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Abstract: With the advent of digital healthcare without borders, enormous amounts of health
information are captured and computerized. As healthcare quality largely depends on the reliability
of given health information, personal health records should be accessible according to patients’
mobility, even as they travel or migrate to other countries. However, since all the health information
is scattered in multiple places, it is an onerous task to carry it whenever people move to other
countries. To effectively and efficiently utilize health information, interoperability, which is the ability
of various healthcare information technologies to exchange, to interpret, and to use data, is needed.
Hence, building a robust transnational health information infrastructure with clear interoperability
guidelines considering heterogeneous aspects is necessary. For this purpose, this study proposes a
Transnational Health Record framework, which enables access to personal health records anywhere.
We review related literature and define level-specific interoperability guidelines, business processes,
and requirements for the Transnational Health Record system framework.

Keywords: interoperability; transnational health record; electronic health record; personal health
record; health information exchange; health information system

1. Introduction

Information and communication technology (ICT) now makes it possible for all health-
related information, such as medical records, genomics, lifelogs, and patient-generated
data, to be captured and computerized [1]. Diverse stakeholders are interested in using
computerized health-related information for personal health, public health, population
health, and clinical research [2]. In addition, business enterprises and governments are
involved in adopting electronic health record (EHR) systems to improve the quality of
healthcare [3]. For example, even patients with the same symptoms can be treated differ-
ently depending on their clinical histories. If a physician prescribes medication without
knowing a patient’s underlying diseases or drugs being taken, the patient is likely to
be exposed to the drug’s side effects [4]. Therefore, the accessibility of reliable health
information plays a significant role in healthcare quality, including patients’ safety. For
people who travel or migrate to other countries, it would be best for them to take all their
health records with them so that they could be prepared for all possible illnesses, accidents,
or catastrophic disasters. However, in reality, it is a very onerous task to do so. Hence,
building a robust transnational health information infrastructure that can be accessed
anywhere would benefit patients and healthcare providers.

For this purpose, healthcare data sharing is a prerequisite [5]. Interoperability issues
should be considered first for data sharing because it is difficult for patients to manage
their healthcare data only in one place [6]. It is hard to access personal health records
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outside one’s residence area, so the benefits of computerized health-related information are
seriously compromised. More practically, many individuals travel within countries and
across borders or migrate to other regions. According to the Medical Tourism Global Market
Report by the Market Data Forecast, the global medical tourism market size was about
USD 27.8 billion in 2020 and is estimated to be increasing steadily at a compounded annual
growth rate (CAGR) of 18.8% to reach USD 65.79 billion by 2025 [7]. However, it is not easy
to access personal health records for follow-up treatment after returning to one’s home
country due to interoperability issues, such as barriers in language, culture, and medical
systems. Thus, interoperability issues should be discussed with careful considerations
from a transnational perspective.

Several studies have discussed interoperability issues about healthcare data sharing.
However, these studies only focused on technical interoperability, such as data formats,
communication channels, and infrastructures. A much more heterogeneous perspective
on interoperability is needed to enable seamless transnational healthcare data sharing. In
addition, the previous studies also have a limitation in that they were mainly conducted
on the integration of various EHR systems within a country [8–11]. No framework for
exchanging health records among different countries exists.

Therefore, this study proposes the novel concept of the Transnational Health Record
(THR) system framework, which can access personal health records anytime and anywhere.
It is a healthcare information system framework designed to share health information
regardless of borders. Considering the fact that interoperability is a prerequisite for data
sharing, its importance is much more significant for the THR system, since it should
smoothly operate across various countries. Applicable use cases of the THR system would
be sharing health information for migrating or traveling to another country, accessing
patient summaries in emergencies, transmitting health information for Maritime Telemed-
ical Assistance Services, managing personal health records in My Health Data Bank, or
monitoring health information in a Digital Companion. A Digital Companion is a personal
secretary that helps people acquire information via digital devices and gives them psy-
chological comfort. These benefits cannot be achieved without sharing health information
across countries with different languages, cultures, policies, and regulations.

This study defines a framework for the THR system with level-specific interoperability
guidelines. We analyze related literature to find what interoperability factors need to be
considered for the level-specific guidelines. In addition, we derive business processes and
requirements for the THR system framework.

