappingFESTXmikodelTodsw shiodel

a I.'irkcnajil;gfﬂ_'m.tFHIFl: List=ArctiveSubstanceFHIRIn formation:= &

» medicationFHIRIn formationList; List<MedicationFHIRIn formation=

u:f LegemiddelMerkevareCatalogueMapper(FEST)
@ getMedicationFHIRIn formationList(}:List=MedicationFHIRIn formation=

Figure 3.36: LegemiddelMerkevareCatalogueMapper class
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[/ LegemiddelMerkevare Catalogue
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LegemiddelMerkevareCatalogueMapper 1m = new LegemiddelMerkevareCatalogueMapper(fest);
megicationFHIRTATormationl1ist = J_m.getﬁedlcatlon#HJ_HJ.nfor‘matlonL:r.stL);

Figure 3.37: Start mapping FEST LegemiddelMerkevare catalogue

The main goal behind this class is to loop through LegemiddelMerkevare catalogue and store each
LegemiddelMerkevare FEST data element in class MedicationFHIRInformation that inherits
LegemiddelMerkevare class. But why we created this class MedicationFHIRInformation while we have
already class LegemiddelMerkevare? The answer is simply that we apply here the concept of separation of
concerns. In other words, if the data structure of FEST changes, our FEST Java model will automatically
represent the new changes because we have our own class MedicationFHIRInformation in which we can
apply any modification in order to fit the new FEST data structures.
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Let’s first introduce the classes we created which are used in LegemiddelMiddelCatalogueMapper class.

3.7.1.1 MedicationFHIRInformation Class

Id 9 | Requirement Functional requirement 9 Event | Develop class
type MedicationFHIR Information
Description It extends LegemiddelMerkevare class
Rationale Represent the selected FEST data elements from the main four catalogues to map on FHIR
resources.
Source Islam Al Khaldi
Dependencies Functional requirement 1,8,10
Conflict None

Table 10: Class MedicationF HIRInformation

<<lava Clasg==
(% MedicationFHIRInformation

oo wis. ehealth. FHIR Informationbdods]

<+ legemiddellD: String

4 legeMiddelarenavn: String

<+ atcW: String

< ates: E—trt%

<+ atcDM: String

<+ legemiddelNavnFormShyrke: Siring

<+ legemiddelProdusent: String

<+ legemiddelVarzeMrekant: boolean

<+ legemiddeladminiztrazjonsveilN: String
<+ legemiddelEnhetz=doseringlN: String

< legemiddelKortDoseDN: String

< activeSubstanceFHIRInformation: ActiveSubstanceFHIRInformation
<+ legemiddeMypeSoknady': String

Figure 3.38: MedicationFHIRInfromation

package no.uia.ehealth.FHIRInformationModel;
import no.uia.ehealth.workflow. *;
import no.uia.ehealth.workflow.KatLegemiddelMerkevare.OppfLegemiddelMerkevare;
import java.util.ArraylList;
import java.util.list;
public class MedicationFHIRInformation extends LegemiddelMerkevare {
protected String legemiddellD;
protected String legeMiddelVarenavn;
protected String atcV;
. protected String atcS;
. protected String atcDN;
. protected String legemiddelNavnFormStyrke;
. protected String legemiddelProdusent;
. protected boolean legemiddelVarselTrekant;
. protected String legemiddelAdministrasjonsveiDN;
. protected String legemiddelEnhetsdoseringDN;
. protected String legemiddelKortDoseDN;
. protected ActiveSubstanceFHIRInformation activeSubstanceFHIRInformation;
. protected String legemiddelTypeSoknadV;

oNOOUVT A WNR

PRRRPRPRRPRPRRRLRELUO
WONOUDWNRO® -
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The above snippet illustrates the properties of LegemiddelMerkevare that will be mapped to elements of
FHIR medication resource. Various information about medicines are gathered through the methods available
by LegemiddelMerkevare and its ancestor TypeLegemiddel class. For example, to get product information
such as producer, we call getProduktInfo() method which in turn will access another catalogue and return
the required information. The same procedure applies for the other information about dosage and
administration of the medicine brand product.The description of each property will be further explained later
when we discuss the implementation of FESTMedication resource in this chapter.

3.7.1.2 ActiveSubstanceFHIRInformation class

We have also created ActiveSubstanceFHIRInformation class which extends Substansgruppe.Substans
class to hold information about the active substance (virkestoff) used in the medicine. The class holds
information about the name, ATC-code, and the English name of the active substance.

Id 10 | Requirement Functional requirement | Event | Develop class
type 10 ActiveSubstanceFHIRInformation
Description It extends Substansgruppe.Substans
Rationale Represent the properties of active substance of the medicine
Source Islam Al Khaldi
Dependencies Functional requirement 1,8, 9
Conflict None

Table 11: Class ActiveSubstanceFHIRInformation

<<]ava Clags==

{9 Active SubstanceFHIRInformation

no. uia.ehealth. FHI RInformationkicde]

<+ activeSubstancelD: String
<+ activeSubstansMawn: String

< activeSubstansEngelzkMavn: String

Figure 3.39: ActiveSubstanceFHIRInformation class

The following diagram illustrates the relations between the three classes we created to hold information

about LegemiddelMerkevare catalogue.
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==]ava Class=>

G LegemiddelMerkevareCataloguelMapper
no.uia. eheaith. MappingFESTXmikModelToda v alodel

=<Java Classs=
(3 Virkestoff

no.uia.eheatth werk flow

==lava Class==
(® LegemiddelMerkevare

no.ula ehealth workflow

#medicationFHIRInfgrmationList 0 2 #virkestofflistFHIR, 0.
_“‘l?"'ﬂ Class=> ) #activeSubstanceFHIRInformation <=lava Class=>
(® MedicationFHIRInformation (3 Active SubstanceFHIRInformation
no. iz shesith. FHIRInformationidode! 0.1 no,uis.ehealth FHIRI nformationModsl

Figure 3.40: Classes for mapping LegemiddelMerkevare catalogue

3.7.1.3 Logic inside LegemiddelMerkevareCatalogueMapper class
As we introduced the above classes, we come back to explain the logic of Legemiddel Merkevare Catalogue
mapper class LgemiddelMerkevareCatalogueMapper.

15 public class LegemiddelMerkevareCatalogueMapper {
14 protected List<ActiveSubstanceFHIRInformationy virkestofflListFHIR = new Arraylist<ActiveSubstanceFHIRInf
I5 protected List<MedicationFHIRInformation> medicationFHIRInformationlist = new Arraylist<MedicationFHIRIn
“public LegemiddelMerkevareCatalogueMapper(FEST fast) {
List<OppflegemiddelMerkevare> oppflegemiddelMerkevarelist = new Arraylist<OppflegemiddelMerkevares()
oppflegeniddelMerkevarelist = fest.getKatLegemiddelMerkevare().getOppflegemiddelierkevare();
for (OppflegemiddelMerkevare element : oppflegemiddeliMerkevarelist) {
LegemiddelMerkevare medicine = element.getlegemiddelMerkevare();
MedicationFHIRInformation medicationFHIR = new MedicationFHIRInformation();

In lines 14, 15 we define two lists to hold the extracted information from FEST object. The FEST object is
passed to the constructor of the class ( line 16). In line 17, we create a list to extract
OppfLegemiddelMerkevare objects (each object contains one LegemiddelMerkevare instance) under
LegemiddelMerkevare catalogue. In line 19, we start to loop through the list and extract each
LegemiddelMerkevare property and create an instance of MedicationFHIRInformation class and store the
extracted data in their corresponding properties.

medicationFHIRInformationlList.add(medicationFHIR);

WM =

Before the end of for loop ( line 82), we add the instance of MedicationFHIRInformation to the list
medicationFHIR InformationList.

As shown in the snippet below, by calling the method getMedicationFHIRInformationList() of

LgemiddelMerkevareCatalogueMapper, we get the list in the main method of our Java application, and we
are ready to implement FHRI profiles we defined previously in the Forge tool.
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/{ LegemiddelMerkevare Catalogue
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LegemiddelMerkevareCatalogueMapper 1lm = new LegemiddelMerkevareCatalogueMapper(fest);
I medicationFHIRInformationlist = 1m.getMedicationFHIRInformationlist(); I

3.7.1.4 Non-functional Functional requirements
All over our code and starting from the FEST object, we have to make sure that the value of the object we
need to access is not null. Otherwise we get “Null Pointer Exception”, and the following part of the code

will not work properly.

3.7.2 Develop Java classes for FEST interaction catalogue.

First, we create InteraksjonCatalogueMapper class which takes fest object as an argument.

Id 11 | Requirement Functional requirement 11 | Event | Develop class
type InteraksjonCatalogueMapper
Description This class takes fest object as an argument so that all catalogue data are available for mapping
operations.
Rationale To loop through FEST catalogue data elements and store them.
Source Islam Al Khaldi
Dependencies Functional requirement 1, 12,13
Conflict None

Table 12: Class InteraksjonCatalogueMapper

| | [ ] | |
==]ava Clags=:=

(< InteraksjonCatalogueMapper
r-::-.uia.ebealhﬂ.appir;;FEE-T}{mlh'!‘-:r:i'eITnJa'.'ah-‘mel
Lo

1 < interactionFHIRInformationList; ListzinteractionFHIRInformaticn=

@FInt&ra kgjonCatalogueMapper{FEST)
& getinteractionFHIRInformationListt{ ) List=InteractionFHIRInformation=
|

Figure 3.41: InteraksjonCatalogueMapper class

[ EERRERR R R ERR R OO B ORE R R R ORR B O0R O KRR KRR SRR R KO0 SO0 R KRR

InteraksjonCatalogueMapper im = new InteraksjonCatalogueMapper(fest);

nteraction nrormationl1isT = 1Im.ge

Figure 3.42: Start mapping FEST Interaksjoner catalogue

The main goal behind this class is to loop through Interakjsoner catalogue and store each Interaksjon FEST
data element in class InteractionFHIRInformation that inherits Interaksjon class. We applied here the concept
of separation of concerns as well. Consequently, if the data structure of FEST changes, our system will not
be broken because we have our own class InteractionFHIRInformation in which we can apply any
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modification in order to fit the new FEST data structures. Let’s first introduce the classes we created which
are used in InteraskjonCatalogueMapper class.

3.7.2.1 InteractionFHIRInformation class

Id 12 | Requirement Functional requirement 12 | Event | Develop class
type InteractionFHIRInformation
Description It extends Interaksjon class
Rationale Represent the selected FEST data elements from the interaksjon catalogue to be mapped on
FHIR group resource.
Source Islam Al Khaldi
Dependencies Functional requirement 1, 11,13
Conflict None

Table 13: Class InteractionF HIRInformation

=<=Java Claszs=»

(& InteractionFHIRInformation

no.uia.ehealth. FHIR Informationbiodsl

< interactionFHIRID: String

<+ interactionFHIERelevansy: String

< interactionFHIERelevansDN: String

< interactionFHIRKIMNzkKonsekvens: String
& interactionFHIRHandtering: String

< interactionFHIRSubstanceGrouplist: List=SubstanceGroupFHIRINformation=

Figure 3.43: InteractionFHIRInfromatin class

The above figure illustrates the properties of Interaksjon that will be mapped to elements of FHIR group
resource. Various information about interactions are gathered through the methods available by Interaksjon
class.The description of each property will be further explained later when we discuss the implementation

of FESTGrooup resource in this chapter.

At this very stage, we must explain the structure of an interaction entity in FEST so that the reason of creating
the next class makes sense for the reader of this thesis. The following diagram illustrates this structure.
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Figure 3.44: FEST interaction structure

Each interaction in FEST includes two substance groups. To say that an interaction is found between two
medicines/substances, the active substance of both medicines must exist in two different substance groups
at the same interaction entity. For example, substance A and D interact together because they belong to
different substance groups and the same for substance A and C, but substance A and B has no interaction
because they belong to the same group and the same for substance C and D.

3.7.2.2 SubstanceGroupFHIRInformation class

Id 13 | Requirement Functional requirement | Event | Develop class
type 13 SubstanceGroupFHIRInformation
Description It extends Substansgruppe class
Rationale Represent the list of SubstanceFHIRInformation class
Source Islam Al Khaldi
Dependencies Functional requirement 1,11,12
Conflict None

Table 14: Class SubstanceGroupFHIRInformation

<<Java Clagss>>

(% SubstanceGroupFHIRInformation

no.uia.eheslth. FHIRInformationbodel

< interactionFHIRSubstancelist: List=SubstanceFHIRInformation=

{fSu bstanceGroupFHIRINformation)
@ getSubstanceFHIRInformation():List=SubstanceFHIRIn formation:=
@ =etSubstanceFHIRInformation(List=SubstanceFHIRInformation=}:void

Figure 3.45: SubstanceGroupFHIRInformation class

The following diagram illustrates the relations between the three classes we created to hold information
about Interaksjon catalogue.
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(@ InteraksjonCatalogueMapper )
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chnteraksjun CatalogusMapper(FEST)
@ getinteractionFHIRInfermationListt(}:List=InteractionFHIRInfermation:

.“-,‘#interactiu nFHIRInforma

= cclava Classs> )

(& InteractionFHIRInformation

z=Java Class=>

#intera;tiﬁl"lFH IRSubstanceGrouplist /
SubstanceGroupFHIRInformati = *

£ 24 : X 4
no. via. eheaith. FHI RInformationhéods! D no.uis.ehesith. FHIR Informationbiodsl
Voo =
<<lava Class=> ==lava Class=>
( Substansgruppe e (5 Substans
no.uia shealth workflow S no.uia, ehealth work flow

*

Figure 3.46: Classes for mapping Interaksjon catalogue

3.7.2.3 Logic in InteraksjonCatalogueMapper class

As we introduced the above classes, we come back to explain the logic of Interaksjon catalogue mapper class
InteraksjonCatalogueMapper.

12 public class InteraksjonCatalogueMapper

13 {
14 protected List<InteractionFHIRInformation> interactionFHIRInformationlList = new Arraylist<Inte
15

16¢ public InteraksjonCatalogueMapper (FEST fest)

17 {

18 List<OppfInteraksjon> oppfInteraksjonlist = new ArraylList<OppfInteraksjon>();
19 oppfInteraksjonlist = fest.getKatInteraksjon().getOppfInteraksjon();

28 for ( OppfInteraksjon element : oppfInteraksjonlList)

21 {

22 if(element != null)

23 {

aJ

In lines 14 we define a list to hold the extracted information from fest object. The fest object is passed to the
constructor of the class (line 16). In line 18, we create a list to extract

Oppfinteraksjon objects (each object contains one /nteraksjon instance) under Interaksjon catalogue. In line
20, we start to iterate over the list and extract each Interaksjon property and create an instance of
InteractionFHIRInformation class and store the extracted data in corresponding properties respectively.

I

7 // gathering required FHIR information for all substance groups in each interaction
48 List<SubstanceGroupFHIRInformation> substanceGroupFHIRInformationlList = new ArraylList<SubstanceGr

In line 48, we create a list of type SubstanceGroupFHIRInfromation to extract all substance group instances
from the current interaction instance.

54| interaksjonSubstansgruppelist = interaction.getSubstansgruppe();
55| for (Substansgruppe sg : interaksjonSubstansgruppelist )
56 {
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In line 54, we iterate over each group list of the current interaction instance. In line 80, we add each substance
to its current substance list.

84 substanceGroupFHIRInformation.setSubstanceFHIRINnformation(substanceFHIRInformai
85 substanceGroupFHIRInformationlist.add(substanceGroupFHIRInformation); // add ar
86 3

87

88 interactionFHIR.setSubstanceGroupFHIRInformation(substanceGroupFHIRInformationlist); /,
89 3

90 interactionFHIRInformationlist.add(interactionFHIR); // add the current interaction to list
91 }

In line 84, we add the current substance list to its group. In line 85, we add the group to its list of groups. In
line 88, we add the groups list to the current interactionFHIRInformation instance. Finally, at line 90, we
add each interactionFHIRInformation instance to the interactionFHIRInformationList.

As shown in the snippet below, by calling the method getinteractionFHIRInformationList() of
InteraskjonCatalogueMapper, we get the list in the main method of our Java application, and we are ready
to implement FHRI profiles we defined previously in the forge tool.

[ FRREROR R ORI ORGSR ORISR R R OO R R SRR R IOR

/1 Im

1] *

InteraksjonCatalogueMapper im = new IntePaksionCatalogueMapper(fest);
|inferatfionFHIRInfbrmafionList = im.getInteractionFHIRInfOPmationListt();|/f End of Get FEST catalogues information

raksjoner Catalogue
raxsjoner Catalogue
b s st s dastestsiastestisssstsitsadesditsadestitindesdibdnttias ittt it istestiiastsstsads.

3.7.2.4 Non-functional Functional requirements

All over our code and starting from the fest object, we have to make sure that the value of the object we need
to access is not null. Otherwise we get “Null Pointer Exception”, and the following part of the code will not
work properly.

3.7.3 Implement FEST medication profile.

At this very stage, we implement our FESTMedication profile we properly defined in FEST Medication
Profile section of this chapter. Starting again from class AutomaticMappingFESTOnFHIR, we call the
constructor of FESTMedicatonHapiFHIRController, as shown in the code snippet below.

URL of our HAPI SERVER we installed.
private static final String baseURL =
“http://localhost:8081/fest/baseDstu3"”;

// Send FEST catalogues data to Hapi Fhir Controller
if (medicationFHIRInformationList != null && medicationFHIRInformationList.size() != @

FESTMedicationHapiFHIRController fESTMedicationHapiFHIRController = new
FESTMedicationHapiFHIRController(ctx,medicationFHIRInformationlList,baseURL);

System.out.print("finished med ions");
FhirContext is the starting point of using HAPI FHIR API This list contains FEST
We declared and initialized as following: LegemiddeIMerkevare data.
private static FhirContext ctx = FhirContext.forDstu3();

Figure 3.47: Calling FESTMedicationHapiFHIRController
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Id

14 | Requirement Functional Event | Develop class

type requirement 14 FESTMedicationHapiFHIR Controller
Description Create instances of FESTMedication resource and send it to hapi-thir server.
Rationale Save instances of FESTMedication resource on the server.
Source Islam Al Khaldi
Dependencies Functional requirement 2,5,6,7,8,15 and 16
Conflict None

Table 15: Class FESTMedicationHapiF HIR Controller

The following diagram illustrates class FESTMedicationHapiFHIR Controller and the other classes used in

the implementation of this step. We provide further details by following the execution flow step by step.

#medicationFHIRIn formationList S

==Jawva Class==

(2 FESTMedicationHapiFHIRController
no.wis. ehesith. FESTonHapiFHIR Controller

< cbe FhirContext

> baseURL: String

f:)cFES‘ﬂdedicatianapiFHlRC troller(FhirContext, List=MedicationFHIRInformation:=, String )
@ getMedicationFHIRInformatidHList(): List=MedicationFHIRIn formation=

@ setMedicationFHIRInformationListiList<MedicationFHIRInformation=):void

@ getCh(}:FhirContext

@ =etCix(FhirContext): void

@ getBazelUrl(}:String

@ setBa=eUrl(String ) woid

(= MedicationFHIRInformation
no.maE . ehealth. FHIRInformationbdods]

=<Java Class>> ==lava Class>>

(3 FESTMedicationResource
no.uis.ehesith. FESTonHapiF HI RResowrces

Figure 3.48: FESTMedicationHapiFHIR Controller

3.7.3.1 Define new search parameters

By default, HAPI FHIR server provides us with search parameters to filter the result of resource instances
we search for, i.e. we can search by code, ingredient, language and other parameters.
On the other hand, in Norway, we can search for a medication by its ATC-code, product name (varenavn),
or the name of active substance (virkestoff). Consequently, we need to customize our HAPI-FHIR server to
be able to search by varenavn or virkestoff. But why we introduce this step before creating FEST medication
instances and save them on the server? The answer is as simple as when HAPI FHIR server detects new
added search parameters; it enforces a re-indexing process for all resource instances it has stored before.
From performance perspective, adding the new search parameters before creating and saving the instances
will improve the performance of RESTful operations. Inside FESTMedicationHapiFHIR Controller class and
before we start creating instances of FESTMedication resource, we created the following two search
parameter and added them to HAPI-FHIR server.
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Id 15 | Requirement Functional requirement Event | Develop search parameter
type 15 varenavn

Description Create and add search parameter varenavn to hapi-fhir server.

Rationale It allows filtering medication search result by varenavn

Source Islam Al Khaldi

Dependencies None

Conflict None

Table 16: Search parameter varenavn

s wie VERY IMPORTANT NOTE: s
* WE DEFINE OUR SEARCH PARAMETERS FOR FDDED EXTENSIONS TO OUR RESOURCES BEFORE WE CREATE INSTANCES OF THE CUSTOM RESOURCE

* rxxxrkarres xx ExExEE ExExEE ExExEE *

* i.e : in FESTMedicationHapiFHIRController.java we define search parameters for yare navn and atcDN (substance name)
*

// Start yarenayn Search Parameter Definition & Creation

// start definition

org.hl7.fhir.dstu3.model.SearchParameter vareNavnSP = new org.hl7.fhir.dstu3.model.SearchParameter();
vareNavnSP.addBase(“"Medication™);
vareNavnSP.setCode("legemiddelvarenavn");
vareNavnSP.setType(org.hl7.fhir.dstu3.model.Enumerations.SearchParamType. TOKEN) ; Define varenavn
vareNavnSP.setTitle("Bruk legemiddel varenavn");
vareNavnSP.setDescription("FEST:S¢k med legemiddel varenavn"); search parameter'
vareNavnSP.setExpression(“Medication.extension('http://ehealth.uia.no/StructureDefinition/legemiddelva
vareNavnSP. setXpathUsage(org.hl7.fhir.dstu3.model.SearchParameter.XPathUsageType.NORMAL) ;
vareNavnSP.setStatus(org.hl7.fhir.dstu3.model.Enumerations.PublicationStatus.ACTIVE);// End definition

IGenericClient clientVareNavnSP = ctx.newRestf ricClient(baseURL);
// Start Creation
// Upload it to the server
clientVareNavnSP
.create()
.resource(vareNavnSP) Add the search
.execute(); // End creation
// End vareNavn Search Parameters Definition &™

Figure 3.49: Define and add varenavn search parameter.
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FESTMA FHIR

Executed request against FHIR RESTTul server in 88ms

¥ Request GET http:/ilocalhost-8081/fest/baseDstu3/SearchParameter/1/_history/17?_pretty=true

Accept-Charset: g
Request Headers Accept: app Fhir+xml;g

User-Agent: R/3.4.8-5N/

Accept-Encoding: gzip

xml+fhir;g=8.9, application/json+fhir;q=0.2

-F

< Response + HTTP 200
date: Fri, 25

Response ]ast—mdl%].ed.

Headers transfer-encodi

x-powered-by: H REST Server (FHIR Server; FHIR 3.9.1/DSTU3)

Dstus/searchParameter/1/_history/1

content-type: a Lon/ft 1;charset=UTF-8
Result Body Raw Message
JSON resource Definition of legemiddel
(471 bytes) varenavn search

parameter on our hapi-fhir
A37+02100" server

tructureDefinition/legemidde

Figure 3.50: Legemiddel varenavn search parameter on HAPI-FHIR server

Id 16 | Requirement Functional requirement Event | Develop search parameter
type 16 Virkestoff navn

Description Create and add search parameter virkestoff navn to hapi-thir server.

Rationale It allows filtering medication search result by virkestoff navn.

