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Abstract. The RECONNECT project tackles the fragmentation in Ireland's public healthcare systems, aiming
to improve service planning and delivery. It integrates complex systems within the Health Service Executive
(HSE) for chronic disease management, prioritizes data privacy, and supports future digital resource
integration. The methodology includes: (1) structural integration via a Federated Database design to maintain
system autonomy while ensuring privacy; (2) semantic integration through a Record Linkage module to enable
integration without individual identifiers; and (3) adoption of the HL7-FHIR framework for high
interoperability, aligning with the national electronic health record (EHR) and the Integrated Information
Service (IIS). The RECONNECT system is unique in Ireland, featuring a generic architecture for loosely coupled
systems, adherence to HL7-FHIR for interoperability, efficient reuse of digital assets, and a robust privacy layer.
A demonstration system using synthetic data from the Hospital Inpatient Enquiry (HIPE) and Chronic Disease
Management (CDM) systems is implemented on Neo4;j for visualization.

Keywords: Chronic diseases; Record linkage; Fast healthcare interoperability resources; Federated database

1. Introduction

Chronic diseases, such as cardiovascular diseases, diabetes, chronic respiratory diseases, and
cancer, are the leading causes of mortality and morbidity worldwide. These noncommunicable
diseases (NCDs) account for approximately 71% of all deaths globally, equivalent to 41 million deaths
each year. Cardiovascular diseases are the most significant contributors, causing an estimated 17.9
million deaths annually, followed by cancers (9.0 million), respiratory diseases (3.9 million), and
diabetes (1.6 million). The burden of these diseases is not evenly distributed; over 85% of premature
deaths from NCDs occur in low- and middle-income countries, highlighting significant health
disparities [15,17].

Historically, many countries have faced challenges in integrating their healthcare systems to
improve service planning and delivery. Efforts towards healthcare integration have aimed to create
more cohesive and efficient systems, ultimately enhancing the quality of care and management of
chronic diseases [3,5]. Fragmented healthcare systems can lead to inefficiencies, reduced quality of
care, and difficulties in effectively managing chronic diseases [1,7]. This fragmentation is particularly
problematic as chronic diseases place a significant burden on the healthcare system, necessitating
coordinated, long-term management strategies. Efforts to integrate healthcare systems globally have
shown that a unified approach can lead to improved outcomes, but achieving such integration
remains a complex and ongoing process [16].

In Ireland, as in many other countries, chronic diseases place a significant burden on the
healthcare system, requiring coordinated, long-term management strategies [5]. The RECONNECT
project addresses these issues by proposing a novel method to develop digital health assets with the
following objectives: (1) integrating complex, mission-critical systems within the Ireland Health
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Service Executive related to chronic disease; (2) prioritizing data privacy and governance; and (3)
facilitating seamless integration with future digital resources.

Integrating these systems can improve data sharing and coordination among healthcare
providers, leading to better patient outcomes [8]. By prioritizing data privacy and governance, we
ensure that patient information is protected, complying with regulations such as the General Data
Protection Regulation (GDPR) [9]. Finally, facilitating seamless integration with future digital
resources prepares the system for scalability and adaptability, ensuring long-term viability and
continuous improvement in healthcare delivery [10].

2. Related Work

Chronic disease management continues to challenge fragmented healthcare systems, with
integration of diverse data sources being crucial. The RECONNECT project addresses these
challenges through a novel application of the HL7-FHIR framework for interoperability and
integration. Various studies have explored similar approaches, providing a foundation for
comparison.

Hayrinen et al. [4] survey the significance of interoperability standards like HL7 in improving
chronic disease management by facilitating data exchange among healthcare providers. However,
their reviewed papers addressed theoretical aspects of standardization without delving deeply into
practical implementation challenges, such as integrating loosely coupled systems.

Ayaz et al. [2] provides a detailed review of FHIR standard, examining its implementations,
applications, challenges, and opportunities in healthcare. FHIR aims to enhance interoperability by
standardizing data exchange across systems. However, the reviewed literature does not address the
practical challenges of integrating multiple data sources for chronic disease management, nor does it
fully cover the specific issues related to privacy and data governance in real-world scenarios.

Ross et al. [13] evaluate the effectiveness of a module in linking patient records across
neighboring academic health care centers, focusing on the accuracy of record matching and
addressing challenges such as inconsistent data entry and varying standards. However, their study
does not address broader concerns related to integration and privacy.

In Scriney at al. [14], the authors use the FHIR data model as the common model for integration
across multiple healthcare systems used to monitor and analyse Covid-19 outbreaks. While
researchers adopt a similar approach to ours in using the FHIR data model, they are mainly focused
on the multi-disciplinary aspects of healthcare system integration where multiple sectors are
involved in creating distributed datasets. In addition, the authors focus on efforts to create synthetic
data to provide shareable FHIR datasets.

