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Abstract

The thesis addresses the pressing issue of inefficient health information exchange within
the healthcare landscape, particularly concerning patients with chronic brain diseases. This
challenge often results in inadequate communication between healthcare providers and impedes
the delivery of effective patient care. To mitigate these obstacles, an innovative healthcare
information exchange architecture is proposed, grounded in FAIR data principles. The system
integrates metadata for healthcare data, ensuring accessibility and machine-actionability. A
significant focus lies on preserving patient privacy through robust access control mechanisms,
facilitated by distributed ledger technology. Automation of authentication and authorization
processes streamlines manual tasks, enhancing efficiency while providing transparency and
control to patients over their data. By maintaining healthcare information within the original
facility and implementing transparent access tracking, the proposed system aims to improve
efficiency, effectiveness, and patient-centricity in healthcare delivery for individuals with brain
diseases. The feasibility of the proposed solution was assessed through practical testing of
IT tools and methodologies, alongside soliciting stakeholder feedback. This comprehensive
evaluation aimed to determine the solution’s potential effectiveness in addressing identified
challenges within healthcare information exchange. Overall, the thesis presents a comprehensive
solution to the challenges of healthcare information exchange, offering potential enhancements
in personalized care and data security within the healthcare landscape.
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1 Introduction

1.1 Problem statement

Technology plays a crucial role in facilitating healthcare providers by ensuring the availability of
patient healthcare information. Often, healthcare providers face challenges in obtaining complete
or accurate healthcare information, such as the list of prescribed medications, treatment plans,
and medical history. This challenge becomes even more pronounced when dealing with individuals
suffering from chronic brain diseases like dementia and acquired brain injury as they struggle to
remember details and effectively communicate with healthcare providers ( , ).
Consequently, the availability of comprehensive health information becomes even more critical in
these cases to ensure the delivery of personalized patient-centric care. Furthermore, it is not only
medical data that holds significance; healthcare providers must also consider the preferences and
wishes of the patients. For instance, when a patient when a patient who suffers from dementia
transitions to a care home after living independently for as long as possible, expressing their desires
may not be easy. The wishes and preferences of elderly patients with chronic brain diseases can be
intricate and may still evolve over time ( , ). Additionally, healthcare providers must
have access to both internally and externally acquired health information. Therefore, all types of
information must be made accessible to healthcare providers to enable the provision of personalized
care. The current situation where healthcare providers are approaching patients not completely
informed on the medical situation should be addressed.

Providing personalized care relies on the availability of almost real-time healthcare data across
various healthcare facilities. This necessitates healthcare providers to make well-informed decisions
based on a comprehensive understanding of a patient’s health situation (

, ). To facilitate personalized care for patients with chronic brain diseases, it’s crucial to
accurately discern the preferences of both patients and their caregivers and healthcare providers.
This group of individuals possesses the most accurate and comprehensive knowledge of the existing
bottlenecks and issues. The objective of this research is to identify and analyze these bottlenecks and
problems, in order to gain a clear understanding of areas where the current healthcare information
exchange infrastructure can be further developed. This will ultimately assist healthcare providers,
patients, and caregivers in delivering and receiving personalized care wherever it is required. To
provide personalized care in diverse settings, leveraging patient-generated health data (PGHD)
becomes indispensable for comprehending a patient’s condition, particularly in scenarios where
continuous monitoring within a single healthcare facility is not feasible ( , ).

The prevalence of chronic brain diseases, especially among elderly patients, will exert additional
pressure on the Dutch healthcare system, as the demand for care is projected to increase in the
future ( , ). This aligns with the findings of the ( ),
who has identified that the current organization, labor shortage, and rising costs render the Dutch
care system unsustainable in the long run. The costs associated with the ageing population consti-
tute a significant portion of these expenses. Specifically, elderly care is expected to account for 25
percent of the total care expenses, compared to the current 20 percent ( ). This
represents a cost increase from 17 to 43 billion euros, placing immense strain on the affordability,
quality, and accessibility of the Dutch healthcare system. Consequently, the rising costs, growing



demand for care, and ageing population will necessitate a shift towards promoting self-reliance and
enabling individuals to receive care in their own homes for as long as possible, while minimizing
the time spent in hospitals ( , ). The
increasing number of healthcare practitioners involved in the care for patients with chronic brain
diseases, coupled with the trend of people living longer in their own homes and a declining number
of children available to provide care for the elderly, will further intensify the demand for caretakers

( , 2018).

This emerging trend of increased self-reliance, greater responsibility for caregivers, and enhanced
personal care within one’s own home for an extended period of time aims to alleviate some of
the burden on the elderly Dutch healthcare system. These future developments will have several
implications. Firstly, there will be a greater variety of healthcare providers to assist individuals with
chronic brain diseases in their own residences. Which will fracture the data even more. Additionally,
as individuals transition to care facilities, their chronic brain diseases are likely to be more severe,
which results in patients having less control over their data and may struggle to fill in any gaps
within these healthcare information systems. Therefore, the realization of these future trends relies
on the integration of new technologies, improved data accessibility, and enhanced exchange of
healthcare information among the various healthcare professionals involved.

The importance of improving the availability and exchange of healthcare information is evident.
Recent research has shown that enhancing the accessibility and utilization of healthcare data can
lead to improved quality of care and potentially reduce the cost of Dutch healthcare ( ,

). To achieve this, it is crucial to enhance the control of patient and healthcare provider infor-
mation, thereby increasing the availability of healthcare data. Patients with chronic brain diseases
such as dementia and acquired brain injury (ABI) often interact with multiple healthcare providers.
Therefore, it is essential to ensure that the exchange of healthcare information occurs efficiently and
effectively. If healthcare providers do not have access to comprehensive health information about
a patient, they will be unable to obtain a complete understanding of the patient’s health status.
This happens especially when a patient with for example dementia is not able to fill in the gaps in
the system. Consequently, healthcare professionals will be unable to develop a personalized care
plan or administer medical interventions without consulting other healthcare providers involved
in the patient’s care. The problem here is that consulting other healthcare providers is now a
time-consuming and inefficient process.

Currently, there is a lack of an efficient method for sharing healthcare information, which is causing
issues not only in the Netherlands but also in other countries worldwide. A recent study conducted in
England has revealed that general practitioners are unaware of the conclusions reached by specialists
during consultations with their patients in hospitals, unless they actively reach out to the hospital
( , ). This lack of interoperability between health information exchange systems
hinders effective collaboration between these two types of healthcare providers, as well as with other
providers. Consequently, these challenges in exchanging healthcare information result in duplicated
work among healthcare providers, an increase in medical examinations, heightened frustration
among elderly individuals and care providers, and a disruption in the delivery of professional care

( , 2014).



Several reasons contribute to the current lack of an efficient data exchange system. Firstly, different
healthcare providers utilize disparate data storage systems that are not compatible with each
other. When a patient visits a general practitioner or a healthcare institution, it is likely that
this institution uses an online environment to store and potentially make the healthcare data
available to the patient. This will also be possible when another patient visits a different healthcare
institution or a general practitioner’s office. However, the system where this data is stored and made
available will often differ. There are significant differences between the various information systems
in primary and secondary healthcare ( , ). This causes problems when the data
needs to be exchanged with other facilities. This research should take into account these different
heterogeneous healthcare information systems. Secondly, another problem with the current situation
in healthcare is that there are still significant differences in the description and coding of healthcare
data ( , ). This means that the ontological representation used by healthcare
professionals to represent certain healthcare entities needs to be harmonized. These standards are
necessary to enable the exchange of healthcare information across different healthcare domains.
The solution that will be proposed should account for these dissimilarities between the ontological
representation of data points. Thirdly, primary health-care professionals, as well as patients, should
be involved in the design and maintenance of digital solutions ( , ). This is
one of the reasons why current IT solutions don’t succeed. The NHS National Programme for I'T
(NPAIT), one of the most ambitious projects undertaken in UK public sector, costing approximately
£10 billion, collapsed due to the lack of end-user engagement and public trust in care (

, ). Us, as IT people, have to first understand the problems and the train of thought of
patients and stakeholders around the patient. That is why, for every solution to succeed, it is crucial
to start with the elicitation of the requirements and wishes from the patients and stakeholders
around the patient ( , ). Additionally, the Dutch data protection law, known as
the Algemene verordening gegevensbescherming (AVG), and the European General Data Protection
Regulation (GDPR) impose restrictions on the transfer of personal healthcare data. These factors
make it challenging to transfer healthcare information efficiently between providers using existing
technologies, without further burdening them with administrative tasks.

A study conducted by the ”Denktank (ont)regel de zorg” revealed that healthcare professionals
currently already spend 40 percent of their time on administrative tasks and only 60 percent
on providing care ( , ). This highlights the inefficiency of the
current data system, as healthcare professionals are dedicating a significant portion of their time to
administrative duties.

A deficiency in an efficient system for exchanging data among healthcare providers, without dis-
proportionately burdening them with administrative tasks, is not only a social issue but also a
political concern. The Dutch government is actively seeking ways to enhance the exchange of
health information. Consequently, on September 29th of the previous year, a Dutch law called the
”Wetsvoorstel Elektronische gegevensuitwisseling in de zorg” (Wegiz) was approved. The Wegiz
is part of the program for electronic information exchange in healthcare. The Ministry of Health,
Welfare, and Sport (VWS) aims to support the digitization of healthcare ( : ). This law
mandates the electronic sharing of healthcare information directly from one computer to another
( , ). Currently, the exchange of healthcare information between healthcare providers
still sometimes occurs through letters or patients (sometimes accompanied by relatives or care-



givers) being asked to provide information about their health situation at another healthcare facility.

The Wegiz law aims to reduce the administrative burden on healthcare specialists and limit avoidable
mistakes due to a lack of information ( : ). The Wegiz law will contribute to ensuring
that the appropriate healthcare data is available at the right time. Once the Wegiz law comes into
effect, it will apply to all healthcare providers, including general practitioners, home care services,
hospitals, psychiatric institutes, and IT suppliers ( , ). In the future, the Wegiz
law will be expanded to include rules and obligations regarding how the data should be transferred.
This means that the Wegiz is the first step towards an interoperable healthcare infrastructure.
Making electronic data sharing mandatory and adding obligations regarding standards in the
future will be a step in the right direction. However, there are still challenges to be addressed
when implementing the Wegiz law. Electronic data sharing is currently a lot of work for healthcare
specialists due to the lack of system integration and the absence of widely accepted standards
( : ). While it is now clear that healthcare information should be shared more
efficiently, little is known on how to do it more efficiently.

Healthcare information and its accessibility are currently significant concerns in Europe. In 2020, the
European Commission unveiled an ambitious initiative known as the European Health Data Space
(EHDS). The objective of this initiative is to establish a comprehensive framework encompassing
legal, governance, data quality, and interoperability aspects. The primary aim is to facilitate the
access and reuse of health data, thereby enhancing healthcare delivery, research, and policy-making
in the region ( , ).

The EHDS looks at primary use and secondary use of healthcare data around Europe. For the
primary use of healthcare data the eHealth Digital Service Infrastructure (eHDSI) was introduced.
The eHDSI encourages the collaboration and exchange of healthcare information of individuals
across EU member states ( , ). The goal of
this initiative is to give patients access to healthcare no matter where they are in the EU and
building towards a connected digital health infrastructure. In order to accomplish these objectives,
two electronic cross-border health services have been implemented. The first service of the eHDSI,
enables European Union (EU) citizens to obtain their prescribed medication from any pharmacy in
a participating EU country ( , ). This service utilizes electronic tools to acquire
and transfer medicinal prescriptions among healthcare providers located in various member states
across Europe.

The second service offered by the eHDSI aims to facilitate access to health information for patients
when they visit a physician in a different EU country. This service involves the provision of digital
patient summaries, which contain crucial health-related information such as allergies, diagnostic
tests, medical history, procedures, and immunization records. The intention is to further enhance
the content of these summaries in the future by incorporating medical images, laboratory test
results, and hospital discharge reports. This initiative seeks to improve cross-border healthcare and
ensure seamless access to comprehensive patient information across EU member states.

To identify the problem comprehensively, it is imperative to review existing research on the topic.
Numerous studies have explored various components related to data sharing solutions. For instance,



some tools and initiatives focus primarily on consent management. Notable examples include the
Personalized Consent Flow ( : ) and Sync for Science (S4S) ( : ) initiatives.
The Personalized Consent Flow offers individuals control over their personally collected health data,
allowing them to choose the extent to which they share their data for research purposes (

, ). Similarly, the Sync for Science initiative facilitates individuals’ access to personal
healthcare data, enabling them to share this data with researchers to gain insights into human
health and diseases worldwide ( , ). However, these tools primarily address data reuse
and only partially contribute to the broader data sharing problem.

Furthermore, three other data sharing initiatives from various regions have been examined. The
Connected Bradford initiative from the United Kingdom serves as a data linkage accelerator, pro-
viding insights into individuals’ health across multiple dimensions ( , ). In Sweden,
a system lacking real-time data availability and featuring data movement instead of a single point
of truth poses limitations. Additionally, the Gift-Cloud platform facilitates data sharing and reuse
of medical imaging, enabling clinics to share imaging data with other organizations ( , ).

However, these solutions exhibit characteristics incompatible with the chronic brain diseases context,
such as the absence of real-time data availability and data movement instead of a single point of
truth. In Sweden, the National Health Information Exchange (HIE) platform acts as a point of
connectivity for various healthcare applications and eHealth services, aiming to integrate disparate
healthcare systems into a unified platform ( , ). Neverthe-
less, the challenge lies in linking all healthcare systems to the HIE platform, rendering it suboptimal.

Presently, many Dutch healthcare facilities utilize the Siilo app for transferring healthcare informa-
tion securely ( , ). However, this solution involves data transfer, which does
not alleviate the administrative burden. Thus, despite existing initiatives, there remains a need for
a comprehensive data sharing solution tailored to the specific requirements of Dutch chronic brain
disease care.

In this study, initiatives were identified that align with the FAIR guidelines ( : ).
These guidelines, emphasizing data to be 'Findable’, ’Accessible’, ’Interoperable’, and 'Reusable’,
establish a robust framework for depositing, discovering, sharing, and reusing data in contemporary

data systems ( , ). It’s important to note that while FAIR data encourages
accessibility, it does not imply openness; rather, data can only be accessed under well-defined
conditions to safeguard privacy ( , ). The FAIR principles represent an

innovative approach to ensuring responsible access to health data, recognizing the importance of
data security and the necessity for data sharing in informed decision-making processes, thereby
facilitating the extraction of valuable insights from the data.

The FAIR guidelines primarily are primarily researched in the context of of enabling the reuse of
healthcare information, yet they also offer significant potential in supporting personalized patient
care through the exchange of health data. By allowing controlled access to diverse data sources
while safeguarding privacy, the FAIR principles prove highly adept at facilitating the availability of
healthcare information ( , ). FAIRification of health data facilitates seamless information
sharing across various storage systems, enhancing interoperability and enabling different healthcare
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systems or institutions to utilize this information for personalized care provision ( : ).

Given the sensitive nature of patient health data, handling such information requires utmost care
and compliance with relevant regulations. In our context, the General Data Protection Regulation
(GDPR) stands as the most significant legal framework. Enforced by the European Commission,
the GDPR aims to strengthen and standardize the protection of personal data within the European
Union (EU) ( : ).

Two notable initiatives, VODAN Africa and FAIRhealth, are exemplars of implementing FAIR
principles in data sharing practices ( , ). VODAN Africa focuses on facilitating
access to COVID-19-related data across Africa, aiming to enable safe data access while contributing
to the FAIRification of health data in the region ( , ). On the other hand,
FAIRhealth combines medical data with data from CBS for analytical purposes, seeking to establish
connections between lifestyle factors, type 2 diabetes, and health costs ( , ). However,
it’s essential to note that while these initiatives share common ground with our objectives, they
operate in distinct contexts — VODAN Africa primarily focuses on Africa’s health data landscape,
while FAIRhealth concentrates on healthcare data reuse within the Netherlands.

To summarize, it is evident that the Dutch healthcare sector cannot sustain its current state.
Multiple issues have been identified to support this conclusion. The aging population and the
prevalence of chronic diseases, such as dementia, will lead to exponential increases in healthcare
costs. Additionally, the shortage of healthcare professionals, the current organizational structure,
and the high administrative burden on healthcare providers necessitate a change. As a result of
higher costs and labor shortages, patients with chronic brain diseases are expected to live longer in
their own homes and rely more on self-care. Consequently, this will further fragment healthcare
information from patients with chronic brain diseases. Without addressing the inefficient global
exchange of healthcare information, personalized care is not feasible, and costs will continue to
escalate. To address these challenges, we must explore more efficient utilization of time and resources
within the Dutch chronic brain disease care care system while improving the interoperability of
healthcare information across different providers. To date, there is a noticeable gap in research
regarding the exchange of sensitive healthcare information for patients with chronic brain diseases
utilizing the FAIR guiding principles. This study endeavors to address this critical and intricate
issue by offering solutions grounded in FAIR guidelines. Additionally, it will carefully consider the
pertinent laws and regulations that impact this domain, ensuring compliance and ethical integrity
throughout the proposed solutions.
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1.2 Research gap

If we analyze the issues outlined in the care for patients with chronic brain diseases and its projected
trajectory, it becomes apparent that we must seek a more efficient and streamlined approach to
exchanging healthcare information, while also adhering to the relevant regulatory frameworks.
Additionally, we need to find a way to enhance the accessibility of the data in order to provide
personalized patient-centric care to vulnerable elderly patients, such as those with dementia. It is
important to do this in a privacy preserving way due to the sensitivity of this data.