Source Islam Al Khaldi

Dependencies None

Conflict None

Table 17: Search parameter virkestoff navn
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// Start definition

org.hli. fhir.dstu3.model.SearchParameter atcNavnSP = new org.hl7.fhir.dstu3.model.
atcNaveSP.addBase("Medication™);

atcNavnSP.setCode("atcNavn");
atcNavnSP.setType(org.hl7.fhir.dstu3.model.Enumerations.SearchParamType.
atcNavnSP.setTitle("Bruk legemiddel virkestoff navn"); Define ATC virkestoff
atcNavnSP.setDescription("FEST: S¢k med ATC-navn (DN-verdi i ATC-kodé
atcNavnSP.setExpression(“"Medication.extension('http://ehealth.uia.no/ navn search parameter.
atcNavnSP.setXpathUsage(org.hl7.fhir.dstu3.model.SearchParameter.XPathUsage
atcNavnSP.setStatus(org.hl7.fhir.dstu3.model.Enumerations.PublicationStatus.A

IGenericClient clientATCDNSP = ctx.newRestfulGenericClient(baseURL);

// Start Creation
// Upload it to the server
clientATCDNSP
.create()
.resource(atcNavnSP)
.execute(); // End creati®
V/ End atcNavn Search Parameters Definition 8

Add the search parameter to HAP-FHIR server.

Figure 3.51: Define and add ATC virkestoff navn search parameter.

FESTA FHIR

Executed request against FHIR RESTful server in 9ms

? Request GET http://localhost:8081/fest/baseDstu3/SearchParameter/2/_history/1?_pretty=true

Accept-Charset: utf-g
RequeSt Headers Accept: application/fhir+xml;q=1.0, application/fhir+json;g=1.e, application/xml+fhir;q=e.9, application/json+fhir;q=0.9

User-Agent: HAPI-FHIR/3.4.0-SNAPSHOT (FHIR Client; FHIR 3.0.1/DSTU3; apache)
Accept-Encoding: gzip

€ Response v HTTP 200

date: Fri, 25 May 2018 ©3:50:48 GMT

Response last-modified: Fri, 25 May 2018 ©3:43:46 GMT

Headers transfer-encoding: chunked
x-powered-by: HAPI FHIR 3.4.8-SNAPSHOT REST Server (FHIR Server; FHIR 3.0.1/DSTU3)
etag: w/"1"

location: http://localhost:8e81/fest/baseDstu3/SearchParameter/2/_history/1
content-type: application/fhir+json;charset=UTF-8

Result Body Raw Message

JSON resource o .
(468 bytes) { Definition of legemiddel

"resourceType": "SearchParameter”,
nid": 2%,

virkestoff navn search
parameter on our hapi-thir

meta“:
"versionId":
"lastupdated

2{n:le": "gruk legemiddel virkestoff navn", server
"status”: "active”,
"code": "atcNavn",
“base": [
"Medication”

5618-85-25785:¢3 146.385+02:00"

typer: “token”,
"description
“expression”
“xpathusage":

FEST: Sok med ATC-navn (DN-verdi i ATC-kode)", o
edlcitlon.extensxon('http://ehealth.ulaAnc,’StructureDefmltlcn/atc‘iavn',\",
normal®

Figure 3.52: Virkestoff navn search parameter on HAPI-FHIR server

Now we can use the added search parameter as they appear in the list of search parameters offered by HAPI-FHIR
server.

87



Resource: Medication

This page contains various operations for interacting with the Medication resource.

Search Queries

Search parameters appear in the list.

CRUD Operations Tags

Search Parameters optionally add parameter(s) to the seaggh

Includes Also inclu

=

(o

Nl Ve

Sort Results
Other Options

Limit max # 1

_language - The language of the resource . Matches ~ | value

o

gt Cmrarr e e

P o =
form - powder | tablets | capsule +

_id - The JD'&f the resource.

atcMavn - FEST. Sek m(-:'a:iI ATC-navn (DN-verdi i ATC-kode)
package-item-code - The item in the package
legemiddelvarenavn - FEST Sk med legemiddel varenavn

over-the-counter - True if medication does not require a prescription

status - active | inactive | entered-in-error

Reverse Includes Also include resources which reference to the search resulis

|0

=

Figure 3.53: Updated list of search parameters for FEST medication instances

3.7.3.2 FESTMedicationResource class

In this section we are going to implement FEST medication profile with the extensions we defined

previously.
Id 17 | Requirement Functional requirement Event | Develop
type 17 FESTMedicationResource class
Description Implement FEST medication profile
Rationale Define FESTMedicationResource to initialize FEST medication profile instances and store
them on hapi-thir server.
Source Islam Al Khaldi
Dependencies 15,16
Conflict None

Table 18: Class FESTMedicationResource
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<<lava Clags»==

(3 FESTMedicationResource
mo.uis.ehealth. FESTonHapiFHIRResources

5F serialersionUID: long

o atcMawvn: StringType

o |legemiddeMarsellrekant: BooleanType

o |legemiddelFESTID: StringType

o |legemiddeMarenavn: StringType

o |legemiddelNavnForm3tyrke: StringType
o legemiddeladministragjonsvei. StringType
o legemiddelEnhetsdosering: StringType

o legemiddelKortDose: StringType

ecFE STMedicationResource()

@ isEmpty(}.boolean

@ getatcMavn() StringTyee

@ setatcMavn(StringType)void

@ getLegemiddeMNarselTrekant()BooleanType

@ setlegemiddeMNarselTrekant(BooleanType) void
@ getLegemiddelFESTID(}.StringType

@ setlLegemiddelFESTIDStringType):void

@ getLegemiddeNarenavn(). stringType

@ setlegemiddeMNarenavn(StringType ) void

@ getLegemiddelNavnFormStyrke():StringType

@ setlegemiddelNavnFormStyrke(StringType):void
@ getLegemiddeltdministrazjonsveil ). StringType
@ setlLegemiddelddministrasjonsvei(StringType):void
@ getLegemiddelEnhetsdosering():StringType

@ setlLegemiddelEnhetsdosering(StringType):. void
@ getLegemiddelKortDosel ). StringType

@ setlLegemiddelKortDose(StringType ) void

Figure 3.54: FESTMedicationResource class

We use annotations to define the class, all extensions we created in our FEST medication profile are
implemented as class properties with annotations as well. The following snippets illustrate the
implementation of the class and its extensions.

13@ /*

14 * Definition class for adding extensions to the built-in

15 * Medication resource type.

16__*/

17| @ResourceDef(name="Medication", profile="http://ehealth.uia.ne/StructureDefinition/FESTMedication™) I

18
19
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// code.text.ATC-payn: get the ATC DN attribute
@Child(name="atcNavn")
@Extension(url="http://ehealth.uia.no/StructureDefinition/atcNavn", definedlLocally=true, isModifier=false)
@Description(shortDefinition="The name associated with the medicine ATC code, DM attribute of element ATC in FEST")
private StringType atcMavn;

// Medication.isOverTheCounter:legemiddelVarselTrekant
@Child(name="legemiddelVarselTrekant")
@Extension(url="http://ehealth.uia.no/StructureDefinition/legemiddelVarselTrekant", definedlLocally=true, isModifier=false)
@Description(shortDefinition="Indicates a red triangle")

private BooleanType legemiddelVarselTrekant;

// Extension: leggemiddelFESTID

@Child(name="leggemiddelFESTID")

@Extension(url="http://ehealth.uia.no/StructureDefinition/LegemiddelFESTID", definedlLocally=true, isModifier=false)
@Description(shortDefinition="legemiddel ID in FEST M3© 2.5.1")

private StringType legemiddelFESTID;

// Extension: legemiddelVarenawvn

@Child(name="legemiddelVarenavn")

@Extension{url="http://ehealth.uia.no/StructureDefinition/legemiddelVarenavn”, definedLocally=true, isModifier=false)
@Description(shortDefinition="legemiddel varenawvn in FEST M38® 2.5.1")

private StringType legemiddelVarenavn;

// Extension: legemiddelMavnFormStyrke

@Child(name="1legemiddelNavnFormStyrke")
@Extension{url="http://ehealth.uia.no/StructureDefinition/legemiddelNavnFormStyrke", definedlLocally=true, isModifier=false)
@Description(shortDefinition="legemiddel nawvn form styrke in FEST M30 2.5.1")

private StringType legemiddelMavnFormStyrke;

// Extension: legemiddelAdministrasjonsvei lemiddelEnhetsdosering

@Child(name="legemiddelAdministrasjonsvei)
@Extension{url="http://ehealth.uia.no/StructureDefinition/legemiddelAdministrasjonsvei", definedlLocally=true, isModifier=false)
@Description(shortDefinition="1legemiddel administration guidance in FEST M38 2.5.1")

private StringType legemiddelAdministrasjonsvei;

// Extension: lemiddelEnhetsdosering legemiddelKortDose

@Child(name="legemiddelEnhetsdosering")
@Extension{url="http://ehealth.uia.no/StructureDefinition/legemiddelEnhetsdosering”, definedlLocally=true, isModifier=false)
@Description(shortDefinition="1legemiddel unit dosage in FEST M38 2.5.1")

private StringType legemiddelEnhetsdosering;

// Extension: legemiddelKortDose

@Child(name="legemiddelKortDose")

@Extension{url="http://ehealth.uia.no/StructureDefinition/legemiddelKortDose”, definedLocally=true, isModifier=false)
@Description(shortDefinition="1legemiddel short dose in FEST M38 2.5.1")

private StringType legemiddelKortDose;

3.7.3.3 Logic in FESTMedicationHapiFHIRController class

The main goal of FESTMedicationHapiFHIRController class is to create instances of
FESTMedicationResource class and save it on HAPI-FHIR server. The following code snippets illustrate
how we iterate over MedicationFHIRInformation list, create instances of FESTMedicationResource, and
save them on our HAPI-FHIR server.

/4 logic for creating resources and populating data
for(MedicationFHIRInformatien m : medicationFHIRInformationtist)

Extract ATC {

CQd.e Value - /f Here we create 8 FESTMedicationResourcd

SetATC
code value

Set code

FESTMedicationResource FESTMedic system fo icationResource(};

ing TC CODE = "%; ATC

> : getaTCV() 1= null)
Extract the : ;

name of ATC_CODE = m.getATCV();
the active
substance

3 )
fEsTMedicationresource.getcode (). addcoding (). setsystem{ "http: /v, whocc.no/atc” ). setversion("7180") . setCode(ATC_CODE) . setDisplay("ATC code”};

string ATC_NAME = "7
G Set the value of

AN = ey extension atcNavn

SEFINgTYpE (ATC_NANE)) 5

fESTMedicationResource. setAtcNa
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fESTMedicationResource.setIsBrand(true);

Set isBrand value

if((m.getLegemiddelvarselTrekant() != null) && (m.getLegemiddelvarselTrekant())) Set value of extension
y legemiddelVarselTrekant

fesTMedicationResource.setLegemiddelvarselTrekant(new BooleanType(true)
else

fesTMedicationResource.setLegemiddelvarselTrekant(new BooleanType(false));

1fgctiegemiodelTypesoknadvly 1=mitl) The value of isOverTheCounter

2f(n.g:tLegeﬂiddelTypesoknadv().equals("l")) \ depends on value of
fESTMedicationResource.setIsoverTheCounter(false); TypeSoknadV_ ifit equals 1", then
}

we set isOverTheCounter to false,

otherwise to true. In FEST,
TypeSoknadV means an approval
fesTMedicationResource.setIsoverTheCounter(true); is required

else|

String producer =
if(m.getLegemiddelProdusent() !=null)
{

¥

Set manufacturer value 8177 fV?fESTMedicationResource.getManufacturer().setDisplay(producer);

producer = m.getlLegemiddelProdusent();

String legemiddelFESTID = "";
if(m.getLegemiddelID() != null)
{

¥

legemiddelFESTID = m.getlLegemiddelID();

Set value of extension
legemiddelFESTID s fESTMedicationResource . setLegemiddelFESTID(new StringType(legemiddelFESTID));

String legemiddelVarenavn ="";
if(m.getLegemiddelVarenavn() != null)

{
legemiddelVarenavn = m.getLegemiddelVarenavn();

¥
Set value of extension scinll | _ . . . . .
legemiddelVarenavn : : = vfESTMed1cat1?nResource.setLegemlddelVarenavn(new StringType(legemiddelVarenavn));

String legemiddelNavnFormStyrke = "";

if(m.getLegemiddelNavnFormStyrke() != null)

{

Set value of extension . "
legemiddelNavnFormStyrke e legemiddelNavnFormStyrke = m.getLegemiddelNavnFormStyrke();

“fESTMedicationResource.setlLegemiddelNavnFormStyrke(new StringType(legemiddelNavnFormStyrke));
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String legemiddelAdministrasjonsveil =
if(m. getLEgEmlddelAdmlnlﬁtPa539n5ve1DN() I= null) S o e

! . .. . . . .. . . legemiddelAdministrasjonvei
legemiddelAdministrasjonsvei = m.getlegemiddelAdministrasjonsveiDN();
¥

fESTMedicationResource.setLegemiddelAdministrasjonsvei(new StringType(legemiddelAdministrasjonsvei));

String legemiddelEnhetsdosering = "";
if(m.getlLegemiddelEnhetsdoseringDN() != null)

i
¥

Set value of extension

legemiddelEnheisdosering

legemiddelEnhetsdosering = m.getlLegemiddelEnhetsdoseringDN(};

fESTMedicationResource.setlLegemiddelEnhetsdosering(new StringType(legemiddelEnhetsdosering));

String legemiddelKortDose = ""; Set value of extension

if(m.getlLegemiddelKortDoseDN() != null)

legemiddelKortDose

legemiddelKortDose = m.getlegemiddelKortDoseDN();
¥

fESTMedicationResource.setLegemiddelKortDose(new StringType(legemiddelKortDose));

Save the instance on

client.create().resource(fESTMedicationResource).execute(); HAPI FHIR SERVER

//End of create a FESTMedicationResource instance

3.7.4 Implement FEST Group profile.

At this very stage, we implement our FEST Group profile we properly defined in Group Profile section of
this chapter. Starting again from class AutomaticMappingFESTOnFHIR, we call the constructor of
FESTInteractionHapiFHIR Controller, as shown in the code snippet below.

if (interactionFHIRInformationlList != null && interactionFHIRInformationlList.size() != ©) {

FESTInteractionHapiFHIRController fESTInteractionHapiFHIRController = new
FESTInteractionHapiFHIRController(ctx,interactionFHIRInformationlList,baseURL);
System.out.print("finishedsinteractions");

FhirContext is the starting point of using HAPI FHIR API
We declared and initialized as following:

private static FhirContext ctx = FhirContext.forDstu3(); This list contains FEST pur"i';:ti z‘i:ttpﬂiiiﬁvit;g”zf::‘}ﬁ;
It is an expensive object, so we try to initialize it |nteraksjon data. "http://localhost:8081/fest/baseDstu3”;

once and pass a reference to the object.

Figure 3.55: Calling FESTInteractionHapiFHIR Controller

Id 18 | Requirement Functional Event | Develop class
type requirement 18 FESTInteractionHapiFHIRController
Description Create instances of FESTGroup resource and send it to hapi-thir server.
Rationale Save instances of FESTGroup resource on the server.
Source Islam Al Khaldi
Dependencies Functional requirement 2,5,6,7,8,14 and 19
Conflict None

Table 19: Class FESTInteractionHapiFHIR Controller

The following diagram illustrates class FESTInteractionHapiFHIRController and the other classes used in
the implementation of this step. We provide further details by following the execution flow step by step.
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(®InteractionFHIRInformation
no.uis. shealth. FHIRInformationkods]

<<Java Clags>>

#interactionFHIRInformationList

0.

#nteractionFHIRSubstanceGroupList | 0.*

(3 SubstanceGroupFHIRInformation

no.uia.ehealth. FHIR InformationModel

<<lava Class>>

A

#interactionFHIRSubstancelist ( 0.*

(® SubstanceFHIRInformation |-

no.uia.ehealth. FHIR nformationhodel

<<Java Class>>

<<lava Class=>
(9 FESTInteractionHapiFHIRController
no_uia eheslth FESTonHapiFHIRContraller

4 che FhirContext
4 baseURL: String

{fFESTInterﬁctiUnHﬁpiFHIRCuntruller(Fh\rCuntext.Lisklnterac‘tiUnFHIRInfurmﬁtiun»,String}
@ getinteractionFHIRIN formationList(): List<InteractionFHIRIn formation:

@ setinteractionFHIRIn formationList(List<InteractionFHIRInformation=):void

@ getCix():FhirContext

@ setCtx(FhirContext):void

@ getBaselrl():String

@ setBaselrl(String).void

==Java Class>=>

(9 FESTGroupResource
no.uia.heaith. FESTonHapiFHIRResouroes

Figure 3.56: FESTInteractionHapiFHIRController
3.7.4.1 FESTGroupResource class

In this section we are going to implement FEST group profile with the extensions we defined previously.

Id 19 | Requirement Functional requirement Event | Develop FESTGroupResource
type 19 class

Description Implement FEST group profile

Rationale Define FESTGroupResource to initialize FEST group profile instances and store them on hapi-
thir server.

Source Islam Al Khaldi

Dependencies 18

Conflict None

Table 20: Class FESTGroupResource

=<=lava Class=>

(3 FESTGroupResource
no.uia.eheslth. FESTonHapiFHIRResources

5 serialersionUID: long

o interactionlD: StringType

o interactionRelevansV': StringType

o interactionRelevansDN: StringType

o interactionkliniskKonsekvens: StringType

o interactienHandtering: StringType

@ isEmpty(}:boolean

ifFE STGroupResource()

@ getinteractionlD(}.StringType

@ setinteractionID(StringType):void

@ getinteractionRelevans\(}.StringType

@ setinteractionRelevans\V({StringType) void

@ getinteractionRelevansDN():StringType

@ setinteractionRelevansDN(StringType):void

@ getinteractionKliniskKonsekvens(): StringType

@ =etinteractionkliniskKonsekvens(StringType): void
@ getinteractionHandtering(}: StringType

@ setinteractionHandtering(StringType): void

Figure 3.57: FESTGroupResource class

FESTGroup class stores information about only one group of medicines which has drug-drug interaction
with another group. Consequently, to represent an interaction, we need two FESTGroup instances having
the same interaction id. The only difference in structure between our FESTGroup class and the interaction
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complex type of FEST M30 is that in FEST one interaction instance includes two groups whereas an instance
of FESTGroup class includes only one group. In each instance of FESTGroup, we must set the type property
to the value “medication” and the actual property to the value “true” which means the group refers to a
specific group of real individuals / instances.

The following snippets illustrate how each extension we defined in FESTGroup profile is defined in
FESTGroupResource class.

/{ Group.extension:interactionID

@Child(name = "interactionID")

@Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionID", definedlLocally = +true, isModifier = false)
@Description(shortDefinition = "The given interaction ID in FEST M3® 2.5.1")

private StringType interactionID;

// Group.extension:interactionRelevansV

@Child(name = "interactionRelevansV")

@Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionRelevansV", definedLocally = true, isModifier = false)
@Description(shortDefinition = "The severity level of the interaction™)

private StringType interactionRelevansV;

// Group.extension:interactionRelevansDN

@Child(name = "interactionRelevansDN")

@Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionRelevansDN", definedlLocally = true, isModifier = false)
@Description(shortDefinition = "Severity short description of the interaction™)

private StringType interactionRelevansDN;

// Group.extension:interactionKliniskKonsekvens

@Child(name = "interactionKliniskKonsekvens")

@Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionKliniskKonsekvens", definedlLocally = true, isModifier = false)
@Description(shortDefinition = "Interaction clinical consequences.")

private StringType interactionKliniskKonsekvens;

/{ Group.extension:interactionHandtering

@Child(name = "interactionHandtering")

@Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionHandtering"”, definedlLocally = true, isModifier = false)
@Description(shortDefinition = "Interaction guidance")

private StringType interactionHandtering;

3.7.4.2 Logic of FESTInteractionHapiFHIRController class

The main goal of FESTInteractionHapiFHIR Controller class is to create instances of FESTGroupResource
class and save it on HAPI-FHIR server. The following code snippets illustrate how we iterate over
InteractionFHIRInformation list, create instances of FESTGroupResource, and save them on our HAPI-
FHIR server.
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57 // logic for creating resources and populating data
58

59 for(InteractionFHIRInformation interaction : interactionFHIRInformationList)
{
String interactionID = "";
String interactionFHIRRelevansV = ""
String interactionFHIRRelevansDN = "";
String interactionFHIRHandtering = "";
String interactionFHIRKliniskKonsekvens =

Extract interaction id
value

Extract interaction
guidance - E : ;
: ; i g e ; : xtract interaction
information 2 interactionID interaction.getInteractionFHIRID(); Z
Xy } relevanse V attribue
- value which
if(interaction.getInteractionFHIRRelevansV() != null) _ g indicates level of

severity

if(interaction.getInteracti

IRRelevansV();

Extract interaction
clinical
consequences
information

Extract interaction
relevanse DN
attribue value which
describes level of
severity

{ -

89 interactionFHIRKliniskKonsekvens = interaction.getInteractionFHIRKliniskKonsekvens();

90 ¥

91
92
93 //each interaction has two medication groups, so we loop and process each group
94 List <SubstanceGroupFHIRInformation> interactionRelatedGroups = interaction.getSubstanceGroupFHIRInformation();
95
96 for(SubstanceGroupFHIRInformation medicationsGroup : interactionRelatedGroups)

{ ;
Create % Each interaction has

FESTGroupResource * Here we create the FESTGroupResource instance
instance : =7 ;
//Start of create a FESTGroupResource instance
FESTGroupResource fESTGroupResource = new FESTGroupResource();
// Add interaction details.
. +fESTGroupResource.setInteractionID(new StringType(interactionID));

Set X i

Etc;afl!'les:jc.’f SO fESTGroupResource.setInteractionRelevansV(new StringType(interactionFHIRRelevansV));
We E_i\ne e fESTGroupResource.setInteractionRelevansDN{new StringType(interactionFHIRRelevansDN));
FESTGrou; fESTGroupResource.setInteractionHandtering(new StringType(interactionFHIRHandtering));

class for the e fESTGroupResource.setInteractionKliniskKonsekvens(new StringType(interactionFHIRKliniskKonsekvens));
instance

two groups. We
iterate over each
group

TESTGroupResource

.setActual(true); // means the group refers to specific group of real medication instances
- fESTGroupResource

.setActive(true); // means the group refers te specific group of real medication instances

’ /GroupType .MEDICATION

Set actual. active FESTGroupResource. setType (FESTGroupResource. GroupType . value0f ("MEDICATION")); |
and type properties .

of the instance
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119 /* FESTGroup.member

120 * Here we populate FESTGroupResource.member by adding entity reference fo

121 * FESTMedicationResource/ Medication instance we stored previously

122 */

123

124 //each group has a list of medication entities| In FEST M3 5.1, each

125 List<SubstanceFHIRInformation>medicationsList = new ArraylList<SubstanceFHIR: interacton group includes list of
126 if(medicationsGroup.getSubstanceFHIRInformation() != null) ATC-code of medicines.We

medicationslist = medicationsGroup.getSubstanceFHIRInformation(); decided to set the type of our
for(SubstanceFHIRInformation medication : medicationsList) FESTGr‘;’“pResource class to

{ @il "Medication" so that we can get
& areference to each medication
//get a reference to an instance of FE’SHN:Q ionResource in the group and consequently all
// which has the same atc-v and atc-dn valu > the details of the medication.
String atcVv = "";
if(medication.getatcV() != null)

Here we iterate over a list of
active substance of each
medication and use its ATC-
code to get a reference to the
medication.

atcV = medication.getatcV(); <«

Here we send a query to HAPI-SERVER

to get a reference of the medication

instance with ATC-code equals to the < IGenericClient client = ctx.newRestfulGenericClient(baseURL);
current active substance. ‘Bur ult = client

.search()

.forResource(Medication.class)
.where(Medication.CODE.exactly().code(atcV))
.returnBundle(org.hl7.fhir.dstu3.model.Bundle.class)
.execute();

if(result.getEntry() != null & result.getEntry().size() != @)

Here we add the medication
instance as a member of our

current FESTGroup instance. . Medication drug = (Medication) entry.getResource();
GroupMemberComponent member = new GroupMemberComponent();
member.getEntity().setReference(drug.getId());
member.setEntityTarget(drug);
member.setEntity(member.getEntity().setReference(drug.getId()));
fESTGroupResource.addMember (member) ;

for (BundleEntryComponent entry : result.getEntry())

After we get all medication
members of the current instance
of FESTGroup , we crate and
save the current instance of
FESTGroup resource on HAPI-
< FHIR server.
//Send the FESTGroupResource instance to hapi-fhir server
IGenericClient clientSender = ctx.newRestfulGenericClient(baseUR
clientSender.create().resource(fESTGroupResource).execute();

}//End of create a FESTGroupResource instance

3.7.4.3 FhirServerConfig.java

We had to customize the FhirServerConfig class to add our base URL in order to avoid Invalid Request
Exceptions when we create extensions. Simply we edited “daoConfig” Bean and let our url
http://localhost:8081/fest being treated as local. Then we had to re-build hapi-thir server and run the Java
application of our solution again.
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30 @Configuration
31 @EnableTransactionManagement()
32 public class FhirServerConfig extends BaselavaConfigDstu3 {

33

34

358 [#%

36 * Configure FHIR properties around the the JPA server via this bean
37 *

38= @Bean()

39 public DacConfig daoConfig() {

49 DacConfig retVal = new DacConfig();

41 retVal.setAllowMultipleDelete(true);

42 retVal.setAllowExternalReferences(true);

43 retVal.getTreatBaselUrlsAslocal().add("http://localhost:8081/fest/");
A4 return retVal;

45 1

46

Figure 3.58: FhirServerConfig class

At this very stage of our implementation, we have FEST medication resource instances and FEST group
resource instances saved on our HAPI-FHIR server. The following figure illustrates the home page of our
HAPI-FHIR server.