Interoperability Levels

Interoperability is the ability of healthcare information technology to exchange, to
interpret, and to use data seamlessly. Digitalization makes it easy for all health information
to be captured and computerized. The lack of interoperability is a major obstacle to health-
related data sharing with different institutions, regions, or even countries. Interoperability
includes comprehensive capabilities, such as a data format, structure, syntax, communica-
tion protocol, business process, and policy. It is a critical factor for moving ahead to the
digital healthcare environment.

Several studies analyzed interoperability in multilayered aspects [12–17]. These are in
various domains, such as in military, industry, IT systems, crisis management, and public
administration. Each study presents interoperability levels according to their domain-
specific environments. Even in different domain environments, there is something in
common. Most studies have the technical interoperability level because it is the basic
requirement for transmitting data electronically among different information systems. The
higher levels deal with elements that require more effort to satisfy according to domain-
specific characteristics. For example, organizational interoperability includes legal, political,
or even cultural aspects of the institutions that participate in data sharing. Since the level-
specific requirements are different according to the domain characteristics, the lack of clear
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guidelines for a particular domain makes barriers to the interoperability of information
systems.

Lehne et al. studied digital medicine’s interoperability specifically in the healthcare
domain [17]. This study emphasizes the importance of interoperability in digital medicine
and provides four aspects of interoperability: technical, syntactic, semantic, and organi-
zation. Technical interoperability ensures information exchange requirements between
different systems. With advances in ICT, achieving technical interoperability, including
securely transferring and receiving data with communication protocols, is usually straight-
forward. Syntactic interoperability is about data syntax, and semantic interoperability
concerns medical terminology. International standards development organizations, such
as Health Level Seven (HL7), Integrating the Healthcare Enterprise (IHE), and the World
Health Organization (WHO), support syntactic and semantic interoperability by specifying
data formats, structures, syntax, models, and codification. For example, Fast Healthcare
Interoperability Resources (FHIR) could enhance syntactic interoperability, and Logical
Observation Identifier Names and Codes (LOINC) could be used for semantic interoper-
ability. Table 1 shows the healthcare standards classified by the Healthcare Information
and Management Systems Society (HIMSS) [18].

Table 1. Healthcare standards.

Category Standard

Vocabulary and Terminology

• Current Procedural Terminology (CPT)
• Healthcare Common Procedure Coding System
• The International statistical classification of diseases and related health problems (ICD-10/11)
• Logical Observation Identifier Names and Codes (LOINC)
• National Drug Code (NDC)
• National Library of Medicine drug name/vocabulary normalization (RxNorm)
• Systematized Nomenclature of Medicine–Clinical Terms (SNOMED-CT)

Content

• HL7 Version 2.X (V2)
• HL7 Version 3 Clinical Document Architecture (CDA)
• Consolidated CDA (C-CDA)
• Fast Healthcare Interoperability Resources (FHIR)

Transport • Digital Imaging and Communications in Medicine (DICOM)
• IHE specifications (e.g., XDS, XDR, XDM)

Privacy and Security • Health Insurance Portability and Accountability Act (HIPAA)
• General Data Protection Regulation (GDPR)

Identifier

• Enterprise Master Patient Index (EMPI)
• Medical Record Number (MRN)
• National Council of State Boards of Nursing ID (NCSBN ID)
• National Provider ID (NPI)
• Object ID (OID)

2. Materials and Methods

To propose the novel concept of the THR system, this study consists of three parts.
First, we review related studies. We search and analyze the related literature on exchanging
health information between different institutions in the same country or across borders
in Europe. This part shows which studies are close to our THR concept and what they
identify as challenging interoperability issues. Second, based on the results of the literature
analysis, we define the level-specific interoperability guidelines necessary for the THR
system. In addition, we derive requirements and business processes by addressing open
issues for the THR system.