In order to enhance the efficiency and efficacy of healthcare data processing, it is imperative
to prioritize the transformation of data into a machine-readable format. This will facilitate the
optimization of healthcare specialists’ workflow through the automation of presently manual tasks.

To achieve machine-readability, the FAIR guidelines and principles, introduced by

( ), were introduced. This research will therefore investigate how the utilization of FAIR
semantic data can address the aforementioned problems in the Dutch chronic brain disease care
system, while still complying with the relevant regulatory frameworks. By doing so, we can propose a
healthcare information exchange system that ensures the data is Findable, Accessible, Interoperable,
and Reusable, while healthcare providers retain sovereignty over their patients records.

There has been limited research conducted on the use of FAIR semantic data for the processing
and exchange of personal information. Therefore, our objective is to assess the feasibility of this use
case and provide an innovative health information exchange architecture for the care for patients
with chronic brain diseases by utilizing innovative techniques.

Therefore, the following research question was proposed:

How can the implementation of FAIR semantic data principles in the care of patients with chronic
brain diseases contribute to establishing an infrastructure that that preserves the privacy and
facilitates accessibility and interoperability?

12



1.3 Research objectives

The primary goal is to propose a federated information technology (IT) architecture that is in
accordance with the preferences of stakeholders in the domain of chronic brain disease care and
showcases the most efficient methodologies derived from our comprehensive research.

To accomplish this objective, several subsidiary objectives were identified:

e The primary objective entails identifying the health information requirements and needs of
stakeholders involved in the care of patients afflicted with chronic brain diseases.

— The first step here is to identify what healthcare information is currently missing
according to healthcare providers in the field of chronic brain disease care.

— The next objective is to speak to the chronic brain disease care stakeholders and
comprehend the impediments that cause this information to be unavailable for healthcare
practitioners in the chronic brain disease care.

— It is also crucial here to determine and identify the specific healthcare information that
is essential for their needs as a healthcare professional or caretaker of patients with
chronic brain diseases.

e The second objective involves identifying and conceptualizing the pertinent tools and resources
available for facilitating FAIR data production.

— The first step entails exploring what the possibilities are of data production on sensitive
patient and personal data of patients suffering from chronic brain diseases in a FAIR-data
architecture.

— The subsequent step is to utilize innovative tools and information technology techniques
to ensure that the healthcare information, which holds utmost significance for our
stakeholders, is easily Findable, readily Accessible, capable of seamless interoperability,
and can be Reused effectively (FAIR).

e The third objective entails testing and implementing the proof of concept for FAIR data
production.

— Here, the feasibility of this technical architecture is tested and validated.

13



1.4 Research questions

Therefore, we ask:

The Research Question

How can the implementation of FAIR semantic data principles in the care of patients with
chronic brain diseases contribute to establishing an infrastructure that that preserves the
privacy and facilitates accessibility and interoperability?

The questions that we use to ultimately answer the research question:

e What are the specific health information requirements and needs of stakeholders involved in
the care of individuals suffering from chronic brain diseases?

— What information is currently missing among healthcare providers in the field of chronic
brain disease care?

— what are the impediments with regards to the availability of such information?

— What kind of healthcare information is perceived as the most crucial to stakeholders in
the care for patients with chronic brain diseases and should be available for them?

e What are the existing tools and resources designed to facilitate the production of FAIR data,
and how can these be conceptualized to effectively support the generation of FAIR data?

— What is the possibility of data production on sensitive patient and personal data in a
FAIR-data architecture?

— How should a healthcare information exchange architecture, based on the FAIR guidelines
and principles, be constructed to allow healthcare stakeholders in the care for patients
with chronic brain diseases to exchange healthcare information while preserving the
privacy?

e How can a proof of concept for FAIR data production be effectively tested and implemented,
ensuring adherence to FAIR principles and demonstrating practical feasibility in real-world
settings?

— What is the assessment of the feasibility of the proposed technical architecture?

1.5 The hypothesis

The implementation of FAIR semantic data principles in the chronic brain disease healthcare sector
will lead to the establishment of an information infrastructure that not only ensures the provenance
of data but also enhances accessibility and interoperability. Furthermore, this implementation will
maintain the data sovereignty, allow for access-control under well-defined conditions, to preserve
the privacy of patients with chronic brain diseases.
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1.6 Conceptual framework
1.6.1 The FAIR Guiding Principles

Whenever we need to derive meaning from data, we can simply read the text and consider the
provided context in textual format. However, if the data is presented in text form to a computer, it
cannot fully understand and interpret the data. This occurs due to two primary issues within the
current internet infrastructure. Firstly, the information is not inherently machine-readable, meaning
it cannot establish connections without being coded into programming languages and uniform
resource identifiers (URIs). Secondly, instances lack significance unless semantic connections are
established. As a solution, the semantic web was introduced by

( ). The main goal was to develop the underlying technology that enables machines to better
interpret data and establish standardized interoperable data formats that can be utilized across
various services or platforms ( , ). To support this objective,
several core formats were created to promote an improved approach to modeling, characterizing,
and querying data ( , ). This challenge prompted organizations and scientists to
devise a method for enhancing data management, leading to the development and introduction of
the FAIR data principles in 2016 ( , ).

The FAIR Guiding Principles for data management and stewardship have been developed as part
of a comprehensive framework with the goal of organizing, managing, and sharing data. These
principles and guidelines, proposed by ( ), aim to enhance the findability,
accessibility, interoperability, and reusability of data. The fundamental concept underlying the
FAIR methodology is to enable machines to process data. This means that computational systems
should be able to independently locate, access, integrate, and utilize data without human inter-

vention ( , ). Therefore, it is crucial to store data in a FAIR manner. Another
interpretation of FAIR is "federated Al ready,” indicating that it can be used for federated analyses
due to its machine readability ( , ). This statement implies that

the mentioned action results in the processing of data in a manner that ensures its compatibility
with future advancements and allows machines to efficiently support us. In the following sections,
we will explore the specific components of the FAIR principles.

Findability
The initial stage in achieving data FAIR compliance involves recognizing the necessity for data to
be discoverable. This is why ( ) introduced the concept of findability. To ensure

data is findable, it is imperative to establish a well-documented process for indexing, organizing, and
querying data. This can be achieved through the utilization of unambiguously readable metadata
and traversable knowledge graphs, which are defined by a standardized ontology or vocabulary
specification ( , ). To enhance data findability, it is crucial to assign a unique and
persistent identifier to the data.

For data to be Findable ( ) has identified four principles:
F1. (meta)data are assigned a globally unique and persistent identifier

F2. data are described with rich metadata (defined by R1 below)
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F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

Accessibility
Once data has been indexed and integrated into a health information system to ensure the ease of
locating the data, it becomes essential to make the data accessible under clearly defined conditions
( : ). These well-defined conditions involve methods of authorization and verification
of credentials. The accessibility of data depends on the identity of the individual and the purpose
for which they seek access to the data. Certain data sets may be made accessible or inaccessible
based on the preferences of those seeking access. Typically, data access is facilitated through the
utilization of an application programming interface (API) that handles queries appropriately (

) ). In summary, accessibility goals are achieved when data can be accessed in accordance
with clearly defined and unambiguous authorization and authentication requirements.
For data to be Accessible ( ) has identified four principles:

Al. (meta)data are retrievable by their identifier using a standardized communications protocol
Al.1. the protocol is open, free, and universally implementable
A1.2. the protocol allows for an authentication and authorization procedure, where necessary

A2. metadata are accessible, even when the data are no longer available

Interoperability
Interoperability refers to the manner in which data must be integrated and connected to other data.
According to ( ), interoperability entails the ability of data, as well as tools

originating from non-collaborating resources, to seamlessly function together with minimal effort.
To attain data interoperability, it is essential to utilize the ontology derived from the controlled
vocabulary consistently across the entire use case or landscape where interoperability is desired
( : ). Furthermore, it is essential that the metadata includes distinct identifiers. In
order to ensure interoperability of the data, it is necessary to standardize the knowledge obtained
from the data and the metadata by employing templates. Once this process is completed, if the
(meta)data can be interpreted and evaluated automatically, it becomes machine-actionable (

, ). It is crucial for the nodes within the derived knowledge graph to be extensively
interconnected. In summary, data achieves interoperability when it is connected through semantic
metadata and capable of being safely and automatically processed, stored, and explored by various
entities ( : ).

For data to be Interoperable ( ) has identified four principles:

I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge
representation.

2. (meta)data use vocabularies that follow FAIR principles

I3. (meta)data include qualified references to other (meta)data
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Reusability

Reusability is greatly influenced by data protection regulations, such as the General Data Protection
Regulation (GDPR). In order for data to be reusable, it is essential to have proper data provenance.
Good data provenance is attained when the origin of the data and the procedures that produced
the data are clearly defined, accurately documented, and regularly updated ( , ). In
order to maintain the integrity of data, it is imperative to thoroughly document all pertinent and
interconnected metadata within a data management plan (DMP). A DMP serves to outline the
process of accessing or generating data, as well as establish standards for managing, describing,
and storing data ( , ). Additionally, a DMP is utilized to describe the system by
which data is securely handled throughout the entire research process. To address the aspect of
data reusability, it is important to consider data that possesses good provenance, enabling its reuse
across various entities. The data needs to be described in the right way for it to be replicable in
other environments ( : ).

For data to be Reusable ( ) has identified four principles:

R1. meta(data) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license
R1.2. (meta)data are associated with detailed provenance

R1.3. (meta)data meet domain-relevant community standards
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1.7 Ethical and legal considerations
1.7.1 Laws and regulations

Worldwide, there exist numerous concerns, laws, and regulations pertaining to the processing of
data. In order to comprehend the methods by which data can be processed, it is imperative to
grasp the concepts of data governance and regulatory frameworks that significantly impact this
subject matter. The primary aim of these frameworks is to establish a standardized approach to
handling data in accordance with the relevant laws and regulations ( , ).

Data governance

Data governance is a concept that pertains to the implementation of regulations and policies regard-
ing the collection, handling, and storage of data. Additionally, it encompasses the authorization
and management of data that is transferred between various countries ( , ). To
provide further explanation, data governance ensures that data remains consistent and reliable,
and is not misused. The importance of data governance is increasing as organizations encounter
new regulations regarding data privacy and protection. For instance, data governance promotes
conformance with regulations like the European Union’s General Data Protection Regulation.

GDPR
On May 25, 2018 the General Data Protection Regulation (GDPR) came into effect. The GDPR
makes the use of the concept ”privacy by design” of crucial significance. The concept ” Privacy by
design” looks at data protection from the beginning of designing systems in which appropriate
technical and infrastructure measures should be implemented ( ,
). This regulation aims to enhance and unify the safeguarding of personal information with the
European Union ( , ). Whenever one is involved in handling data and adhering to
regulations, there are various stakeholders, roles, concepts and definitions to consider. Failure to
comply with the regulations outlined in the General Data Protection Regulation (GDPR) will lead
to a penalty of either 20 million euros or a percentage (2 or 4 percent) of the worldwide revenue,
whichever amount is greater ( ) ).

The data owner and data subject

The initial parties to consider are the data owner and the data subject. The data owner refers to
an individual or entity that possesses full authority and legal rights to determine who can access
and manage their data ( : ).

On the other hand, the data subject pertains to an individual whose data has been gathered. It
is possible to identify this person, either directly or indirectly, through the specific data collected
(Article 4(1), GDPR). To be specific, the data subject possesses specific privacy rights concerning
their data. These rights include the right to be informed, the right of access, the right of rectification,
the right to erasure, the right to restrict processing, the right to data portability, the right to object,
and rights in relation to automated decision making and profiling ( , ).
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Personal data

The data that is collected from the data subject has the potential to be classified as personal data.
Personal data refers to any data, information, or knowledge that pertains to an individual and
is considered the property of the data subject in accordance with the General Data Protection
Regulation (Article 4(1), GDPR). If a specific entity or individual intends to handle personal
data, they must adhere to the seven principles of data protection and accountability outlined
in article 5.1-2 of the GDPR. These principles include lawfulness, fairness, and transparency;
purpose limitation; data minimization; accuracy; storage limitation; integrity and confidentiality:;
and accountability. There are certain categories of personal data that are considered special and can
only be processed and utilized by legally certified entities. These particular categories of personal
data are therefore subjected to stringent regulations as outlined in Article 9(1-3) of the General
Data Protection Regulation (GDPR).

The data controller and the data processor

There are two parties involved in handling the personal data generated by an individual, namely
the data controller and the data subject. The data controller is granted the authority to oversee
the personal data collected from the data subject. The conditions, purpose, and methods of storing
and utilizing the personal data are determined by the data controller, as stated in Article 24(1-3)
of the General Data Protection Regulation (GDPR). Typically, the data controller is the healthcare
facility where the data is generated in the healthcare sector. This entity is also legally responsible
for obtaining consent or permission from the data subject. Additionally, they are obligated to have
a purpose statement and a data management plan in place when processing personal informa-
tion. ( : ).

The data processor is accountable for the processing of data in a manner that conforms to
the conditions, purpose, and methods established by the data controller for storing and utilizing
personal data. Furthermore, it is the responsibility of a data processor to diligently carry out the
processing of data while implementing adequate security measures. This includes ensuring the
protection of personal data belonging to data subjects. An example of a data processor could
be a data steward, whose primary responsibility is to handle the personal data collected from
the data subject throughout the entire process on behalf of the data controller. (Article 28(3),
GDPR). Sometimes, the entity responsible for managing and processing data, known as the data
controller, is also the same entity that processes the data. This is often the case in situations
involving small clinics. However, in most cases, the data controller is a specialized party, such
as a cloud service provider. In these instances, the cloud service provider typically enters into
a contractual agreement with the data controller, outlining the respective responsibilities, legal
obligations, and non-disclosure requirements. ( , ).

Informed consent

Informed consent is utilized to grant the data controller authorization to manage the personal data
collected from the data subject. Informed consent must be explicit, clear, and can only be provided
voluntarily when the data subject is adequately informed about all the data processing activities
(as defined in Article 4(11) of the General Data Protection Regulation). In accordance with the
GDPR guidelines, informed consent can be retracted at any time. Additionally, the data subject
has the right to request access to their personal data and to request its deletion ( , ).
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The Data Privacy Impact Assessment

The data processor is responsible for implementing a data repository process that ensures the
security of personal data stored in the entity they are accountable for. As part of their responsibilities,
they are required to prepare a report known as the data protection impact assessment (DPIA)
report, as stated in Article 35(1) of the General Data Protection Regulation (GDPR). This report
includes an evaluation of potential security risks and the measures taken to mitigate these risks.
The data protection assessment utilized in France by the National Commission on Informatics and
Liberty (CNIL) is detailed in Appendix A. Through its regulatory oversight, the CNIL ensures
adherence to data privacy laws governing the collection, storage, and utilization of personal data.

1.7.2 Ethical considerations

In this case study, interviews are utilized, making it crucial to comprehend and convey the rights
of both the researcher and the participants. Prior to each interview, the interviewee is provided
with an information letter and a permission letter. The permission letter explicitly states that the
research will be recorded and participation is entirely voluntary. Additionally, the interviews are
stored separately from any personal information.

There are also important rights to be mentioned regarding post-interview procedures. Once the
research is completed, the recordings will be deleted. Furthermore, it is agreed that the interviewees
will not be referred to by their names in the thesis. This measure ensures that interviewees cannot
be identified directly or indirectly. Instead, their roles will be discussed in the thesis, considering
the large number of individuals working in this field.

In formulating an architecture, it’s crucial to recognize the sensitivity of handling data concerning
vulnerable patients in a delicate environment. The data involved includes personal information
of individuals with chronic brain diseases, possibly diagnosed with dementia, necessitating strict
regulation and stringent security measures to ensure privacy-preserving health information exchange.

Lastly, it is essential to emphasize that no companies or institutes are involved in the proposed

solutions presented in this thesis. The researcher is not financially supported by any stakeholders
in this research or the healthcare industry. This research is conducted entirely independently.
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1.8 Relevance

The significance of this thesis is apparent and can be categorized into both academic and societal
importance.

1.8.1 Academic relevance

The academic significance of this thesis stems from the conclusion that it will be one of the initial
studies conducted on utilizing FAIR semantic data and the personal health train to propose an
architecture for exchanging sensitive healthcare information of patients with chronic brain diseases.
Additionally, there is limited academic literature available on constructing an architecture that
adheres to regulatory frameworks and caters to the requirements of the end users it aims to
serve. This thesis can serve as a foundation for future academic research. Moreover, the proposed
architecture can be applicable to other departments within the Dutch healthcare system or even on
a global scale.

