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Abstract. E-health plays a crucial role in E-government by proposing healthcare
services based on information technology. However, the way to administer these
services by using E-health solutions is one of the challenging issues. One of these
significant challenges is how one integrates heterogeneous healthcare information
of the different point of care systems. This paper introduces the Iranian integrated
care electronic health record using the information gathered from several point-of-
care systems in healthcare enterprises in Iran. This service-oriented architecture has
a remarkable characteristic - its accessibility to medical knowledge and medical
concepts through archetypes and ontology, respectively. The Ministry of Health and
Medical Education of the Islamic Republic of Iran has designed and implemented
this national architecture.
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1. Introduction

The Data provided by the healthcare system is extremely vital because of its role in the
improvement of healthcare performance, epidemiological analysis, evidence-based
practices, health quality control, clinical pharmacy practices, medical education, and
public health cost reduction [1], [2]. Integration of healthcare information promotes the
usability and availability of this invaluable information. Nowadays, many countries
dedicate a part of their eHealth strategic plans to the design and implementation of
electronic health records (EHR) as one of their priorities. Many countries have started
efforts in this regard, some of which are mentioned in [3-9]. Since 2005 a national
commitment was formed in Iran to implement National Integrated Care Electronic
Health Record (ICEHR) which is called SEPAS, locally. Therefore, the Ministry Of
Health and Medical Education (MOHME) has developed a national e-health vision in
collaboration with relevant stakeholders who need access to integrated healthcare
information including organizations responsible for management and supervision of the
healthcare system, organizations related to medical education and research, etc. [10].
Thus, it is necessary to overcome a problem regarding the lack of a suitable system to
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integrate this invaluable information. In this paper, SEPAS is introduced based on the
OpenEHR Architecture model.

2. Materials and Methods

This paper is based on a literature study and on interviews with the technical and relevant
stakeholders of the electronic health record implementation at the Ministry of Health and
Medical Education. Since there is a diverse range of stakeholders in the EHR
implementation domain, the interviews were conducted in semi-structured form. Many
other previous pieces of research have followed the interview approach [11, 12].
Approval for this research was obtained from MOHME. According to the interviews as
well as the review on the related literature, the national integrated care electronic health
record design requires some steps that are going to be explained in this section.

2.1. Study on systems Integration Methods

The term Systems Integration is defined as the process of linking several different
computing systems physically or functionally to act as a coordinated whole [13]. The
healthcare sector is broad, consisting of several heterogeneous Information Systems; thus,
it is necessary to know integration methods to combine these Information systems. There
are three systems integration methods including, vertical integration, star integration, and
horizontal integration. The methods of integration are studied thoroughly to realize their
effects on the national architecture.

2.2. Study on interoperability standards

In healthcare, interoperability is the ability of different information technology systems
and software applications to communicate, exchange data, and use the information that
has been exchanged [14]. Data exchange schema and standards should permit data to be
sharable across clinicians, lab, hospital, pharmacy, and patient regardless of the system
or system vendor. There are two levels of data interoperability that discussed in the
following subsections.

2.2.1. Functional interoperability

Functional interoperability is the benefits of joined-up healthcare to provide the right
information at the right time and place, depending on computer systems being able to
exchange information in a way that is safe, secure, and reliable [4].

2.2.2. Semantic interoperability (SI)

SI is necessary for automatic computer processing to underpin the value-added EHR
clinical applications [15]. Archetypes are suitable solutions for SI [16]. According to
CEN/ISO 13606 standard, an archetype is an information model of the metadata to
represent the domain-specific attributes of any EHR by specifying values or constraints
in the EHR reference model [17]. However, it is necessary to adopt clinical terminology
in EHRs to ensure high-level ST [18], [19].
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2.3. Conceptual Architecture Design

The objective of designing the conceptual architecture is to identify the component
structure(s), their externally visible properties, and their relationships [20]. The
conceptual architecture is inferred after the following actions.

1. Stakeholders Identification: The first step was to identify all significant
enterprises which are producers or consumers of health information. Besides,
any types of healthcare information to be produced or consumed were analyzed
and categorized. In this regard, some health sector stakeholders participated in
interviews. These stakeholders include health policymakers, healthcare
providers (GPs, Specialists, and nurses, etc.), insurance organizations,
emergency departments, research centers, medical universities, etc.