Strategies to Search for Related Studies

The objective of our THR system is to enable access to personal health records any-
where. To exchange health records with different countries, various aspects of interoper-
ability should be taken into consideration. However, to the best of our knowledge, no study
exists that takes analytical considerations or systematical frameworks for the THR system



Healthcare 2021, 9, 67 4 of 14

into account. To derive suitable elements for the THR system, we review the literature on
the exchange of health information across borders or regions. Figure 1 shows the selection
criteria for reviewing previous studies. We selected five main bundles of keywords to
find related studies. The first group of words comprises “cross-border” or “transnational”.
The second bundle includes “health” or “medical”. The third consists of “data”, “record”,
or “information”. The words in the fourth group are “exchange” or “sharing”. Finally,
“interoperability” or “interoperable” are in the fifth bundle. We searched three databases
(Web of Science, PubMed, and Scopus) to see if titles and abstracts contained the selected
keywords. At first, 91 articles were selected by electronically searching for combinations of
the keywords, but 34 articles were removed due to duplication. Then, we reviewed each
article’s abstract manually to exclude those whose study purpose was not closely related
to ours. The inclusion criteria for the selection of previous studies were: (1) published
any time in or after 2016, (2) limited to articles and conference papers, (3) full free text
available in a digital database, (4) present a framework, a model, or a system architecture,
and (5) written in English. Finally, nine articles were selected to review the interoperability
issues [19–27].

Figure 1. Selection criteria for previous studies on health information exchange systems.

3. Results
3.1. Analysis of the Selected Literature Using Interoperability Levels

We analyzed the nine selected works from the literature with the four interoperability
levels [17]. Table 2 shows that all the selected articles discussed technical interoperability.
Syntactic and semantic interoperability was also mostly considered. However, only three
articles addressed organizational interoperability issues, such as cultural, political, and
legal factors, but not entirely.
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Table 2. Results of the analysis of the related literature using interoperability levels.

Previous Study Technical Syntactic Semantic Organizational

Neville, K. et al. (2016) [19] X X X
Staffa, M. et al. (2018) [20] X X

Kinsner-Ovaskainen, A. et al. (2018) [21] X X X
Natsiavas, P. et al. (2018) [22] X X X

Nalin, M. et al. (2019) [23] X X X X
von Martial, S. (2019) [24] X X X

Gavrilov, G. et al. (2019) [25] X X
Otero Varela, L. et al. (2020) [26] X X X

Aarestrup, F. et al. (2020) [27] X X

Organizational interoperability is the main barrier to enhancing healthcare services’
quality. Especially in healthcare, it is not well defined and is poorly understood by all
stakeholders, such as healthcare providers, patients, IT professionals, caregivers, and
government officials. Organizational interoperability has many factors to consider. It is
also difficult to clearly understand its concepts because it is associated with a wide range
of areas, including language, culture, laws, and policies. Despite the need for a profound
analysis of organizational interoperability, it has not yet been sufficiently researched in the
healthcare domain.

All three papers defined requirements for organizational interoperability. However,
these are focused on a European exchange, cloud, and security. They did not consider
business processes and workflows. Business process interoperability is crucial, since it
is a building block of the THR system’s service requirements. It also addresses organiza-
tional interoperability concerns. Each country has different healthcare systems, languages,
cultures, policies, and regulations. Without consideration of business processes for orga-
nizational interoperability, the THR system could not effectively allow local medical staff
to respond when an emergency occurs in a place that is outside of a patient’s original
residential area. For seamless exchange of health information, it needs to take the business
process interoperability into account so that medical staff can quickly handle patients from
different backgrounds and environments.

3.2. Level-Specific Interoperability Guidelines

We propose level-specific interoperability guidelines for the THR system. These consist
of four levels: technical, syntactic, semantic, and business processes. The considerations of
each level were derived from the literature analysis results. The remarkable point of the
level-specific interoperability guidelines proposed in this study is that the guidelines deal
with business process interoperability. This is associated with the functional aspects, such
as workflow, that must be defined to share healthcare data between different countries
effectively. The business process interoperability level contributes to solving the current
challenging issue—the lack of organizational interoperability. Figure 2 shows the level-
specific interoperability layers.
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Figure 2. Layered level-specific interoperability.