1.8.2 Societal relevance

The study of the current state and consequences of population ageing is a prominent area of research
in contemporary times. Projections indicate a substantial rise in the number of individuals aged 75
and above in the Netherlands, with an estimated increase of 700,000 by the year 2040 (

, ). This data underscores the ongoing trend of population ageing and its significant
implications for the healthcare system in the Netherlands, as well as the prevalence of specific
diseases among the elderly population.

Cognitive diseases are seen with an increasing frequency in the Dutch Healthcare. More people are
being diagnosed with dementia on a daily basis, indicating a growing prevalence of this condition.
In the Netherlands alone, there are currently approximately 290,000 individuals who are afflicted
by this disease. However, this number is projected to escalate significantly, surpassing half a million
by the year 2040 ( , ). This
anticipated surge can be attributed to the aging population, as dementia is more commonly observed
among older individuals. Over 80,000 individuals, who have been diagnosed with dementia, currently
reside in care homes. The provision of care for these individuals with dementia incurs the highest
costs at a national level ( : ). In
addition to the substantial medical expenses, it also exerts immense pressure on the healthcare
system in the Netherlands. It has been observed that individuals diagnosed with dementia require
three times more care compared to a similar group of individuals without dementia. This increased
demand for care poses significant challenges for the healthcare sector in effectively managing
resources and providing adequate support to those affected by dementia. For example from 2015 to
2040 the people with dementia who are allowed to live in home care will rise from 76.000 to 165.000
people ( , ). We currently don’t have enough home care facilities and
home care workers to make this possible.

Another cognitive disease that is being diagnosed with increasing frequency is acquired brain

injury (ABI). In The Netherlands, approximately 130,000 individuals are affected by this condition
annually, while an additional 650,000 people experience difficulties as a result of having ABI
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( , ). These figures represent more than three percent of the total population
residing in The Netherlands.

Elderly patients suffering from chronic brain diseases like dementia and ABI are often not just
suffering from one disease. This phenomenon necessitates treatment from multiple healthcare
professionals, thereby placing additional strain on the healthcare system. This additional strain is
attributed to the fundamental requirement of individuals for increased care from multiple healthcare
professionals. Moreover, the transfer of healthcare information from a patient to various healthcare
professionals and facilities imposes additional pressure and administrative burden on the healthcare
providers.

Technology has the potential to greatly impact public health and revolutionize healthcare. Techno-
logical applications, such as mobile apps, sensors, and alarm systems, hold promise in addressing
future challenges in the care for patients with chronic brain diseases. These include providing care
for individuals with dementia and supporting self-management in chronic conditions (

, 2018).

However, the integration of technology in healthcare has been slower compared to other sectors
( : ). This delay can be attributed to various factors, both within and
outside of the healthcare sector, which pose challenges to the expansion of technology in healthcare.
As patients, caretakers and family increasingly take charge of their own health, advancements in
technology further empower them in this regard. Consequently, healthcare providers and patients
need to acquire new skills to adapt to these changes, while also considering the needs of individuals
who may face difficulties in utilizing technology.

The societal significance of this thesis is particularly evident in the ongoing challenges faced by
the Dutch healthcare system in exchanging healthcare information in an effective, efficient, and
secure manner. Currently, healthcare providers lack a comprehensive understanding of a patient’s
condition when making decisions, while vulnerable patients, such as those with dementia, are unable
to provide additional information about their healthcare status and well-being.

To address these issues, the Dutch government approved a law called the ” Wetsvoorstel Elektronische
gegevensuitwisseling in de zorg” (Wegiz) on September 29th, 2022. The Wegiz law is part of a
program aimed at digitizing healthcare( , ). The wegiz mandates the electronic sharing
of healthcare information directly between computers ( : ). By ensuring that the
appropriate healthcare data is available when needed, the Wegiz law is necessary due to the
existing problems with healthcare information exchange and the absence of an effective electronic
solution. Additionally, healthcare providers are concerned about their administrative workload,
making it crucial to propose a solution to this societal problem without further burdening them.
The wegiz serves the purpose to reduce the administrative burden on healthcare specialists and
minimize avoidable mistakes resulting from a lack of information. Furthermore, there is a societal
concern regarding the sharing of personal healthcare information while complying with regulatory
frameworks. This thesis aims to propose and validate a more effective, efficient, and secure framework
for exchanging health information that addresses these societal problems.

22



1.9 Location

This thesis has been conducted for the masters program ICT in Business at Leiden University. The
focus of this thesis is on the patients with chronic brain diseases in the Dutch healthcare sector.
Specifically, the research aims to investigate the healthcare information exchange for caretakers,
and healthcare providers of patients with dementia and acquired brain injury due to the fact that
this vulnerable group is usually not able to fill in the gaps in the health information systems. The
research methodology employed in this study is the case study research method, which involves
gathering insights from stakeholders in the Dutch chronic brain disease care sector. Ultimately, a
healthcare data exchange framework is proposed based on the findings. To validate the effectiveness
of this framework, a proof of concept is conducted. This research was conducted from March 2023
until January 2024.

1.10 Research embedding

This research is associated with various other research endeavors and research groups. Firstly, it is
linked to the PhD research of Ria Landa, who is investigating the SOCAV method’s potential to
enhance personalized care for patients with dementia, with a joint chapter discussing the impact of
improved healthcare information availability on reducing administrative burdens.

Additionally, this research aligns with the work of my second supervisor, Dr. Dympna O’Sullivan at
the Technical University of Dublin, focusing on innovative practices in dementia and elderly care.

Furthermore, this research is connected to the GAIC network, examining societal change and
healthcare accessibility globally in light of demographic and technological shifts.

Lastly, this research has received support from the Leiden Institute of Advanced Computer Science
(LIACS) and Leiden University Medical Centre (LUMC) course Data Science In Practice, where
students Michael de Rooij, Michael de Koning, Nathalia Morales Rojas, Rick Schreuder, Tessa de
Jong, and Wessel van Putten contributed to the Data Interoperability Architecture for Elderly
Dementia Care in the Netherlands project, providing insights and techniques relevant to this
research.

1.11 Research approach

In our research approach, we must consider the various paradigms that exist. A paradigm refers to
the different ways in which we can think about and study the world. To put it more concretely, it
encompasses how we acquire knowledge and how we utilize that knowledge. Paradigms are shared
ideas within a specific field or community. They can be seen as the thinking patterns of researchers,
and they can change if the existing ones are proven to be inaccurate or unsuitable. This is why they
are significant, as they allow for the emergence of new and more precise frameworks that enable us
to perceive the world under investigation in a different manner. However, this can also lead to con-
troversy, as individuals tend to cling to their traditional research methods. This resistance to change
is a common trait among researchers, as it is among the general population. Eventually, the evidence
becomes so compelling that a paradigm shift becomes inevitable, although multiple paradigms
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can coexist simultaneously. For instance, one paradigm may be more suitable for addressing a spe-
cific research question, while another paradigm may be better suited for a different research question.

In the context of this thesis, the interpretivism paradigm is the most appropriate school of thought.
Interpretivism holds the fundamental belief that social scientists should recognize that the world
of interest is not easily perceivable, as it is constructed differently by each individual. Therefore,
there is no singular truth; it is subjectively constructed by each person. In this thesis, we are
particularly interested in patients with chronic brain diseases and their caregivers and healthcare
professionals, as well as their interactions. We aim to understand their thoughts and perceptions of
their world. To achieve this understanding, it is crucial for us to closely observe people’s actions
and behaviors and interpret them using our own knowledge. Thus, immersing ourselves in the
research context is essential. We strive to interpret and comprehend everything that healthcare
professionals and caretakers say, do, and how they behave. Our goal is to become insiders in their
world and propose a solution from that perspective. This approach will result in a framework that
incorporates multiple realities. To accomplish this, we must also acknowledge our own positionality
as researchers, including factors such as our background, political preferences, gender, age, and
ethnicity. By understanding these factors, we can behave in the most natural and objective way
possible and effectively comprehend someone else’s world.

1.12 Research design

In this study, a case study research design is utilized as we seek to achieve a thorough and nuanced
comprehension of the perspectives and insights within the realm of caring for patients with chronic
brain diseases. We have chosen this method in order to thoroughly comprehend the opinions
regarding information exchange in healthcare. Specifically, this study is retrospective as it examines
the progress of health information exchange thus far. Our focus is on data interoperability in the
care for patients with chronic brain diseases, which serves as a representative case study for the
entire healthcare sector in the Netherlands. This subject is considered an outlier due to the unique
wishes and preferences within the chronic brain disease category. We believe that studying the care
for patients with chronic brain diseases will provide valuable insights into the issues identified in
the Dutch care sector’s health information exchange. Therefore, we will use chronic brain disease
care as a lens through which we examine the object.

To ensure a comprehensive analysis, this thesis employs a multiple case study approach, examining
the thoughts and perceptions of individuals from various organizations in different or identical roles.
This case study also involves nested elements, as it explores the experiences of employees within
healthcare organizations that employ different health information exchange methods, as well as
the caretakers who interact with these organizations. Lastly, this case study can be classified as
a parallel case study, as all aspects are studied simultaneously without one study influencing the next.

To validate our case study, we will propose a health information exchange architecture specifically
tailored for the chronic brain disease care sector. This proposed solution will be tested through
a project. While the stakeholders in the chronic brain disease care sector will be the primary
beneficiaries, the entire healthcare sector in the Netherlands could also benefit from this solution.
However, it is important to note that the implementation of the General Data Protection Regula-
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tion (GDPR) may vary across EU countries, potentially rendering the proposed solution infeasible
for other countries. Nevertheless, certain elements of this thesis could still be advantageous for them.

1.13 Perspective

The perspective adopted in this thesis is a combination of etic and emic approaches. The research
begins with an emic perspective, aiming to gain an insider’s understanding of the health information
exchange in the care for patients with chronic brain diseases. This involves exploring the ideas,
concepts, and challenges perceived by those directly involved. It is essential to comprehend these
ideas, as well as the underlying logic, emotions, and motivations. This emic perspective allows for
a comprehensive understanding of the diverse and complex nature of the healthcare information
exchange in Dutch chronic brain disease care, including the nuances and user experiences.

To propose an IT architecture, test hypotheses, and validate results, an etic perspective is employed.
As the respondents lack an I'T background, it becomes necessary to utilize available resources and
literature to propose IT solutions that align with their ideas. Once this is accomplished, it becomes
crucial to validate the observations made and identify both similarities and dissimilarities.

1.14 Thesis outline

This thesis consists of the following chapters. Chapter 2 will delve into the theoretical framework.
Chapter 3 will outline the research methodology employed to address the various research questions
posed. The findings of the research will be presented in Chapter 4. Following this, Chapter 5 will
analyze and interpret the results, highlighting any limitations encountered and suggesting avenues
for future research in the discussion section. Finally, Chapter 6 will present the conclusions drawn
from the research findings.
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1.15 Timeline

The chronological sequence of events pertaining to this thesis is depicted in Figure 1.

THESIS TIMELINE

Choosing a topic ————- START
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and work on the
proposal
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Figure 1: The timeline of this thesis.
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2 Theoretical framework

Before delving into the discussion of results, it is imperative to lay the groundwork by addressing
certain theoretical concepts pertinent to our analysis. This chapter serves to elucidate additional ideas
essential for comprehending the potential of FAIR data and considerations crucial for implementing
such a system. Additionally, we will delve into the exploration of distributed ledger technology,
which will play a pivotal role in examining authentication and verification solutions within the
context of this thesis. Through this exploration, we aim to provide a comprehensive understanding
of the theoretical underpinnings that inform our subsequent discussions and analyses.

2.1 FAIR concepts and models

In this section we will describe some of the methods and techniques we have used to answer the
research question and propose a healthcare information exchange architecture based on the FAIR
principles.

2.1.1 The hourglass model

The hourglass model is a suitable framework for describing how different heterogeneous systems
can make their data FAIR. This model incorporates the Fair guidelines discussed in the previous
section. The fundamental idea behind this model is that multiple data collection systems can be
utilized while still ensuring the ability to process, reuse, and share data (

, ). Upon closer examination, the hourglass model consists of three parts: the top, center,
and bottom. In the top and bottom sections, there is freedom to operate. At the top, raw data can
be collected using preferred tools, while at the bottom, the data can be analyzed using preferred
tools. Through the FAIRification process, data is transformed to comply with the FAIR guidelines,
minimizing the need for excessive protocols. This process is essential for making data FAIR. The
bottom half of the hourglass represents FAIR orchestration, which involves taking action with
the FAIR data, such as making it accessible through specific technologies. The hourglass model is
depicted in Figure 2 below.

2.1.2 Data sovereignty

To keep a single point of truth, adhere to the regulatory framework and maintain the rights of the
data owner, data controllers and processors it is crucial to maintain data sovereignty. We achieve
data sovereignty when data is stored and stays at the place where it is produced, complete data
ownership is guaranteed, data follows the local regulatory guidelines ( , ).

2.1.3 FAIR Data Point (FDP)

Whenever an entity or data repository conforms to the FAIR Guidelines and principles and adheres
to the local regulatory framework, it can be referred to as a FAIR Data Point (FDP) (

, ). The adherence to the FAIR guidelines enables different FAIR Data Points to collaborate
through the Internet of FAIR Data and Services (IFDS) ( : ). In order to
facilitate communication between various FAIR Data Points, concepts such as the Personal Health
train and Data visiting are implemented.
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Figure 2: The hourglass model that describes the process of implementing and using FAIR data in
your organization (Cardoso Silva Ferreira & van Reisen, 2023).

2.1.4 Federated analyses

Whenever we implement FAIR Data Points within the Internet of FAIR Data and Services (IFDS),
it becomes feasible to exchange information among individuals while adhering to clearly defined
access conditions. This can be achieved by adopting the concept of federated analysis. Federated
analysis employs customized algorithms and generates outcomes that are either comparable or
identical to those obtained through centralized analysis (Rootes-Murdy et al., 2021). By enabling
individual-level analysis without the need to share samples or complete individual datasets, federated
analysis facilitates compliance with the regulatory framework (Patel et al.; 2019). Federated analysis
can be done by using the Personal health train.
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2.1.5 The personal health train (PHT)

The personal health train is closely associated with the FAIR guidelines that we have previously
discussed. According to ( ), the personal health train enables the sending
of queries to various FAIR data points (FDPs) and receiving the results without the need to
load the datasets onto your computer. This is achieved through the Internet of FAIR Data and
Services (IFDS) by utilizing the concept of data visiting ( : ). Data visit-
ing allows for the retrieval of aggregate analysis or statistics from an FDP ( , ).
This initiative facilitates the transfer of analyses to the data rather than transferring the data
to the analyses. The processing occurs entirely at the other FDP, with no exposure of underly-
ing data. Additionally, the personal health train allows for easy addition of data to the original
and up-to-date dataset since there is only one dataset. In the personal health train, there are
”spoorwegen” (railways) that provide access to these stations, but only if authorized to travel
there. The station, which serves as the data owner, is responsible for sending only the permitted
data to the researcher. The train possesses a Digital Persistent Identifier (PID) that enables its
identification ( , ). It also contains all the necessary information to transfer code
and the results of queries in an independent message. One of the advantages of this method is that
even after the analyses, the data owner retains the ability to revoke the researcher’s rights (

, ). Furthermore, the personal health train ensures the maintenance of data sovereignty.
The PHT was conceptualized due to a need for a way to maximize the interoperability of heteroge-
neous systems ( ). The PHT gives data owners the power over the data. On the
other side, there are also some problems to solve here. According to ( ), the PHT
is not always feasible. Especially for data that is deemed as sensitive and when data is not collected
for research purposes. Patient data is in the first place not collected for research purposes which
could make the implementation of the PHT more difficult for that use case.

2.1.6 Federated learning and Al

Federated learning, also referred to as decentralized learning, is a type of federated analysis that
employs machine learning algorithms on federated data sets. In federated learning, models are
trained on data without requiring data owners or subjects to share their data at any stage of the
model training process ( , ). Subsequently, the outcomes of the machine
learning algorithm can be applied to real-life problems and use cases. It is of utmost importance
to align and develop the FAIR guidelines, principles, tools, and methods with the principles of
federated learning in our consciousness ( , ).

This technique can also be used to train Artificial Intelligence (AT) models. This is why the potential
to train on FAIRified federated sources has already interested the Al communities worldwide (

, 2021).
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2.2 Distributed ledger technology for authorization and verification

The landscape of the web is undergoing a fundamental shift, transitioning from a platform primarily
focused on publishing documents to one centered around the sharing of structured data (

, ). A pivotal driver of this evolution is the widespread adoption of Linked Data principles
by an increasing number of data providers. Concurrently, there has been a rise in the prominence
of Distributed Ledger Technologies (DLTs) to support this trend.

DLTs, including blockchain technology, represent decentralized systems designed to facilitate secure
and transparent storage and management of data ( , ). Transactions within these
systems are recorded in blocks, each linked to the preceding block through cryptographic hash
values. Once a block is created, its contents cannot be altered, ensuring data immutability. Through
the utilization of cryptographic techniques and consensus algorithms, DLTs offer features such as
data traceability and resistance to tampering ( , ).