Paul et al. [11] offer a broad analysis of the impact of digital technology on healthcare,
highlighting significant privacy and security challenges. They emphasize broader cybersecurity
issues and recent advancements, offering a wider context for understanding digital healthcare
integration. However, they do not offer a targeted solution with a unique architecture for the
interoperable integration of healthcare systems

The RECONNECT project distinguishes itself by combining these approaches into a cohesive
system designed to handle the complexities of chronic disease management within a fragmented
healthcare context. RECONNECT seeks to deliver a federated database design with a privacy layer
and a record linkage module, ensuring both effective data integration and stringent privacy
protections. This approach enables a more comprehensive solution than previous research, which
often focuses on individual aspects of integration or privacy without addressing the full spectrum of
practical implementation challenges.

3. Chronic Disease Datasets

Our RECONNECT project comprises four distinct datasets to effectively manage chronic disease
information: Hospital In-Patient Enquiry (HIPE), Chronic Disease Management (CDM), Primary
Care Eligibility and Reimbursement Scheme (PCeRS), and Diabetic RetinaScreen (RetinaScreen), as
illustrated in Figure 1.
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Figure 1. Current Chronic Disease Management Systems.

3.1. Hospital In-Patient Enquiry

The HIPE scheme is a key national system in Ireland that collects detailed clinical and
administrative data on patient discharges and deaths from acute hospitals. As the primary source of
discharge data, HIPE provides valuable insights into hospital activities. The scheme gathers
information on both in-patient and day-patient services from participating hospitals. Each time a
patient is discharged or dies in a hospital, a HIPE discharge record is generated. This record includes
administrative, demographic, and clinical details for each episode of care, which begins with the
patient’s admission—whether as an in-patient or day-patient—and ends with their discharge or
death within the hospital.

The MRN (Medical Record Number) serves as a unique identifier for querying HIPE.
According to the HIPE Data Dictionary 2024, it is assigned by hospitals to track patients within a
specific hospital. The MRN is also included in the national dataset, though in an encrypted format to
protect patient confidentiality.

3.2. The Chronic Disease Management

The CDM dataset encompasses all clinical data elements necessary for defining chronic diseases
within GP systems and supports the CDM project in collaboration with general practitioners.
Managed by the HSE’s Office of the Chief Information Officer, this dataset includes national metadata
fields such as clinical concepts, descriptions, and relationships. These fields are reviewed and
updated every six months to ensure accuracy and relevance.

The ¢ patient ihi (IHI Number) is a unique numeric identifier used to individually
distinguish each patient within the system. According to HSE [6], the IHI National Register includes
4,775,629 records, each associated with a unique IHI number.

3.3. Primary Care Eligibility and Reimbursement Scheme

The PCeRS offers various reports on medical card eligibility and reimbursements. Visitors can
access annual reports detailing claims and payments, along with current data on the various primary
care services supported by PCRS. Additionally, this data is available on the eHealth Open Data
Portal.

Thep patient refnum (IHI number) isanumeric identifier used to uniquely distinguish
each patient in the PCeRS system. It also serves as the unique identifier for patients in the Drug
Payments Scheme Refund? facilitating the claims process for prescribed medications.

3.4. RetinaScreen

RetinaScreen is designed to reduce the risk of vision loss in individuals with diabetes by
identifying and addressing sight-threatening retinopathy early. It comprises two parts: the first is a
population register with demographic information of people aged 12 and older diagnosed with Type

1 https://www .hse.ie/eng/staff/pcrs/online-services/

2 https://www?2.hse.ie/services/schemes-allowances/drugs-payment-scheme/refunds/
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1 or Type 2 diabetes, to identify those eligible for screening; the second is clinical data to facilitate
follow-up and clinical referrals for individuals requiring treatment.

The rs_contact identifier, referring to a patient's 10-digit mobile number, is used in diabetic
retinopathy screening in Ireland. According to the "Framework for the Development of a Diabetic
Retinopathy Screening Programme for Ireland" [12], unique personal identifiers like names and
addresses are needed to prevent double counting and correctly link follow-up data. The IHI number
in RetinaScreen is another identifier that can be used for different purposes.

4. Integrated Methodology

4.1. Structural Integration

A Federated Database design provides a flexible approach that allows existing systems to retain
their autonomy while supporting various levels of privacy and access control. This design is
particularly valuable in managing complex, multi-source data environments. For instance, Figure 2
illustrates the federated architecture used for chronic disease management, which integrates data
from four distinct databases: HIPE, CDM, PCeRS, and RetinaScreen. Each database operates with its
own local schema, which must be carefully discovered and integrated to ensure seamless
interoperability. This integration process involves mapping and aligning the schemas to create a
unified framework that facilitates effective data sharing and analysis while maintaining the integrity
and security of each individual system. The federated approach thus supports both the autonomy of
individual databases and the cohesive functionality of the overall system.

Query Interface
(FHIR)

Queries/Analyses/Predictions

Global Schema
(Integrated FHIR data model)

C ponent Sch
(FHIR data model)

Local Schemas
(native databases)

Figure 2. Federated Architecture for Chronic Disease Management.