3.2.1. Technical Interoperability

Technical interoperability is the ability to transmit and receive data between different
information systems. It is the most well studied of the interoperability levels. The tech-
nology for exchanging data electronically in various domains, such as e-government and
military, has already been sufficiently applied. Technical interoperability is not difficult to
achieve with enough previous studies. Health information must be computerized for a
seamless exchange of health records. In addition, IT infrastructure, such as a healthcare
information system, is necessary. Those involved are encouraged to improve existing health
IT infrastructures—thus increasing interoperability step by step—to the extent possible.
Building a new IT infrastructure or developing a new health information system is expen-
sive. Communication networks, channels, interfaces, and protocols for interactions are also
required for technical interoperability. Selecting an appropriate communication environ-
ment for handling health data is vital because health records include sensitive personal
information. Two major aspects of technical interoperability in the healthcare domain are
privacy and security. The public’s trust that personal health records in the THR system are
safely secured must be obtained. Many countries are striving to place appropriate, healthy,
and adequate safeguards for personal health records as interoperability increases across
nations in order to acquire such trust. Personal health records should support transparency
regarding the business processes that access their data, with consideration of patients’
preferences.

3.2.2. Syntactic Interoperability

Syntactic interoperability is the definition of a specific format of the information to
be exchanged. The structures and attributes should be standardized to satisfy syntactic
interoperability. It is also necessary to define a format for actual data exchange, such as
XML. Reusability is a significant element that researchers should consider in syntactic
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aspects. It should not simply end at electronically exchanging data between different
information systems with syntactic interoperability for interpretation. In digital healthcare
circumstances, health information could bring significant results when transferred to
other systems and reused. The international standard that has outstanding reusability is
the HL7 FHIR. It is considered as the next-generation healthcare information standard
framework. Clinical Document Architecture (CDA), the previous development standard
of HL7, operates on a document basis. On the other hand, FHIR uses a concept called a
“resource” to express a small unit of data needed in the healthcare environment. Resources
increase the reusability of electronically recorded health information. For example, suppose
that a Care Record Summary is registered to a health information system in the CDA. In
that case, the data must be manually extracted and rewritten if only drug prescriptions are
to be used for other purposes. On the other hand, in FHIR, each piece composing the Care
Record Summary is divided into resources so that the necessary parts can be extracted and
reused. In addition, the syntactic interoperability should include a data validation process
related to the format, syntax, grammar, or schema.

3.2.3. Semantic Interoperability

Compared to technical or syntactic interoperability, semantic interoperability is more
domain specific and depends on the service contents. In the healthcare domain, various
terminologies are used for each field, such as diagnosis, examination, dentistry, and nursing.
These terms should be able to be interpreted and understood with the same meaning
anywhere. Semantic interoperability is about making sure that the shared information
has the same meanings between different institutions or countries. There are different
vocabularies of specific codes for clinical concepts. Any person reading a medical document
could get the meaning that the writer intended, even though the document was not
written in style or with words that the reader is not accustomed to. Health information
must be universally understood. As different countries may have differences in even
the same medical documents, it is necessary to define a standardized format that can be
unified internationally. International standards provide such vocabularies. The LOINC
code is a representative example that can be used to ensure semantic interoperability.
In addition, language compatibility is required. Health information can be written in
different languages, such as Japanese or Arabic, using different alphabet characteristics.
All the participating countries or institutions need to use a common glossary to interpret
the shared information. In the semantic area, well-defined metadata could be a critical
factor for ensuring semantic interoperability successfully. The metadata enable effective
management of personal health records, such as registration, identification, and searching.