Within the healthcare industry, DLT's hold significant promise for revolutionizing data interoper-
ability by bolstering trust, security, and efficiency in data exchange and collaboration. The security
and efficiency afforded by distributed ledgers present an opportunity to address the trust deficit
inherent in data sharing, thereby supporting the validation and re-decentralization of the web,
particularly within the context of Linked Data.

However, it’s worth noting that while DLTs offer robust security mechanisms, they also encounter
challenges. In this regard, leveraging the strengths of Linked Data and web technologies, such
as interoperability, indexing, and querying, can help address some of the hurdles faced by DLTs,
fostering a symbiotic relationship between the two domains ( , ).

2.2.1 Smart contracts

DLTs offer a fundamental capability in the creation and execution of smart contracts (

, ). These contracts represent self-executing programs that encapsulate the terms of an
agreement between involved parties. Once deployed on the blockchain, smart contracts possess the
ability to autonomously enforce predetermined rules and conditions. They serve as a mechanism to
facilitate, verify, and ensure compliance with the terms of a contract without requiring intermediaries.

The results or outcomes of smart contracts are securely stored within transactions on the blockchain.
Similar to other transactions recorded on the blockchain, these smart contract transactions are
immutable and traceable ( ) ).

In the realm of healthcare information exchange systems, smart contracts emerge as a powerful tool
for automating and enforcing various aspects such as data-sharing agreements and access control
mechanisms. By leveraging smart contracts, these systems can significantly enhance their security,
transparency, and overall efficiency.
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2.2.2 Self-Sovereign Identity (SSI)

Ensuring a secure and dependable identity framework is paramount for accurately identifying
users and delivering services effectively. Conventional centralized identity systems exhibit numerous
security vulnerabilities and lack mechanisms for granting users control over their identities (

, 2021).

The concept of self-sovereign identity (SSI) has emerged as a solution to address these shortcomings
by empowering users with control over their identity information in a secure manner ( ,

). In any healthcare information system, safeguarding the privacy and security of user records
is of utmost importance. The healthcare sector, in particular, faces significant challenges concerning
patient information privacy and security. Self-sovereign identity solutions present a promising avenue
for mitigating these threats and enhancing the overall security and confidentiality of healthcare data.

Self-sovereign identities afford individuals greater autonomy over their digital presence; however,
this autonomy necessitates a heightened level of responsibility for establishing and upholding both
privacy and trustworthiness. Unlike traditional identity systems where credentials are issued by
third parties, in self-sovereign identity systems, individuals are accountable for ensuring the accuracy
and reliability of their digital identities.

To establish trustworthiness, individuals must procure evidence from third parties to verify the
information contained within their digital identities ( , ). Subsequently,
individuals are required to furnish this evidence when necessary. For instance, the correctness
of an address listed in a digital identity could be confirmed by referencing official records from
a registration office. This decentralized approach empowers individuals to actively manage and
validate their own digital identities, fostering a more resilient and trustworthy identity ecosystem.

Verifiable Credentials (VCs)

In the contemporary digital landscape, physical credentials such as passports, social security cards,
and employee badges are universally recognized and owned. These credentials serve to authenticate
individuals’ identities, particularly in contexts like airport security checks before international travel.
However, as society increasingly relies on digital platforms and tools for various activities, the need
has arisen for digital counterparts to these physical credentials. Verifiable credentials are part of of
the SSI and can be described as: digital credentials stored in digital wallets that can be used for
identification, authentication, and authorization ( , ).

Verifiable credentials represent a significant advancement in identity management, offering a con-
venient, secure, and privacy-oriented alternative to traditional physical and digital credentialing
systems ( , ). Unlike their physical counterparts, verifiable credentials can be
easily stored and retrieved online, aligning with the shift towards digitalization in modern society.
Moreover, they can seamlessly integrate with distributed ledger technologies (DLTs), enhancing
their security and trustworthiness.

By leveraging verifiable credentials and digital wallets, individuals can navigate digital verification
processes with ease and confidence. These digital solutions not only streamline identity management
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but also contribute to a more efficient and secure digital ecosystem.

How does this work?

Figure 3, coming from the Dutch Blockchain Coalition ( , ), illustrates the
fundamental process of transferring verifiable credentials from an issuer to a verifier, also known
as a Relying Party. Unlike traditional digital data transfer methods, where the verifier directly
retrieves data from the issuer, in this scenario, the subject of the data, referred to as the Holder,
verifies the data transfer.

The Holder initiates the process by requesting specific data from the Issuer, such as a driver’s
license, diploma, or doctor’s prescription. The Issuer then cryptographically signs and seals the
data before transmitting it to the Holder, who securely stores it in their digital wallet. Additionally,
the Issuer may record a validity statement in a Verifiable Data Registry to confirm the authenticity
of the data without disclosing its details. If needed, the Issuer can revoke the validity statement,
such as in the case of revoking a driver’s license after a traffic violation.

When the Holder engages in a transaction with another party, acting as the Verifier, such as
renting a car, the Verifier requests the necessary data from the Holder, who presents it along with
cryptographic proof of its accuracy. The Verifier can then verify the data’s validity by checking the
Verifiable Data Registry to ensure it has not been revoked.

— @rﬁa
=9

Holder
Manages Credentials
Creates presentations of proof for
verifiers

= e — Verifiable Data Registry ——FB2d ___, Touo
T AL
Issuer Verifier
Digitally signs attestations; * Request proof
Packages and gives credentials to = \Verifies that issuer attestations
the holder satisfy requirements

Figure 3: The figure shows a simplified diagram illustrating the distribution of verifiable credentials
through the framework of Self-Sovereign Identity (SSI) ( : ).
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3 Research methodology

The research question emanates from a desire to comprehend the preferences and needs of patients
and stakeholders, particularly those associated with individuals with conditions such as dementia,
and leverage this understanding to propose an IT infrastructure to support them. To address this
research question via qualitative research, a case study approach was adopted. The methodology
section is structured into seven parts. Initially, we elucidate how the interview process yielded
data, delineating the tools and documents employed in this process. Subsequently, the following
3 sections expound on the methods utilized to gather the requisite data to address each specific
research question.

3.1 Gathering data from the interviews

To propose a solution to the research question, we conducted 16 semi-structured interviews compris-
ing open-ended questions, involving a total of 17 respondents. This cohort consisted of 9 healthcare
specialists specializing in the care of patients with chronic brain diseases, and 8 caretakers of patients
with the same backgrounds. Collaboration was established with two healthcare organizations for
this research endeavor. Two healthcare organizations, Zinzia Care Group and WoonZorgcentra
Haaglanden (WZH), collaborated with the researcher, facilitated by the University Knowledge
Network Elderly Care Nijmegen (UKON) and the University Network for the Care Sector in
Zuid-Holland (UNC-ZH), respectively. These partnerships aided in the identification of interviewees
for the study. Interviewees were selected either by the collaborating healthcare organizations in
consultation with the researcher, through endorsement by a healthcare specialist supporting the
research, or via outreach methods such as flyers at healthcare facilities and LinkedIn posts.

The selection criteria prioritized individuals involved in the care of patients with chronic brain
diseases like dementia, acquired brain injury, including those providing continuous care as well
as those offering intermittent support. We aimed to engage with individuals from various facets
of the care process, spanning from daily caregivers to those involved during sudden healthcare needs.

Interviews were conducted in environments chosen by the respondents, predominantly at their
workplaces or homes, ensuring comfort and convenience. Anonymity was preserved throughout,
as confirmed by the consent forms signed by participants before the interviews. Additionally, an
information form accompanied the consent form, providing participants with details about the
interview process and discussion topics. This facilitated informed participation and encouraged
respondents to prepare by discussing the topic with colleagues, ensuring well-informed responses.

The researcher employed a topic list during interviews to cover all research questions systematically.
While adhering to the listed topics, flexibility was maintained to explore additional relevant areas
or address emerging information needs during the interviews.

After discussions between the researcher and the collaborating healthcare organizations, the infor-
mation letter and consent form were adjusted to incorporate additional agreed-upon sections. Prior
to the interviews, the interview process and the rights of the interviewees were thoroughly discussed
at a prearranged time and location with each participant. Subsequently, interviews were recorded
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using a mobile phone and a laptop to ensure accurate documentation and sufficient audio quality.

Following the conclusion of the interviews, the transcription process commenced. Manual transcrip-
tion, assisted by a transcription pedal, was employed to maintain quality assurance. A document
folder containing incomplete transcription files and a separate folder containing audio files were
organized. All files and filenames were anonymized and encrypted, accessible only through a secure
file on the researcher’s computer. These raw transcription files and audio recordings were utilized
for transcription purposes.

Upon completion of transcription, a comprehensive review of the gathered data was undertaken
to identify overarching concepts and understand the broader themes discussed in the interviews.
Subsequently, the coding and labeling software, MAXQDA, was utilized for the coding and labeling
process. Initially, open coding was conducted, involving the identification and highlighting of signif-
icant portions within the data, facilitated by the electronic capabilities of MAXQDA. Following
open coding, the axial coding stage commenced, wherein connections between the identified open
codes were established, allowing for the categorization of groups of codes into labels. Subsequently,
selective coding was employed to select the main labels and their corresponding codes necessary to
address the research question and sub-questions effectively. This process yielded 42 labels and 587
codes. These codes and labels were translated to English in order for them to be used for this research.

Throughout the coding and labeling process, the use of memos facilitated the identification of
recurrent themes and categories across the 16 interviews. With the identification of these themes
and topics, efforts were directed towards understanding their connections and determining how the
data should be represented in the findings.

3.2 The specific health information requirements and needs of stake-
holders involved in the care of individuals suffering from chronic
brain diseases

In this section, we delved into the research methods employed to uncover the particular health
information requirements and needs of stakeholders engaged in caring for individuals afflicted with
chronic brain diseases.

3.2.1 The missing healthcare information according to the interviewees

The data required to address this sub-question was extracted from the interviews conducted
with healthcare specialists and caretakers. Participants were specifically asked about the types
of healthcare information they perceive as missing when providing care to patients with chronic
brain diseases. Responses to this inquiry, along with relevant segments from the interviews, were
categorized under the label "missing information” during the coding and labeling process.

Subsequently, these identified instances of missing data were synthesized and visualized to enhance
comprehension and provide a comprehensive overview of the existing gaps in healthcare information.
This synthesis process involved summarizing the collected data points and presenting them in a
structured format, allowing for a clearer understanding of the prevalent information deficiencies
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encountered by healthcare providers and caretakers in the context of caring for patients with
complex medical conditions.

3.2.2 How healthcare information is currently shared and the impediments with
regards to the availability of such information

During the interviews, the methodologies employed in sharing healthcare information were thor-
oughly explored and categorized under the label ”Current ways of information exchange.” This
categorization encompassed an assessment of the existing practices, applications, and methods
utilized for information exchange among healthcare providers within the same organization, as well
as between different organizations, patients, and caretakers.

Having examined the current landscape of healthcare information exchange, attention was then
directed towards identifying the impediments hindering the availability of such information. Through
extensive discussions with interviewees, factors contributing to the absence or limited access to
healthcare information were scrutinized. These impediments were systematically categorized during
the coding and labeling process to facilitate a comprehensive understanding of the challenges
encountered in information exchange within the healthcare domain. The labels utilized to explore
these impediments include:

e Complications in healthcare

e The administrative burden

Waiting for information

The difference in quality between healthcare providers and institutions

Problems with reporting systems

A lack of information exchange

Interpretation of medical files

Time shortages
e Frrors in medical files

e Findability of healthcare information

These different reasons for the unavailability of this healthcare information can therefore be outlined
to answer this sub question.
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3.2.3 The specific healthcare information that is most important for the healthcare
providers to know about a patient with chronic brain diseases

In order to comprehensively understand the requisite healthcare information, it was imperative for
this study to evaluate the essential data sought by healthcare stakeholders and caretakers in caring
for patients afflicted with conditions such as dementia and acquired brain injury. This inquiry aimed
to discern the primary healthcare data solicited by these professionals and caretakers, thereby
facilitating an appreciation of the most frequently sought-after information. Such insights serve to
augment the existing body of healthcare information, thereby addressing potential gaps therein.

This provided us with additional insights into the factors that healthcare providers and caregivers
consider significant, shedding light on information that they may not have recognized as absent,
but rather, may have been inaccessible due to insufficient data sharing. The discussion surrounding
missing data can be daunting for participants, yet delving into this area enabled us to gain a more
comprehensive understanding of the healthcare information necessary for effectively managing
patients with the specified conditions.

These findings emerged during the transcription process of the interviews, wherein diligent ef-
forts were made to identify and categorize the salient information articulated by participants.
Subsequently, an Excel spreadsheet was systematically updated with each newly identified data
point, facilitating the compilation of a comprehensive inventory detailing the critical healthcare
information deemed vital by stakeholders.

3.3 Identifying and conceptualizing the pertinent tools and resources
available for facilitating FAIR data production

In this section, we explored the research methods utilized to identify and conceptualize the relevant
tools and resources available for facilitating FAIR data production.

3.3.1 The possibilities of data production on sensitive patient and personal data in a
FAIR-data architecture

In order to explore the potential for generating FAIR data on sensitive subjects, an exploratory
study was conducted to identify the necessary tools and concepts for exchanging such information.
The objective is to evaluate the availability of tools supporting a FAIR-data architecture and to
determine which tools and methods are most suitable for this specific scenario. To aid in this
endeavor, three extra unstructured interviews were conducted to ascertain the specific tools that
could be utilized to facilitate this purpose. These interviews were conducted without recording and
served solely to obtain insights into the requirements for information sharing within a FAIR-data
architecture, aligning with the FAIR data principles, and enhancing the exchange of healthcare
information for patients afflicted with dementia, acquired brain injury, or multimorbidity.
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3.3.2 How should a healthcare information exchange architecture, based on the FAIR
guidelines and principles, be constructed to allow healthcare stakeholders in the
care for patients with chronic brain diseases to exchange healthcare information
while preserving the privacy?

Having identified various tools and methods for FAIRifying and sharing sensitive personal healthcare
information of patients with chonic brain diseases, we proceed to select those that align most closely
with our specific requirements and objectives. These selected tools and methods will form the
foundation for constructing an I'T architecture capable of facilitating effective healthcare information
exchange. To address this aspect, the chosen IT architecture will be thoroughly elucidated and
visually represented to provide a comprehensive response to this sub-question.

3.4 Testing and implementing the proof of concept for FAIR data
production

In this section, we examined the research methods employed to test and implement the proof of
concept for FAIR data production.

3.4.1 The assessment of the feasibility of this technical architecture

The feasibility of this architecture was assessed through a dedicated project aimed at testing the
identified tools and methods for exchanging sensitive personal information. This project spanned
approximately 2 months and involved a project group comprising the researcher and six master’s
students enrolled in the Data Science In Practice course. Their collective task was to evaluate
the proposed FAIR healthcare information exchange tools. Prior to commencement, all members
of the project group signed confidentiality agreements, ensuring the protection of interviewees
information, with no access granted to any personal or identifiable data. Throughout the project,
the healthcare information deemed missing or of utmost importance by the interviewees was utilized
to assess the efficacy of the tools and demonstrate the feasibility of healthcare information exchange
with sensitive patient data. Additionally, this endeavor aimed to illustrate to the interviewees
the potential benefits of employing FAIR data principles and how this specific architecture could
facilitate seamless exchange and reception of healthcare information.

)

The IT architecture for healthcare information exchange undergoes further testing by elucidating
its functionality to the interviewees and soliciting their feedback. The responses obtained from this
interaction will be documented in this chapter, providing valuable insights into the potential utility
of such an architecture in keeping the interviewees informed about patients’ healthcare information
as and when required.
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4 Research findings

In this thesis, we endeavor to investigate more efficient time and resource utilization within the
Dutch care system for patients with chronic brain diseases, concurrently enhancing the interoperabil-
ity of healthcare information across diverse providers. The primary objective of this research is to
propose viable solutions to the intricate challenge at hand, meticulously considering the preserving
of the privacy of this sensitive personal and healthcare information.

To address this intricate issue effectively, it is imperative to identify the missing information in
current healthcare information exchange amongst providers specializing in care for patients with
chronic brain diseases. Subsequently, a comprehensive understanding of the obstacles impeding the
availability of this crucial information for healthcare practitioners is essential. Our focus then shifts
to mitigating the unavailability of data by exploring avenues for the production of sensitive patient
and personal data within a FAIR (Findable, Accessible, Interoperable, Reusable) data architecture.
The exploration of these possibilities is followed by the implementation of innovative tools and
information technology techniques to actualize the aforementioned FAIR principles, ensuring that
healthcare information of paramount importance to stakeholders is easily accessible. Finally, the
technical architecture proposed will be subjected to feasibility tests.

The culmination of these efforts aims to provide answers to the overarching research question: How
can the implementation of FAIR semantic data principles in the care of patients with chronic brain
diseases contribute to establishing an infrastructure that that preserves the privacy and facilitates
accessibility and interoperability?