4.2. Semantic Integration

Implementing a Record Linkage module that adheres to data governance policies is crucial for
effective integration, especially when individual identifiers are lacking in current healthcare systems.
This module is designed to match and link records from disparate data sources without relying on a
single, unified identifier. To align with data governance policies, the Record Linkage module must
be meticulously crafted to ensure patient data privacy and integrity.

The design process involves developing algorithms that can accurately and securely connect
patient records across various systems, using available data points such as demographic information,
medical history, and other relevant attributes. This approach addresses the challenge of integrating
data from different sources while maintaining compliance with privacy regulations and safeguarding
patient information. Figure 3 provides an example of how a patient can be identified based on non-
identifiable attributes.


https://doi.org/10.20944/preprints202408.0681.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 August 2024 d0i:10.20944/preprints202408.0681.v1

Patient
Details Address Condition Observation Diagnosis
| | | I
A A A
: .8 Xk N \
Age(Years) (At the Address | Alcohol Use Arterial Initial Icu
time of disorder) Line 1 Disorder Pa0O2 - kPa |
#
# # i # i
# #
# # # #
" A # #
# # # #

Figure 3. Record Linking Example.

Additionally, the Record Linkage process helps to bridge the gaps caused by the absence of a
pervasive Individual Health Identifier. By systematically analyzing and correlating data, the module
enables healthcare providers to achieve a more unified view of patient information, ultimately
enhancing the quality of care and decision-making. This integration strategy supports a more holistic
approach to patient management, improving both data accessibility and the overall efficiency of
healthcare systems.

4.3. Adoption of Standards

We propose a new framework utilizing HL7-FHIR model to enhance interoperability in our
integrated FHIR data. This framework is designed to work independently of the participating
healthcare systems, allowing for seamless data exchange and integration. By adopting the HL7-FHIR
standard, the framework ensures compatibility across various healthcare systems, regardless of their
underlying technologies.

The proposed framework also aligns with national electronic health record (EHR) systems and
their proxies, such as the Integrated Information Service (IIS). This alignment facilitates integration
with broader national health initiatives and standards, ensuring that our framework is in harmony
with existing healthcare ecosystems.

Key features of the framework include its scalability and flexibility, allowing it to handle varying
data volumes and adapt to evolving healthcare needs. Additionally, the framework incorporates
robust mechanisms for data privacy and security, in line with HL7-FHIR standards, to protect patient
information while enabling efficient data exchange.

Overall, this framework improves interoperability and data integration across diverse healthcare
systems, leveraging the HL7-FHIR model to provide a more extensible solution for better data
exchange and collaboration.

5. Results and Conclusion

The RECONNECT integrated chronic disease system represents a significant advancement over
existing healthcare systems in Ireland, addressing several key challenges and offering unique value
in multiple areas.

Firstly, the system features a generic architecture based on Record Linkage, tailored specifically
for environments with loosely coupled information systems. This architecture is designed to enhance
integration capabilities by enabling seamless connections between disparate data sources. Unlike
traditional systems that often struggle with fragmented data and interoperability issues, the Record
Linkage approach in RECONNECT ensures that different healthcare systems can effectively
communicate and share information, thus facilitating a more cohesive management of chronic
diseases.
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Secondly, RECONNECT adheres to the global healthcare standard HL7-FHIR, marking a novel
application within the Irish context. The HL7-FHIR standard is renowned for its ability to enhance
interoperability across various healthcare systems by providing a common framework for data
exchange. By adopting this standard, RECONNECT not only aligns with international best practices
but also establishes a robust foundation for future interoperability. This alignment is crucial for
ensuring effective communication and integration both within and between healthcare systems,
thereby supporting a more integrated approach to chronic disease management.

Additionally, the RECONNECT system is designed with the capability to efficiently reuse and
share digital assets when appropriate. This feature allows for the optimal utilization of existing data
and resources, which is particularly beneficial in managing chronic diseases that often require
longitudinal data and continuous monitoring. By enabling the reuse of digital assets, RECONNECT
enhances the efficiency and effectiveness of healthcare delivery, reducing redundancy and improving
data utilization.

Furthermore, privacy and data security are paramount in RECONNECT, which incorporates a
dedicated privacy layer to safeguard patient information. This layer is essential for maintaining the
confidentiality of sensitive health data, addressing concerns about data protection and regulatory
compliance. The emphasis on privacy aligns with current data protection regulations and ensures
that patient information is handled with the highest level of security.

To demonstrate its capabilities, a prototype of the RECONNECT system has been implemented
using synthetic data from the Hospital Inpatient Enquiry (HIPE) system and the Chronic Disease
Management (CDM) system. This demonstration, built on the Neo4j platform, provides a
visualization of how the system integrates and manages data, offering a practical illustration of its
functionalities and potential impact.

Overall, the RECONNECT integrated chronic disease system not only advances the state of
healthcare integration in Ireland but also sets a new standard for managing chronic diseases through
innovative technology and robust data management practices.
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