3.2.4. Business Process Interoperability

Business process interoperability supports the functions required by the THR system.
It focuses on the mechanical processing of the service for each workflow. A service-oriented
perspective of inter-organizational processes could be useful for achieving business process
interoperability. This level is something that has not been considered enough compared to
the other three interoperability levels. Health information exchange involving multiple
countries brings users together from various environments. Accessing health records
in the THR system should be done in the same manner in all environments, even with
patients from different countries. Business process interoperability requires the definition
of the information architecture and workflow necessary for system services, such as user
management, data registration, and access. Like the semantic level, it is domain specific. To
ensure business process interoperability, different countries should come to an agreement
regarding the THR system, and global cooperation within the public sector is required.
The business process interoperability could prevent errors in preferential mistakes due to
cultural differences between countries. It is a straightforward subject of discussion when
making policy agreements or regulations regarding the THR system.
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We derive several requirements for the THR system from the main actions. First,
it is necessary to identify and manage users, as with all information systems. Since
the THR system aims to gain accessibility to health information anytime and anywhere,
users should be managed at a transnational level. The THR-ID, an international patient
identifier, is required to identify and manage registered users globally. The THR-ID could
be issued when a user first enrolls in the THR system. It must be a unique value, such as a
combination of a passport number, country code, and the issue date. Like general portal
sites, an ID and password are also needed for login. In addition, it is necessary to register
personal health records in the THR system. For example, a patient could ask a physician
to register their allergy information in the THR system. Another main action is accessing
personal health records in the THR system. In an emergency, while on a business trip to
another country, a local paramedic could access a patient’s allergy information through
the THR system. There are other open issues relevant to applying the THR systems in
real-life environments. How can patients who got caught in an accident be identified in
an emergency when they have communication problems? For instance, what could the
patients do if they have difficulty breathing in a country where the people use a different
language? What type of data should be shared through the THR system? Who is involved
in the personal health information sharing process? How is the audit process for sharing
data containing sensitive personal information performed? How is the consent to provide
personal health records given?

However, the THR system can be used not only for emergencies, but also for other
purposes. First, in terms of self-healthcare, a person may get medical treatment or discover
an illness abroad during a business trip. These histories would be recorded in the THR
system, and even when the patient returns to their home country, it should be possible to
continue healthcare by using these records. The second is the use of research data. In the
case of rare and incurable diseases, medical researchers usually do not have a sufficient
amount of data. However, with the THR system, the researchers would have access to
more case data from various countries that could be shared and used for research purposes.
It should be possible to authorize data providers, that is, patients, to use their data in
specific institutions. Tables 3 and 4 show the lists of business processes and the THR system
requirements.

Table 3. Business process for the Transnational Health Record (THR) system.

ID Business Process Description

BP1 Identify patient Patient is identified and authenticated via a transnationally issued ID
BP2 Register personal health record Practitioner registers health record
BP3 Access personal health record Practitioner retrieves health record
BP4 Manage personal health record Patient manages their own health record status
BP5 Grant access to health record Patient grants institutions access to personal health record

Table 4. Requirements for the THR system.

ID Requirements Description

RQ1 User credentials THR-ID and password for login, electronic card for authentication
RQ2 Minimal data-set Common required data for health information, such as a patient summary
RQ3 Personal health record Main asset to be exchanged through the THR system

3.3. Framework for the THR System

This study proposes a framework for the THR system following the level-specific
interoperability guidelines defined above. Figure 3 shows an overview of the THR system
framework. This THR framework consists of layers that support the four levels of interop-
erability defined in Figure 2. The technical layer supports communication interfaces that
can be shared between other institutions or countries. Through communication interfaces,
it is possible to transmit and receive healthcare data between different institutions. The
syntactic layer is related to the interoperability regarding the data syntax, format, and
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schema. This layer validates whether a message created through the combination of raw
data satisfies the syntactic feature. The semantic layer ensures interoperability for ontologi-
cal parts by utilizing international healthcare standards. Finally, the business process layer
supports business processes and workflows of THR services. This layer contains access
control, registration, and services, which are useful functions for THR users.

Figure 3. Layered system architecture for level-specific interoperability in the THR framework.

The THR framework’s components consist of five system actors: data source, reposi-
tory, consumer, patient identity source, and blockchain registry. These five components
are based on IHE Cross-Enterprise Document Sharing (IHE XDS.b) [28], and each system
actor’s role and exchange interactions are defined as standard. Figure 4 shows an example
of workflows for the THR framework. It represents the business processes defined above.