[ vari FrIR X+

< (G- =Wl | o calhost:8081 fest/homeZencoding=null&pretty=true)

[3 Master [ Bookmarks Bar (Filel [ Bookmarks Bar (Firet [J Writing [J Cars [J Bookmarksbar [ UA [ Business [J BANANORGEASW! [ VISMA [ Masied [J CCNA [ MA-428 [ WRITING [J A

Options

Encoding | (defa
Prety FEST Group resource 7
sumiey ([0 instances
: none) oA alg | .
) (interaction information) NI 4 /i
Server

Server Home/Actions

This is the home for the FHIR test server operated by University Healih Network. This server (and the testing application you are curre
Java implementation of the FHIR specification.

Resources
Here are some things you might wish to try:
Cap o « View a list of patients on this server.
: FEST Medication = Construct a search query on this server.
Mol ation resource instances « Access a different server (use the Server menu at the top of the page ta see a list of public FHIR servers)
SearcnParametero A This i not a production  server! Do not store any information here that contains personal health information or any other coni
test data:
Account
ActivityDefinition
Server Example Server
AdverseEvent x
Legemiddel varenavn Software HAPI FHIR Server - 3 4.0-SNAPSHOT
Allergyintol and virkestoff navn
ergyimolerance FHIR Base hitp:/flocalnost 8081/festbaseDstu3
search parameters
Appointment
Server Actions

AppointmentResponse

Figure 3.59: FEST on FHIR HAPI-FHIR server
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3.7.5 Implementation of FEST Drug-drug interaction mechanism

The importance behind this section is that it is the proof of concept of our solution implementation. The user
of our system will input the names/codes of two drugs and send a query to our HAPI-FHIR server where
FEST data are stored in form of FEST medication resource instances and FEST group resource instances.
Our implementation of FEST drug-drug interaction mechanism should be able to detect drug-drug
interaction, if any, and return the details.

This interaction detection process comprises reading and searching for FHIR resource instances by using
search parameters including the parameters we added. Consequently, if we get an interaction result which is
identical to the result we may obtain by using drug-drug interaction analysis tools offered by
www.interaksjoner.no or www.felleskatalogen.no sites which use FEST , then we can say that we have FEST
on FHIR. Let’s recall how FEST interaction mechanism is defined in FEST M30. When we check drug-
drug interaction for two medicines. In case the active substance of one medicine exists in one substance
group, and the active substance of the other medicine exists in the second substance group, then there is an
interaction [34]. The following flowchart illustrates FEST logic of finding interaction.

Medicine A Medicine B

NP

Check
Interaction

Gel all groups Get all groups
including Medicine A including Medicine B
O+ O+

A and B are in different groups with the same interaction ID?

Send interaction

details Mo interaction

Figure 3.60: FEST interaction mechanism flowchart

We will follow the execution workflow step by step in our explanation. First, we start by determining the
type of the search keyword the user can use to check for drug-drug interaction between two FEST medication
resource instances hosted on our HAPI-FHIR server. In order to provide the user with search flexibility, our
implementation can accept medicine brand name (legemiddel varenavn), ATC-code, or the name of active
substance (legemiddel virkestoff navn).

Id 20 | Requirement Functional requirement Event | Develop CheckForlnteraction
type 20 class

Description Implement FEST interaction mechanism

Rationale To find interaction details, if any, between two medication resource instances on hapi-thir
server

Source Islam Al Khaldi

Dependencies 8,11,14,18,21,22 and 23

Conflict None

Table 21: Class CheckForlnteraction

The following diagram illustrates the relations between CheckForlnteraction class and the other classes we
created in our implementation.

98



-druglD_atc_CODE_pair_drugB | 0..1

«<lava Class»=»
«=lava Class=>

(3 CheckForinteraction

(3 InteractionDetails
no.uiz.eheslth. FESTonHapiFHI RCaontroller

no.uis.ehesith. FESTonHapiFHIR.Controller
" <+ id: String

< relevansV: String

sl

«<lava Class=>

(3 DruglD_ATC_CODEPair
no.uis.eheaith. FESTonHapiFHIR.Contraller

< relevansDN: String
ction <+ kliniskKonsekvens: String
0.1 <+ handtering: String

o dRUG_ID: String
o dRUG_ATC_CODE: String

«=lava Class=»

(3 InteractionGroupPair @ getid():String

-druglD_atc_CODE_pair_drugs

OcDrugID_ATC_CODEPair(String.String} & 0.1
@ getDRUG_ID(}:String

@ setDRUG_ID(String):void

© getDRUG_ATC_CODE():String

@ setDRUG_ATC_CODE(String):void

@ setld(String):void
@ getRelevansV/():String

no.uis.eheslth. FESTonHapiFHI RCaontroller

o interaction_ID: String : 3
g @ setRelevansV/(String):void
o group_ID: String i
@ getRelevansDN():String

Oclntera ctionGroupPair(String, String)
@ getinteraction_ID(}:String

@ setRelevansDN(String):void

@ getkliniskKonsekvens():String

@ setinteraction_ID(String):void
@ getGroup_ID{):String
@ setGroup_ID(String):void

@ getHandtering():String
@ setHandtering(String):void

=4 Oclntera ctionDetails(String, String, String, String, String)

@ setkliniskKonsekvens(String):void

Figure 3.61: CheckForlnteraction class relations

Id 21 | Requirement Functional requirement Event | Develop
type 21 DrugID ATC CODEPair class
Description Store drug id and ATC-code of the search keyword
Rationale Whatever the search keyword the user entered, we should be able to get the drug id and active
substance ATC-code.
Source Islam Al Khaldi
Dependencies | None
Conflict None
Table 22: Class DruglD ATC CODEPair
Id 22 | Requirement Functional requirement 22 | Event | Develop InteractionGroupPair
type class
Description Store interaction id and group id of the drug.
Rationale Interaction exists when two drugs have the same interaction id, but they belong to different
groups. This class helps us when we compare two drugs by their interaction id and group id.
Source Islam Al Khaldi
Dependencies None
Conflict None
Table 23: Class InteractionGroupPair
Id 23 | Requirement Functional requirement Event | Develop InteractionDetails
type 23 class
Description Store interaction id, severity, guidance and clinical consequences.
Rationale To send interaction details,if any, to the user.
Source Islam Al Khaldi
Dependencies None
Conflict None

Table 24: Class InteractionDetails
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The following code snippets illustrate the logic of drug-drug interaction mechanism step by step.

public CheckForInteraction(FhirContext ctx,
this.ctx = ctx;
this.drugA = drugA; 1
this.drugB = drugB; 5
this.baseURL = baseURL;

1 Determine the type of drugA search keyworkd.
1.2 Determine the type of drugB search keyworkd.

// 1. we need to get the ATC-CODE of drugh

// The practitioner can search by ATC-CODE, vareNavn, or acti substance name.
// 1.1 Check whether drugA search keyword is ATC-CODE, prod
// or active substance name We call inputCheckerA
this.drugID_atc_CODE_pair_drugA = inputCheckerA(drugA); method and send drug A

as an argument

197 private DrugID_ATC_CODEPair inputCheckerA(String drug) {

198

E // 1.1.1 ATC-CODE checker

200 IGenericClient clientATCV = ctx.newRestfulGenericClient(baseURL);

201 Bundle resultATCV = clientATCV.search().forResource(Medication.class,

202 .where(Medication.CODE.exactly().code(drug)).returnBundle ir d B

422 . -execute(); Is drug A an ATC-code?

= if (resultATCV 1= null) { We send a query to our HAPI-FHIR server.
205 if (resultATCV.getTotal() == @) { . oA

206 this.flagATCCodeA = false; If ATC-code, we store the pair medication
207 } else { instance id and ATC-code in an object of
208 this.flagATCCodeA = true; class DruglD_ATC_CODEPair. If not, we
209 if (resultATCV.getEntry().get(®).getResource() != null) go to next step.

210 if (resultATCV.getEntry().get(0).getResource() instan dica

211 Medication m = (Medication) resultATCV.getEntry().ge .getResource();

212 this.aTC_CODE_A = drug;

213 this.drugA_ID = m.getId();

214 this.drugID_atc_CODE_pair_drugA = new DrugID_ATC_CODEPair(m.getId(), drug);

223 if (!flagATCCodeA) {

224 // 1.1.2 Legemiddel varenavn checker

225 // Note that we have defined the search parameter legemiddelVarenavn in .

226 // FESTMedicationHapiFHIRController.java Here we know that drug A is not ATC-code, so
227 // use the added search parameter| we send a query to our HAPI-FHIR server to
228 IGenericClient clientVareNavn = ctx.newRestfulGenericClient(baseURL); check if drug A is varenavn. We use our
229 Bundle resultVareNavn = clientVareNav Yan i i search parameter "legemiddelVarenavn"
230 .where(new TokenClientParanf(’ 1varenavn™ ) exactly().code(d

231 .execute();

232

233 if (resultVareNavn != null) {

234

235 if (resultVareNavn.getTotal() == 0) {

236 this.flagVareNavnA = false;

237 else

238 } thii.flagVar‘eNavnA = true; If Varenavn, we get the ATC-code
239 if (resultVareNavn.getEntry().get(0).getResource() != null) { and store the pair medication

240 if (resultVareNavn.getEntry().get(®@).getResource() instanceof Med instance id and ATC-code in an

241 FESTMedicationResource m = (FESTMedicationResource) resultVa object of class

2 -getResource(); DrugID_ATC_CODEPair. If not, we
243 this.drugA_ID = m.getId(); oto ngxt ste_

244 this.aTC_CODE_A = m.getCode().getCoding().get(@).getCode(); 9 P-

245

246 this.drugID_atc_CODE_pair_drugA = new DrugID_ATC_CODEPair(m.getId(),

247 m.getCode().getCoding().get(0).getCode());

248 ¥
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68
69
70
71

385
386
387
3RK

if (!this.flagATCCodeA && !this.flagVareNavnA) {

¥

return drugID_atc_CODE_pair_drugA;

// 1.2 Check whether drugB search keyword is ATC-CODE, product ng

// 1.1.3 active substance name checker H .
5 5 ere we know that drug A is neither ATC-code
// Note that we have defined the search parameter atcNavn in 9

// FESTMedicationHapiFHIRController.java nor varenavn, so we send a query to our HAPI-
// use the added search parameter| FHIR server to check if drug A is name of
IGenericClient clientA = ctx.newRestfulGenericClient(baseUR! active substance (atcNavn). We use our

Bundle resuleSubsts . () . forResource(Med search parameter "atcNavn"
__.where(new TokenClientParam("atcNavi actly().code(drug)

LG ] (resultSubst;;EéName !

o ST AC

D

if (resultSubstanceName.getTotal() == @) {
this.flagSubsNameA = false;
} else {
this.flagSubsNameA = true;
if (r.‘is?ltSu!;'s:fs:azc:Name'.“getEnt:)é(?z.gii):(e)é%;;:Res::rce() lz)m.alll { and store the pair medication
if (resultSubstanceName.getEntry().ge .getResource() ins g . g -
FESTMedicationResource m = (FESTMedicationResource) res Ins.tan_ce id and ATC-code in an
-getResource(); object of class .
this.drugA_ID = m.getId(); DruglD_ATC_CODEPair. If not, we
this.aTC_CODE_A = m.getCode().getCoding().get(0).getCode(); go to next step.
this.drugID_atc_CODE_pair_drugA = new DrugID_ATC_CODEPair(m.ge’
m.getCode().getCoding().get(0).getCode());

If Varenavn, we get the ATC-code

return pair of ATC-code
and medication id

// or active substance name We call inputCheckerB
this.drugID_atc_CODE_pair_drugB = inputCheckerB(drugB); method and send drug B

as an argument

We follow the same steps for
return drugID_atc_CODE_pair_drugB; Drug A and return pair of ATC-
code and medication id
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// 1. we need to get the ATC-CODE of drugA and drugB.

// The practitioner can search by ATC-CODE, vareNavn, or active substance name.
// 1.1 Check whether drugA search keyword is ATC-CODE, product name (vareNavn) ,
. // or active substance name

Step# 1 finished. this.drugID_atc_CODE_pair_drugA = inputCheckerA(drugA);

// 1.2 Check whether drugB search keyword is ATC-CODE, product name (vareNavn) ,
// or active substance name
this.drugID_atc_CODE_pair_drugB = inputCheckerB(drugB);

/7 2. Search for all FESTGroup instances which include M

Step# 2 start. // entries for drugA
// store IDs of interactions and groups for drug A
List<InteractionGroupPair> interaction_group_drugA = drugGroups(this.drugID_atc_CODE_pair_drugA);

n reference

// entries for drugB
// store IDs of interactions and groups for drug B
List<InteractionGroupPair> interaction_group_drugB = drugGroups(this.drugID_atc_CODE_pair_drugB);

// 4. Compare both lists detect interaction, if any.

We need a list of all interactions and

private List<InteractionGroupPair> drugGroups(DrugID_ATC_CODEPair pair) { tghr.oulpj‘m.ﬁlgdmgf tdruQ A. Each entry in
List<InteractionGroupPair> interaction_group_for_drug = new ArraylList<Inter&e airs N' 8.0 yp?
IGenericClient clientDrugAGroupIDs = ctx.newRestfulGenericClient(baseURL); Interacﬂon(Sn:upPalrclass

Bundle resultGroups = clientDrugAGroupIDs.search().forResource(Group.class)
.where(Group.MEMBER .hasId(pair.getDRUG_ID())).returnBundle(org.hl7.fhir.dstu3smodel.Bundle.class)
.execute();

if (resultGroups != null) {

if (resultGroups.getTotal() > @) {
for (BundleEntryComponent e : resultGroups.getEntry()) {

String groupID = ""; We send a query to hapi-fhir server to
String interactionID = ""; get all FEST Group instances including a

FEST Medication instance with ID equals
if (e.getResource() instanceof Group) { to the drug id we got in step# 1.

// get group id
Group g = (Group) e.getResource();
groupID = g.getId();

// get interaction id
List<Extension> resourcefxts = g
.getExtensionsByUrl("http://ehealth.uia.no/StructureDefinition/interactionID");
Extension exti = resourceExts.get(0);
interactionID = exti.getValue().toString();

InteractionGroupPair p = new InteractionGroupPair(interactiop Add the paninteracﬁonid and
interaction_group_for_drug.add(p); group id to the list

}

Return a list of gr nd
return interaction_group_for_drug; Salis aais

interactions including this drug.
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Step# 1 finished.

Step# 2 finished.

Step# 3 finished.
(same as step# 2)

Step# 4 start.

// 4. Compare both lists detect interaction, if any.

Iterator itrA
Iterator itrB

while (itrA.hasNext()) {
InteractionGroupPair pairDrugA

while (itrB.hasNext())

. we need to get the ATC-CODE of drugA and drugB.

/[ The practitioner can search by ATC-CODE, vareNavn, or active substance name.
1.1 Check whether drugA search keyword is ATC-CODE, product name (vareNavn) ,
/ or active substance name

his.drugID_atc_CODE_pair_drugA = inputCheckerA(drugA);

// 1.2 Check whether drugB search keyword is ATC-CODE, product name (vareNavn) ,
// or active substance name
this.drugID_atc_CODE_pair_drugB = inputCheckerB(drugB);

// 2. Search for all FESTGroup instances which include Medication reference

// entries for drugA

// store IDs of interactions and groups for drug A

List<InteractionGroupPair> interaction_group_drugA = drugGroups(this.drugID_atc_CODE_pair_drugA);

// 3. Search for all FESTGroup instances which include Medication reference

// entries for drugB

// store IDs of interactions and groups for drug B

List<InteractionGroupPair> interaction_group_drugB = drugGroups(this.drugID_atc_CODE_pair_drugB);

interaction_group_drugA.iterator();

// 4. Compare both lists detect interaction, if any.

We compare each pair object

(group id and interaction id) of drug A list
with all pair objects

( group id and interaction id ) of drug B list

InteractionGroupPair pairDrugB = (InteractionGroupPair) itrB.next();
// FEST interaction business logic

// find the two different groups which have the same interaction id
| if (!(pairDrugA.getGroup_ID().equals(pairDrugB.getGroup_ID()))

&& (pairDrugA.getInteraction_ID().equals(pairDrugB.getInteraction_ID()))) {

If we find a pair object in drug A list
which has the same interaction id
of a pair object in drug B list but
they have different group ids, then
there is interaction!
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// get interaction details for this group id

String id = "";
String relevansv = "";
String relevansDN = "";
String kliniskKonsekvens =

String handtering = "";

IGenericClient client = ctx.newRestfulGenericClient(baseURL);
Group theOne = client.read().resource(Group.class).withId(pairDrugA.getGroup_ID()).execute();

// get interaction ID

H

We send query to hapi-fhir
server to get the details of

the interaction found

List<Extension> resourceExtsInteractionID = theOne between drug A and drug B.

.getExtensionsByUrl("http://ehealth.uia.no/StructureDefinition/interactionID");

if (resourceExtsInteractio

Extension interactionID = resourceExtsInteractionID.get(0);
id = interactionID.getValue().toString();

}

// get Interaction Relevan,

nID != null) {

s V attribute

List<Extension> resourceExtsInteractionRelevansV = theOne
.getExtensionsByUrl("http://ehealth.uia.no/StructureDefinition/interactionRelevansv");
if (resourceExtsInteractionRelevansV != null) {
Extension interactionRelevansV = resourceExtsInteractionRelevansV.get(0);
relevansV = interactionRelevansV.getValue().toString();

// get Interaction Relevan

s DN attribute

List<Extension> resourceExtsInteractionRelevansDN = theOne
.getExtensionsByUrl("http://ehealth.uia.no/StructureDefinition/interactionRelevansDN");
if (resourceExtsInteractionRelevansDN != null) {
Extension interactionRelevansDN = resourceExtsInteractionRelevansDN.get(@);
relevansDN = interactionRelevansDN.getValue().toString();

// get Interaction Klinisk

Konsekvens

List<Extension> resourceExtsInteractionKliniskKonsekvens = theOne.getExtensionsByUrl(
“http://ehealth.uia.no/StructureDefinition/interactionKliniskKonsekvens");
if (resourceExtsInteractionKliniskKonsekvens != null) {
Extension interactionKliniskKonsekvens = resourceExtsInteractionKliniskKonsekvens.get(@);
kliniskKonsekvens = interactionKliniskKonsekvens.getValue().toString();

// get Interaction Handter

ing

List<Extension> resourceExtsInteractionHandtering = theOne
.getExtensionsByUrl("http://ehealth.uia.no/StructureDefinition/interactionHandtering”);

if (resourceExtsInteractionHandtering != null) {
Extension interactionHandtering = resourceExtsInteractionHandtering.get(0);
handtering = interactionHandtering.getValue().toString();

¥

// set interaction details

A new object of type
InteractionDetails class is

this.interaction = new InteractionDetails(id, relevansV, relevansDN, kliniskKonsekvens, handtering); created and we end the

this.isInteraction = true;
break;

Step# 1 finished.

Step# 2 finished.

Step# 3 finished.
(same as step# 2)

Step# 4 finished.

iterations.

a

y

;§

4
%i we need to get the ATC-CODE of drugA and drugB.
&
4
//T‘iﬁ'he practitioner can search by ATC-CODE, vareNavn, or active substance name.
/£/1.1 Check whether drugA search keyword is ATC-CODE, product name (vareNavn) ,
/M or active substance name

is.drugID_atc_CODE_pair_drugA = inputCheckerA(drugA);
i

{sﬂ/ 1.2 Check whether drugB search keyword is ATC-CODE, product name (vareNavn) ,

//

"// or active substance name
this.drugID_atc_CODE_pair_drugB = inputCheckerB(drugB);

// 2. Search for all FESTGroup instances which include Medication reference

// entries for drugA

// store IDs of interactions and groups for drug A

List<InteractionGroupPair> interaction_group_drugA = drugGroups(this.drugID_atc_CODE_pair_drugA);

// 3. Search for all FESTGroup instances which include Medication reference

// entries for drugB

// store IDs of interactions and groups for drug B

List<InteractionGroupPair> interaction_group_drugB = drugGroups(this.drugID_atc_CODE_pair_drugB);

// 4. Compare both lists detect interaction, if any.
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3.8 Practitioner use case

In this section we implement the required back-end functionalities for a practitioner use case where a
practitioner uses a web application to do the following CRUD operations scenario in sequence against our

HAPI-FHIR server:

Read patient information from HAPI-FHIR server.

Ealb el

Read medication details from HAPI-FHIR server.

Read patient’s medication statements from HAPI-FHIR server.
Check for drug-drug interaction before assigning a new medication statement to the patient.

The following mockup illustrates a patient profile web page in which the patient information and his/her

medication statements are read from HAPI-FHIR server.

Practitioner

O Q x Q (an://eheal!h.uia.no/pmclitioner/patienl-proﬁle

] @ )

Drug-drug Interaction

Medicine Info \

= Patient Information

Read patient
information from

HAPI-FHIR
server.

First name Birthdate 09.09.1978
o Read patient’s _
= Medications New Medication

medication

] Esmya Tab 5 mg
D@so

[ Vesicare Tab 10 mg

- Interaction Analysis Result

statements from ‘ Name dgnter varenavn, virkestoff or ATC-code
s ———
HAPI-FHIR B [Creaoi]

server.

Check for drug-

drug interaction
before adding

Severity description: I

new medication

Clinical consequences: l

statement

Guideance: I

Figure 3.62: Patient Profile
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3.8.1 Read patient information

The following snippet code can be used to read/retrieve patient information from HAPI-FHIR server.

@47
48
49
50
51
52
53

private static FhirContext ctx = FhirContext.forDstu3();

private static final String baseURL = "http://localhost:8881/fest/baseDstu3”;

IGenericClient client = ctx.newRestfulGenericClient(baseURL);

// assume we know the id of the current patient is for example 19352

Patient patient = client.read().resource(Patient.class).withId(String.value0f("19352")).execute();

3.8.2 Read patient’s medication statements

The following snippet code can be used to read/retrieve patient’s medication statements information from
HAPI-FHIR server.