2. Point of care systems Identification: In this step, any existing patient-centric
health information systems in the country were identified and categorized. The
technical team interviewed healthcare facility workers for the information
systems being used by them.

3. Modeling present state: In this step, some important use cases in the healthcare
sector were identified and modeled. A standard approach to model the present-
state was to depict the activity diagrams, entities, actors, and rules. A list of the
defects of the present-state was compiled consisted of any items from financial
issues to the equal allocation of resources among the healthcare facilities.

4. Modeling desired state: In this step, the identified components were re-modeled
considering that the integrated care EHR exists.

3. Results

The eHealth implementation efforts in Iran [10] lead to a national architecture that is
called SEPAS, locally. The architecture of the Iranian Integrated Care EHR System
(SEPAS) is service-oriented and distributed. This means that Instances of architecture
would be installed in different geographical locations. It was decided to position each
instance in medical universities since all healthcare facilities are providing care services
under the supervision of medical universities. Due to rapid changes in medical
knowledge, to deal with these changes, two-level architecture is adopted according to
ISO 13606. The first level is the reference information model which is stable, while
archetypes and templates constitute the second level. The Iranian ICEHR consists of 3
layers that are going to be discussed in the following subsections. These layers together
build up an instance of EHR node. Each instance of EHR is called SEPAS middleware
or SEPAS node. The functionality of SEPAS node is similar to the definition of sharable
EHR (level 3) [21]. SEPAS consists of several layers including, the Data layer, Core
Service Layer, Domain Service Layer, which are going to be explained elaborately, later.

3.1. The Data Layer

This layer consists of several data repositories according to ISO 13606, such as EHR,
demographic, terminology, service log, and archetype. The archetype repository can
manage archetypes and templates and their versions. These archetypes represent models
for demographics, symptoms, physical examination, laboratory, etc. Currently, ISO/EN
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13606, HL7 Clinical Document Architecture, and the OpenEHR represent the most
famous dual models [22, 23]. Existing implementations of the archetype enabled EHRs
to auto-generate entry forms from archetype and template [24-28].

3.2. Core Service Layer

Core services provide data and message management to achieve the dual model approach
of EHR architecture. This layer is implemented based on ISO 13606 part 5. It consists of
the following services: extract manager, locator, archetype, ontology, and audit trail
service.

3.3. Domain Service Layer

The national architecture implementation in the country showed that the legacy systems
(POCSs) are not compatible with the international standards (i.e. ISO 13606). Thus, the
technical team added a layer called the domain service layer. Inspired by the archetype
concept, some web services were implemented in this layer. They hide the complexities
of dealing with archetypes from the legacy systems. Also, this layer interoperates with
the core services to transform the non-standard data structures of POCSs. Table 1 shows
some of these services.

Table 1. Some of domain services in SEPAS

Domain Service Description
Inpatient Service Discharge summaries of inpatient data from Hospitals
Medication Prescription Service Prescribed medications from hospitals, clinics, etc.
Dispensed Prescription Service Dispensed prescriptions form pharmacies
Laboratory Prescription Service Laboratory Test Requests from clinics, etc.
Laboratory Result Service Designed to interchange laboratory test results

4. Conclusions

In this paper, a decentralized service-oriented architecture is discussed. Many countries
have followed the same approach as this paper, for many reasons including the diversity
of the information systems, healthcare facilities, etc. [3-8]. Implementing such
architecture at the national level is faced with some obstacles. Apart from barriers like
persuading healthcare providers to use information systems and lack of public awareness
[29], there are several barriers for healthcare information integration including, data
exchange standards and terminologies [30] and multiple POCSs [31]. Furthermore,
advances in medical sciences and information technology make it necessary to select a
flexible architecture for EHRs. These points are covered in some architectures like the
OpenEHR that gradually became a standard in this field [32]. SEPAS is planned to be
extended in various directions such as the development of clinical contents for EHR
using archetypes and its utilization for clinical registries, in the country.
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