The patient identity source manages identifiers of system-wide users: patients. It
is associated with adding new patients or searching for existing users. The data source
refers to an information system storing raw data—computerized personal health records.
In the data source, data will be formalized and standardized. In order to satisfy syntactic
and semantic interoperability, various international healthcare standard technologies and
terminologies are applied. For example, FHIR could be used as the primary data model, and
the LOINC code could express the data attribute values. In addition to the standardization
of the data, the creation of metadata is also performed in the data source. Metadata contain
a brief overview of standardized data. They are created and delivered to the repository
along with standardized data. The repository is in charge of permanently storing original
standardized data. Only data that comply with the specified data format and standard can
be stored. The data that do not conform to the format cannot pass validation and are not
saved. If the data format validation is successful, the original data will be stored in the
repository, and the metadata are sent to the blockchain registry. The registry is a repository
that manages the metadata to be shared, and only data stored there can be exchanged. The
consumer consumes data and searches for the desired data in the registry. For example,
if the consumer wants to have a specific patient’s health record for the past month, the
consumer would search the registry for the patient’s identifier and set the searching period
as parameters. The registry returns a list of metadata that meet the conditions set by the
consumer, and these metadata contain a reference address to the repository where the
original standardized data are stored. Consumers can obtain the desired data through the
repository reference address in the finally returned metadata.



Healthcare 2021, 9, 67 10 of 14

Figure 4. Workflows for business processes in the THR framework.
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This framework has a little differentiation from XDS, which is the application of
blockchain technology. A blockchain registry is formed to construct a blockchain network
between institutions participating in the exchange of health records. Information stored in
the blockchain cannot be changed or deleted, and all transactions occurring in the network
are recorded transparently. There are two advantages to this. First, it ensures data integrity.
In the metadata, there is a field that stores the hash value of the original standardized
data. Since this value is stored in the blockchain, it is impossible to manipulate the data
once they are stored. After the consumer accesses the repository and receives the desired
data, the consumer can easily check whether the data are genuine by comparing the hash
value of the data with the hash field value in the metadata. Second, all transactions related
to metadata are transparently recorded in the blockchain registry. Since all blockchain
network activities are monitored, accountability traceability can be secured. So, any access
with malicious intent can be prevented.

4. Discussion

This study proposes the novel concepts of a THR system framework and level-specific
interoperability guidelines for the THR system. The THR system proposed in this study
has three main contributions. The first is the level-specific interoperability guidelines. The
lack of interoperability is a significant issue in digital healthcare. The core of digital health-
care is data. These big healthcare data are scattered across various hospitals, pharmacies,
institutions, and even countries. Careful consideration of interoperability is a key factor in
exchanging data among diverse institutions that have different data formats, structures,
languages, or even cultural aspects. The need for interoperability has already been recog-
nized for a long time, and many related studies have also been conducted [5]. However,
previous studies have mostly focused on technical interoperability, such as with data for-
mats [19–27]. Interoperability includes not only the technical aspects, but also business
processes, workflows, and policies. It should be discussed in multilayered factors. This
study sets four interoperability levels to ensure the completeness of interoperability in the
healthcare data sharing process. In addition, it provides guidelines for each level-specific
requirement. The level-specific interoperability guidelines contribute to a heterogeneous
approach to interoperability problems, which are currently limited in technical aspects.

The second is a THR system that enables access to personal health records anytime and
anywhere, regardless of borders. With the advent of a digital society, various information
is being shared around the world. Likewise, data sharing among different healthcare
service institutions is essential for efficiently and effectively using personal healthcare
data that are scattered in multiple places. However, previous studies are limited to data
sharing with different institutions or regions in the same country. They usually focus on
technical, syntactic, or semantic integration of different EHR systems. Interoperability
issues, however, should be dealt with more comprehensively by taking organization
interoperability into account. With organizational interoperability, personal health records
among different countries could be integrated more easily with the THR system. The THR
system provides various benefits, including boosting global medical tourism, improving
how medical staff deal with emergencies, and preparing for catastrophic disasters. It
also can create an international medical research environment by sharing cases of rare
and intractable diseases worldwide. Ultimately, the THR system improves public health,
reduces medical costs, and is useful in international cooperative research environments.

Finally, in this study, business processes and requirements for the THR system are
derived. The THR system is a novel concept allowing people around to have access to their
health information anytime and anywhere. It involves exchange of data between countries
with different languages, cultures, and policies. Therefore, it is necessary to consider a
straightforward business process that can overcome possible problems caused by diversity
in patients’ living environments.