N

W I U Y

o
(o2 BTN T 0 T - R W[

private static FhirContext ctx = FhirContext.forDstu3()};
private static final String baseURL = "http://localhost:8881/fest/baseDstu3”;
IGenericClient client = ctx.newRestfulGenericClient(baselURL);
// assume we know the id of the current patient is for example 19354
IBaseBundle bundle = client.search().forResource(MedicationStatement.class)
.where(new ReferenceClientParam("patient").hasId("19352"))
.prettyPrint()
.execute();

3.8.3 Check for drug-drug interaction

We use our durg-drug interaction implementation we explained previously in section 3.7.5
In the following snippet code, we assume that the practitioner has checked one of the active medication
statements and entered the varenavn, ATC-code, or active substance name of the new medication.

5
»

s

o O O O O

O o~NO W

o0

private static FhirContext ctx = FhirContext.forDstu3();

private static final String baseURL = "http://localhost:8081/fest/baseDstu3";

// Assume the practitioner check for drug-drug interactin between a medication with ATC-code J©2AB©2
// and another medication with varenavn "Esmya"

CheckForInteraction interactionCheckup = new CheckForInteraction(ctx, "J02ABO2", "Esmyar, baseURL) ;
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Practitioner

<3 o x G { http://ehealth uia.no/practitioner /drug-drug-interaction ] @

= Interaction analysis

I Enter varenavn, virkestoff or ATC-code I Enter wvarenavn, virkestoff or ATC-code I

Check DDI | | cancel |

= Interaction Analysis Result

Severity description: I ]
Clinical consequences: I ]
Guideance: I ]

Figure 3.63: Drug-drug interaction

3.8.4 Read medication details from HAPI-FHIR server.

The following snippet codes can be used to read medication details.

private static FhirContext ctx = FhirContext.forDstu3();

private static final String baseURL = "http://localhost:80881/fest/baseDstu3”;

IGenericClient clientATCV = ctx.newRestfulGenericClient(baseURL);

/f if the practitioner use ATC CODE, for example JB2ABB2

Bundle resultATCV = clientATCV.search().forResource(Medication.class)
.where(Medication.CODE.exactly().codem"]B2AB82"D).PeturnBundle(OPg.hl?.fhir.dstu3.model.Bundle.class)
.execute();

private static FhirContext ctx = FhirContext.forDstu3();

private static final String baseURL = "http://localhost:8081/fest/baseDstu3”;

/[ if the practitioner use varenavn, for example Ketoconazole HRA

IGenericClient clientVareNawvn = ctx.newRestfulGenericClient(baseURL);

Bundle resultVareNavn = clientVareNavn.search().forResource(Medication.class)
.where(new TokenClientParam("legemiddelVarenavn").exactly().code("Ketoconazole HRA")).returnBundle(Bundle.class)
.execute();

private static FhirContext ctx = FhirContext.forDstu3();
private static final S5tring baseURL = "http://localhost:8081/fest/baseDstu3";
// if the practitioner use active substance name, for example Ketokonazol
IGenericClient clientATCDN = ctx.newRestfulGenericClient(baseURL);
Bundle resultSubstanceName = clientATCDN.search().forResource(Medication.class)
.where(new TokenClientParam("atcNavn").exactly().codel("Ketokonazol" ). returnBundle(Bundle.class) .execute();
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Practitioner

<3 O x Q { http://ehealth uia.no/practitioner/medicine-info

'|— Patient profile Drug-drug Interaction

— Medicine

I Enter varenavn, virkestoff or ATC-code ]

— Medicine Information

Navn form styrke | |

Administrasjons vei | |

Enhets dosering | |
Manufacturer [ |

Keort dose I_ ]

[ Over the counter

[ Varsel Trekant

Figure 3.64: Medication details
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3.8.5 Validation and testing of drug-drug interaction result

We have implemented the “check for drug-drug interaction” scenario in practitioner use case.

The following screenshot shows the home page of the drug-drug interaction analysis Java web application
we developed where the practitioner checks for drug-drug interaction and gets interaction result, if any.

At the web server side, the practitioner’s request is handled by the class “CheckForlnteraction” where it
sends a search query to our HAPI-FHIR server and returns the result.

tting [J Cars [ Bookmarksbar [ WA [J Business [ BANANORGEASWE [3J VISMA [J Masjed [J CCNA [ MA-429 [ WRITING [ Advanced Int&Protc [

FEST on FHIR - Interaksjonsanalyse

FEST on FHIR -
/ Interaksjonsanalyse
Here we use our back-end component to check
/ ford rug intera We send a request to
b our H FHIE ul server and display the
' F H | R interaction result, if any

This is a Java web application which can be a

FEST

component of a clinical dec

n support system

wher

an be easily integrated. For example, 3

practitioner can use this feature to detect drug-

drug interaction before prescribing medicines.

J02AB02

GO3XBO2

Interaksjon ble funnet mellom JO2AB02 og GO3XB02

Klassifisering av interaksjon Klinisk konsekvens Handtering

Bar unngds Dkt konsentrasjon av ulipristal (6 ganger) Dosetilpasning: Kembinasjonen bgr
generelt unngds pa grunn av kraftig
interaksjon og stor individuell variasjon i
interaksjonsgrad. Produsenten av Esyma
anbefaler ikke samtidig bruk.
Legemiddelalternativer: Ma vurderes pa
individuelt grunniaa.

Figure 3.65: FEST on FHIR drug-drug interaction analysis Java web application

We take the following steps to ensure that the result of our solution is valid:

First, we select randomly two medications from the FEST xml file where there is an interaction defined by
FEST M30 between them. Secondly, we use our drug-drug interaction analysis Java web application. We
compare the interaction result we get with the interaction data stored in FEST xml file.

We also double check our drug-drug interaction result by using the interaction analysis tools offered by
www.felleskatalogen.no and www.interaskjoner.no .
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4 Discussion

The main objective of this thesis is to provide a standardized RESTful service interface for the Norwegian
medicines registry (Forskrivnings- og ekspedisjonsstette FEST). According to an assessment study of
international standards published by the Norwegian Directorate of eHealth (NDE) [10], Fast Healthcare
Interoperability Resources (HL7 FHIR) is the recommended international standard framework for a service-
oriented architecture, based on service interfaces. In addition, the base resources of HL7 FHIR can be adapted
for national requirements. As a result, we decided to follow HL7 FHIR specifications as the chosen standard
framework.

As the amount of data stored in the FEST XML file is huge, we used the Java Architecture for XML Binding
(JAXB) technique to efficiently parse all FEST XML data elements and to automatically map the FEST
information model into a Java classes model which is compliant to all FEST predefined complex types in
schema files. At this very stage, we managed to represent FEST data elements in terms of Java objects where
each FEST data element was automatically mapped to an instance of its corresponding Java class.

The most important advantage of our implemented RESTful-based architecture is that the client side of our
FHIR RESTful server can be simply a web browser, while the business logic to handle requests about FEST
data and return results, completely resides on the server side. In addition, the user of our system is neither
required to download a local copy of FEST nor required to implement an update procedure to retain the latest
version of FEST. Consequently, using our implemented solution will save the Norwegian health sector a lot
of resources and efforts in general. In other terms, our architecture offers a common national up-to-date
source of FEST data following the international HL7 FHIR standards and at the same time is easily accessible
through HTTP protocol.

In contrast to our FEST on FHIR RESTful-based architecture, the current architecture of using FEST
provided by -Fellekatalogen does not follow the HL7 FHIR international standard recommended for the
future NHN reference architecture. Even though there are client solutions of the Felleskatalogen for local
installation and access through a Web browser, obtaining the latest version of FEST still must be handled
[36].

In the FHIR profiles that we created to represent FEST information, we added extensions to represent
information such as the active substance name, and the product name of the medicine. We managed to
explicitly add new search parameters for these extensions to our FHIR RESTful server. These new search
parameters are implemented in line with HL7 FHIR standard mechanisms. Consequently, the user of our
solution can use them in search queries along with the distinct parameters that are implicitly offered by FHIR
RESTful server. Adding such search parameters provides our solution with the same search criteria as offered
by Felleskatalogen which in turn adds a compatibility feature to our solution.

The components of the Web application we developed to demonstrate the practitioner use case, where a
practitioner can send a request to our FHIR RESTful server to obtain medicines information and drug-drug
interaction analysis, can be integrated in an electronic health record (EHR) systems and electronic patient
journal (EPJ) systems following the guidelines of the future HL7-based reference architecture. For example,
the practitioner can run drug-drug interaction analysis between the active medication statements taken by the
patient and the new medication to be prescribed. The practitioner is free to search by the ATC-code, medicine
product name, or the active substance name. In addition, the practitioner can obtain all information about a
specific medicine such as short dosage, manufacturer, and usage guidance by using the same search criteria
we mentioned above.

Another aspect of the work of this thesis is that FEST drug-drug interaction detection mechanism is
implemented on our FHIR RESTful server side, where we mimic the business logic of FEST interaction
analysis and represent interaction data by using group resource instances. In this context, we had to overcome
areal implementation challenge where we could not use the FHIR DetectedIssue resource. The reason behind
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this constraint is that DetectedIssue resource is designed to represent a detected drug-drug interaction related
to a specific patient. On the other hand, our implementation of FEST interaction must represent drug-drug
interaction in general without referring to any specific patient.

Consequently, using the DetectedIssue resource in such context would be violating the Object Oriented
Design (OOD) concept as there is no one-to-one relation between FEST interaction class and FHIR
Detectedlssue class.

By using FHIR group resource instead of DetectedIssue, we managed to overcome this problem. In the FEST
Interaction class, drug-drug interaction is represented by two lists of medicines where one list includes
medicines that interact with the medicines in the other list. We implemented this concept by adding the
interaction details as extensions to the Group resource instance and representing one list of medicines as
members of this Group resource instance. Then we repeated the same procedure for the second list of
medicines. As a result, one FEST interaction instance is represented by two Group resource instances. The
trade-off of this method is that we had to add interaction details (id, severity, clinical consequences, and
guidance) in both Group instances.

I have participated in a project called “Mapping FHIR Resources to Ontology for DDI reasoning”. We
published a paper [59] with the same title in the 15™ Scandinavian Conferecne on Health Informatics
SHI2017, where we got the Best Paper Award. We utilized and customized the unofficial FHIR draft
ontology in order to represent drug-drug interactions reasoning. The main purpose of the paper’s work was
to enhance the capabilities of FEST interactions. We used a FHIR client to store some FEST information on
a FHIR server along with patient information. Then, we extracted and translated some of this information
into Web Ontology Language (OWL) based ontology and applied drug-drug interaction reasoning
mechanisms to expose any potential health risks implicitly caused by the interactions derived from FEST.
The work of this thesis extends this paper’s work by automatically, not manually, mapping all FEST data;
interactions are no exception. In addition, the results of interactions reasoning obtained from the paper’s
project can be stored in our HAPI-FHIR server in terms of DetectedIssue resource instances, i.e. the potential
risks can be easily exchanged as well.

The details in the system implementation part of this thesis reflect the search efforts and challenges I have
overcome during my implementation journey. One of the main challenges was the lack of HAPI-FHIR DSTU
3 implementation documentation and guidelines. I had to go through the source code of HAPI-FHIR Java
library in order to understand, test, and implement. The implementation of this thesis took long time to get
an outcome that is reliable and valid.

The outcome of this solution is that FEST data can be automatically mapped and become available on a
FHIR RESTful server. That means various health information systems can get access to one common
national source of information about drugs which is complying with the international FHIR standard, up-to-
date, and quality assured. Consequently, the interoperability between the various Norwegian health
information systems can be improved which in turn a fundamental purpose of any ehealth project, i.c. a
better patient’s care quality.
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5 Conclusion and future work

5.1 Conclusion

The Norwegian Electronic Prescription Support System (FEST) includes all information about drugs that
can be prescribed electronically in Norway. FEST also is used today by Norwegian hospitals in the four
health regions, where each region implements and maintains its own local solutions on a regular basis to
structure and quality assure the data offered by FEST. As a result, the interoperability between these various
medication system is negatively affected. In addition, users of FEST have two options to get an up-to-date
version of FEST. They should use a solution that can automatically search for updates every 3 nights or
manually download FEST from the Norwegian Medicines Agency (SLV) website before the 1st and 15th
days of each month.

Our proposed solution is to automatically map FEST data into Fast Healthcare Interoperability Resources
(HL7 FHIR standard) where drug information will become available and accessible through a FHIR
RESTful-based service.

The result of our solution is that the latest version of FEST data can be represented in terms of HL7 FHIR
international standards and is always available/accessible through FHIR RESTful-based service. We
developed a Web application to verify and demonstrate the proof of concept of our solution result.

By using this solution, there will be no need to implement proprietary local solutions in order to structure,
and quality assure FEST data because it already complies to HL7 FHIR international standards. In addition,
the latest version of FEST will be always available and accessible through the proposed FHIR RESTful-
based service. In other terms, when SLV updates the FEST XML file, they can use our solution to
automatically map FEST XML into FHIR resources which are instantly accessible through the RESTful-
based service.

5.2 Future work

5.2.1 FEST Administrator Dashboard

Develop a FEST administrator dashboard where the process of automatic mapping of FEST XML file to
FHIR resources can be triggered by a click on an option displayed by the Web application.
The following diagram illustrates the execution workflow.

Step# | Description Tool/Software

1 FEST technician clicks a button on FEST update web application to map the Java/Eclipse
latest and up-to-date FEST xml file to FHIR resources.

2 Parsing and creating FEST Java model. The same steps taken before. Java/Eclipse

3 We have now the latest and up-to-date FEST on FHIR available online. Java/Eclipse

Table 25: FEST Administrator Dashboard execution workflow
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7 Appendices

7.1 Appendix A: Java Application Code

package no.uia.chealth. MappingFESTXmIModelToJavaModel;
import java.io.BufferedInputStream;

import java.io.File;

import java.io.FileInputStream;

import java.io.FileNotFoundException;

import java.util.ArrayList;

import java.util.List;

import javax.xml.bind.JAXBContext;

import javax.xml.bind.JAXBElement;

. import javax.xml.bind.JAXBException;

. import javax.xml.bind.Marshaller;

. import javax.xml.bind.Unmarshaller;

. import ca.uhn.fhir.context.FhirContext;

. import no.uia.ehealth. FHIRInformationModel.InteractionFHIR Information;

import no.uia.ehealth. FHIRInformationModel.MedicationFHIRInformation;

. import no.uia.chealth. FESTonHapiFHIR Controller.*;

. import no.uia.chealth.workflow.*;

. public class AutomaticMappingFESTOnFHIR {

. private static final String XML FILE = "fest251.xml";

. private static List < MedicationFHIRInformation > medicationFHIRInformationList = new ArrayList < MedicationFHIRInformat

ion > ();
private static List < InteractionFHIRInformation > interactionFHIRInformationList = new ArrayList < InteractionFHIR Informati
on > ();
private static final String baseURL = "http://localhost:808 1/fest/baseDstu3";
private static FhirContext ctx = FhirContext.forDstu3();
public static void main(String[] args) throws JAXBException, FileNotFoundException {
JAXBContext context = JAXBContext.newlInstance("no.uia.chealth.workflow");
Unmarshaller um = context.createUnmarshaller();
BufferedInputStream bis = new BufferedInputStream(new FileInputStream(new File(XML_FILE)));
try {
FEST fest = (FEST) um.unmarshal(bis);
if (fest != null) {
LegemiddelMerkevareCatalogueMapper Im = new LegemiddelMerkevareCatalogueMapper(fest);
medicationFHIR InformationList = Im.getMedicationFHIR InformationList();
InteraksjonCatalogueMapper im = new InteraksjonCatalogueMapper(fest);
interactionFHIR InformationList = im.getInteractionFHIR InformationListt();
if (medicationFHIRInformationList != null && medicationFHIRInformationList.size() !=0) {
FESTMedicationHapiFHIR Controller fESTMedicationHapiFHIR Controller = new FESTMedicationHapiFHIR Contro
ller(ctx, medicationFHIR InformationList, baseURL);
}
if (interactionFHIRInformationList != null && interactionFHIRInformationList.size() != 0) {
FESTInteractionHapiFHIR Controller fESTInteractionHapiFHIR Controller = new FESTInteractionHapiFHIR Controll
er(ctx, interactionFHIRInformationList, baseURL);

}

}
} finally {}
}
}

package no.uia.chealth. MappingFESTXmIModelToJavaModel;

import java.util. ArrayList;

import java.util.List;

import no.uia.chealth. FHIRInformationModel. ActiveSubstanceFHIR Information;
import no.uia.ehealth. FHIRInformationModel.MedicationFHIRInformation;
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import no.uia.ehealth. FHIRInformationModel. SubstanceGroupFHIR Information;
import no.uia.chealth.workflow.*;
import no.uia.chealth.workflow.KatLegemiddelMerkevare.OppfLegemiddelMerkevare;
public class LegemiddelMerkevareCatalogueMapper {
protected List < ActiveSubstanceFHIRInformation > virkestoffListFHIR = new ArrayList < ActiveSubstanceFHIR Information
>0;
protected List < MedicationFHIRInformation > medicationFHIRInformationList = new ArrayList < MedicationFHIRInformati
on > ();
public LegemiddelMerkevareCatalogueMapper(FEST fest) {
List < OppfLegemiddelMerkevare > oppfLegemiddelMerkevareList = new ArrayList < OppfLegemiddelMerkevare > ();
oppfLegemiddelMerkevareList = fest.getKatLegemiddelMerkevare().getOppfLegemiddelMerkevare();
for (OppfLegemiddelMerkevare element: oppfLegemiddelMerkevareList) {
LegemiddelMerkevare medicine = element.getLegemiddelMerkevare();
MedicationFHIRInformation medicationFHIR = new MedicationFHIRInformation(); // gathering required FHIR informatio
n for each medicine in FEST
if (medicine.getld() != null && !medicine.getld().isEmpty()) medicationFHIR.setLegemiddelID(medicine.getld());
if (medicine.getVarenavn() != null && !medicine.getVarenavn().isEmpty()) medicationFHIR .setLegemiddelVarenavn(me
dicine.getVarenavn());
if (medicine.getAtc() != null) {
if (medicine.getAtc().getV() != null && !medicine.getAtc().getV().isEmpty()) medicationFHIR.setatcV(medicine.getAtc
0-getVQ);
if (medicine.getAtc().getS() != null && !medicine.getAtc().getS().isEmpty()) medicationFHIR .setatcS(medicine.getAtc(
)-getS0);
if (medicine.getAtc().getDN() != null && !medicine.getAtc().getDN().isEmpty()) medicationFHIR .setatcDN(medicine.g
etAtc().getDN());
}

if (medicine.getTypeSoknadSlv() != null) {
if (medicine.getTypeSoknadSlv().getV() != null && !medicine.getTypeSoknadSlIv().getV().isEmpty()) medicationFHIR.
setLegemiddel TypeSoknadV(medicine.getTypeSoknadSlv().getV());

if (medicine.getNavnFormStyrke() != null && !medicine.getNavnFormStyrke().isEmpty()) medicationFHIR.setLegemidde
INavnFormStyrke(medicine.getNavnFormStyrke());
if (medicine.getProduktInfo() != null) {
if (medicine.getProduktInfo().getProdusent() != null && !medicine.getProduktInfo().getProdusent().isEmpty()) medicati
onFHIR .setLegemiddelProdusent(medicine.getProduktInfo().getProdusent());
if (medicine.getProduktInfo().getVarseltrekant() != null) medicationFHIR .setLegemiddelVarsel Trekant(medicine.getPro
duktInfo().getVarseltrekant());

if (medicine.getAdministreringlLegemiddel() != null) {
if (medicine.getAdministreringlegemiddel().getAdministrasjonsvei().size() != 0 && !medicine.getAdministreringLegem
iddel().getAdministrasjonsvei().get(0).getDN().isEmpty()) medicationFHIR.setLegemiddel AdministrasjonsveiDN(medicine.getAd
ministreringLegemiddel().getAdministrasjonsvei().get(0).getDN());
if (medicine.getAdministreringlegemiddel().getEnhetDosering().size() != 0 && !medicine.getAdministreringlegemidde
1().getEnhetDosering().get(0).getDN().isEmpty()) medicationFHIR.setLegemiddelEnhetsdoseringDN(medicine.getAdministrering
Legemiddel().getEnhetDosering().get(0).getDN());
if (medicine.getAdministreringlegemiddel().getKortdose().size() != 0 && !medicine.getAdministreringlegemiddel().ge
tKortdose().get(0).getDN().isEmpty()) medicationFHIR.setLlegemiddelKortDose DN(medicine.getAdministreringLegemiddel().ge
tKortdose().get(0).getDN());
} // logic to get the related active substances of this medicine.
if ((medicine.getSortertVirkestoffMedStyrke() != null) && (!medicine.getSortertVirkestoffMedStyrke().isEmpty())) {
VirkestoffMedStyrke e = (VirkestoffMedStyrke) medicine.getSortertVirkestoffMedStyrke().get(0).getRefVirkestoffMed
Styrke();
Virkestoff v = (Virkestoff) e.getRefVirkestoff();
String id = v.getld();
String navn = v.getNavn();
String navnEngelsk = v.getNavnEngelsk();
ActiveSubstanceFHIR Information n = new ActiveSubstanceFHIRInformation(id, navn, navnEngelsk);
medicationFHIR .setActiveSubstanceFHIR Information(n);
}
medicationFHIRInformationList.add(medicationFHIR);
}

}
public List < MedicationFHIRInformation > getMedicationFHIR InformationList() {

return medicationFHIRInformationList;

}
}
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package no.uia.chealth.MappingFESTXmIModelToJavaModel;
import java.util.ArrayList;
import java.util.List;
import no.uia.ehealth. FHIRInformationModel.InteractionFHIR Information;
import no.uia.ehealth. FHIRInformationModel. SubstanceFHIR Information;
import no.uia.ehealth. FHIRInformationModel. SubstanceGroupFHIR Information;
import no.uia.chealth.workflow.*;
import no.uia.chealth.workflow.KatInteraksjon.Oppflnteraksjon;
public class InteraksjonCatalogueMapper {
protected List < InteractionFHIRInformation > interactionFHIRInformationList = new ArrayList < InteractionFHIR Information >
0
public InteraksjonCatalogueMapper(FEST fest) {
List < Oppflnteraksjon > oppfInteraksjonList = new ArrayList < OppfInteraksjon > ();
oppflnteraksjonList = fest.getKatInteraksjon().getOppflnteraksjon();
for (Oppflnteraksjon element: oppfInteraksjonList) {
if (element != null) {
if (element.getInteraksjon() != null) {
Interaksjon interaction = element.getInteraksjon();
InteractionFHIR Information interactionFHIR = new InteractionFHIRInformation(); // gathering required FHIR inform
ation for each interaction in FEST
if (interaction.getld() != null && !interaction.getld().isEmpty()) interactionFHIR .setInteractionFHIRID(interaction.ge
tId0);
if (interaction.getRelevans() != null) {
if (interaction.getRelevans().getV() != null && !interaction.getRelevans().getV().isEmpty()) interactionFHIR.setlin
teractionFHIRRelevansV (interaction.getRelevans().getV());
if (interaction.getRelevans().getDN() != null && !interaction.getRelevans().getDN().isEmpty()) interactionFHIR.se
tInteractionFHIRRelevansDN(interaction.getRelevans().getDN());
interactionFHIR .setInteractionFHIRRelevansDN(interaction.getRelevans().getDN());
¥
if (interaction.getKliniskKonsekvens() != null && !interaction.getKliniskKonsekvens().isEmpty()) interactionFHIR.s
etInteractionFHIRKliniskK onsekvens(interaction.getKliniskKonsekvens());
if (interaction.getHandtering() != null && !interaction.getHandtering().isEmpty()) interactionFHIR.setInteractionFHI
RHandtering(interaction.getHandtering()); // gathering required FHIR information for all substance groups in each // interaction
List < SubstanceGroupFHIRInformation > substanceGroupFHIR InformationList = new ArrayList < SubstanceGroupF
HIRInformation > ();
List < Substansgruppe > interaksjonSubstansgruppeList = new ArrayList < Substansgruppe > ();
if (interaction.getSubstansgruppe() != null) {
interaksjonSubstansgruppeList = interaction.getSubstansgruppe();
for (Substansgruppe sg: interaksjonSubstansgruppeList) { / gathering required FHIR information for each substanc
e group in the current // interaction
SubstanceGroupFHIR Information substanceGroupFHIRInformation = new SubstanceGroupFHIR Information();
List < SubstanceFHIRInformation > substanceFHIR InformationList = new ArrayList < SubstanceFHIRInformati

on > ();
List < Substansgruppe.Substans > sglist = new ArrayList < Substansgruppe.Substans > ();
if (sg.getSubstans() != null) {
sgList = sg.getSubstans();
for (Substansgruppe.Substans s: sgList) { // gathering required FHIR information for each substance in the curr
ent group