In pursuit of answering this research question, we engaged in discussions with 17 stakeholders
in the field of chronic brain disease care. These stakeholders are for example the hospitals and
their employees, home care institutes and their employees, care homes and their employees and
the patients and caretakers. The subsequent transcription of these interviews was meticulously
executed, and the resultant transcripts underwent systematic coding and labeling. This chapter is
structured to meticulously explore and present the findings derived from these interviews, aligning
with and addressing the research questions.
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4.1 The specific health information requirements and needs of stake-
holders involved in the care of individuals suffering from chronic
brain diseases

In this section, we investigate the specific health information requirements and needs of stakeholders
involved in caring for individuals affected by chronic brain diseases. By addressing three key
questions, we aim to gain a comprehensive understanding of the situation.

4.1.1 What information is currently missing among healthcare providers in the care
for patients with chronic brain diseases?

4.1.1.1 Is healthcare information actually missing?

To ascertain the types of healthcare information that are occasionally or consistently absent, it is
imperative to initially determine the current existence of missing data. In the context of healthcare
information sharing, multiple stakeholders play crucial roles. An examination reveals that the
exchange of health information among these stakeholders presently falls short of meeting the
expectations expressed by the interviewees. A participant in the interviews articulated the issue as
follows:

(#12, caretaker, online, with LS) Well, that disappoints us. Some time ago, she had
to be admatted to the hospital again because something was wrong. I found it quite
remarkable that information known to the general practitioner was not known in the
hospital and also not by the physiotherapist, and vice versa. When she was discharged
from the hospital, it took a very long time for the general practitioner to have any good
news. That, I find particularly surprising. I think, guys, it’s good that you give permission
and that you’re all critical about it. But if you’ve given permission, my expectation
would be that the information is shared more easily so that the other, well, institution is
aware of it and can take it into account when providing care. That disappointed us.

This interviewee expresses disappointment in observing that, despite the provision of consent to
share information, there is a notable delay, non-sharing, or unread status of the shared information.
The interviewee underscores the criticality of efficiently sharing healthcare information from
various facilities and stakeholders for everyday care practices. This sentiment is echoed by another
interviewee affiliated with a care home, who characterizes the current scenario as follows:

(#2, Elderly care physician, face to face, with LS) Well, what I miss is also the, because
you have the information flow from admission, right, so from home to here [the care
home] and from the hospital to here [the care home]. But besides that, as long as someone
is here [the care home], they, of course, have hospital contacts or follow-up appointments
and that information may go wrong more often than when someone comes here for the
first time. So, suppose someone has a follow-up appointment with a medical specialist
or is referred to a medical specialist, the feedback from the hospital to us is not working
well. For that, we have to actively inquire about information through the clinic: What
was discussed? What has been done? What is the current plan? We may encounter more
challenges with this than with information from admission.
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This underscores the challenge faced by care homes in acquiring healthcare information about their
patients from other healthcare facilities. The interviewee emphasizes the necessity of this data
to comprehend past discussions, actions taken, and the planned course of action for the future.
In a separate interview with a caregiver of a dementia patient, the interviewee underscores the
importance of the caregiver’s presence during healthcare appointments:

(#9, Caretaker, face to face, with LS) No, we used to go as well because my mother
went for reqular check-ups at the hospital. Towards the end, my mother began to have the
cognitive trouble, and my father would accompany her, but he wasn’t very clear-headed
either. So, one of the daughters would always go along to provide feedback on what had
been agreed upon during that conversation. Otherwise, the doctor in the nursing home
wouldn’t get a clear picture, and neither would the caregiver.

This highlights a deficiency in the exchange of information among healthcare facilities and the
subsequent consequences for individuals with dementia and their caregivers. The challenges associ-
ated with information sharing are consistently recognized by a significant number of interviewees,
underscoring the pressing need for an improved mechanism to share healthcare information. Such
an enhancement is crucial not only to provide adequate support for vulnerable groups, such as
patients with dementia, but also to streamline the workflow for healthcare practitioners.

4.1.1.2 What specific healthcare information is missing?

In the interviews, stakeholders were queried about the healthcare information they found lacking in
relation to their patients with chronic brain diseases. The absent healthcare information identified by
the interviewed stakeholders can be classified into two distinct categories. Firstly, there is a notable
absence of medical data, and secondly, there is a recognized need for additional welfare-related
data pertaining to their patients, who suffer from chronic brain diseases. The specific healthcare
information that is reported to be lacking is detailed below.

Medical data

The interviewees unequivocally conveyed that there is presently a frequent unavailability of crucial
medical data, ranging from occasional to frequent or constant lapses. They precisely identified
the types of data that are commonly inaccessible. These healthcare information categories for
patients with chronic brain diseases, particularly those with conditions like dementia, can be further
classified into overarching subcategories.

Historical healthcare information

The interviewees articulated that, at times, medical data concerning their patients remains elusive.
One aspect highlighted as missing is historical medical data. The interviewee explicates this
deficiency in knowledge about a person’s past medical history in the following excerpt from the
interview:

(#2, Elderly care physician, face to face, with LS) But that is mainly the referral letter
and not the older letters, so, for example, if they have been admitted to another hospital
before, we don’t receive those records. We only get the referral letter, for example, from
the general practitioner saying the patient needs to be seen by you, and not the other 10
letters. We usually have to request those ourselves.
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The interviewee communicated that they do not routinely receive the medical records detailing a
patient’s past, necessitating explicit requests for access to incorporate the information into their
care plans. This imperative to acquire comprehensive knowledge of the medical history of their
patients is reaffirmed by the interviewee, who notes that, albeit occasionally provided in the form of
a letter to the patient, the information is not consistently accessible. Furthermore, the interviewee
expounds on the considerable effort required to obtain the medical history of their patients:

(#2, Elderly care physician, face to face, with LS) No, I think that would really make a
significant difference because, currently, in the ideal world, someone who is admitted
has all the papers from the hospital with them. However, it still happens that they don’t
have them with them, and we have to ask for them. Then, a medical secretary spends
about three-quarters of an hour a day making those follow-up calls. This also applies to
information from the general practitioner; we have to make a lot of follow-up calls. Even
though we ask the general practitioner to send a kind of episode list, summarizing the
medical history, there are still additional questions sometimes, as I mentioned earlier
about the medication—what is it actually for? So, I spend about an hour each week
making these follow-up calls for such information.

The interviewee advocated for the ideal scenario where patients possess their complete healthcare
information in the form of one or multiple letters. This approach, according to the interviewee, would
enhance the accessibility of healthcare information for patients with chronic brain diseases, saving
them the effort of contacting various healthcare providers for additional details. The interviewee
provides a specific example where more information on the reasons behind a patient taking a
particular medication would have been beneficial.

Clurrent medication overview

Another category of healthcare information that stakeholders, who are caring for patients with
chronic brain diseases, currently find lacking is a current medication overview. One of the interviewees
articulates this issue as follows:

(#3, Elderly care nurse, online, with LS) Well, what I sometimes miss and I missed
it for example last week, during my admission, I really missed a current medication
overview. It wasn’t included. I did receive packets of tablets and a sort of history of what
the person was taking before the admission, but in the conversation, I heard, 'Yes, since
my admission, I suddenly had very high blood pressure. I got new tablets for that.” I
couldn’t find that information in the handover. Sometimes it is, sometimes it isn’t, it
seems like it depends on who the current treatment provider is, and one may have more
experience with it than the other.

In this context, it is explained that the current medication overview is occasionally not entirely
up-to-date or accessible. The example provided by this interviewee illustrates a situation where a
patient had to supplement the information gap by indicating the presence of additional medications
not listed. If the patient were unable to fill in this information gap, the situation could have had
more severe consequences. The interviewee goes on to highlight that the accuracy of shared health-
care information is contingent upon who the other healthcare provider is and their level of experience.
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Results of any additional examination

The interviewees expressed a desire for more comprehensive results from additional examinations
conducted on the patients they are currently treating. The following excerpt from the interview
elaborates on this aspect:

(#2, Elderly care physician, face to face, with LS) Sometimes the results of additional
examinations are not entirely comprehensive in a letter; they can be somewhat concise.
In those cases, we occasionally inquire for more information, such as additional details
about a brain scan or information from the emergency department. If there has been
any physical examination, for instance, if there were any abnormalities detected in the
heart, we may request that additional information through the medical secretariat.

Once more, the interviewee underscores that healthcare information arrives in the form of a letter.
However, in this instance, the letter is deemed overly concise, prompting the healthcare provider to
request additional information. The interviewee cites an example where the additional examination
involves a brain scan, highlighting that the absence of comprehensive data from examinations is
not exclusive to this particular type of assessment, as evidenced in other interviews.

The medical situation when a patient was living at home

For certain interviewees, a notable gap in information pertains to data from the period before the
individuals were residing in a care home. The interviewee emphasizes this issue in the following
segment of the interview:

(#2, Elderly care physician, face to face, with LS) So, we are always very curious
about how things were actually at home. Often, people can tell us something about it
themselves, or their family members who were present. But I think it would also help if
we already knew from home care what kind of care was provided and how it was going.
Was there already a cause for concern?

The interviewee elucidates that there is a collective curiosity among healthcare providers he/she
knows regarding the conditions preceding the arrival of patients at care homes. While acknowledging
that the information gap can be filled by the patient or their family, the interviewee deems this
solution suboptimal. Expressing a preference for a more comprehensive approach, they express a
desire to acquire insights from home care providers regarding observations made while caring for
the patient. However, it is not explicitly mentioned whether obtaining such information is currently
feasible.
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healthcare information that supports a patients well-being

Beyond medical data, care stakeholders, who are working with patients that suffer from chronic brain
diseases, identified another category of information perceived as lacking in the interviews—healthcare
information that supports a patient’s well-being. The subsequent discussion will delve into the
distinct types of well-being healthcare information currently absent when administering care to
patients with chronic brain diseases, such as those with dementia.

Personal information and hobby’s

During the interviews, the absence of personal information and hobbies emerged as significant
and missing components, as underscored by numerous interviewees. A caretaker, for instance,
highlighted that while it is occasionally feasible to input medical information into information
systems, the same capability is not readily available for personal information and hobbies:

(#12, Caretaker, online, with LS) Hobbies are not something you can directly input,
right? She enjoys crafting, that’s good to know. I also know which magazines and
things she likes because in all the apps, you have the option to indicate what’s wrong,
right? Which body part or, well, throw in some medical terms for the issues someone is
experiencing, like high blood pressure or whatever else. You can include all of that, but
not so much those personal aspects.

This supports the finding that hobbies are not easily shared by caretakers and therefore missing
in this specific information system. It also shows that medical data, like for example which body
part hurts about a patient can sometimes be added to the system as a caretaker. This caretaker
specifically talks about hobbies and what the patient likes to read. This finding, that softer personal
information is not available, was supported by another interviewee. This interviewee talks about
how it is not being exchanged by stressing the following:

(#9, Caretaker, face to face, with LS) No, but all those softer things, they are not
transferred at all—like what kind of person your mother is or what she enjoys, and
what one should avoid doing. I get the feeling that it’s purely business—uyes, the medical
history, what medication she’s on. You should be grateful if all of that is read and
understood correctly.

This interviewee talks about that the healthcare professionals working with his mother are not
aware of the softer personal information due to a lack of transferring of these types of information.
The finding from the other interview that is solely medical information that is being transferred
is supported here. The interviewee also addresses that he thinks that transferring data is purely
business and he does not feel that medical information is always read or understood correctly.
Another interviewee feels like sometimes they don’t miss this healthcare information at first, but
later on in the care process they realize that something was missing. An interviewee described this
as following:

(#16, Two care physicians, face to face, with LS) It happens, for example, around
someone’s death, when someone has passed away, you hear from the family, 'Hey, this
person was really passionate about sailing,” I'm just giving an example, while you hadn’t
known that for the past ten years. Then you might think to yourself, "Really, if we had
known that, we could really have done something about it in the context of well-being.’
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The interviewee describes an example where they did not know the patient was in love with sailing
during the ten year time the interviewee had cared for the patient. Therefore, the interviewee was
fed up about the fact that they could have done something with this for the patient. To generalize
the missing of this type of care information an interviewee added in the interview:

(#11, Dementia care physician, face to face, with LS) Well, I think that aligns a bit
with what I just said. Yes, that life history is very important to me. But, as I mentioned
earlier, it’s often not known, so I approach someone a bit blank, and then you try to get
to know them.

This interviewee confirms the findings from the other interview about missing this personal data
about someones life while also adding what this healthcare professional does to close the information

gap.

Well-being information for daily activities

Another category of well-being information identified as missing by the interviewees is information
about the patients’ preferences in daily activities. An interviewee identified the most important
types of this kind of well-being information:

(#10, Elderly care nurse, face to face, with LS) When someone comes out of the hospital,
you don’t have much of that information because the hospital doesn’t specifically address
daily cares, like what they eat in the morning, how they feel, and how they want to be
assisted. But when someone comes from a care facility, you already somethimes have
those standard details because they have used them there. However, in the conversation
with the patient, we basically assume a blank page. My colleagues go into that conversation
and strictly follow the questionnaire.

This interviewee started by saying that whenever a patient comes from a hospital there is no
information available about daily care. The information that is than specifically missing is what
patients eat, how they are currently feeling, and how they want to be assisted. The interviewee
does say that data could be available when someone comes from another healthcare facility then
the hospital. This could be available due to the fact that they use these types of data in their daily
care in other healthcare facilities. While well-being information could be available, this interviewee
specifically says that they collect these types of data from the ground up with a new patient.

Well-being information on how to approach patients

The way you approach a patient can be of crucial importance for vulnerable patients with chronic
brain diseases and can be specific to a patient. An interviewee that we spoke about this matter
claimed that this information is missing when they start caring for someone:

(#2, Elderly care physician, face to face, with LS) Yes, I definitely think that’s good,
also in terms of the approach, how someone prefers to be approached by healthcare. That
1s also pleasant. See, now I collect that data myself upon admission.

The way someone is approached is valued highly by this interviewee and therefore collected by the
interviewee when he/she starts caring for a new patient.
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A summarizing overview of what healthcare information is currently missing
In summary, a considerable amount of healthcare information remains absent in the care for patients

with chronic brain diseases. Figure 4 offers a comprehensive and condensed overview of the identified
missing healthcare information.

Missing health
care
information

Medical information Wellbeing information

i |

Historical health care information Personal information and hobby's

Wellbeing information for daily
activities

Results of any additional examination (¥ellbaine mformatlo.n A i
approach patients

The medical situation when a patient
was living at home

Current medication overview

Figure 4: This graph shows an overview of the healthcare information of patients, with chronic
brain diseases, that was deemed as missing in the interviews.
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4.1.2 How is healthcare information currently shared according to the interviewees?

To acquire a deeper understanding of the current practices surrounding the sharing of healthcare
information, particularly for patients with conditions like dementia, interviewees were asked about
the methods they use to both share and receive such information. This inquiry serves as a crucial
step in grasping the current state of affairs and pinpointing areas for potential enhancement in
the exchange of health information for patients with chronic brain diseases, including those with
dementia. The ensuing discussion is structured into three main sections, each with distinct objectives.
Firstly, we aim to develop a comprehensive understanding of how information is exchanged between
caretakers and healthcare facilities. Furthermore, we seek to examine how both homogeneous and
heterogeneous healthcare facilities participate in the exchange of healthcare information. This
categorization enables us to delineate and analyze the various approaches employed across different
healthcare settings.

4.1.2.1 Information exchange between caretakers and healthcare facilities

The exchange of information between healthcare facilities and caretakers is of paramount importance
for patients with dementia or other diseases, considering the increased reliance of these patients on
their caretakers. During an interview conducted for this study, a caretaker shared valuable insights
into the evolution of this information exchange process:

(#12, Caretaker, online, with LS) No, okay, well, I am quite assertive in the sense
that when I go there, I always ask what happened today? And they take the time to go
through it with you. In the past, I found it easier; they had notebooks on the ward with
some notes that you could take note of. Nowadays, everyone has an app or a tablet or
whatever, so it’s not hanging at the bed in the hospital; you can’t access the medical files
directly. If it were somewhere in an app and I could access it, that would be great. Now,
I just do it. I walk to the desk or at least to the area where the administration s, and I
ask, 'Can you please tell me how, what, etc.?” They do it because I don’t want to hear it
only from my wife.

In this interview, it is evident that the information exchange between a caretaker and a healthcare
facility is at times entirely contingent on the information provided during the specific facility visit.
The interviewee expresses a preference for a system reminiscent of a previous solution, involving a
notebook located at the patients’ medical bed, or the implementation of an app to facilitate access
to patient information. The interviewee emphasizes the desire for a broader source of information
beyond relying solely on medical details provided by their spouse or being dependent solely on
healthcare professionals within the facility. This underscores the importance of establishing a more
comprehensive and accessible system for caretakers to obtain relevant healthcare information about
the patient. Notably, the interviewee underscores the desire for comprehensive information beyond
solely medical details, emphasizing the importance of a more holistic approach.

Contrastingly, other interviewees discuss a shift toward involving caretakers in some parts of the
medical files, aiming to provide them with detailed information about the patient’s medical history.
This highlights a diversity in practices and suggests ongoing efforts to enhance the involvement of
caretakers in accessing pertinent healthcare information:
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(#9, Caretaker, face to face, with LS) Well, during the time I worked there, the possibility
for family members to read the dossier also emerged.