In the European e-government framework, the need for organizational interoperability
has already been recognized and considered [29]. Kubicek, H. et al. [30] analyzed the
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definition of organizational interoperability in various e-government frameworks and
concepts. They divided organizational interoperability into three views: functional, institu-
tional, and IT service. The scope of organizational interoperability is broad, and includes
social, cultural, and legal factors. Thus, organizational interoperability is not simply an
upper layer of the technical, syntactic, and semantic operability, but is interrelated with all
interoperability levels. The business process interoperability alone could be the upper layer
in the functional view. From each of the three viewpoints, ICT has sufficient capacity to
exchange data between different information systems at a transnational level. In addition,
international healthcare standards, such as FHIR and SNOMED-CT, are actively being
developed to express healthcare terminologies in unified formats. The convergence of ICT
and healthcare standards could make it relatively easy to ensure interoperability in the IT
service view.

In the institutional view, organizational interoperability depends on the executives
at all levels who are willing to cooperate with other nations for shared gains. Political
aspects could be resolved through an agreement between nations participating in the
exchange of health information. To come to an agreement transnationally, it is imperative
to clearly define subjects to be discussed. The business process interoperability, including
workflows, patient identification, registration, authentication, data access control, consent,
and history management, should be defined first. Business processes make participating
organizations coordinate workflows, data models, management, and system services. As
many interactions would occur, designing and defining business processes give more
benefits to THR system users by consolidating all the participants’ value arrangements in
a collaboration network. Business process interoperability is a basis for an agreement on
shared goals and ground rules for achieving mutual benefits. This study derives business
processes, requirements, and workflows for the THR system.

Our study has limitations, since it focuses on the business process interoperability,
which is a part of organizational interoperability. Political aspects, such as regulations and
legal issues, are not discussed in this study. Nevertheless, we believe that the business
process should be considered first to reach a political consensus between countries, as it
could identify and address necessary factors of the THR system.

As a part of future work, a minimal data-set should be discussed for utilizing health
information through the THR system. The THR system aims to provide a high quality of
healthcare services to patients worldwide by sharing healthcare data across countries. The
minimal data-set should be uniform and contain the minimum health records needed by
any healthcare service provider. Since there are discrepancies in each country’s healthcare
systems and processes, it is essential to define a standard data model or a minimal data-
set. A summary history of a patient’s health should be interoperable so that healthcare
providers in different environments know the person’s health status in order to avoid jeop-
ardizing the patient’s safety. The HL7 International Patient Summary (IPS) can be used as a
minimal data-set for the THR system. It is a minimal and non-exhaustive patient summary
that is readily usable by all clinicians for unscheduled care, including for patients from
different countries [31]. The IPS emphasizes the need to provide generic solutions for global
application beyond a particular region or country. As the data-set of the IPS is intended for
global use, it is suitable for the THR system. The IPS profile contains a full mapping of the
ISO/EN 17269 data elements for international healthcare standards—CDA and FHIR. The
IPS consists of four sections, which include required fields, such as medication history or
allergies. The IPS is sustainable in ensuring clinical validity by meeting clinical workflow,
documentation, and information queries. In the case of FHIR, 18 resources (Patient, Ob-
servation, Practitioner, MedicationStatement, Medication, AllergyIntolerance, Condition,
Immunization, Procedure, Organization, DeviceUseStatement, Device, Specimen, Imaging
Study, DiagnosticReport, CarePlan, Consent, and Composition) are used to implement the
contents of the IPS.

In addition, in further studies, we plan to conduct a user experience evaluation for
users who may use this system. The THR system has a variety of stakeholders, includ-
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ing patients, medical staff, and researchers. Further research should discuss such user
experience opinions from various stakeholders and should continuously search for further
improvements.

5. Conclusions

In this study, we proposed a novel concept of a THR system framework based on
level-specific interoperability guidelines, including the business process, for organizational
interoperability. To the best of our knowledge, there has been no research on a THR
system that exchanges health information globally. This study contributes to a new THR
concept framework for making shareable healthcare information accessible anytime and
anywhere. To effectively and efficiently utilize health records regardless of borders, it is
necessary to consider broad aspects of interoperability at the technical, syntactic, semantic,
and organizational levels. Primarily, we expect that our results will provide important
insight into organizational interoperability. Definite business processes and workflows,
new level-specific interoperability guidelines, and a methodological framework for the
THR system resulted from this study. It ensures interoperability among various countries
with different cultures and healthcare systems.
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