SubstanceFHIRInformation sSFHIR = new SubstanceFHIR Information();
if (s.getSubstans() != null && !s.getSubstans().isEmpty()) sFHIR.setSubstansNavn(s.getSubstans());
if (s.getAtc() != null) {
if (s.getAtc().getV() != null && !s.getAtc().getV().isEmpty()) sFHIR.setatc V(s.getAtc().getV());
if (s.getAtc().getS() != null && !s.getAtc().getS().isEmpty()) sFHIR.setatcS(s.getAtc().getS());
if (s.getAtc().getDN() != null && !s.getAtc().getDN().isEmpty()) sFHIR.setatcDN(s.getAtc().getDN());
}
substanceFHIR InformationList.add(sFHIR);
}
}

substanceGroupFHIR Information.setSubstanceFHIRInformation(substanceFHIR InformationList);
substanceGroupFHIR InformationList.add(substanceGroupFHIRInformation);

}

interactionFHIR.setSubstanceGroupFHIRInformation(substanceGroupFHIR InformationList);
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interactionFHIR InformationList.add(interactionFHIR); // add the current interaction to list of // interactions of FHIR

}
}
}

public List < InteractionFHIRInformation > getInteractionFHIR InformationListt() {
return interactionFHIR InformationList;

}

package no.uia.chealth. FHIR InformationModel;

import org.hl7.thir.dstu3.model.StringType;

import no.uia.chealth.workflow.*;;

public class ActiveSubstanceFHIRInformation extends Virkestoff {

protected String activeSubstancelD;
protected String activeSubstansNavn;
protected String activeSubstansEngelskNavn;
public String getActiveSubstansEngelskNavn() {
if (activeSubstansEngelskNavn == null) {
activeSubstansEngelskNavn = new String();
}
return activeSubstansEngelskNavn;
}
public void setActiveSubstansEngelskNavn(String activeSubstansEngelskNavn) {
this.activeSubstansEngelskNavn = activeSubstansEngelskNavn;
}
public String getActiveSubstancelD() {
if (activeSubstancelD == null) {
activeSubstancelD = new String();

}

return activeSubstancelD;

public void setActiveSubstancelD(String activeSubstancelD) {
this.activeSubstancelD = activeSubstancelD;

public String getActiveSubstansNavn() {

if (activeSubstansNavn == null) {
activeSubstansNavn = new String();

}
return activeSubstansNavn;

}

public void setActiveSubstansNavn(String value) {
this.activeSubstansNavn = value;

}

public ActiveSubstanceFHIRInformation(String id, String navn, String navnEngelsk) {
this.activeSubstancelD = id;
this.activeSubstansNavn = navn;
this.activeSubstansEngelskNavn = navnEngelsk;

}

package no.uia.chealth. FHIR InformationModel;

import no.uia.chealth.workflow.*;

import java.util. ArrayList;

import java.util.List;

public class InteractionFHIRInformation extends Interaksjon {

protected String interactionFHIRID;
protected String interactionFHIRRelevansV;
protected String interactionFHIRRelevansDN;
protected String interactionFHIRKliniskKonsekvens;
protected String interactionFHIRHandtering;
protected List < SubstanceGroupFHIRInformation > interactionFHIR SubstanceGroupList;
public String getInteractionFHIRID() {
if (interactionFHIRID == null) {

121



2N Bl == hadl > o

interactionFHIRID = new String();
}

return interactionFHIRID;

b
public void setInteractionFHIRID(String value) // this.id

{
this.interactionFHIRID = value;
}
public String getlnteractionFHIRRelevansV() {
if (interactionFHIRRelevansV == null) {
interactionFHIRRelevansV = new String();

}

return interactionFHIRRelevansV;

}

public void setlinteractionFHIRRelevansV(String value) // this.relevans.getV()

{

this.interactionFHIRRelevansV = value;

}
public String getInteractionFHIRRelevansDN() {

if (interactionFHIRRelevansDN == null) {
interactionFHIRRelevansDN = new String();

}

return interactionFHIRRelevansDN;

public void setInteractionFHIRRelevansDN(String value) // this.relevans.getDN()
{

this.interactionFHIRRelevansDN = value;

}
public String getInteractionFHIRKIiniskKonsekvens() {

if (interactionFHIRKliniskKonsekvens == null) {
interactionFHIRKliniskKonsekvens = new String();

}

return interactionFHIRK liniskKonsekvens;

public void setInteractionFHIRK liniskKonsekvens(String value) // this. kliniskKonsekvens

{

this.interactionFHIRKliniskKonsekvens = value;

}
public String getInteractionFHIRHandtering() {

if (interactionFHIRHandtering == null) {
interactionFHIRHandtering = new String();

}

return interactionFHIRHandtering;

public void setInteractionFHIRHandtering(String value) // this.handtering

{

this.interactionFHIR Handtering = value;

public List < SubstanceGroupFHIRInformation > getSubstanceGroupFHIR Information() {
if (interactionFHIR SubstanceGroupList == null) {
interactionFHIR SubstanceGroupList = new ArrayList < SubstanceGroupFHIRInformation > ();

}

return this.interactionFHIR SubstanceGroupList;

public void setSubstanceGroupFHIRInformation(List < SubstanceGroupFHIRInformation > list) // this.substansgruppe

{

this.interactionFHIR SubstanceGroupList = list;

}

package no.uia.chealth. FHIRInformationModel;

import no.uia.chealth.workflow.*;

import no.uia.chealth.workflow.KatLegemiddelMerkevare.OppfLegemiddelMerkevare;
import java.util. ArrayList;

import java.util.List;

public class MedicationFHIRInformation extends LegemiddelMerkevare {
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protected String legemiddellD; // in Legemiddelmerkevare.id

protected String legeMiddelVarenavn; // in Legemiddelmerkevare.varenavn, / OppfLegemiddelMerkevare.legemiddelmerkeva
re.varenavn ( can be used as // identifier in FHIR resource instance) // used together to identify a medicine, for example <Atc V="P
01ABO03" // S="2.16.578.1.12.4.1.1.7180" DN="Ornidazol" />

protected String atcV; // OppfLegemiddelMerkevare.legemiddelmerkevare.atc v attribute ( atc code for // active substance)

protected String atcS; // OppfLegemiddelMerkevare.legemiddelmerkevare.atc s attribute ( no display on // web app)

protected String atcDN; // OppfLegemiddelMerkevare.legemiddelmerkevare.atc dn attribute ( name of active // substance)

protected String legemiddeINavnFormStyrke; // in TypeLegemiddel get navnFormStyrke() method // //OppfLegemiddelMerkev
are.legemiddelmerkevare.NavnFormStyrke

protected String legemiddelProdusent; // in Legemiddelmerkevare getProduktinfo() method // // OppfLegemiddelMerkevare.leg
emiddelmerkevare.produktInfo.produsent

protected boolean legemiddel VarselTrekant; / in Legemiddelmerkevare getProduktInfo() method // // OppfLegemiddelMerkev
are.legemiddelmerkevare.produktInfo.varsel Terkant // true/false

protected String legemiddelAdministrasjonsveiDN; // in TypeLegemiddel getAdminstreringLegeMiddel() method// / OppfLeg
emiddelMerkevare.legemiddelmerkevare. Adminstrasjonvei // dn attribute

protected String legemiddelEnhetsdoseringDN; // in TypeLegemiddel getAdminstreringLegeMiddel() method // //OppfLegemid
delMerkevare.legemiddelmerkevare. AdminstreringL AdminstreringLegeMiddel. Adminstrasjonvei. Enhetsdosering // dn attribute

protected String legemiddelKortDoseDN; // in TypeLegemiddel getAdminstreringlegeMiddel() // method//OOppfLegemiddel
Merkevare.legemiddelmerkevare. AdminstreringLegeMiddel. Adminstrasjonvei.Kortdose // dn attribute

protected ActiveSubstanceFHIRInformation activeSubstanceFHIR Information;

protected String legemiddelTypeSoknadV; // in medicine.getTypeSoknadSlv().getV(), if value == 1, then isOverCounter // false

public String getLegemiddelTypeSoknadV() {
if (legemiddel TypeSoknadV == null) {
this.legemiddel TypeSoknadV = legemiddel TypeSoknadV;
}
return legemiddel TypeSoknadV;
}
public void setLegemiddel TypeSoknadV(String legemiddel TypeSoknadV) {
this.legemiddel TypeSoknadV = legemiddel TypeSoknadV;
}
public String getLegemiddellD() {
if (legemiddelID == null) {
legemiddelID = new String();
}

return legemiddelID;

public void setLegemiddelID(String value) // legemiddelMerkevare.id

{
this.legemiddelID = value;

}
public String getLegemiddelVarenavn() {

if (legeMiddelVarenavn == null) {
legeMiddelVarenavn = new String();

}

return legeMiddelVarenavn;

public void setLegemiddelVarenavn(String value) // legemiddelMerkevare.varenavn

{

this.legeMiddelVarenavn = value;

}
public String getATCV() {

if (atcV == null) {
atcV = new String();

}

return atcV;,

public void setatcV(String value) // legemiddelMerkevare.atc.getV();
{

this.atcV = value;

}
public String getatcS() {

if (atcS == null) {
atcS = new String();

}

return atcS;

}
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public void setatcS(String value) // legemiddelMerkevare.atc.getS();
{
this.atcS = value;
}
public String getatcDN() {
if (atcDN == null) {
atcDN = new String();
}

return atcDN;

public void setatcDN(String value) // legemiddelMerkevare.atc.getDN();
{
this.atcDN = value;
}
public String getLegemiddelNavnFormStyrke() {
if (legemiddeIlNavnFormStyrke == null) {
legemiddelNavnFormStyrke = new String();
}

return legemiddelNavnFormStyrke;

public void setLegemiddelNavnFormStyrke(String value) // legemiddelMerkevare.navnFormStyrke
{
this.legemiddelNavnFormStyrke = value;
}
public String getLegemiddelProdusent() {
if (legemiddelProdusent == null) {
legemiddelProdusent = new String();

}

return legemiddelProdusent;

public void setLegemiddelProdusent(String value) // legemiddelMerkevare.produktInfo.getProdusent()
{

this.legemiddelProdusent = value;

}
public Boolean getlegemiddelVarselTrekant() {
return legemiddelVarselTrekant;

public void setLegemiddelVarselTrekant(Boolean value) // legemiddelMerkevare.produktInfo.getVarseltrekant()
{
this.legemiddelVarsel Trekant = value;
}
public String getLegemiddelAdministrasjonsveiDN() {
if (legemiddelAdministrasjonsveiDN == null) {
legemiddelAdministrasjonsveiDN = new String();
}

return legemiddelAdministrasjonsveiDN;

public void setLegemiddel AdministrasjonsveiDN(String value) // legemiddelMerkevare.getAdministreringLegemiddel().getAd

ministrasjonsvei().get(0).getDN() // or // legemiddelMerkevare.administreringL.egemiddel.getAdministrasjonsvei().get(0).getDN()

{
this.legemiddel AdministrasjonsveiDN = value;
}
public String getLegemiddelEnhetsdoseringDN() {
if (legemiddelEnhetsdoseringDN == null) {
legemiddelEnhetsdoseringDN = new String();
}
return legemiddelEnhetsdoseringDN;

}
public void setLegemiddelEnhetsdoseringDN(String value) // legemiddelMerkevare.getAdministreringLegemiddel().getEnhetD

osering().get(0).getDN() // or // legemiddelMerkevare.administreringlegemiddel.getEnhetDosering().get(0).getDN()
{

this.legemiddelEnhetsdoseringDN = value;

}
public String getLegemiddelKortDoseDN() {
if (legemiddelKortDoseDN == null) {
legemiddelKortDoseDN = new String();
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}
return legemiddelKortDoseDN;

public void setLlegemiddelKortDoseDN(String value) // legemiddelMerkevare.administreringlegemiddel.getKortdose().get(0).

getDN()

this.legemiddelKortDoseDN = value;
}
public ActiveSubstanceFHIRInformation getActiveSubstanceFHIRInformation() {
if (activeSubstanceFHIRInformation == null) {
activeSubstanceFHIRInformation = new ActiveSubstanceFHIR Information("", "", "");
}
return activeSubstanceFHIRInformation;
}
public void setActiveSubstanceFHIR Information(ActiveSubstanceFHIR Information activeSubstanceFHIR Information) {
this.activeSubstanceFHIR Information = activeSubstanceFHIRInformation;

}
}

package no.uia.chealth. FHIR InformationModel;
import no.uia.chealth.workflow.*;
import java.util.List;
public class SubstanceFHIR Information extends Substansgruppe.Substans {

protected String substansNavn;

protected String atcV;

protected String atcS;

protected String atcDN;

public String getSubstansNavn() {

if (substansNavn == null) {
substansNavn = new String();

}

return substansNavn;

public void setSubstansNavn(String value) // this.substans
{
this.substansNavn = value;
¥
public String getatcV() {
if (atcV == null) {
atcV = new String();

}

return atcV;

public void setatcV(String value) // this.atc.getV();
{
this.atcV = value;
}
public String getatcS() {
if (atcS == null) {
atcS = new String();

}

return atcS;

public void setatcS(String value) // this.atc.getS();
{
this.atcS = value;
}
public String getatcDN() {
if (atcDN == null) {
atcDN = new String();
}
return atcDN;
}
public void setatcDN(String value) // this.atc.getDN();

{

this.atcDN = value;

125



A
&

49.

£9 el & Bl 5= hadl U [

—m s —m = \D
Pl N Rl 5= Radl I el © B

el ©0 bl O Rl 5= Rall I L

15.
16.

17.
18.

19.
20.

21.
22.

23.
24.

25.
26.
27.
28.

}

}
package no.uia.ehealth. FHIRInformationModel;

import no.uia.chealth.workflow.*;
import java.util. ArrayList;
import java.util.List;
public class SubstanceGroupFHIRInformation extends Substansgruppe {
protected List < SubstanceFHIRInformation > interactionFHIR SubstanceList;
public List < SubstanceFHIRInformation > getSubstanceFHIRInformation() {
if (interactionFHIR SubstanceList == null) {
interactionFHIRSubstanceList = new ArrayList < SubstanceFHIRInformation > ();
}

return this.interactionFHIR SubstanceList;

}

public void setSubstanceFHIRInformation(List < SubstanceFHIRInformation > list) // this.substans

this.interactionFHIR SubstanceList = list;

}

package no.uia.chealth. FESTonHapiFHIRResources;
import org.hl7.thir.dstu3.model.*;

import java.util.ArrayList;

import java.util.List;

import ca.uhn.thir.model.api.annotation.Child,
import ca.uhn.thir.model.api.annotation.Description;
import ca.uhn.thir.model.api.annotation. Extension;
import ca.uhn.thir.model.api.annotation.ResourceDef;
import ca.uhn.fhir.util. ElementUtil;

import japa.parser.ast.type.ReferenceType;

. /** * Definition class for adding extensions to the built-in Group resource type. */

@
ResourceDef(name = "Group", profile = "http://ehealth.uia.no/StructureDefinition/FESTGroup") public class FESTGroupResourc

e extends Group {

private static final long serialVersionUID = 1 L; / FESTGroup reference store information about a group of medicines which a
re // part of drug-
drug interaction // with another group. // The point is, to represent an interaction, two FESTGroup instances must have // the same i
nteraction id // The structure of the reference reflects the structure of interaction // catalogue in FEST M30 2.5.1 // Interaction infor
mation stored along with a group of this interaction / FESTGroup have the following elements which represents data elements fro
m // FEST // Group.type : Medication // Group.actual: true which means the group refers to to a specific group of // real individuals
/instances. // interactionID // Extensions start / Group.extension:interactionID

@

Child(name = "interactionID")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionID", definedLocally = tru
e, isModifier = false)@ Description(shortDefinition = "The given interaction ID in FEST M30 2.5.1") private StringType interact
ionlD; // interactionRelevansV // Group.extension:interactionRelevansV

@

Child(name = "interactionRelevansV")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionRelevansV", defi
nedLocally = true, isModifier = false)@ Description(shortDefinition = "The severity level of the interaction") private StringType
interactionRelevansV; // interactionRelevansDN // Group.extension:interactionRelevansDN

@

Child(name = "interactionRelevansDN")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionRelevansDN", d
efinedLocally = true, isModifier = false)@ Description(shortDefinition = "Severity short description of the interaction") private S
tringType interactionRelevansDN; // interactionKliniskKonsekvens // Group.extension:interactionKliniskKonsekvens

@

Child(name = "interactionKliniskKonsekvens")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionKliniskK
onsekvens", definedLocally = true, isModifier = false)@ Description(shortDefinition = "Interaction clinical consequences.") priva
te StringType interactionKliniskKonsekvens; // interactionID // Group.extension:interactionHandtering

@

Child(name = "interactionHandtering")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/interactionHandtering", defi
nedLocally = true, isModifier = false)@ Description(shortDefinition = "Interaction guidance") private StringType interactionHan
dtering; // Extensions end

/** * adding isEmpty() check for newly added extensions. */

@

Override public boolean isEmpty() {

return super.isEmpty() && ElementUtil.isEmpty(interactionID, interactionRelevansV, interactionRelevansDN, interactionK
liniskKonsekvens, interactionHandtering);
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}
public StringType getlnteractionID() {

if (interactionID == null) {}
return interactionID;
}
public void setInteractionID(StringType interactionID) {
this.interactionID = interactionID;
}
public StringType getlnteractionRelevansV() {
if (interactionRelevansV == null) {}
return interactionRelevansV;
}
public void setInteractionRelevans V(StringType interactionRelevansV) {
this.interactionRelevansV = interactionRelevansV;
}
public StringType getlnteractionRelevansDN() {
if (interactionRelevansDN == null) {}
return interactionRelevansDN;
}
public void setInteractionRelevans DN(StringType interactionRelevansDN) {
this.interactionRelevansDN = interactionRelevansDN;
}
public StringType getInteractionKliniskKonsekvens() {
if (interactionKliniskKonsekvens == null) {}
return interactionKliniskKonsekvens;

public void setInteractionKliniskKonsekvens(StringType interactionKliniskKonsekvens) {
this.interactionKliniskKonsekvens = interactionKliniskKonsekvens;

}

public StringType getInteractionHandtering() {
if (interactionHandtering == null) {}
return interactionHandtering;

public void setInteractionHandtering(StringType interactionHandtering) {
this.interactionHandtering = interactionHandtering;
}
¥

package no.uia.chealth. FESTonHapiFHIRResources;
import org.hl7.thir.dstu3.model.*;

import java.util.ArrayList;

import java.util.List;

import ca.uhn.thir.model.api.annotation.Child,
import ca.uhn.thir.model.api.annotation.Description;
import ca.uhn.thir.model.api.annotation. Extension;
import ca.uhn.thir.model.api.annotation.ResourceDef;
import ca.uhn.fhir.util. ElementUtil;

import japa.parser.ast.type.ReferenceType;

. /** * Definition class for adding extensions to the built-in Medication resource * type. */

@
ResourceDef(name = "Medication", profile = "http://ehealth.uia.no/StructureDefinition/FESTMedication") public class FESTMed
icationResource extends Medication {

private static final long serialVersionUID = 1 L; // set code.coding.system coding system version code display values. // code.c
oding : http://www.whocc.no/atc // code.coding.system: http://www.whocc.no/atc // code.coding.version: 7180 // code.coding.code
: ATC // display: get the ATC V attribute / Medication.manfacturer.display ( store value of produsent) / Medication.ingredient.is
Active (true) // Slicing start // code.text. ATC-navn: get the ATC DN attribute

@

Child(name = "atcNavn")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/atcNavn", definedLocally = true, isModif
ier = false)@ Description(shortDefinition = "The name associated with the medicine ATC code, DN attribute of element ATC in F
EST") private StringType atcNavn; // Medication.isOverTheCounter:legemiddel Varsel Trekant

@

Child(name = "legemiddelVarselTrekant")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/legemiddelVarsel Trekan
t", definedLocally = true, isModifier = false)@ Description(shortDefinition = "Indicates a red triangle") private BooleanType leg
emiddelVarselTrekant; / Medication.ingredient.itemReference:itemReference.reference ( store a // reference to FESTSubstance)
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/* * @Child(name="itemReference") * * @Extension(url="http://ehealth.uia.no/StructureDefinition/itemReference", * def
inedLocally=true, isModifier=false) * * @Description(shortDefinition="a reference to FESTSubstance") private * FESTSubsta
nceResource itemReference; */ // Slicing end // Extesnions start // Extension: leggemiddelFESTID

@

Child(name = "leggemiddel FESTID")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/LegemiddelFESTID", define
dLocally = true, isModifier = false)@ Description(shortDefinition = "legemiddel ID in FEST M30 2.5.1") private StringType leg
emiddelFESTID; // Extension: legemiddelVarenavn

@

Child(name = "legemiddelVarenavn")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/legemiddel Varenavn", define
dLocally = true, isModifier = false)@ Description(shortDefinition = "legemiddel varenavn in FEST M30 2.5.1") private StringTy
pe legemiddelVarenavn; / Extension: legemiddelNavnFormStyrke

@

Child(name = "legemiddelNavnFormStyrke")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/legemiddelNavnForm
Styrke", definedLocally = true, isModifier = false)@ Description(shortDefinition = "legemiddel navn form styrke in FEST M30 2.
5.1") private StringType legemiddelNavnFormStyrke; // Extension: legemiddelAdministrasjonsvei lemiddelEnhetsdosering

@

Child(name = "legemiddel Administrasjonsvei'")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/legemiddel Adminis
trasjonsvei", definedLocally = true, isModifier = false)@ Description(shortDefinition = "legemiddel administration guidance in F
EST M30 2.5.1") private StringType legemiddelAdministrasjonsvei; // Extension: lemiddelEnhetsdosering legemiddelKortDose

@

Child(name = "legemiddelEnhetsdosering" )@ Extension(url = "http://ehealth.uia.no/StructureDefinition/legemiddelEnhetsdoseri
ng", definedLocally = true, isModifier = false)@ Description(shortDefinition = "legemiddel unit dosage in FEST M30 2.5.1") pri
vate StringType legemiddelEnhetsdosering; // Extension: legemiddelKortDose

@

Child(name = "legemiddelKortDose")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/legemiddelKortDose", define
dLocally = true, isModifier = false)@ Description(shortDefinition = "legemiddel short dose in FEST M30 2.5.1") private StringT
ype legemiddelKortDose; // Extensions End

/*¥* * adding isEmpty() check for newly added extensions. */

@

Override public boolean isEmpty() { / return super.isEmpty() && // ElementUtil.isEmpty(atcNavn,legemiddelVarselTrekant, /
/ legemiddelFESTID,itemReference,legemiddel Varenavn,legemiddelNavnFormStyrke,legemiddel Administrasjonsvei,legemiddelE
nhetsdosering,legemiddelKortDose);

return super.isEmpty() && ElementUtil.isEmpty(atcNavn, legemiddelVarselTrekant, legemiddelFESTID, legemiddelVaren
avn, legemiddelNavnFormStyrke, legemiddelAdministrasjonsvei, legemiddelEnhetsdosering, legemiddelKortDose);