This highlights that, at least on certain occasions, there is the possibility for caretakers to stay
updated about the health of the patient. The practice of permitting caretakers to access and read
the medical files of their patients within healthcare facilities has been expanded in some instances,
with the added capability for caretakers to contribute information to the systems. The caretaker
discussed this development during one of the interviews:

(#9, Caretaker, face to face, with LS) Yes, we spoke directly with the care team within the
facility, made phone calls, and sometimes sent emails. We could also access a reporting
system from Nedap, a specific system, where we could read reports and input things that
they would then read—Ilike 'pay attention to this,” or, well, very small practical details.
We could also read about how the care was progressing or what challenges they were

facing.

The interviewee outlined the available avenues for sharing healthcare information with the healthcare
facility. These options included sending emails, making phone calls, and actively contributing and
accessing information within the medical files through the information system at the healthcare
facility. The implementation of these functionalities was facilitated by an application named Nedap.
The interviewee expressed that these tools provided a means for direct communication, enhancing
the exchange of medical information between caretakers and healthcare professionals.

A summary of the healthcare information exchange possibilities between caretakers
and healthcare facilities

To summarize, the communication between caretakers and healthcare facilities can occur through
various channels:

e The information can be directly communicated in person.
e The information can be communicated in the form of a phone call.

e The patient can sometimes still communicate the information between the caretaker and
healthcare facility.

e Accessing information from online medical files is another avenue for obtaining data, where
caretakers may also contribute additional information to enrich the system.
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4.1.2.2 Information exchange within healthcare organizations

The exchange of information between healthcare providers within healthcare organizations pre-
dominantly occurs through a unified system. In response to inquiries about information exchange
practices, interviewees consistently mentioned the specific system they utilized, emphasizing their
ability to access patient healthcare information collected within their respective organization.
One interviewee emphasized the following regarding the information exchange within the same
organization:

(#7, Case manager dementia, face to face, with LS) But there are also people living in
the facility. And then you notice how nice it is to have those short lines, where you can
just call when something is wrong. I haven’t finalized it yet. I still need to apply for
that indication, but could you start looking for a spot because it’s not possible to stay at
home anymore?’ Then they already know the story, and because it’s a closed system,
they can all read in the dossier.

This interviewee corroborates the observation that healthcare providers within the same organization
have the capability to access patient information collected throughout the entire organizational
network. In this instance, it facilitated the seamless transfer of a patient receiving treatment at
home to a related healthcare facility within the same organization:

(#7, Case manager dementia, face to face, with LS) I work for an organization, and
when you work for the organization, we all use the same system. Fach client has a
medical file, and in that medical file, the speech therapist and occupational therapist can
all access it if they’re from the same organization.

This shows us how medical specialists can work together when the information exchange is available.
Another interviewee also underscores the utility of employing a single system across the entire
healthcare organization. This uniformity aids them in effective communication with colleagues
specializing in different facets of the care process:

(#6, Chronic brain disease care physician, face to face, with LS) No, it’s actually very
handy. You have the dossier, so to speak. And you look into it, and then you immediately
see, um, you have an overview of all your clients in a certain section. I always check
each day which clients I have, and I always read about how their week has been. In
principle, I see people once or twice a week, so I always check, ’Hey, how did it go?’
That’s important to me, and I can see in the dossier. These are basically the daily reports
that I then see for a client. If there are really important things in there, I can always
discuss it with the psychologist. For example, if I think, 'Hey, um, I see something here,
and I don’t trust it or find it remarkable,” then I can have a conversation about it. Or
with the client themselves, if that’s possible, for example. Yes.

The interviewee provides an example of the information they can access about a patient and
emphasizes the capability to discuss important information with colleagues, such as a psychologist,
as needed. This collaborative approach enables them to contextualize problems, highlight important
factors, and address any uncertainties in the care for patients with chronic brain diseases.
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A summary of the healthcare information exchange possibilities within healthcare
organisations

To summarize, the healthcare information communication within healthcare organisations can occur
through various channels:

e The employees can read the online medical file due to the fact that they have access to the
healthcare information system that is used in this organisation.

e The information can also be communicated in the form of a phone call or email if something
is not clear from the system.

4.1.2.3 Information exchange between heterogeneous healthcare facilities

When healthcare specialists from one facility need to contact a healthcare specialist from another
facility, the process is often more complex than simply accessing the healthcare information system
used within their own organization. As a result, several steps may be involved in facilitating this
exchange of information. This chapter aims to outline these steps, providing insight into the current
complexity of information exchange for heterogeneous healthcare facilities. By delineating these
steps, we can better understand the challenges and intricacies inherent in the current process of
exchanging information across different healthcare settings.

Communication vocally through the patient, caretakers or family members

Indeed, the first possibility outlined in the previous chapter about information exchange between
caretakers and healthcare facilities is applicable here as well. When healthcare specialists from two
different facilities encounter gaps or discrepancies in the exchange of healthcare information, they
may resort to seeking crucial medical information directly from the patient, caretaker, or a family
member. This approach was reaffirmed by one of the interviewees:

(#2, Elderly care physician, face to face, with LS) Because, I think, it’s already somewhat
wmventoried before admission by the Care Coordination department, also involving the
family. And maybe it’s more common if a handover comes from home care. I don’t know,
I’'m not in control of that myself. But I do think it’s nice. Yes, usually, people I talk to
can tell it reasonably well themselves or their family can add to it.

This step of seeking healthcare information directly from the patient or individuals close to the
patient may not always be feasible, particularly in cases involving patients with dementia or
acquired brain injury. These patients may struggle to recall medical information accurately, or they
may have difficulty communicating due to cognitive impairments. Additionally, caretakers may
not always be present during medical appointments, further complicating the process of obtaining
relevant information. These challenges underscore the need for alternative strategies to ensure com-
prehensive and accurate exchange of healthcare information, particularly for patients with dementia.
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Exchanging healthcare information with a physical or online letter when the patient
has an appointment in a heterogeneous healthcare facility

Another option for conveying healthcare information is to provide the patient with medical
information in the form of a letter upon their departure from a healthcare facility. This letter can
then be carried by the patient to subsequent healthcare specialists involved in their care process,
thereby furnishing them with essential healthcare information. This process was elucidated in the
interviews by one of the participants:

(#3, Elderly care nurse, online, with LS) And when someone, let’s say, arrives on
the day they are supposed to, they often have a very large envelope with them. So,
you’'re already talking about letters, and they often have a nursing handover in there
with information for the patient, like, "Hey, you’ve experienced this, and this is what
we’re going to do.’ It often includes medication, usually in those nice packaged bags, all
pre-packaged for one day as a bridging solution, so that we receive the prescriptions the
next day, which are then created and delivered by the pharmacy to us, so we can then
continue providing them.

This illustrates that heterogeneous healthcare facilities, in certain cases, utilize the method of
providing patients with a letter containing critical medical information for communication. The
interviewee specifically discussed the exchange of information from the hospital to the care home.
However, this process can pose challenges, particularly when dealing with patients with conditions
such as dementia, as these letters are more prone to being misplaced or forgotten when patients
visit medical specialists.

Additionally, the interviewee highlighted the issue of patients receiving only a day’s worth of
medication upon admission to the facility. This finding was corroborated by a medical specialist
who received medical information from home care:

(#5, Elderly care physician, face to face, with LS) Some patients do bring paper files like,
"This is what home care does daily. This is our plan.’ ['ve seen a daily plan overview
on paper, but nothing electronic, so it’s usually in paper form. They would have a little
folder for that.

This interviewee discusses the exchange of information from home care specialists to the care home,
emphasizing the notable absence of electronic information received from home care. In instances
where a patient with dementia receives medical treatment in a hospital and subsequently returns to
the previous care setting, such as home care or a care home, it is crucial for healthcare specialists
to communicate effectively with those providing ongoing care. This ensures continuity of care and
informed decision-making. In one of the interviews, the process of information exchange from a
hospital to an external organization was explained:

(#5, Elderly care physician, face to face, with LS) Yes, we always have a standard
discharge letter, and it’s either a discharge letter to the general practitioner. They always
receive one as a standard, and a discharge letter to the place where a patient is going,
not to their home because, in principle, a patient doesn’t need a letter. But if it’s a care
institution, then a letter goes to the Elderly care physician, and it basically states what
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they have done, what complications there were, and that the patient has been admitted
until a certain date with this medical history. This is what we’ve done. These are the
medications administered. And yes, it’s an online letter. Normally, it only goes to the
general practitioner, unless another specialist wants it, but usually only to the general
practitioner.

This interviewee elucidates that there exists a standard discharge letter that is electronically
communicated to the general practitioner or elderly care physician, who often functions as a general
practitioner in the care home setting. This letter typically contains information about the events
that transpired during the hospital stay, including any complications that arose. However, it’s
worth noting that the finding regarding hospitals primarily communicating their letters and findings
electronically was not universally agreed upon in the interviews conducted. Another interviewee
emphasized that the hospitals they have frequent contact with often communicate through letters:

(#16, Two care physicians, face to face, with LS) But actually, most of the exchange is
still done on paper, especially from the hospital.

This finding, particularly regarding hospitals primarily exchanging information via paper letters,
contradicts the information provided in the previously mentioned interview. It indicates that
there are various methods employed by different hospitals for exchanging healthcare information.
Furthermore, the interviews also shed light on the exchange of information from care homes to
hospitals. One interviewee explains the process of exchanging some of the medical information they
have collected:

(#9, Caretaker, face to face, with LS) Yes, when someone was sent to the hospital, a
printout of the dossier had to be made with a current medication overview. That was
then sent along with something about a statement of whether or not people wanted to be
resuscitated. But that was just a paper printout, something to give to the ambulance.

This care home provides a printout to the ambulance regarding a patient, thereby making relevant
healthcare information accessible to medical specialists working in ambulances. This illustrates the
practice of transferring healthcare information in a visible format for immediate use by emergency
medical personnel. Additionally, healthcare organizations have the capability to transfer certain
healthcare information on paper while transferring other information electronically. One of the
interviewees elaborated on this by explaining that they use both paper letters and electronic
communication interchangeably:

(#2, Elderly care physician, face to face, with LS) If someone has to go back to the
hospital, we often arrange for their admission because something has gone wrong. We
can make a referral through ZorgDomein, and in that, we include all the information,
providing a current medication overview on paper to send with them in the ambulance.

This interviewee underscores the diverse methods employed for sharing healthcare information
when a patient requires treatment elsewhere.
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Exchanging healthcare information from the medical history from a patient to a
heterogeneous healthcare facility

When a patient, with a chronic brain disease, is already at another healthcare facility and their
current medical specialist requires information from a past healthcare facility, a distinct process
unfolds. This is necessitated by the inability to directly provide medical information to the patient
or transport it via ambulance, as well as potential challenges in the patient’s ability to communicate
due to cognitive illness or other factors. In such cases, the process typically begins with the current
healthcare facility contacting the other facility for the required information. This communication
can occur via various means such as phone, email, or other channels. Once contact is established, the
information sharing process commences, culminating in the transfer of relevant medical data. This
process highlights the importance of effective communication and collaboration between healthcare
facilities to ensure comprehensive care for the patient, particularly in situations where timely access
to past medical information is crucial for ongoing treatment. The process for contacting a healthcare
specialist from another healthcare facility and sharing healthcare information has been described
as the following:

(#5, Elderly care physician, face to face, with LS) Well, we always have to contact the
on-duty resident doctor, so the one who is not yet a specialist. So, in principle, we call
the on-duty resident doctor and say, 'This patient is here. I want the details. Can you
email or fax them to me, one of the two?’

This interviewee simplifies the necessary steps for facilitating healthcare information exchange.
Firstly, contact is made with the other healthcare facility, typically via phone. Next, both parties
identify the patient involved. Lastly, a method for sharing the healthcare information is agreed
upon. In this case, the interviewee prefers using email or fax for distribution.

Regarding the use of emails for distributing medical information between healthcare facilities, it’s
worth noting that many facilities utilize secure mailing systems. These systems ensure that emails
can only be accessed in a secure environment. One interviewee mentioned a hospital where some
medical specialists exclusively shared information using such a secure environment.

(#7, Case manager dementia, face to face, with LS) Because the hospital sends everything
securely, which is very good. You ask the neurologist, 'Can I have the latest letter for
Mr. Jansen, or should the family request that?” Yes, I always have to ask for permission,
of course, from the family or the client, that I can take a look. But people don’t make a
big deal about it. They usually agree and sign for it. The general practitioner sends it
securely by email. The neurologist also sends it securely, but the neurologist has to send
it back to the general practitioner, of course.

This indicates that numerous healthcare facilities have the capability to send emails securely. In
response to the necessity for securely transmitting healthcare information, several Dutch initiatives
have been introduced, enabling the secure and electronic exchange of healthcare information through
dedicated applications. An interviewee expressed their confidence in securely sending healthcare
information and posing questions to other healthcare specialists using such platforms:
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(#7, Case manager dementia, face to face, with LS) We have the Siilo app, which I use
a lot because it’s also secure, and that’s pleasant. Because, yes, when I call or talk to
the general practitioner, you first get a secretary who says, 'I'll ask the question to the
general practitioner.” Then the general practitioner gives the answer to the secretary,
but that’s not always convenient. It’s already a bit muddled by then, of course. So now I
often use it. We have that one general practitioner’s practice; then I send a message to
the general practitioner, "This is what’s going on; can you think along for a moment?’
And then she can respond at her convenience, either by providing an answer when she
has a moment or by calling.

The interviewee mentioned the Siilo app as a tool that facilitates secure communication and
information exchange among medical specialists. Siilo enables direct communication and sharing of
medical information in a secure manner. However, the Siilo app was not the only tool highlighted
in the interviews for secure information and document exchange. Other tools or platforms were
also mentioned, indicating a range of options available to healthcare professionals for secure
communication and data sharing:

(#9, Caretaker, face to face, with LS) But where I work now, we use a secure workspace
called mSave, and we send each other data in a secure workspace. We also use ZorgMail,
but of course, there are various systems for that.

The interviewee discusses two distinct systems utilized within their healthcare organization. The
first system, mSave, facilitates the secure exchange of healthcare information among professionals
within a designated workspace. The second system, Zorgmail, enables healthcare professionals to
securely transmit care information via email. These applications have been adopted in healthcare
settings largely due to the absence of interoperability among healthcare information systems across
organizations. Additionally, another system mentioned by an interviewee is VIPLive:

(#7, Case manager dementia, face to face, with LS) And those caregivers, of course, all
work with a closed files. And now, with the general practitioners, we use Viplive. I don’t
know if you’re familiar with it. It’s a system where the general practitioner reports, and
I, of course, have only one general practitioner’s practice to deal with, so I can enter
my findings in their system. When I've been with a client, I can share my story about
what’s currently happening.

The interviewee discusses the VIPLive application, which enables users to add information to the
medical files of general practitioners. This functionality facilitates the sharing of information about
mutual patients and promotes collaboration among healthcare professionals.

23



A summary of the healthcare information exchange possibilities between heterogeneous
healthcare facilities/ organisations

In summary, communication among diverse healthcare facilities or organizations can take place
through a variety of channels:

e The healthcare information can be conveyed directly in person to the caretaker or patient,
who can then transmit it in person to the other healthcare facility or organization.

e The healthcare information can be exchanged through a physical or online letter when the
patient has an appointment in a heterogeneous healthcare facility.

e The healthcare information can be exchanged through a physical or online letter between the
heterogeneous healthcare facility.

e The healthcare information can be exchanged through a (secure) e-mail between the hetero-
geneous healthcare facility.

e The healthcare information can be exchanged through a fax between the heterogeneous
healthcare facility.

Summarizing how the healthcare information exchange is currently working

Figure 5 illustrates the current functioning of the healthcare information exchange system for
patient data of individuals with chronic brain diseases, based on insights gathered from interviews.
It outlines the existing tools and methods employed in this process.
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Figure 5: This graph shows an overview of the healthcare information exchange from the descriptions
in the interviews.
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4.1.3 What are the impediments with regards to the availability of such information?

Various impediments contribute to the challenges surrounding the availability of healthcare infor-
mation of patients with chronic brain diseases. Firstly, the recording systems vary across different
healthcare facilities, resulting in discrepancies in how and what healthcare information is registered.
Consequently, medical data that is accessible at one facility or department may not be available
elsewhere. Additionally, the lack of interoperability between different systems prevents the auto-
matic exchange of healthcare information. As a result, healthcare professionals are compelled to
manually exchange information, exacerbating the challenges associated with information exchange,
particularly amidst perceived time constraints and high workloads.

In this chapter, we will delve into the impediments surrounding the availability of healthcare
information through interviews with stakeholders involved in the care of patients with chronic
brain diseases. Our aim is to identify the most significant challenges and understand how these
obstacles are perceived by those directly involved in patient care. Through this exploration, we seek
to gain insight into the root causes of these issues and explore potential avenues for improvement
in healthcare information availability within this context.