}

public StringType getAtcNavn() {

if (atcNavn == null) {
atcNavn = new StringType();
}

return atcNavn,

public void setAtcNavn(StringType value) {
this.atcNavn = value;

public BooleanType getLegemiddelVarselTrekant() {
if (legemiddelVarselTrekant == null) {
legemiddel VarselTrekant = new BooleanType();
}

return legemiddelVarselTrekant;

public void setLegemiddelVarselTrekant(BooleanType legemiddelVarsel Trekant) {
this.legemiddelVarselTrekant = legemiddelVarsel Trekant;

/* * public FESTSubstanceResource getltemReference() { if(itemReference == null) { * itemReference = new FEST Subst
anceResource(); } return itemReference; } * * public void setltemReference(FESTSubstanceResource itemReference) { * this.
itemReference = itemReference; }  */

public StringType getLegemiddelFESTID() {
if (legemiddelFESTID == null) {
legemiddelFESTID = new StringType();
}
return legemiddelFESTID;
b
public void setLegemiddelFESTID(StringType legemiddelFESTID) {
this.legemiddelFESTID = legemiddelFESTID;

public StringType getLegemiddelVarenavn() {
if (legemiddelVarenavn == null) {
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legemiddelVarenavn = new StringType();
}
return legemiddelVarenavn;
}
public void setLegemiddelVarenavn(StringType legemiddelVarenavn) {
this.legemiddelVarenavn = legemiddelVarenavn;
}
public StringType getlLegemiddeINavnFormStyrke() {
if (legemiddeIlNavnFormStyrke == null) {
legemiddelNavnFormStyrke = new StringType();
}

return legemiddelNavnFormStyrke;

public void setLegemiddelNavnFormStyrke(StringType legemiddeINavnFormStyrke) {
this.legemiddelNavnFormStyrke = legemiddelNavnFormStyrke;

public StringType getlLegemiddel Administrasjonsvei() {
if (legemiddel Administrasjonsvei == null) {
legemiddel Administrasjonsvei = new StringType();
}
return legemiddelAdministrasjonsvei;
}
public void setLegemiddelAdministrasjonsvei(StringType legemiddelAdministrasjonsvei) {
this.legemiddel Administrasjonsvei = legemiddel Administrasjonsvei;
}
public StringType getLegemiddelEnhetsdosering() {
if (legemiddelEnhetsdosering == null) {
legemiddelEnhetsdosering = new StringType();
}
return legemiddelEnhetsdosering;
}
public void setLegemiddelEnhetsdosering(StringType legemiddelEnhetsdosering) {
this.legemiddelEnhetsdosering = legemiddelEnhetsdosering;

public StringType getLegemiddelKortDose() {
if (legemiddelKortDose == null) {
legemiddelKortDose = new StringType();
}

return legemiddelKortDose;

public void setLegemiddelKortDose(StringType legemiddelKortDose) {
this.legemiddelKortDose = legemiddelKortDose;
}
}

package no.uia.ehealth. FESTonHapiFHIRResources;
import org.hl7.thir.dstu3.model.*;

import java.util. ArrayList;

import java.util.List;

import ca.uhn.fhir.model.api.annotation.Child;
import ca.uhn.fhir.model.api.annotation.Description;
import ca.uhn.fhir.model.api.annotation.Extension;
import ca.uhn.fhir.model.api.annotation.ResourceDef;
import ca.uhn.fhir.util. ElementUtil;

import japa.parser.ast.type.ReferenceType; /** * Definition class for adding extensions to the built-
in Substance resource * type. */ @

. ResourceDef(name = "Substance", profile = "http://ehealth.uia.no/StructureDefinition/FEST Substance") public class FESTSu

bstanceResource extends Substance {
private static final long serialVersionUID = 1 L; // FESTSubstanceResource stores the following values about virkestoff //
1. virkestoff id Substance.code.coding.display // Substance.code.coding.userSelected true // 2. navn Substance.identifier.value // 3.
engelskNavn slice extension on Substance.code.text // Slicing start
@
Child(name = "engelskNavn")@ Extension(url = "http://ehealth.uia.no/StructureDefinition/engelskNavn", definedLocally =
false, isModifier = false)@ Description(shortDefinition = "The english name of the active substance in FEST M30 2.5.1") pri
vate StringType engelskNavn; // Slicing end
/** * adding isEmpty() check for newly added extensions. */ @
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Override public boolean isEmpty() {
return super.isEmpty() && ElementUtil.isEmpty(engelskNavn);

public StringType getEngelskNavn() {
if (engelskNavn == null) {
engelskNavn = new StringType();
}

return engelskNavn;

public void setEngelskNavn(StringType engelskNavn) {
this.engelskNavn = engelskNavn;
}
}

package no.uia.chealth. FESTonHapiFHIR Controller;
import java.io.BufferedInputStream;

import java.io.File;

import java.io.FilelnputStream;

import java.io.FileNotFoundException;

import java.util.ArrayList;

import java.util.Iterator;

import java.util.List;

import org.hl7.thir.dstu3.model.Bundle;

. import org.hl7.thir.dstu3.model.Medication;
. import org.hl7.thir.dstu3.model.Bundle.BundleEntryComponent;
. import org.hl7.thir.dstu3.model.Extension;

import org.hl7.thir.dstu3.model.Group;

. import org.hl7.thir.dstu3.model.Group.GroupMemberComponent;
. import ca.uhn.fhir.context.FhirContext;

import ca.uhn.fhir.rest.client.api.IGenericClient;

. import ca.uhn.fhir.rest.gclient. TokenClientParam;
. import no.uia.chealth. FESTonHapiFHIRResources. FESTMedicationResource;
. import no.uia.chealth. FHIRInformationModel.InteractionFHIR Information;

import no.uia.chealth. FHIRInformationModel.MedicationFHIRInformation;

. import no.uia.chealth. FHIRInformationModel. SubstanceFHIR Information;
. public class CheckForlInteraction {

protected FhirContext ctx = FhirContext.forDstu3();
protected String drugA;
protected String drugB;
protected String baseURL;
protected Boolean flagATCCodeA = false;
protected Boolean flagVareNavnA = false;
protected Boolean flagSubsNameA = false;
protected Boolean flagATCCodeB = false;
protected Boolean flagVareNavnB = false;
protected Boolean flagSubsNameB = false;
protected String aTC_CODE A ="";
private String drugA ID="";
protected String aTC_CODE B="";
private String drugB ID ="";
private DrugID ATC_CODEPair drugIlD_atc CODE pair_drugA;
private DrugID ATC CODEPair drugID atc CODE pair_drugB;
protected InteractionDetails interaction;
private Boolean isInteraction = false;
public CheckForlInteraction(FhirContext ctx, String drugA, String drugB, String baseURL) {
this.ctx = ctx;
this.drugA = drugA,;
this.drugB = drugB;
this.baseURL = baseURL; // 1. we need to get the ATC-CODE of drugA and drugB. // The practitioner can search by ATC-
CODE, vareNavn, or active substance name. // 1.1 Check whether drugA search keyword is ATC-
CODE, product name (vareNavn) , // or active substance name
this.drugID atc CODE pair drugA = inputCheckerA(drugA); // 1.2 Check whether drugB search keyword is ATC-
CODE, product name (vareNavn) , // or active substance name
this.drugID atc CODE pair drugB = inputCheckerB(drugB); // 2. Search for all FESTGroup instances which include Medic
ation reference // entries for drugA // store IDs of interactions and groups for drug A

130



48.

49.

50.
51.
52.
53.
54.
55.

56.

57.
58.
59.
60.
61.
62.
63.

64.

65.
66.
67.
68.
69.

70.
71.
72.
73.
74.

75.
76.
77.
78.
79.

80.
81.
82.
83.
84.

85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.

List < InteractionGroupPair > interaction_group_drugA = drugGroups(this.drugID_atc CODE pair_drugA); // 3. Search for
all FESTGroup instances which include Medication reference // entries for drugB // store IDs of interactions and groups for drug B

List < InteractionGroupPair > interaction_group_ drugB = drugGroups(this.drugID atc CODE pair drugB); / 4. Compare b
oth lists detect interaction, if any.
Iterator itrA = interaction group drugA.iterator();
Iterator itrB = interaction group drugB.iterator();
while (itrA.hasNext()) {
InteractionGroupPair pairDrugA = (InteractionGroupPair) itrA.next();
while (itrB.hasNext()) {
InteractionGroupPair pairDrugB = (InteractionGroupPair) itrB.next(); / FEST interaction business logic // find the two d
ifferent groups which have the same interaction id
if (!(pairDrugA.getGroup ID().equals(pairDrugB.getGroup ID())) && (pairDrugA.getInteraction ID().equals(pairDrug
B.getInteraction_ID()))) {// get interaction details for this group id
String id ="";
String relevansV ="";
String relevansDN = "";
String kliniskKonsekvens = "";
String handtering = "";
IGenericClient client = ctx.newRestfulGenericClient(baseURL);
Group theOne = client.read().resource(Group.class).withld(pairDrugA.getGroup ID()).execute(); // get interaction ID

List < Extension > resourceExtsInteractionID = theOne.getExtensionsByUrl("http://ehealth.uia.no/StructureDefinition
/interactionID");
if (resourceExtsInteractionID != null) {
Extension interactionID = resourceExtsInteractionID.get(0);
id = interactionlID.getValue().toString();
} // get Interaction Relevans V attribute
List < Extension > resourceExtsInteractionRelevansV = theOne.getExtensionsByUrl("http://ehealth.uia.no/StructureD
efinition/interactionRelevansV");
if (resourceExtsInteractionRelevansV != null) {
Extension interactionRelevansV = resourceExtsInteractionRelevansV.get(0);
relevansV = interactionRelevansV.getValue().toString();
} // get Interaction Relevans DN attribute
List < Extension > resourceExtsInteractionRelevansDN = theOne.getExtensionsByUrl("http://ehealth.uia.no/Structure
Definition/interactionRelevansDN");
if (resourceExtsInteractionRelevansDN != null) {
Extension interactionRelevansDN = resourceExtsInteractionRelevansDN.get(0);
relevansDN = interactionRelevansDN.getValue().toString();
} // get Interaction KliniskKonsekvens
List < Extension > resourceExtsInteractionKliniskKonsekvens = theOne.getExtensionsByUrl("http://ehealth.uia.no/Str
uctureDefinition/interactionKliniskKonsekvens");
if (resourceExtsInteractionKliniskKonsekvens != null) {
Extension interactionKliniskKonsekvens = resourceExtsInteractionKliniskKonsekvens.get(0);
kliniskKonsekvens = interactionKliniskKonsekvens.getValue().toString();
} // get Interaction Handtering
List < Extension > resourceExtsInteractionHandtering = theOne.getExtensionsByUrl("http://ehealth.uia.no/StructureD
efinition/interactionHandtering");
if (resourceExtsInteractionHandtering != null) {
Extension interactionHandtering = resourceExtsInteractionHandtering.get(0);
handtering = interactionHandtering.getValue().toString();
} // set interaction details
this.interaction = new InteractionDetails(id, relevansV, relevansDN, kliniskKonsekvens, handtering);
this.isInteraction = true;
break;
}
}
}
}
private List < InteractionGroupPair > drugGroups(DrugID ATC CODEPair pair) {
List < InteractionGroupPair > interaction group for drug = new ArrayList < InteractionGroupPair > ();
IGenericClient clientDrugAGrouplDs = ctx.newRestfulGenericClient(baseURL);
Bundle resultGroups = clientDrugAGrouplDs.search().forResource(Group.class).where(Group.MEMBER .hasld(pair.getDRU
G_ID())).returnBundle(org.hl7.thir.dstu3.model. Bundle.class).execute();
if (resultGroups != null) {
if (resultGroups.getTotal() > 0) {
for (BundleEntryComponent e: resultGroups.getEntry()) {
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nn.

103. String groupID ="";

104. String interactionID ="";

105. if (e.getResource() instanceof Group) { // get group id

106. Group g = (Group) e.getResource();

107. grouplD = g.getld(); // get interaction id

108. List < Extension > resourceExts = g.getExtensionsByUrl("http://ehealth.uia.no/StructureDefinition/interactionID");
109. Extension exti = resourceExts.get(0);

110. interactionID = exti.getValue().toString();

111. InteractionGroupPair p = new InteractionGroupPair(interactionID, groupID);
112. interaction_group_for_drug.add(p);

113. }

114. }

115. }

116. }

117. return interaction_group_for drug;

118, }

119.  private DrugID ATC_CODEPair inputCheckerA(String drug) { // 1.1.1 ATC-CODE checker

120. IGenericClient clientATCV = ctx.newRestfulGenericClient(baseURL);

121. Bundle result ATCV = clientATCV.search().forResource(Medication.class).where(Medication. CODE.exactly().code(drug)).re
turnBundle(org.hl7.thir.dstu3.model. Bundle.class).execute();

122. if (resultATCV != null) {

123. if (resultATCV.getTotal() == 0) {

124. this.flagATCCodeA = false;

125. } else {

126. this.flagATCCodeA = true;

127. if (result ATCV.getEntry().get(0).getResource() != null) {

128. if (resultATCV.getEntry().get(0).getResource() instanceof Medication) {
129. Medication m = (Medication) resultATCV.getEntry().get(0).getResource();
130. this.aTC_CODE_A = drug;

131. this.drugA ID = m.getld();

132. this.drugID_atc CODE pair_drugA = new DrugID ATC CODEPair(m.getld(), drug);
133. }

134. }

135. }

136.

i
137. if (1flagATCCodeA) { // 1.1.2 Legemiddel varenavn checker // Note that we have defined the search parameter legemiddelVar
enavn in // FESTMedicationHapiFHIR Controller.java // use the added search parameter

138. IGenericClient clientVareNavn = ctx.newRestful GenericClient(baseURL);

139. Bundle resultVareNavn = clientVareNavn.search().forResource(Medication. class).where(new TokenClientParam("legemid
delVarenavn").exactly().code(drug)).returnBundle(Bundle.class).execute();

140. if (resultVareNavn != null) {

141. if (resultVareNavn.getTotal() == 0) {

142. this.flagVareNavnA = false;

143. } else {

144. this.flagVareNavnA = true;

145. if (resultVareNavn.getEntry().get(0).getResource() != null) {

146. if (resultVareNavn.getEntry().get(0).getResource() instanceof Medication) {

147. Medication m = (Medication) resultVareNavn.getEntry().get(0).getResource();

148. this.drugA ID = m.getld();

149. this.aTC_CODE_A = m.getCode().getCoding().get(0).getCode();

150. this.drugID atc CODE pair drugA = new DrugIlD ATC CODEPair(m.getld(), m.getCode().getCoding().get(0)
.getCode());

151.

152. }

153. }

154. }

155.

}
156. if (!this.flagATCCodeA && !this.flagVareNavnA) { // 1.1.3 active substance name checker // Note that we have defined the
search parameter atcNavn in / FESTMedicationHapiFHIR Controller.java // use the added search parameter

157. IGenericClient clientATCDN = ctx.newRestfulGenericClient(baseURL);

158. Bundle resultSubstanceName = clientATCDN.search().forResource(Medication.class).where(new TokenClientParam("atc
Navn").exactly().code(drug)).returnBundle(Bundle.class).execute();

159. if (resultSubstanceName != null) {

160. if (resultSubstanceName.getTotal() == 0) {

161. this.flagSubsNameA = false;

162. } else {
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163. this.flagSubsNameA = true;

164. if (resultSubstanceName.getEntry().get(0).getResource() != null) {

165. if (resultSubstanceName.getEntry().get(0).getResource() instanceof Medication) {

166. Medication m = (Medication) resultSubstanceName.getEntry().get(0).getResource();

167. this.drugA ID = m.getld();

168. this.aTC CODE A = m.getCode().getCoding().get(0).getCode();

169. this.drugID atc CODE pair drugA = new DrugID ATC CODEPair(m.getld(), m.getCode().getCoding().get(0)
.getCode());

170.

171. )

172. }

173. }

174. }

175. return druglD atc CODE pair drugA;

176. }

177.  private DrugID ATC_CODEPair inputCheckerB(String drug) { // 1.1.1 ATC-CODE checker

178. IGenericClient clientATCV = ctx.newRestfulGenericClient(baseURL);

179. Bundle resultATCV = clientATCV .search().forResource(Medication. class).where(Medication. CODE.exactly().code(drug)).re
turnBundle(org.hl7.thir.dstu3.model. Bundle.class).execute();

180. if (resultATCV != null) {

181. if (resultATCV.getTotal() == 0) {

182. this.flagATCCodeB = false;

183. } else {

184. this.flagATCCodeB = true;

185. if (result ATCV.getEntry().get(0).getResource() != null) {

186. if (resultATCV.getEntry().get(0).getResource() instanceof Medication) {

187. Medication m = (Medication) resultATCV.getEntry().get(0).getResource();

188. this.aTC_CODE B = drug;

189. this.drugB_ID = m.getld();

190. this.drugID atc CODE pair drugB = new DrugID ATC_ CODEPair(m.getld(), drug);

191. }

192. }

193. } // 1.1.2 Legemiddel varenavn checker / Note that we have defined the search parameter legemiddelVarenavn in // FEST
MedicationHapiFHIR Controller.java // use the added search parameter

194. }

195. if (1flagATCCodeB) {

196. IGenericClient clientVareNavn = ctx.newRestful GenericClient(baseURL);

197. Bundle resultVareNavn = clientVareNavn.search().forResource(Medication. class).where(new TokenClientParam("legemid
delVarenavn").exactly().code(drug)).returnBundle(Bundle.class).execute();

198. if (resultVareNavn != null) {

199. if (resultVareNavn.getTotal() == 0) {

200. this.flagVareNavnB = false;

201. } else {

202. this.flagVareNavnB = true;

203. if (resultVareNavn.getEntry().get(0).getResource() != null) {

204. if (resultVareNavn.getEntry().get(0).getResource() instanceof Medication) {

205. Medication m = (Medication) resultVareNavn.getEntry().get(0).getResource();

206. this.drugB_ID = m.getld();

207. this.aTC_CODE_B = m.getCode().getCoding().get(0).getCode();

208. this.drugID_atc CODE_pair_drugB = new DrugIlD ATC CODEPair(m.getld(), m.getCode().getCoding().get(0)
.getCode());

209. }

210. }

211. }

212. }

213. } // 1.1.3 active substance name checker // Note that we have defined the search parameter atctNavn in / FESTMedicationHap

iFHIRController.java // use the added search parameter
214. if (!this.flagATCCodeB && !this.flagVareNavnB) {

215. IGenericClient clientATCDN = ctx.newRestfulGenericClient(baseURL);

216. Bundle resultSubstanceName = clientATCDN.search().forResource(Medication. class).where(new TokenClientParam("atc
Navn").exactly().code(drug)).returnBundle(Bundle.class).execute();

217. if (resultSubstanceName != null) {

218. if (resultSubstanceName.getTotal() = 0) {

219. this.flagSubsNameB = false;

220. } else {

221. this.flagSubsNameB = true;

222. if (resultSubstanceName.getEntry().get(0).getResource() != null) {
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if (resultSubstanceName.getEntry().get(0).getResource() instanceof Medication) {
Medication m = (Medication) resultSubstanceName.getEntry().get(0).getResource();

this.drugB_ID = m.getld();

this.aTC CODE B = m.getCode().getCoding().get(0).getCode();

this.drugID atc CODE pair drugB = new DrugID ATC CODEPair(m.getld(), m.getCode().getCoding().get(0)

.getCode());
}
}
}
}

}
return drugID atc CODE pair drugB;

b
public String getATC_CODE_A() {
if @TC_CODE_A == null) {
aTC_CODE_A = new String();

}
return aTC_CODE A;
}
public void setATC CODE A(String aTC CODE A) {
this.aTC CODE A =aTC CODE A;
}
public String getATC CODE B() {
if @TC_CODE_B == null) {
aTC_CODE_B = new String();

}
return aTC_CODE B;
}
public void setATC CODE B(String aTC CODE B) {
this.aTC CODE B =aTC CODE B;
}
public Boolean getFlagATCCodeA() {
if (flagATCCodeA == null) {
flagATCCodeA = false;

}
return flagATCCodeA,;

public void setFlagATCCodeA(Boolean flagATCCodeA) {
this.flagATCCodeA = flagATCCodeA;

}
public Boolean getFlagVareNavnA() {
if (flagVareNavnA == null) {
flagVareNavnA = false;
}
return flagVareNavnA;
}
public void setFlagVareNavnA(Boolean flagVareNavnA) {
this.flagVareNavnA = flagVareNavnA;
}
public Boolean getFlagSubsNameA() {
if (flagSubsNameA == null) {
flagSubsNameA = false;

return flagSubsNameA;

}

public void setFlagSubsNameA (Boolean flagSubsNameA) {
this.flagSubsNameA = flagSubsNameA;

}
public Boolean getFlagATCCodeB() {
if (flagATCCodeB == null) {
flagATCCodeB = false;

}
return flagATCCodeB;

public void setFlagATCCodeB(Boolean flagATCCodeB) {
this.flagATCCodeB = flagATCCodeB,;

}
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public Boolean getFlagVareNavnB() {

}

public void setFlagVareNavnB(Boolean flagVareNavnB) {

}

if (flagVareNavnB == null) {
flagVareNavnB = false;

}
return flagVareNavnB;

this.flagVareNavnB = flagVareNavnB

public Boolean getFlagSubsNameB() {

}

public void setFlagSubsNameB(Boolean flagSubsNameB) {
this.flagSubsNameB = flagSubsNameB;

}

public InteractionDetails getInteraction() {

}

public void setInteraction(InteractionDetails interaction) {

}

if (flagSubsNameB) {
flagSubsNameB = false;

return flagSubsNameB;

return interaction;

this.interaction = interaction;

public Boolean getlsInteraction() {

public void setlsInteraction(Boolean isInteraction) {

}
}

package no.uia.chealth. FESTonHapiFHIR Controller;

if (isInteraction == null) {
isInteraction = false;

}

return isInteraction;

this.isInteraction = isInteraction;

public class DrugID ATC CODEPair {
private String dRUG_ID;
private String dRUG_ATC_CODE;

public DrugID ATC CODEPair(String dRUG_ID, String dRUG_ATC CODE) {

this.dRUG_ID = dRUG_ID;

this.dRUG_ATC CODE =dRUG ATC CODE;

}
public String getDRUG _ID() {

}

public void setDRUG_ID(String dRUG_ID) {

}

if (ARUG_ID == null) {
dRUG_ID = new String();

}
return dRUG _ID;

this.dRUG_ID = dRUG_ID;

s

public String getDRUG ATC CODE() {

}

if (ARUG_ATC_CODE == null) {
dRUG_ATC_CODE = new String()

}
return dRUG_ATC_CODE;

s
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public void setDRUG_ATC_CODE(String dRUG_ATC_CODE) {
this.dRUG_ATC_CODE = dRUG_ATC_CODE;
}
}

package no.uia.chealth. FESTonHapiFHIR Controller;

import java.security.Principal;

import java.security.acl.Group;

import java.util.ArrayList;

import java.util.List;

import org.hl7.thir.dstu3.model.Bundle;

import org.hl7.thir.dstu3.model.Bundle.BundleEntryComponent;
import org.hl7.thir.dstu3.model.DateTimeType;

import org.hl7.fhir.dstu3.model.DetectedIssue;

. import org.hl7.thir.dstu3.model. Enumeration;

. import org.hl7.thir.dstu3.model.Identifier.IdentifierUse;

. import org.hl7.thir.dstu3.model.ListResource;

. import org.hl7.thir.dstu3.model.ListResource.ListEntryComponent;

. import org.hl7.thir.dstu3.model.Medication;

. import org.hl7.thir.dstu3.model.Patient;

. import org.hl7.thir.dstu3.model.Reference;

. import org.hl7.thir.dstu3.model.Resource;

. import org.hl7.thir.dstu3.model.StringType;

. import org.hl7.thir.dstu3.model.codesystems.GroupType;

. import org.hl7.thir.dstu3.model.codesystems.GroupTypeEnumFactory;

. import org.hl7.thir.instance.model.api.IBaseOperationOutcome;

. import org.hl7.thir.dstu3.model. Extension;

. import org.hl7.thir.dstu3.model.Group.GroupMemberComponent;

. import org.hl7.thir.dstu3.model. HumanName;

. import ca.uhn.fhir.context.FhirContext; //import ca.uhn.fhir.model.api.annotation. Extension;
. import ca.uhn.fhir.model.primitive.IdDt;

. import ca.uhn.fhir.model.primitive.StringDt;

. import ca.uhn.fhir.rest.client.api.IGenericClient;

. import no.uia.chealth. FESTonHapiFHIRResources.*;

. import no.uia.chealth. FHIRInformationModel.InteractionFHIR Information;

. import no.uia.chealth. FHIRInformationModel.MedicationFHIRInformation;

. import no.uia.chealth. FHIRInformationModel. SubstanceFHIR Information;

. import no.uia.chealth. FHIRInformationModel. SubstanceGroupFHIR Information;
. import no.uia.ehealth. MappingFESTXmIModelToJavaModel. AutomaticMappingFESTOnFHIR;
. public class FESTInteractionHapiFHIR Controller {

protected FhirContext ctx = FhirContext.forDstu3(); / very expensive object, create as less as we can!
protected List < InteractionFHIR Information > interactionFHIR InformationList;
protected String baseURL;
public FESTInteractionHapiFHIR Controller(FhirContext ctx, List < InteractionFHIRInformation > interactionFHIRInformation
List, String baseURL) {
this.ctx = ctx;
this.interactionFHIR InformationList = interactionFHIR InformationList;
this.setBaseUrl(baseURL); // logic for creating resources and populating data
for (InteractionFHIRInformation interaction: interactionFHIR InformationList) {
String interactionID ="";
String interactionFHIRRelevansV ="";
String interactionFHIRRelevansDN = "";
String interactionFHIRHandtering = "";
String interactionFHIRK liniskKonsekvens = "";
if (interaction.getInteractionFHIRID() != null) {
interactionID = interaction.getInteractionFHIRID();
}

if (interaction.getInteractionFHIRRelevans V() != null) {
interactionFHIRRelevansV = interaction.getInteractionFHIRRelevansV();

}

if (interaction.getInteractionFHIRRelevansDN() != null) {
interactionFHIRRelevansDN = interaction.getInteractionFHIRRelevansDN();

}
if (interaction.getInteractionFHIRHandtering() != null) {
interactionFHIRHandtering = interaction.getInteractionFHIR Handtering();

}
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if (interaction.getInteractionFHIRKliniskKonsekvens() != null) {
interactionFHIRK liniskKonsekvens = interaction.getInteractionFHIRKliniskKonsekvens();
} // each interaction has two medication groups, so we loop and process each group
List < SubstanceGroupFHIRInformation > interactionRelatedGroups = interaction.getSubstanceGroupFHIR Information();
for (SubstanceGroupFHIRInformation medicationsGroup: interactionRelatedGroups) {
I * Here we create the FESTGroupResource instance */ // Start of create a FESTGroupResource insta
nce
FESTGroupResource fESTGroupResource = new FESTGroupResource(); // Add interaction details.
fESTGroupResource.setInteractionID(new StringType(interactionID));
fESTGroupResource.setInteractionRelevansV(new StringType(interactionFHIRRelevansV));
fESTGroupResource.setInteractionRelevansDN(new StringType(interactionFHIRRelevansDN));
fESTGroupResource.setInteractionHandtering(new StringType(interactionFHIRHandtering));
fESTGroupResource.setInteractionKliniskKonsekvens(new StringType(interactionFHIRKliniskKonsekvens));
fESTGroupResource.setActual(true); / means the group refers to specific group of real medication // instances
fESTGroupResource.setActive(true); / means the group refers to specific group of real medication // instances // Group
Type. MEDICATION

fESTGroupResource.setType(FESTGroupResource.Group Type.valueOf("MEDICATION"));
I * FESTGroup.member Here we populate FESTGroupResource.member by adding entity * reference
for each FESTMedicationResource/ Medication instance we stored * previously */ // each group has a list of med

ication entities
List < SubstanceFHIRInformation > medicationsList = new ArrayList < SubstanceFHIRInformation > ();
if (medicationsGroup.getSubstanceFHIR Information() != null) medicationsList = medicationsGroup.getSubstanceFHIRI
nformation();
for (SubstanceFHIRInformation medication: medicationsList) { // get a reference to an instance of FESTMedicationReso
urce // which has the same atc-v and atc-dn values.
String atcV ="";
if (medication.getatcV() != null) {
atcV = medication.getatc V();
}
IGenericClient client = ctx.newRestfulGenericClient(baseURL);
Bundle result = client.search().forResource(Medication. class).where(Medication. CODE.exactly().code(atcV)).returnB
undle(org.hl7.fhir.dstu3.model. Bundle.class).execute();
if (result.getEntry() != null && result.getEntry().size() !=0) {
for (BundleEntryComponent entry: result.getEntry()) {
Medication drug = (Medication) entry.getResource();
GroupMemberComponent member = new GroupMemberComponent();
member.getEntity().setReference(drug.getld());
member.setEntityTarget(drug);
member.setEntity(member.getEntity().setReference(drug.getld()));
fESTGroupResource.addMember(member);
}
}

} // End of create a FESTGroupResource instance // Send the FESTGroupResource instance to hapi-fhir server
IGenericClient clientSender = ctx.newRestfulGenericClient(baseURL);
clientSender.create().resource(fESTGroupResource).execute();

}
}

public List < InteractionFHIRInformation > getInteractionFHIR InformationList() {
if (interactionFHIR InformationList == null) {
interactionFHIR InformationList = new ArrayList < InteractionFHIR Information > ();

}

return interactionFHIR InformationList;

public void setInteractionFHIRInformationList(List < InteractionFHIRInformation > interactionFHIRInformationList) {
this.interactionFHIR InformationList = interactionFHIR InformationList;

public FhirContext getCtx() {
if (ctx == null) {
ctx = FhirContext.forDstu3();
}

return ctx;

}

public void setCtx(FhirContext ctx) {
this.ctx = ctx;

}

public String getBaseUrl() {
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if (baseURL == null) {
baseURL = new String();

return baseURL;
}
public void setBaseUrl(String value) {
this.baseURL = value;
}
}

package no.uia.chealth. FESTonHapiFHIR Controller;
import java.security.Principal;
import java.security.acl.Group;
import java.util.ArrayList;
import java.util.Date;
import java.util.List;
import java.util.Random;
import org.hl7.thir.dstu3.model.BooleanType;
import org.hl7.thir.dstu3.model.Bundle;
import org.hl7.thir.dstu3.model.CodeType;
import org.hl7.thir.dstu3.model.DateTimeType;
import org.hl7.thir.dstu3.model.Detectedlssue;
import org.hl7.thir.dstu3.model.Identifier.IdentifierUse;
import org.hl7.thir.dstu3.model.ListResource;
import org.hl7.thir.dstu3.model.ListResource.ListEntryComponent;
import org.hl7.thir.dstu3.model.Medication;
import org.hl7.thir.dstu3.model.Medication.MedicationIngredientComponent;
import org.hl7.thir.dstu3.model.MedicationStatement;
import org.hl7.thir.dstu3.model.Patient;
import org.hl7.thir.dstu3.model.StringType;
import org.hl7.thir.dstu3.model.Substance;
import org.hl7.thir.instance.model.api.IBaseOperationOutcome;
import org.hl7.thir.dstu3.model.Extension;
import org.hl7.thir.dstu3.model. HumanName;
import org.hl7.thir.dstu3.model. Enumerations;
import ca.uhn.fthir.context.FhirContext; //import ca.uhn.fhir.model.api.annotation. Extension;
import ca.uhn.thir.model.primitive.ldDt;
import ca.uhn.thir.model.primitive.StringDt;
import ca.uhn.fhir.rest.client.api.IGenericClient;
import ca.uhn.fhir.rest.gclient. TokenClientParam;
import no.uia.ehealth. FESTonHapiFHIRResources. FESTMedicationResource;
import no.uia.chealth. FESTonHapiFHIRResources. FESTSubstanceResource;
import no.uia.ehealth. FHIRInformationModel.InteractionFHIR Information;
import no.uia.chealth. FHIRInformationModel.MedicationFHIRInformation;
import no.uia.chealth. MappingFESTXmIModelToJavaModel. AutomaticMappingFESTOnFHIR;
public class FESTMedicationHapiFHIR Controller {
protected FhirContext ctx; // very expensive object, create as less as we can! this is why we get it in as // an argument in the con
structor.
protected List < MedicationFHIRInformation > medicationFHIRInformationList;
protected String baseURL;
public FESTMedicationHapiFHIRController(FhirContext ctx, List < MedicationFHIRInformation > medicationFHIR Informatio
nList, String baseURL) {
this.ctx = ctx;
this.medicationFHIR InformationList = medicationFHIR InformationList;
this.setBaseUrl(baseURL);
IGenericClient client = ctx.newRestfulGenericClient(baseURL);
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45. int counter = 1; // to control the number of created instances ( for testing purpose)
WD ERIN EIGOWRY * SEARCH PARAMETERS FOR ADDED EXTENSIONS TO OU
R RESOURCES BEFORE WE CREATE  * INSTANCES OF THE CUSTOM RESOURCE 7 ¥dsksckdokonsdddosdordorox

ek sk sfe sfe ok s sk sk sk s s sfeoke sk sk sk stk e sl sfe sk sfeske sk ske sk sk skesk sk sk sk stk sk sk sk stk ksl sk sk skokok seoskosk sk sk sk sk sk sk sk sk sk stk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk skesk sk sk sk sk sfeokosk sk skokokok i.e ° in
* FESTMedicationHapiFHIR Controller.java we define search parameters for vare * navn and atcDN (substance name)
*/ // Start varenavn Search Parameter Definition & Creation // Start definition

47. org.hl7.fhir.dstu3.model.SearchParameter vareNavnSP = new org.hl7.thir.dstu3.model.SearchParameter();

48. vareNavnSP.addBase("Medication");

49. vareNavnSP.setCode("legemiddel Varenavn");

50. vareNavnSP.setType(org.hl7.thir.dstu3.model. Enumerations.SearchParamType. TOKEN);

51. vareNavnSP .setTitle("Bruk legemiddel varenavn");

52. vareNavnSP.setDescription("FEST:Sek med legemiddel varenavn");

53. vareNavnSP.setExpression("Medication.extension('http://ehealth.uia.no/StructureDefinition/legemiddel Varenavn')");

54. vareNavnSP.setXpathUsage(org.hl7.fhir.dstu3.model.SearchParameter. XPathUsageType. NORMAL);

55. vareNavnSP.setStatus(org.hl7.thir.dstu3.model. Enumerations.PublicationStatus. ACTIVE); // End definition

56. IGenericClient clientVareNavnSP = ctx.newRestfulGenericClient(baseURL); // Start Creation // Upload it to the server

57. clientVareNavnSP.create().resource(vareNavnSP).execute(); // End creation // End vareNavn Search Parameters Definition &
Creation // Start definition

58. org.hl7.fhir.dstu3.model.SearchParameter atcNavnSP = new org.hl7.fhir.dstu3.model.SearchParameter();

59. atcNavnSP.addBase("Medication");

60. atcNavnSP.setCode("atcNavn");

61. atcNavnSP.setType(org.hl7.thir.dstu3.model. Enumerations.SearchParamType. TOKEN);

62. atcNavnSP.setTitle("Bruk legemiddel virkestoff navn");

63. atcNavnSP.setDescription("FEST: Sek med ATC-navn (DN-verdi i ATC-kode)");

64. atcNavnSP.setExpression("Medication.extension('http://ehealth.uia.no/StructureDefinition/atcNavn')");

65. atcNavnSP.setXpathUsage(org.hl7.fhir.dstu3.model.SearchParameter. XPathUsageType. NORMAL);

66. atcNavnSP.setStatus(org.hl7.thir.dstu3.model. Enumerations.PublicationStatus. ACTIVE); // End definition

67. IGenericClient clientATCDNSP = ctx.newRestfulGenericClient(baseURL); // Start Creation // Upload it to the server

68. clientATCDNSP.create().resource(atcNavnSP).execute(); // End creation // End atcNavn Search Parameters Definition & Cre
ation // logic for creating resources and populating data

69. for (MedicationFHIR Information m: medicationFHIR InformationList) { // Here we create a FESTMedicationResource instan
ce

70. FESTMedicationResource fESTMedicationResource = new FESTMedicationResource();

71. String ATC_CODE ="";

72. if (m.getATCV() != null) {

73. ATC CODE =m.getATCV();

74. }

75. fESTMedicationResource.getCode().addCoding().setSystem("http://www.whocc.no/atc").setVersion("7180").setCode(AT
C_CODE).setDisplay("ATC code");

76. String ATC_NAME ="";

77. if (m.getatcDN() != null) {

78. ATC _NAME = m.getatcDN();

79.

80. fESTMedicationResource.setAtcNavn(new StringType(ATC NAME));

81. fESTMedicationResource.setlsBrand(true);

82. if (m.getLegemiddelVarselTrekant() != null) && (m.getLegemiddelVarselTrekant())) {

83. fESTMedicationResource.setLegemiddelVarsel Trekant(new BooleanType(true));

84. } else {

85. fESTMedicationResource.setLegemiddelVarsel Trekant(new BooleanType(false));

86.

87. if (m.getLegemiddel TypeSoknadV() != null) {

88. if (m.getLegemiddel TypeSoknadV().equals("1")) {

89. fESTMedicationResource.setIsOverTheCounter(false);

90. } else {

91. fESTMedicationResource.setlsOverTheCounter(true);

92. }

93. }

94. String producer = "";

95. if (m.getLegemiddelProdusent() != null) {

96. producer = m.getLegemiddelProdusent();

97. }

98. fESTMedicationResource.getManufacturer().setDisplay(producer);

99. String legemiddelFESTID = "";

100. if (m.getLegemiddellD() != null) {

101. legemiddelFESTID = m.getLegemiddelID();

102. }
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fESTMedicationResource.setLegemiddelFESTID(new StringType(legemiddelFESTID));
String legemiddelVarenavn = "";
if (m.getLegemiddelVarenavn() != null) {
legemiddel Varenavn = m.getLegemiddelVarenavn();
}
fESTMedicationResource.setLegemiddelVarenavn(new StringType(legemiddel Varenavn));
String legemiddeINavnFormStyrke = "";
if (m.getLegemiddelNavnFormStyrke() != null) {}
legemiddelNavnFormStyrke = m.getLegemiddelNavnFormStyrke();
fESTMedicationResource.setLegemidde]NavnFormStyrke(new StringType(legemiddelNavnFormStyrke));
String legemiddel Administrasjonsvei = "";
if (m.getLegemiddelAdministrasjonsveiDN() != null) {
legemiddel Administrasjonsvei = m.getLegemiddel AdministrasjonsveiDN();
¥
fESTMedicationResource.setLegemiddelAdministrasjonsvei(new StringType(legemiddelAdministrasjonsvei));
String legemiddelEnhetsdosering = "";
if (m.getLegemiddelEnhetsdoseringDN() != null) {
legemiddelEnhetsdosering = m.getLegemiddelEnhetsdoseringDN();
)
fESTMedicationResource.setLegemiddelEnhetsdosering(new StringType(legemiddelEnhetsdosering));
String legemiddelKortDose = "";
if (m.getLegemiddelKortDoseDN() != null) {
legemiddelKortDose = m.getLegemiddelKortDoseDN();
fESTMedicationResource.setLegemiddelKortDose(new StringType(legemiddelKortDose));
client.create().resource(fESTMedicationResource).execute();
System.out.println(counter++);
System.out.println();
}
public List < MedicationFHIRInformation > getMedicationFHIR InformationList() {
if (medicationFHIR InformationList == null) {
medicationFHIRInformationList = new ArrayList < MedicationFHIR Information > ();
}
return medicationFHIRInformationList;
}
public void setMedicationFHIRInformationList(List < MedicationFHIRInformation > medicationFHIR InformationList) {
this.medicationFHIR InformationList = medicationFHIR InformationList;
}
public FhirContext getCtx() {
if (ctx == null) {
ctx = FhirContext.forDstu3();
}
return ctx;
}
public void setCtx(FhirContext ctx) {
this.ctx = ctx;
public String getBaseUrl() {
if (baseURL == null) {
baseURL = new String();
}
return baseURL;
public void setBaseUrl(String value) {
this.baseURL = value;
}
}

package no.uia.chealth. FESTonHapiFHIR Controller;
public class InteractionDetails {

protected String id;

protected String relevansV;

protected String relevansDN;

protected String kliniskKonsekvens;

protected String handtering;
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public InteractionDetails(String id, String relevansV, String relevansDN, String kliniskKonsekvens, String handtering) {

this.id = id;
this.relevansV = relevansV;
this.relevansDN = relevansDN;
this.kliniskKonsekvens = kliniskKonsekvens;
this.handtering = handtering;
}
public String getld() {
if (id == null) {
this.id = new String();
}

return id;

public void setld(String id) {
this.id = id;

public String getRelevansV() {
if (relevansV == null) {
this.relevansV = new String();
}
return relevansV;
}
public void setRelevansV(String relevansV) {
this.relevansV = relevansV;
}
public String getRelevansDN() {
if (relevansDN == null) {
this.relevansDN = new String();
}
return relevansDN;
}
public void setRelevansDN(String relevansDN) {
this.relevansDN = relevansDN;

public String getKliniskKonsekvens() {
if (kliniskKonsekvens == null) {
this.kliniskKonsekvens = new String();

}

return kliniskKonsekvens;

public void setKliniskKonsekvens(String kliniskKonsekvens) {
this.kliniskKonsekvens = kliniskKonsekvens;
}
public String getHandtering() {
if (handtering == null) {
this.handtering = new String();
}
return handtering;
}
public void setHandtering(String handtering) {
this.handtering = handtering;

}

package no.uia.chealth. FESTonHapiFHIR Controller;
public class InteractionGroupPair {

private String interaction_ID;
private String group ID;
public InteractionGroupPair(String interaction ID, String group ID) {
this.interaction_ID = interaction_ID;
this.group_ID = group_ID;
}
public String getInteraction_ID() {
if (interaction ID == null) {
interaction_ID = new String();
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}

return interaction_ID;

public void setInteraction ID(String interaction ID) {
this.interaction ID = interaction ID;

public String getGroup ID() {
if (group_ID == null) {
group_ID = new String();
}
return group_ID;
b
public void setGroup ID(String group ID) {
this.group ID = group ID;
b
}

7.2 Appendix B: Java Web Application

package no.uia.chealth;
import java.util.Optional;
import org.apache.catalina.startup.Tomcat;
public class Main {
public static final Optional < String > PORT = Optional.ofNullable(System.getenv("PORT"));
public static final Optional < String > HOSTNAME = Optional.ofNullable(System.getenv("HOSTNAME"));
public static void main(String[] args) throws Exception {
String contextPath ="/";
String appBase = ".";
Tomcat tomcat = new Tomcat();
tomcat.setPort(Integer.valueOf(PORT.orElse("8080")));
tomcat.setHostname(HOSTNAME.orElse("localhost"));
tomcat.getHost().setAppBase(appBase);
tomcat.addWebapp(contextPath, appBase);
tomcat.start();
tomcat.getServer().await();

package no.uia.chealth;

import java.io.IOException;

import java.util.List;

import java.util.logging.Level;

import java.util.logging.Logger;

import javax.servlet.RequestDispatcher;

import javax.servlet.ServletException;

import javax.servlet.annotation. WebServlet;

import javax.servlet.http.HttpServlet;

import javax.servlet.http. HttpServletRequest;

import javax.servlet.http.HttpServletResponse;@

WebServlet(name = "InteractionServlet", urlPatterns = {
"/interaction"

}) public class InteractionServlet extends HttpServlet {
/* * Steps to compile 1. mvn clean compile 2. mvn package 3. cd target 4. java  * -jar ddi-app-snapshot.jar ~ */

@

Override protected void doGet(HttpServletRequest req, HttpServletResponse resp) throws ServletException, IOException {

String action = req.getParameter("searchAction");
if (action != null) {
switch (action) {
case "checkDDI":
System.out.println("checkDDI parameter is detected");
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23. System.out.println("calling checkForDDI() method");

24. checkForDDI(req, resp);

25. break;

26. }

27. } else { // List<Employee> result = employeeService.getAllEmployees();

28. System.out.println("no action parameters");

29. forwardDisplayDDI(req, resp);

30. }

31. }

32. private void forwardDisplayDDI(HttpServletRequest req, HttpServletResponse resp) throws ServletException, IOException {
33. String nextJSP = "/jsp/check-ddi.jsp";

34, RequestDispatcher dispatcher = getServletContext().getRequestDispatcher(nextJSP);
35. System.out.println("display empty ddi page");

36. dispatcher.forward(req, resp);

37. }

38. private void checkForDDI(HttpServletRequest req, HttpServletResponse resp) throws ServletException, IOException {
39. String drugA = req.getParameter("drugA");

40. String drugB = req.getParameter("drugB");

41. InteractionService interactionService = new InteractionService();

42. System.out.println("before calling our code for ddi check");

43. InteractionDetails interactionResult = interactionService.ddiCheck(drugA, drugB);
44. System.out.println("after calling our code for ddi check");

45. displayInteractionResult(req, resp, interactionResult);

46. }

47. private void displayInteractionResult(HttpServletRequest req, HttpServletResponse resp, InteractionDetails interactionResult) t
hrows ServletException, IOException {

48. String nextJSP = "/jsp/check-ddi.jsp";

49. System.out.println("before display ddi result");

50. RequestDispatcher dispatcher = getServletContext().getRequestDispatcher(nextJSP);
51. req.setAttribute("interactionResult", interactionResult);

52. dispatcher.forward(req, resp);

53. }

54. }

package no.uia.chealth;
import java.util. ArrayList;
import java.util.List;
import java.util.Scanner;
import ca.uhn.thir.context.FhirContext;
import no.uia.chealth.CheckForlnteraction;
public class InteractionService {
public InteractionDetails ddiCheck(String drugA, String drugB) {
InteractionDetails result;
String baseURL = "http://localhost:8081/fest/baseDstu3"; // to be replaced with url of production web server
FhirContext ctx = FhirContext.forDstu3();
CheckForlnteraction interactionCheckup = new CheckForInteraction(ctx, drugA, drugB, baseURL);
result = interactionCheckup.getInteraction();
return result;
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package no.uia.chealth;
public class InteractionGroupPair {
private String interaction ID;
private String group ID;
public InteractionGroupPair(String interaction ID, String group ID) {
this.interaction ID = interaction ID;
this.group ID = group ID;

public String getlnteraction ID() {
if (interaction ID == null) {
interaction_ID = new String();
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public void setInteraction ID(String interaction ID) {

}

return interaction_ID;

this.interaction ID = interaction ID;

public String getGroup ID() {

}

if (group_ID == null) {
group_ID = new String();

}
return group ID;

public void setGroup ID(String group ID) {

}
}

this.group ID = group ID;

package no.uia.chealth;
public class InteractionDetails {
protected String id;
protected String relevansV;
protected String relevansDN;
protected String kliniskKonsekvens;
protected String handtering;
protected String drugA;
protected String drugB;
public InteractionDetails(String id, String relevansV, String relevansDN, String kliniskKonsekvens, String handtering, String dr
ugA, String drugB) {

this.id = id;

this.relevansV = relevansV;

this.relevansDN = relevansDN;
this.kliniskKonsekvens = kliniskKonsekvens;
this.handtering = handtering;

this.drugA = drugA,;

this.drugB = drugB;

public String getDrugA() {

return drugA;

public void setDrugA(String drugA) {

this.drugA = drugA,;

public String getDrugB() {

}

return drugB;

public void setDrugB(String drugB) {

}

this.drugB = drugB;

public String getld() {

}

if (id == null) {
this.id = new String();
}

return id;

public void setld(String id) {

this.id = id;

public String getRelevansV() {

if (relevansV == null) {
this.relevansV = new String();