4.1.3.1 Problems with recording systems for the availability of healthcare information
within healthcare organizations

One of the obstacles impacting the availability of healthcare information is the perceived issues
with healthcare information systems. As elucidated by one of the interviewees, there are instances
where healthcare information is indeed available, but its interpretation proves challenging:

(#7, Case manager dementia, face to face, with LS) That’s also important when you're
looking at each other’s records. Because if someone writes, I don’t know, ’it went well
today.” Well, what do you mean by that then?

This highlights the critical importance of the manner in which information is reported, as it
significantly influences how others interpret it. Healthcare professionals rely on this information to
provide the best possible care to the patient, necessitating a comprehensive understanding of the
patient’s current condition as well as their medical history. This interviewee provided an illustrative
example of this scenario, where a patient was labeled as ”aggressive”:

(#7, Case manager dementia, face to face, with LS) Someone acts aggressively, then I
become aggressive myself, what do you mean? Someone says something unexpected or
does something unexpected, but that’s not, what’s happening? You have to describe what
you see. And then I think if someone is waving their hands, do they want to hit you or
are they distraught? I can’t take it anymore, then you also start waving your hands. So
if someone writes something, it’s going to have that kind of flow, so you have to be very
careful with the language you use.

This example serves as a poignant illustration of how individuals can be misinterpreted when
daily care recordings lack precision. Merely noting a patient’s aggressiveness fails to provide a
comprehensive understanding of the situation. Consequently, when such information is shared, for
instance with the care home where the patient will reside, it may inaccurately portray the patient
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as a danger to others due to their perceived aggressiveness. However, the interviewee does not
believe that the patient was genuinely aggressive and advocates for adjustments in care based on a
more nuanced understanding. This underscores the significance of careful word choice in reporting.
Another interviewee emphasizes that it’s not just how information is documented in medical files,
but also what is documented. This importance was underscored by one of the interviewees:

(#6, Chronic brain disease care physician, face to face, with LS) Everything is reported
wm our system, right? Even bowel movements. Yeah, so sometimes I think when I see
a client who, for example, can’t do much anymore. I have, for example, a client with
reduced consciousness, and I only read about the bowel movements, and then I think
there must be more than just bowel movements. Yes, I want to know if he’s awake and
for how long he’s been awake and if he’s really alert when awake. How about saturation
and heart rate? Those are important things for me too.

This interviewee identifies a significant issue wherein they miss vital information from patients
due to a lack of reporting by colleagues. This discrepancy suggests that individuals have varying
perceptions of what constitutes important patient health information, highlighting the necessity for
a more standardized reporting process. Additionally, there is a challenge with recording systems and
associated processes—they must remain up-to-date whenever new healthcare information, whether
collected within the facility or shared from external sources, is obtained. The interviewee further
explained that this can result in instances where data is missing from patients’ medical files:

(#8, Former elderly care manager, face to face, with LS) Yeah, well, the problem
sometimes was indeed that such a GP dossier wasn’t always kept up to date, so it
concerned the medical history. So if not all medical history was in the GP information
system, sometimes a family would say, 'Oh yeah, but then she also had surgery, and then
that happened, and then that happened.’ You wouldn’t see that reflected in the medical
information of the GP system.

The interviewee highlights the current limitations in fully relying on medical files, stemming from
the frequent addition of crucial medical interventions and information by the patient’s family. This
underscores the significant human intervention required to maintain the currency of medical files,
thereby impacting the availability of healthcare information necessary for healthcare specialists to
provide personalized, patient-centric care.

Furthermore, an implication of the current reporting process is that family and caretakers may have
access to read along. This awareness leads healthcare specialists to exercise caution in reporting
all aspects of the patient’s health. This concern was emphasized in the subsequent part of the
interview:

(#16, Two care physicians, face to face, with LS) Even more, it’s as if it happens that
professionals adapt to the fact that they know that a critical family member is reading
along, so they don’t write things down. I do that too, you know. A medical file is a
tool for professionals to exchange information with each other, and it’s not a means to
inform family members. You have other means for that.
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The interviewee acknowledged that they occasionally alter their reporting behavior when aware
that a critical family member is reviewing the reported information. This adjustment can lead to
gaps in healthcare information and adversely affect its availability. Furthermore, the healthcare
provider expressed the opinion that healthcare information reporting systems should primarily
serve to make vital healthcare information accessible among healthcare professionals, rather than
being utilized as a tool to inform caretakers and family members.

4.1.3.2 Data can be recorded but may be not easily findable

Through the insights shared by the interviewees, we've gained an understanding of the implications
associated with the healthcare information recording systems utilized within their respective
organizations and beyond. It’s apparent that while data may be recorded, it isn’t always efficiently
organized or readily accessible, hindering its availability for future use. This poses challenges in
utilizing recorded healthcare information effectively, as highlighted by one of the interviewees:

(#5, Elderly care physician, face to face, with LS) I think most things are available,
but it just needs to be better organized so that when you need to search quickly during a
shift, you can find it all at once.

This interviewee corroborated the notion that data must not only be findable but also quickly
accessible, as healthcare providers often need to access it swiftly before caring for the patient. In
shedding light on the recording processes within their healthcare organization, the interviewee
elaborated in the following segment of the interview:

(#5, Elderly care physician, face to face, with LS) Yes, it should officially be organized
under different headings, but it’s not like that in reality. So it’s mainly about what
the nurse has written? That’s separate. What have the doctors written? That’s also
separate, but it’s quite mized up, making it sometimes very difficult. Sometimes I'm
really spending half an hour just to eventually get the patient’s medical history in order,
to find out what they’ve been through. Because you get such a huge block of text for each
day, as every day when the care team or nurse is with a patient, they make an overview,
which 1s very good, but it means you lose track.

The interviewee articulates the necessity for data to be more easily accessible to facilitate its
utilization in the care process. They elaborate by explaining that the current organization of data,
written separately and in blocks of text, makes it challenging to locate specific information efficiently.
This organizational structure can result in significant time investment, with the interviewee noting
that they sometimes require up to 30 minutes of searching to compile a patient’s medical history—a
task that is untenable for every patient encounter.

Another interviewee shares a similar sentiment, particularly in relation to receiving information
from the general practitioner. They also express frustration over the cumbersome nature of locating
pertinent information within the healthcare records.

(#4, Elderly care physician, online, with LS) It’s sometimes a bit of searching, yes,
it’s sometimes searching, and it’s sometimes also, you have your own file but people
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come from the GP, and then you have, for example, the whole GP file, sometimes 250
pages if not more or less. Like I just said, if it’s a PDF that is readable, where you can
sometimes press Control F' and find something, which it’s much faster than having to
go through all those pages to see if there’s something I want to know. So yes, that, that
15 a big difference.

This interviewee encounters challenges in locating necessary medical information when they receive
extensive medical files from the general practitioner. These files, sometimes spanning up to 250
pages, often lack the functionality of basic search tools like Control + F, further complicating
the information retrieval process. This difficulty in accessing pertinent information is particularly
problematic given the interviewee’s daily workload, which involves caring for multiple patients.

These examples underscore how the availability of healthcare information hinges greatly on its
findability. If information is not easily locatable or quickly accessible, it is perceived as unavailable
and consequently underutilized in the care process.

4.1.3.3 Different healthcare information systems are causing problems with the
availability and sharing of healthcare information

The interviewees also note that it’s not only information collected within a healthcare facility that
may be unavailable; there are also challenges arising from the lack of interoperability between
different healthcare information systems. This interoperability gap results in health information
from other facilities not being directly accessible, further complicating the process of obtaining
comprehensive patient data. One interviewee captured this sentiment, remarking:

(#3, Elderly care nurse, online, with LS) One uses Ysis, others use Portavita, and
others use another system. So many different institutions, so many systems that ez-
ist, and I think, I think that’s where a very large part of the [problem lies], in the
intercommunication of all these different systems that are on the market.

The interviewee elaborated on a pivotal aspect within the healthcare domain, elucidating that
nearly every healthcare organization operates with a distinct healthcare information system. This
diversity poses a significant obstacle, hindering the effectiveness of current technological solutions
and methodologies aimed at facilitating the sharing of healthcare information among providers
involved in a patient’s care journey. This observation was further substantiated by the interviewee,
who underscored the contrasting outcomes arising from uniform versus disparate utilization of
healthcare information systems:

(#3, Elderly care nurse, online, with LS) If someone. Look, suppose I leave and another
caregiver comes in, then that’s kind of the basis they can continue from, so to speak. So
the data that’s in my medical files, of course, I also give a handover to that person, but
suppose that person then moves to another care institution? Yeah, then I don’t know
if the data goes with them. That, I actually don’t know. That depends on whether my
other employer has certain home care organizations of the same organization that work
in the same system, so if someone is familiar with home care. Then we already know
something about that person, but there are also other organizations. There are, of course,
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so many home care organizations that work with a different system, and if someone
comes from there, well, then we actually know nothing about that person, even though
there is, of course, a lot known.

This observation underscores the ease with which a caregiver within the same organization, utilizing
the same system, can access medical records pertaining to a particular patient. However, the
scenario drastically changes when a caregiver affiliated with a different healthcare organization
seeks access to the same patient’s healthcare files due to the patient’s relocation. This stark contrast
elucidates the formidable challenge inherent in seamlessly exchanging healthcare information among
disparate healthcare providers operating within distinct healthcare information systems. This
challenge extends beyond healthcare organizations, encumbering caretakers and patients’ families
alike, as articulated in the subsequent excerpt from an interview with one of the caretakers:

(#12, Caretaker, online, with LS) What I find difficult is that there are 8 or 4 apps or
websites where I have to log in for delivery institution 1, 2, 3, 4 and then I think Hello,
can’t we log in somewhere with DigiD, just like how you’re logged in to my government,
and I can easily navigate?

The aforementioned caretaker grapples with the myriad healthcare information systems required
to access information from various healthcare providers regarding the patient under their care.
Expressing a preference for a streamlined solution, the caretaker envisions a scenario wherein
they could log in using a unified authentication system, such as DigiD, and seamlessly navigate
through a consolidated interface to access pertinent data from different healthcare providers. These
instances serve to elucidate the inadequacies of the current technological landscape in facilitating
the exchange of healthcare information across disparate systems. It is evident that the existing
systems only cater to interoperability within a singular healthcare information system, thereby
exacerbating the challenges associated with cross-system healthcare information exchange.

4.1.3.4 The current technologies used to share healthcare information sometimes fail

The implementation of technologically advanced tools for sharing healthcare information between
these different healthcare information should ideally instill confidence and trust among healthcare
workers in these technological advancements. However, this is not always the case. One interviewee
highlighted occurrences where the secure emailing tool utilized by their healthcare facility did not
consistently deliver crucial healthcare information:

(#16, Two care physicians, face to face, with LS) We then write the letter, and the
medical secretary sends it via secure email to the general practitioner, and sometimes
it’s still questionable if it arrives because sometimes it doesn’t. And then it has to be
resent. So yes, it’s just very inconvenient for the general practitioner as well.

In this explanation, the interviewee elucidates that certain healthcare information fails to reach
the general practitioner, necessitating additional time and effort from both healthcare providers
when such information is overlooked. Moreover, there are instances where the general practitioner
is unaware that information is being sent, resulting in the omission and subsequent unavailability
of crucial healthcare information within the care process.
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4.1.3.5 To much reliance on an inefficient fallback system

The information exchange system endeavors to innovate by incorporating tools like secured emailing.
However, these innovative solutions don’t always function as intended, necessitating the utilization
of a fallback system. Unfortunately, this fallback system is currently characterized by inefficiency
and does little to enhance the availability of healthcare information. This challenge was elucidated
in one of the interviews:

(#3, Elderly care nurse, online, with LS) But actually, I've never had a situation where
I couldn’t do my job because of the current state of the system. It’s often just a phone
call or a quick email like: ”"Hey, do you have some extra information?” and then either
it’s over the phone or through email.

The interviewee underscores that while it’s never impossible to work through obtaining data, they
also acknowledge that when technological solutions falter, less efficient and secure methods for
requesting and sending information become necessary.

4.1.3.6 healthcare information has to be registered two times which takes time and
effort

Even in cases where healthcare information exchange proves successful, various impediments persist,
impacting the availability of this information both immediately and over the long term. The manner
in which information is collected upon receipt significantly influences its availability not only in the
present but also in the future. This comes from the fact that in the existing healthcare information
exchange system, the processing of healthcare information occurs on both ends: where it is initially
collected and where it is subsequently received. This dual-sided process holds immense significance
for ensuring the availability of healthcare information. One interviewee elucidated the intricacies of
this process:

(#4, Elderly care physician, online, with LS) Yes, I definitely think so, because for
example, just with a specialist letter, if it could be securely sent digitally and loaded
directly into the file, it would already save them from having to process it, make a PDF,
and load it in, and still, of course, sometimes they have to extract and process data, but
there are quite a few steps they have to take just to get it in there.

The interviewee delineates the intricate process involved in integrating specialist letters into their
own information system. Upon receipt of a specialist letter, several steps ensue before it is fully
incorporated. Depending on the content, they may either save the entire letter or extract specific
data for loading into their system. This process can be notably time-consuming, with further delays
incurred when dealing with paper-based documentation, as emphasized by one of the interviewees:

(#4, Elderly care physician, online, with LS) Yes, it’s strange that from the hospital
we receive lists but we get them on paper. Then we have to enter everything separately.
Sometimes the pharmacy does it for us, but it’s not automated.

This interviewee elaborates on the workflow when dealing with paper-based documentation at the
healthcare facility. They describe a meticulous process wherein each piece of information is entered
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separately into the system. While this approach demands more time upfront, it enhances future
findability. Contrastingly, simply scanning documents and appending them to a file accelerates the
process but compromises the ability to search for specific information later on. Another interviewee
corroborated this practice, underscoring the trade-off between efficiency and findability in handling
paper-based documents.

(#38, Elderly care nurse, online, with LS) So, we receive a lot of things on paper, which
we then have to input again.

The process of entering data twice—once upon initial collection within the facility and again upon
receiving healthcare information—proves to be a time-consuming endeavor, appearing inherently
inefficient. This inefficiency poses a significant challenge to the availability of healthcare information,
as its utility hinges on its findability. The reliability of this findability is not assured and is heavily
contingent on the methods employed during data entry, including what information is included or
omitted. Consequently, while healthcare information may be exchanged at a certain juncture, its
subsequent availability and discoverability within the receiving health facility become uncertain
due to the nuances of processing techniques.

4.1.3.7 What information is available at other healthcare facilities is not visible

Within the current healthcare information system, it proves challenging for healthcare providers
to grasp the medical history of their patients. Specific information regarding past medical events
available at other healthcare facilities remains hidden from view, leaving specialists unaware of
potential gaps in their knowledge. Consequently, it becomes unclear which data to request from
another healthcare facility, leading to either requesting everything—a task often infeasible or
inefficient—or risking missing pertinent information. One of the interviewees, employed at a care
home, shed light on how this limitation renders data inaccessible to them:

(#5, Elderly care physician, face to face, with LS) Because yeah, we don’t have a system
where if I type in a name and date of birth, we can see, 'Oh, they’ve been there,” so at
that moment, you can’t do anything.

This interviewee expressed a desire for a comprehensive search system that would enable them to
efficiently locate specific patient information and track their medical history across various healthcare
facilities. Another interviewee echoed this sentiment, recognizing the extent of information that can
be overlooked due to a lack of visibility of what healthcare information is available:

(#16, Two care physicians, face to face, with LS) And a lot of information sometimes
just passes me by. If something happens in the hospital, they send all these letters to the
GP, and I dont even know what’s going on or what the situation is. It’s very inefficient
and it takes a lot of time. And if you’re also not sure if you missed something, well,
then you don’t do it [asking for the information).

This example illustrates a scenario where healthcare information is shared with the general
practitioner but not with the care home. The interviewee expresses frustration over the lack of
awareness regarding their patient’s status, highlighting the inefficiency of a system requiring the
care home to independently request data from the GP. Moreover, when data is not shared, there is
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no means to discern what healthcare information is available. The interviewee emphasized that
without knowledge of existing information, there’s no incentive to request it. These closed systems,
where visibility into collected healthcare information is restricted, contribute to inefficiencies in
healthcare information exchange and impede the availability of vital patient data.

4.1.3.8 healthcare information is currently still not always send electronically

This leads us to the subsequent obstacles concerning the availability of healthcare information.
Despite advancements in technology, electronic communication and exchange of healthcare informa-
tion between facilities are not yet ubiquitous. Many healthcare facilities still rely on traditional
paper-based methods for exchanging information. The arrival of information in the form of a
paper-based letter significantly affects the availability of healthcare information. One interviewee
articulated the following perspective on this matter:

(#4, Elderly care physician, online, with LS) it’s all on paper, the information transfer,
and that’s actually quite inefficient, I think.

The interviewee expressed a sentiment of reliance solely on paper-based methods for healthcare
information exchange, deeming this approach inefficient. This perspective resonated with another
interviewee, indicating a shared experience among healthcare facilities wherein information exchange
predominantly occurs via traditional paper-based channels:

(#16, Two care physicians, face to face, with LS) But actually, here it’s mainly exchanged
on paper, especially from the hospital.