}

return relevansV;

public void setRelevansV(String relevansV) {

}

this.relevansV = relevansV;
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public String getRelevansDN() {
if (relevansDN == null) {
this.relevansDN = new String();

}

return relevansDN;

public void setRelevansDN(String relevansDN) {
this.relevansDN = relevansDN;

public String getKliniskKonsekvens() {
if (kliniskKonsekvens == null) {
this.kliniskKonsekvens = new String();

return kliniskKonsekvens;
}
public void setKliniskKonsekvens(String kliniskKonsekvens) {
this.kliniskKonsekvens = kliniskKonsekvens;
}
public String getHandtering() {
if (handtering == null) {
this.handtering = new String();

}

return handtering;

public void setHandtering(String handtering) {
this.handtering = handtering;
}
}

package no.uia.chealth;
public class DrugID ATC CODEPair {
private String dRUG_ID;
private String dRUG_ATC_CODE;
public DrugID ATC_CODEPair(String dRUG_ID, String dRUG_ATC_CODE) {
this.dRUG_ID = dRUG_ID;
this.dRUG_ATC CODE =dRUG _ATC_CODE;
}
public String getDRUG ID() {
if (ARUG_ID == null) {
dRUG_ID = new String();

}
return dRUG_ID;
}
public void setDRUG_ID(String dRUG_ID) {
this.dRUG_ID = dRUG_ID;
}
public String getDRUG ATC CODE() {
if (dARUG_ATC CODE == null) {
dRUG_ATC_CODE = new String();

}
return dRUG_ATC_CODE;

public void setDRUG_ATC_CODE(String dRUG_ATC_CODE) {
this.dRUG ATC CODE =dRUG ATC CODE;
}
}

package no.uia.chealth;

import java.io.BufferedInputStream;
import java.io.File;

import java.io.FileInputStream;
import java.io.FileNotFoundException;
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61.

import java.util.ArrayList;

import java.util.Iterator;

import java.util.List;

import org.hl7.thir.dstu3.model.Bundle;

. import org.hl7.thir.dstu3.model.Medication;
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
3s.
36.
37.
38.
39.
40.
41.

import org.hl7.thir.dstu3.model. Bundle.BundleEntryComponent;
import org.hl7.thir.dstu3.model. Extension;
import org.hl7.thir.dstu3.model.Group;
import org.hl7.thir.dstu3.model.Group.GroupMemberComponent;
import ca.uhn.fthir.context.FhirContext;
import ca.uhn.fhir.rest.client.api.IGenericClient;
import ca.uhn.thir.rest.gclient. TokenClientParam;
public class CheckForlnteraction {
protected FhirContext ctx;
protected String drugA;
protected String drugB;
protected String baseURL;
protected Boolean flagATCCodeA = false;
protected Boolean flagVareNavnA = false;
protected Boolean flagSubsNameA = false;
protected Boolean flagATCCodeB = false;
protected Boolean flagVareNavnB = false;
protected Boolean flagSubsNameB = false;
protected String aTC_CODE A ="";
private String drugA ID="";
protected String aTC_CODE B="";
private String drugB ID ="";
private DrugID ATC CODEPair drugIlD atc CODE pair drugA;
private DrugID ATC CODEPair drugIlD _atc CODE pair drugB,;
protected InteractionDetails interaction;
private Boolean isInteraction = false;
public CheckForlInteraction(FhirContext ctx, String drugA, String drugB, String baseURL) {
this.ctx = ctx;
this.drugA = drugA,;
this.drugB = drugB;
this.baseURL = baseURL; // 1. we need to get the ATC-CODE of drugA and drugB. // The practitioner can search by ATC-
CODE, vareNavn, or active substance name. // 1.1 Check whether drugA search keyword is ATC-
CODE, product name (vareNavn) , // or active substance name
this.drugID atc CODE pair drugA = inputCheckerA(drugA); // 1.2 Check whether drugB search keyword is ATC-
CODE, product name (vareNavn) , // or active substance name
this.drugID_atc CODE pair_drugB = inputCheckerB(drugB); // 2. Search for all FESTGroup instances which include Medic
ation reference // entries for drugA // store IDs of interactions and groups for drug A
List < InteractionGroupPair > interaction_group_drugA = drugGroups(this.drugID_atc CODE pair_drugA); // 3. Search for
all FESTGroup instances which include Medication reference // entries for drugB // store IDs of interactions and groups for drug B

List < InteractionGroupPair > interaction_group_ drugB = drugGroups(this.drugID atc CODE pair drugB); / 4. Compare b
oth lists detect interaction, if any.
Iterator itrA = interaction_group_drugA.iterator();
Iterator itrB = interaction_group drugB.iterator();
while (itrA.hasNext()) {
InteractionGroupPair pairDrugA = (InteractionGroupPair) itrA.next();
while (itrB.hasNext()) {
InteractionGroupPair pairDrugB = (InteractionGroupPair) itrB.next(); // FEST interaction business logic // find the two d
ifferent groups which have the same interaction id
if (!(pairDrugA.getGroup ID().equals(pairDrugB.getGroup ID())) && (pairDrugA.getlnteraction ID().equals(pairDrug
B.getlnteraction_ID()))) { // get interaction details for this group id
String id = "";
String relevansV =
String relevansDN = "";
String kliniskKonsekvens = "";
String handtering = "";
IGenericClient client = ctx.newRestfulGenericClient(baseURL);
Group theOne = client.read().resource(Group.class).withld(pairDrugA.getGroup_ID()).execute(); // get interaction ID

",
>

List < Extension > resourceExtsInteractionID = theOne.getExtensionsByUrl("http://ehealth.uia.no/StructureDefinition
/interactionID");
if (resourceExtsInteractionID != null) {
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Extension interactionID = resourceExtsInteractionID.get(0);
id = interactionlID.getValue().toString();
} // get Interaction Relevans V attribute
List < Extension > resourceExtsInteractionRelevansV = theOne.getExtensionsByUrl("http://ehealth.uia.no/StructureD

efinition/interactionRelevansV");

if (resourceExtsInteractionRelevansV != null) {
Extension interactionRelevansV = resourceExtsInteractionRelevansV.get(0);
relevansV = interactionRelevansV.getValue().toString();
} // get Interaction Relevans DN attribute
List < Extension > resourceExtsInteractionRelevansDN = theOne.getExtensionsByUrl("http://ehealth.uia.no/Structure

Definition/interactionRelevansDN");

if (resourceExtsInteractionRelevansDN != null) {
Extension interactionRelevansDN = resourceExtsInteractionRelevansDN.get(0);
relevansDN = interactionRelevansDN.getValue().toString();
} // get Interaction KliniskKonsekvens
List < Extension > resourceExtsInteractionKliniskKonsekvens = theOne.getExtensionsByUrl("http://ehealth.uia.no/Str

uctureDefinition/interactionKliniskKonsekvens");

if (resourceExtsInteractionKliniskKonsekvens != null) {
Extension interactionKliniskKonsekvens = resourceExtsInteractionKliniskKonsekvens.get(0);
kliniskKonsekvens = interactionKliniskKonsekvens.getValue().toString();
} // get Interaction Handtering
List < Extension > resourceExtsInteractionHandtering = theOne.getExtensionsByUrl("http://ehealth.uia.no/StructureD

efinition/interactionHandtering");

}
}
}
}

if (resourceExtsInteractionHandtering != null) {
Extension interactionHandtering = resourceExtsInteractionHandtering.get(0);
handtering = interactionHandtering.getValue().toString();
} // set interaction details
this.interaction = new InteractionDetails(id, relevansV, relevansDN, kliniskKonsekvens, handtering, drugA, drugB);
this.isInteraction = true;
break;

private List < InteractionGroupPair > drugGroups(DrugID ATC CODEPair pair) {

List < InteractionGroupPair > interaction group for drug = new ArrayList < InteractionGroupPair > ();

IGenericClient clientDrugAGrouplDs = ctx.newRestfulGenericClient(baseURL);

Bundle resultGroups = clientDrugAGrouplDs.search().forResource(Group.class).where(Group.MEMBER .hasld(pair.getDRU

G _1ID())).returnBundle(org.hl7.thir.dstu3.model.Bundle.class).execute();
if (resultGroups != null) {
if (resultGroups.getTotal() > 0) {
for (BundleEntryComponent e: resultGroups.getEntry()) {

}
}
}

String grouplD ="";
String interactionID =
if (e.getResource() instanceof Group) { // get group id

Group g = (Group) e.getResource();

grouplD = g.getld(); // get interaction id

List < Extension > resourceExts = g.getExtensionsByUrl("http://ehealth.uia.no/StructureDefinition/interactionID");

",
s

Extension exti = resourceExts.get(0);
interactionID = exti.getValue().toString();
InteractionGroupPair p = new InteractionGroupPair(interactionID, grouplD);
interaction group for drug.add(p);
}

return interaction_group_for drug;

}

private DrugID ATC CODEPair inputCheckerA(String drug) { // 1.1.1 ATC-CODE checker
IGenericClient clientATCV = ctx.newRestfulGenericClient(baseURL);
Bundle result ATCV = clientATCV.search().forResource(Medication.class).where(Medication. CODE.exactly().code(drug)).re

turnBundle(org.hl7.thir.dstu3.model. Bundle.class).execute();

if (result ATCV != null) {
if (resultATCV.getTotal() == 0) {
this.flagATCCodeA = false;
} else {
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122. this.flagATCCodeA = true;

123. if (result ATCV.getEntry().get(0).getResource() != null) {

124. if (resultATCV.getEntry().get(0).getResource() instanceof Medication) {

125. Medication m = (Medication) resultATCV.getEntry().get(0).getResource();

126. this.aTC_CODE_A = drug;

127. this.drugA ID = m.getld();

128. this.drugID atc CODE pair drugA = new DrugIlD ATC CODEPair(m.getld(), drug);
129. }

130. }

131. }

132. }

133. if (1flagATCCodeA) { // 1.1.2 Legemiddel varenavn checker // Note that we have defined the search parameter legemiddelVar
enavn in // FESTMedicationHapiFHIR Controller.java // use the added search parameter

134. IGenericClient clientVareNavn = ctx.newRestful GenericClient(baseURL);

135. Bundle resultVareNavn = clientVareNavn.search().forResource(Medication. class).where(new TokenClientParam("legemid
delVarenavn").exactly().code(drug)).returnBundle(Bundle.class).execute();

136. if (resultVareNavn != null) {

137. if (resultVareNavn.getTotal() == 0) {

138. this.flagVareNavnA = false;

139. } else {

140. this.flagVareNavnA = true;

141. if (resultVareNavn.getEntry().get(0).getResource() != null) {

142. if (resultVareNavn.getEntry().get(0).getResource() instanceof Medication) {

143. Medication m = (Medication) resultVareNavn.getEntry().get(0).getResource();

144. this.drugA ID = m.getld();

145. this.aTC_CODE_A = m.getCode().getCoding().get(0).getCode();

146. this.drugID_atc CODE_pair_drugA = new DrugID ATC_ CODEPair(m.getld(), m.getCode().getCoding().get(0)
.getCode());

147. }

148. }

149. }

150. }

151.

}
152. if (!this.flagATCCodeA && !this.flagVareNavnA) { // 1.1.3 active substance name checker // Note that we have defined the
search parameter atcNavn in // FESTMedicationHapiFHIR Controller.java // use the added search parameter

153. IGenericClient clientATCDN = ctx.newRestfulGenericClient(baseURL);

154. Bundle resultSubstanceName = clientATCDN.search().forResource(Medication.class).where(new TokenClientParam("atc
Navn").exactly().code(drug)).returnBundle(Bundle.class).execute();

155. if (resultSubstanceName != null) {

156. if (resultSubstanceName.getTotal() == 0) {

157. this.flagSubsNameA = false;

158. } else {

159. this.flagSubsNameA = true;

160. if (resultSubstanceName.getEntry().get(0).getResource() != null) {

161. if (resultSubstanceName.getEntry().get(0).getResource() instanceof Medication) {

162. Medication m = (Medication) resultSubstanceName.getEntry().get(0).getResource();

163. this.drugA ID = m.getld();

164. this.aTC_CODE_A = m.getCode().getCoding().get(0).getCode();

165. this.drugID_atc CODE_pair_drugA = new DrugID ATC_ CODEPair(m.getld(), m.getCode().getCoding().get(0)
.getCode());

166. }

167. }

168. }

169. }

170. }

171. return druglD atc CODE pair_drugA;

172. }

173.  private DrugID ATC_CODEPair inputCheckerB(String drug) { // 1.1.1 ATC-CODE checker

174. IGenericClient clientATCV = ctx.newRestfulGenericClient(baseURL);

175. Bundle result ATCV = clientATCV.search().forResource(Medication.class).where(Medication. CODE.exactly().code(drug)).re
turnBundle(org.hl7.thir.dstu3.model. Bundle.class).execute();

176. if (result ATCV != null) {

177. if (resultATCV.getTotal() == 0) {

178. this.flagATCCodeB = false;

179. } else {

180. this.flagATCCodeB = true;

181. if (result ATCV.getEntry().get(0).getResource() != null) {
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if (resultATCV.getEntry().get(0).getResource() instanceof Medication) {
Medication m = (Medication) resultATCV.getEntry().get(0).getResource();
this.aTC_CODE B = drug;
this.drugB ID = m.getld();
this.drugID atc CODE pair drugB = new DrugID ATC_ CODEPair(m.getld(), drug);
}
)

} // 1.1.2 Legemiddel varenavn checker / Note that we have defined the search parameter legemiddelVarenavn in // FEST

MedicationHapiFHIR Controller.java // use the added search parameter

}
if (1flagATCCodeB) {
IGenericClient clientVareNavn = ctx.newRestful GenericClient(baseURL);

Bundle resultVareNavn = clientVareNavn.search().forResource(Medication. class).where(new TokenClientParam("legemid

delVarenavn").exactly().code(drug)).returnBundle(Bundle.class).execute();
if (resultVareNavn != null) {
if (resultVareNavn.getTotal() == 0) {
this.flagVareNavnB = false;
} else {
this.flagVareNavnB = true;
if (resultVareNavn.getEntry().get(0).getResource() != null) {
if (resultVareNavn.getEntry().get(0).getResource() instanceof Medication) {
Medication m = (Medication) resultVareNavn.getEntry().get(0).getResource();
this.drugB ID = m.getld();
this.aTC_CODE_B = m.getCode().getCoding().get(0).getCode();

this.drugID_atc CODE_pair_drugB = new DrugIlD ATC CODEPair(m.getld(), m.getCode().getCoding().get(0)

.getCode());
}
}
}

} // 1.1.3 active substance name checker // Note that we have defined the search parameter atcNavn in / FESTMedicationHap

iFHIRController.java // use the added search parameter
if (!this.flagATCCodeB && !this.flagVareNavnB) {
IGenericClient clientATCDN = ctx.newRestfulGenericClient(baseURL);

Bundle resultSubstanceName = clientATCDN.search().forResource(Medication.class).where(new TokenClientParam("atc

Navn").exactly().code(drug)).returnBundle(Bundle.class).execute();
if (resultSubstanceName != null) {
if (resultSubstanceName.getTotal() = 0) {
this.flagSubsNameB = false;
} else {
this.flagSubsNameB = true;
if (resultSubstanceName.getEntry().get(0).getResource() != null) {
if (resultSubstanceName.getEntry().get(0).getResource() instanceof Medication) {
Medication m = (Medication) resultSubstanceName.getEntry().get(0).getResource();
this.drugB 1D = m.getld();
this.aTC CODE B = m.getCode().getCoding().get(0).getCode();

this.drugID atc CODE pair drugB = new DrugID ATC CODEPair(m.getld(), m.getCode().getCoding().get(0)

.getCode());
}
}
}
¥
}
return drugID atc CODE pair drugB;
}
public String getATC_CODE_A() {
if @TC_CODE_A == null) {
aTC_CODE_A = new String();
}
return aTC_CODE A;

public void setATC CODE_A(String aTC_CODE_A) {
this.aTC_CODE A =aTC CODE A;

}
public String getATC_CODE B() {
if @TC_CODE_B == null) {
aTC_CODE_B = new String();
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}
return aTC_CODE B;

public void setATC CODE B(String aTC_CODE B) {
this.aTC_CODE B =aTC CODE B;

}
public Boolean getFlagATCCodeA() {
if (flagATCCodeA == null) {
flagATCCodeA = false;

}
return flagATCCodeA;
}
public void setFlagATCCodeA(Boolean flagATCCodeA) {
this.flagATCCodeA = flagATCCodeA;
}
public Boolean getFlagVareNavnA() {
if (flagVareNavnA == null) {
flagVareNavnA = false;
}
return flagVareNavnA;
}
public void setFlagVareNavnA(Boolean flagVareNavnA) {
this.flagVareNavnA = flagVareNavnA;

public Boolean getFlagSubsNameA() {
if (flagSubsNameA == null) {
flagSubsNameA = false;
}

return flagSubsNameA;

public void setFlagSubsNameA (Boolean flagSubsNameA) {
this.flagSubsNameA = flagSubsNameA;

}
public Boolean getFlagATCCodeB() {
if (flagATCCodeB == null) {
flagATCCodeB = false;

}
return flagATCCodeB;
}
public void setFlagATCCodeB(Boolean flagATCCodeB) {
this.flagATCCodeB = flagATCCodeB,;
}
public Boolean getFlagVareNavnB() {
if (flagVareNavnB == null) {
flagVareNavnB = false;

}
return flagVareNavnB;

public void setFlagVareNavnB(Boolean flagVareNavnB) {
this.flagVareNavnB = flagVareNavnB;

public Boolean getFlagSubsNameB() {
if (flagSubsNameB) {
flagSubsNameB = false;

}
return flagSubsNameB;

public void setFlagSubsNameB(Boolean flagSubsNameB) {
this.flagSubsNameB = flagSubsNameB;

}

public InteractionDetails getInteraction() {
return interaction;

}

public void setInteraction(InteractionDetails interaction) {
this.interaction = interaction;

}

public Boolean getlsInteraction() {
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if (isInteraction == null) {
isInteraction = false;

}

return isnteraction;

}

public void setlsInteraction(Boolean isInteraction) {
this.isInteraction = isInteraction;

}
}

<% (@taglib uri = "http://java.sun.com/jsp/jstl/core"

prefix = "c" %> < html lang = "no" > < head > < meta charset = "utf-8" > < meta name = "viewport"
content = "width=device-width, initial-scale=1, shrink-to-fit=no" > < meta name = "description"
content = "" > < meta name = "author"

content = "" > < title > FEST on FHIR - Interaksjonsanalyse < /title> <!-- Bootstrap core CSS -->

<link rel="stylesheet" href="../css/bootstrap.min.css">

<!-- Custom styles for this template -->
<link href="../css/template.css" rel="stylesheet">

</head>
<body>

<!-- Navigation -->
<nav class="navbar navbar-expand-lg navbar-dark bg-dark fixed-top">
<div class="container">
<a class="navbar-brand" href="#">FEST on FHIR -
Interaksjonsanalyse</a>
<button class="navbar-toggler" type="button" data-toggle="collapse"
data-target="#navbarResponsive" aria-controls="navbarResponsive"
aria-expanded="false" aria-label="Toggle navigation">
<span class="navbar-toggler-icon"></span>
</button>
<div class="collapse navbar-collapse" id="navbarResponsive"></div>
</div>
</nav>

<l-- Page Content -->

"

<div class="container">

<!-- Heading Row -->
<div class="row my-4">
<div class="col-1g-8">
<img id="logo" class="img-fluid rounded"
src="../img/hapi_thir banner.jpg" alt="">
</div>
<l--/.col-1g-8 -->
<div id="sideBox" class="col-1g-4">
<h1>FEST on FHIR - Interaksjonsanalyse</h1>
<p>
Here we use our back-end component to check for drug-drug
interaction. We send a request to our <a
href="http://localhost:8081/fest/baseDstu3">HAPI-FHIR RESTful
server</a> and display the interaction result, if any. <br>
<hr>
This is a Java web application which can be a component of a
clinical decision support system where it can be easily integrated.
For example, a practitioner can use this feature to detect drug-drug
interaction before prescribing medicines.
</p>
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</div>
<l-- /.col-md-4 -->

</div>
<l-- /row -->

<!-- Call to Action Well -->
<!-- <div class="card text-white bg-secondary my-4 text-center"> -->
<div class="text-center'">

<div class="card-body">
<!--Search Form -->
<form action="/interaction" method="get" id="detectInteractionForm"
role="form">
<input type="hidden" id="searchAction" name="searchAction"
value="checkDDI">
<div class="form-group col-xs-5">
<input id="drugA" type="text" name="drugA" id="drugA"
class="form-control" required="true"
placeholder="Skriv inn varenavn, virkestoff eller ATC kode" />
</div>

<div class="form-group col-xs-5">
<input id="drugB" type="text" name="drugB" id="drugB"
class="form-control" required="true"
placeholder="Skriv inn varenavn, virkestoff eller ATC kode" />
</div>
<button type="submit" class="btn btn-primary btn-md">
<span class=""></span> Analyser
</button>
<button type="reset" class="btn btn-md">
<span class=""></span> Nullstill
</button>
<br></br> <br></br>
</form>
</div>

</div>

<!-- Content Row -->
<c:if test="$ {not empty message}">

<div class="row">
<div id="notEmptyMessage" class="alert alert-success'">
$ {message}</div>
</div>

</c:if>
<c:choose>

<c:when test="$ {not empty interactionResult}">

<div class="row">
<div class="col-md-12 mb-12">
<div class="alert alert-danger" role="alert">
<h3 class="alert-heading">Interaksjon ble funnet mellom
$ {interactionResult.drugA} og $ {interactionResult.drugB}</h3>
</div>
</div>
</div>
<div class="row">
<div class="col-md-4 mb-4">
<div class="card h-100">
<div class="card-body">
<h4 class="card-title">Klassifisering av interaksjon</h4>
<p class="card-text">$ {interactionResult.relevansDN } </p>
</div>

</div>
</div>
<l--/.col-md-4 -->
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<div class="col-md-4 mb-4">
<div class="card h-100">
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<div class="card-body">
<h4 class="card-title">Klinisk konsekvens</h4>
<p class="card-text">$ {interactionResult.kliniskKonsekvens } </p>
</div>
</div>
</div>

<!--/.col-md-4 -->
<div class="col-md-4 mb-4">
<div class="card h-100">
<div class="card-body">
<h4 class="card-title">Héndtering</h4>

135.
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146.
147.
148.
149.
150.

<p class="card-text">$ {interactionResult.handtering } </p>
</div>
</div>
</div>
<!--/.col-md-4 -->
</div>
</c:when>

<c:otherwise>
<div class="row">
<div class="col-md-12 mb-12">
<div class="alert alert-info">Ingen relevante interaksjoner
ble funnet!</div>
</div>
</div>
</c:otherwise>
</c:choose>
<l-- /row -->

151.
152.

153.

<l-- /row -->
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</div>
<!--/.container -->
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165.

<!-- Footer -->
<footer class="py-5 bg-dark">

<div class="container">

<p class="m-0 text-center text-white">Copyright &copy; FEST on
FHIR. Master thesis 2018, Islam Al Khaldi. UiA</p>

</div>

<!-- /.container -->
</footer>
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168.
169.

170.

171

172.

173

1.

<l-- Bootstrap core JavaScript -->
<script src="../js/bootstrap.min.js"></script>
<script src="../js/jquery.min.js"></script>

. </body>

. </html>

< html > <body > < h2 > Practitioner < /h2> < jsp: forward page = "/interaction" / > < /body> < /htmI>
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7.3 Appendix C: FEST on FHIR Profiles and Extensions

All the profiles and extension defined in this thesis can be downloaded from the following URL:

https://simplifier.net/FESTonFHIR ?thirVersion=STU3

7.4 Appendix D: FEST Java Classes Model
FEST Java classes model can be downloaded from the following GitHub repository URL:

https://github.com/islamalkhaldi/FESTonFHIR
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