This excerpt from one of the interviews underscores the prevalence of paper-based methods
in healthcare information exchange. In another interview it was highlighted that it’s not only
medical files but also consent forms from patients or caretakers that are commonly exchanged via
paper between healthcare facilities. The intricacies of this process were elucidated by one of the
interviewees:

(#16, Two care physicians, face to face, with LS) Well, it depends, because it also
happens sometimes that the hospital wants the patient’s permission to send that data.
So then I have to go to the patient with a paper note to get it signed, and then I send
that to the hospital and then the hospital can send the data back to me.

This illustrates the considerable time investment required to obtain consent on paper and sub-
sequently share it with another healthcare facility. Such a process appears inherently inefficient.
However, the exchange of healthcare information via paper has become deeply ingrained as a con-
ventional mode of communication between healthcare facilities. Another interviewee characterized
the scenario where individuals bring their medical letters with them to the healthcare facility upon
arrival as the ideal situation:

(#2, Elderly care physician, face to face, with LS) In that ideal world, as it is now, some-

one who is admitted brings all the papers from the hospital. It also happens sometimes
that they don’t have it with them.
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The interviewee initially envisions an ideal scenario where individuals bring all their medical
information from previous hospital visits with them to the healthcare facility. However, they also
highlight an inherent inefficiency in this system, namely when patients forget to bring one or more
medical letters. This deficiency not only hampers the availability of healthcare information in the
short term but also poses long-term challenges if the information is not properly entered, or not
entered at all, into the facility’s information system.

The subsequent impediment pertains to the registration of healthcare information, both at the
collecting healthcare facility and at the facility where the information is exchanged. The inefficiencies
in this process are largely attributed to the prevalent use of paper-based healthcare information
exchange methods.

4.1.3.9 Sharing healthcare information is done manually

The efficacy of the current healthcare information exchange system relies heavily on human
intervention to transmit data, thus introducing various constraints to the system. This section
delves into the limitations that hinder the availability of healthcare information. As one interviewee
remarked:

(#16, Two care physicians, face to face, with LS) Yes, and how smoothly things go,
that’s actually more dependent on the individual than the system taking care of it. So
wdeally, you would want the system to make it just as easy regardless of the person. Now,
it often depends on the willingness of a medical assistant or how much time the GP
sets aside on Friday afternoon. It’s much more dependent on that than on the system,
because the system is inefficient. That’s basically it.

The interviewee elucidates how one’s ability to receive healthcare data is contingent upon the
willingness and availability of other healthcare practitioners. This underscores the extent to which
the current healthcare information exchange system relies on human involvement. The fact that
these individuals are balancing other responsibilities alongside transmitting healthcare information
contributes to delays and inefficiencies within the system. Waiting for individuals to send information
can be particularly frustrating, especially when promptly applying for a patient’s indication:

(#7, Case manager dementia, face to face, with LS) For example, if you need to apply
for an indication, like the WLZ indication, then you have to request a care indication
from the CZ, the Central Body. They want data from that client, but you have to gather
it from everywhere, from the GP or the neurologist, and if you want to quickly apply
for an indication because it’s necessary and they take a long time to send it, then it’s
annoying because you can’t proceed. And of course, everyone also has their closing time,
like it’s 5 o’clock in the afternoon, then the computer shuts down and people go home.
I understand that, but there’s a person behind it, where sometimes there’s a critical
situation and you need to be faster.

The interviewee highlights the challenges inherent in requesting an indication within the current

healthcare information exchange system. To compile the necessary patient information, one must
gather data from multiple sources, each of which relies on manual transmission by individuals. This
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process is time-consuming, particularly when requests are made late on a Friday afternoon, with
little likelihood of receiving any information before the weekend. This underscores the inefficiencies
pervasive in the current healthcare information exchange system. Another interviewee further
emphasized these difficulties:

(#6, Chronic brain disease care physician, face to face, with LS) I think it’s mainly
about the exchange, because when I then call the polyclinic assistants, there is something
noted in that person’s file that I can work with. But then it doesn’t automatically come
to us.

The interviewee concurs that the inefficiency of the healthcare information exchange system is at
the crux of the problem. They recognize the existence of crucial medical information that could
facilitate patient care, yet lament its failure to be transferred automatically. Furthermore, given the
demanding nature of healthcare work, where professionals are often stretched thin with numerous
responsibilities, it is understandable that much-needed information may fall through the cracks
and remain unexchanged.

4.1.3.10 healthcare information is not being shared

One of the simplest explanations for the lack of availability of healthcare information is the failure
to share it. Within the current healthcare information exchange system, there is a requirement
for individuals from different healthcare facilities to actively share pertinent information with one
another. Consequently, there are instances where this crucial information is not exchanged. While
the specific reasons behind this phenomenon will be explored in detail in a subsequent chapter,
it suffices to say that healthcare information may not be shared for various reasons. One of the
interviewees corroborated the finding that certain information is not shared as expected:

(#14, Caretaker, face to face, with LS) And when you go to a pharmacy [...] there’s
something that needs to be asked. And then, you always have to mention, also, I don’t
understand why that isn’t standard information, but he’s receiving tube feeding.

The caretaker consistently emphasizes the necessity of informing medical professionals about the
patient’s tube feeding regimen. This is crucial because certain medications cannot be administered
through the tube. However, despite its importance, this information is not consistently shared with
the pharmacy by the healthcare organization responsible for the patient. Additionally, another
interviewee noted the variability among general practitioners in sharing vital healthcare information,
with some being more diligent in their communication practices than others:

(#16, Two care physicians, face to face, with LS) And we always ask the general
practitioner for the medical history of each patient. Not every general practitioner sends
it, but many do, and that provides additional information.

This illustrates how the availability of healthcare information can vary, with some pieces of
information being shared while others are not. In this particular instance, the interviewee highlights
the inconsistency in sharing the patient’s medical history. The medical history is crucial for informed
decision-making by caregivers, yet its sharing is sporadic. One interviewee revealed that there is no
communication whatsoever with the district nurse unless there is something out of the ordinary
observed:
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(#2, Elderly care physician, face to face, with LS) No, unless we encounter issues and
think, "Hmm, it would be nice to speak with that district nurse about how things were
done before.” Then we actively seek contact. But there is actually no data exchange. Not
beforehand.

This scenario underscores that information held by the district nurse may not automatically be
relayed to a care home unless there is a specific reason prompting inquiry, such as an anomaly. For
patients with chronic brain diseases, the district nurse may possess critical information that the
patient cannot communicate in a later stadium in the care home setting. This lack of communication
between these two healthcare providers is a general issue, but for vulnerable patients, it can have
detrimental consequences. It highlights the need for improved communication channels to ensure that
essential healthcare information is shared effectively, especially for those who are most vulnerable.

4.1.3.11 Difference in how well information is shared between different healthcare
facilities and healthcare professionals

As per the insights provided by the interviewees, a significant variance exists not only in the
reception of healthcare information but also in its timeliness and completeness. Several factors
contribute to this divergence, including the originating facility, specific department, and even the
healthcare specialist involved in the information dissemination process. One interviewee shed light
on the disparities in healthcare information sharing practices across different facilities:

(#16, Two care physicians, face to face, with LS) Well, that varies from, yeah, if I
start with the hospitals, the information there also varies per hospital. Well, with the
AMC, we have good agreements.|[...] Then we get a whole book of information. From
some hospitals, there’s no information transfer at all. Then we have to call them to ask:
Hey, are we getting a letter? It really takes a lot of time before you reach someone who
can say something about it.

This observation underscores the critical influence of inter-facility collaboration on the comprehen-
siveness of healthcare information exchange within the current system. It highlights a suboptimal
scenario where the efficacy of information exchange hinges on the quality of cooperation between
facilities, indicating a deficiency in established standards. Another interviewee corroborated these
findings, noting similar discrepancies, albeit within different departments of the same healthcare
facility. When queried about the specific healthcare information they are missing, this interviewee
responded:

(#4, Elderly care physician, online, with LS) Well then, my first question is from which
department does it come, because if it’s from geriatrics, then I know we’ll receive a very
comprehensive letter, which also includes a bit of well-being, because that was another
part of your question, but I find that important. Where a bit of well-being could also be
described, but where especially a very broad view of the patients is taken. If someone has
been to the surgery or orthopedics, you’ll get a letter, jokingly I would say, two lines.

This observation underscores the multifaceted nature of factors influencing the potential omissions
in healthcare provider knowledge, as evidenced by the source department of healthcare information
in this instance. Such variability complicates the reliable and systematic utilization of healthcare
information for patient-centric personalized care, a practice contingent upon the accessibility and
consistency of healthcare data.
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4.1.3.12 A lack of time to share healthcare information and administer correctly due
to the already high administrative load

The interviewees extensively discussed their perception of a burdensome administrative workload.
While acknowledging the critical importance of healthcare information administration, they ex-
pressed a desire to ensure that such tasks do not encroach upon their time spent directly with
patients. One interviewee articulated dissatisfaction with the current balance achieved in this
regard:

(#5, Elderly care physician, face to face, with LS) No, it’s true, you spend a lot of
time on administration. I spend three times more time on administration than I actually
spend with a patient. Also, typing afterwards and searching for everything beforehand.

The interviewee conveyed discontent regarding the current equilibrium between their clinical
responsibilities and administrative tasks. Specifically, the interviewee expressed dissatisfaction with
the administrative duties involving processing healthcare information digitally and searching for
relevant data. This sentiment was echoed by another interviewee, who shared similar frustrations
with administrative burdens. The following excerpt from the interview elaborates on this shared
experience:

(#3, Elderly care nurse, online, with LS) I had an intake interview last week, my shift
1s etght hours. I spent one and a half hours working on typing up the intake interview,
one and a half hours of my workday, one and a half hours that I actually want to be
there for the people. Am I sitting behind a computer to type up a report of what that

person could do and what her expectations are? Yes, that’s up to us as nurses to do?
Yes.

The interviewee articulates a strong inclination to dedicate more time to patient care and less
to administrative tasks. However, the pervasive high administrative load bears consequences for
both the exchange and availability of healthcare information. Among the myriad administrative
duties, sharing and requesting healthcare information stand out. The quality of shared information
hinges significantly on the caliber of information administration and its associated processes. Hence,
it is conceivable that when healthcare practitioners express discontent with the energy and time
invested in administrative tasks, the overall quality of information may diminish, thereby affecting
its availability.
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4.1.3.13 The healthcare information is not available, because it takes the healthcare
organization a long time to share

Healthcare professionals are currently overwhelmed with their workload. The requirement for manual
transmission of healthcare information from one facility to another adds to this burden. Consequently,
due to the busy schedules of healthcare organization employees, there can be significant delays in
the sharing of healthcare information. This often results in the receiving healthcare organization
having to wait for important information they need urgently. One of the interviewees recounted an
instance where there was a need for a medication sheet for the next day, but it was not received
initially:

(#3, Elderly care nurse, online, with LS) I have to give an example from my old job.
There, for instance, we often needed a current medication list, and we had to request
it ourselves from the pharmacy. We’d call the pharmacy and say, 'Hey, I need a new
medication list for this person, because the signing sheet we have is full, it goes up to
today, and from tomorrow, we need to start signing on a new sheet.” That was still done
on paper back then, with paper signing sheets, so we’d ask them to fax a new list. Yeah,
well, you’d call in the morning around eleven, and then by the afternoon, around two or
half past two, you still wouldn’t have the list. And then you’d have to call them again,
like, Hello, I called you this morning. Maybe you should do something now, because
otherwise, we won’t be able to sign the medication for these people tomorrow morning,
as we start at seven and you start at half past eight.’

This illustrates an example where a caregiver urgently required a piece of healthcare information but
initially couldn’t obtain it. The timely receipt of this information was crucial because without it, the
caregiver would be legally unable to administer medicine to the patient. The specific medications
and dosages required would remain unclear. In this instance, there was an acute need for the
healthcare information to be shared promptly. In other scenarios, the receiving healthcare facility
may desire the information urgently, even if there isn’t an immediate deadline or acute need for it
to be shared. An example of this was shared by one of the interviewees:

(#7, Case manager dementia, face to face, with LS) But sometimes, that takes too
long, because although the neurologist sees all these clients at the clinic, they don’t send
the data on the same day. Sometimes it can take a few months, and then the practice
assistant says, I haven’t received anything yet.” Well, then I’ll just go get it from the
neurologist myself, so sometimes you’re searching for information.

In this scenario, a busy neurologist juggles a high volume of clients each day, necessitating the
sharing of information for each one. However, this process can consume more time than available in
a typical workday. Consequently, some information isn’t immediately shared. The cycle repeats
the next day, compounding the challenge as the neurologist faces another full day of patient
consultations. It’s easy to envision how healthcare information might slip through the cracks amidst
such a demanding schedule. The interviewee elaborates on how months can pass without the
necessary healthcare information being made available. Subsequently, they must follow up with
repeated calls to request the information, resulting in a significant delay between the initial inquiry
and receiving the information. Another interviewee encountered a similar issue when a patient
transitioned to a care home setting:
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(#4, Elderly care physician, online, with LS) When they come to live here, we request
their entire medical file, so we have all the information. But it takes a long time to get
that. You’re immediately responsible for their care, so ideally, you want to have it as
soon as possible, but sometimes there’s quite some time in between; we’re talking weeks.

This interviewee highlights the challenge of waiting for weeks to receive the healthcare information
of a patient upon their arrival at the care home. This delay is concerning because caregivers must
begin providing care immediately upon the patient’s arrival. The absence of pertinent healthcare
information for an extended period can lead to significant consequences. Another interviewee
attributes some of the delays to the implementation of new privacy laws, which necessitate
obtaining consent from the patient or caretaker before sharing information. Despite acknowledging
this factor, the interviewee contends that the sharing of healthcare information should ideally occur
within a maximum of two days:

(#4, Elderly care physician, online, with LS) Since the new privacy laws, you have to
sign the consent form, so a statement needs to be signed. That goes to the secretariat.
They process it and send it to the GP. Then they have to process it, and theoretically, it
could take two working days. However, in practice, it sometimes takes weeks, and you
have to ask several times, 'Can you send it, can you send it?’ So, yeah, there’s an issue
there.

The primary reason for the delay in sharing healthcare information, as identified by the interviewee,
is the reluctance or inability of the other healthcare organization to send it promptly. While the
busy schedules of healthcare specialists may contribute to this delay, it underscores the inefficiency
of the current system. There is a clear need for a more streamlined and automated method of
sharing healthcare information, eliminating the requirement for manual intervention in the process.
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4.1.3.14 A complete summarizing overview of the impediments with regards to the
availability of patient information from patients with chronic brain diseases

In summary, Table 6 provides a comprehensive overview of the impediments hindering the availability
of healthcare information for patients with chronic brain diseases.

The impediments with regards to the availability of health care information from patients with chronic brain diseases.

Impediments regarding the technology Impediments caused by the health care providers
Problems with recording systems Health care information is not being shared

Difference in how well information is shared between different health care facilities
Data can be recorded but may be not easily findable and health care professionals
Different health care information systems are causing problems with the A lack of time to share healthcare information and administer correctly due to the
availability and sharing of health care information already high administrative load

The health care information is not available, because it takes the health care
The current technologies used to share health care information sometimes fail organization a long time to share

To much reliance on an inefficient fallback system

Health care information has to be registered two times which takes time and effort
What information is available at other health care facilities is not visible

Health care information is currently still not always send electronically

Sharing health care information is done manually

Figure 6: This table shows an overview of the impediments with regards to the availability of
patient information from patients with chronic brain diseases
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4.1.4 Why it is crucial to have the healthcare information available

In caregiving for vulnerable patients with chronic brain diseases, access to healthcare information
is paramount. This accessibility serves multiple crucial purposes: aiding caretakers and healthcare
specialists in providing personalized, person-centric care, eliminating the need to repeatedly request
the same information, mitigating preventable errors, facilitating optimal medical decision-making,
and reducing reliance on patients, family, or caretakers for pertinent healthcare details. Moreover,
the availability of healthcare information empowers patients to maintain independence, prevents
over-reliance on caregivers, and potentially fosters opportunities for continued learning. These
essential roles of healthcare information availability will be explored further in this chapter.

4.1.4.1 Caring for patients with chronic brain diseases

It is imperative to understand certain behaviors and beliefs exhibited by individuals with chronic
brain diseases such as dementia, as they can significantly impact their medical well-being and
potentially mitigate cognitive decline. Utilizing healthcare information provided by daily caregivers
is essential for assessing an individual’s overall health, especially when they may no longer be able
to effectively communicate their feelings. This information not only benefits other caregivers but
also aids medical specialists when the individual requires hospitalization. Therefore, this knowledge
can profoundly impact the lives of those with dementia, and its unavailability can lead to serious
consequences. One interviewee emphasized the importance of recognizing changes in behavior and
promptly communicating them to experts:

(#11, Dementia care physician, face to face, with LS) What particularly struck the
care team that day [that the behaviour changed and] and later found out that she had a
urinary tract infection. Often, you see that with the elderly, there’s something physical
going on. An inf