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Abstract

Objectives: This project aimed to create semantically interoperable patient summaries using
the Pan-Canadian Patient Summary (PS-CA) implementation guide and freely available tools.
The goal was to support education, promote broader adoption of patient summary standards,
and demonstrate how structured health data can be created, shared, and visualized in a
reproducible and accessible way. By offering a practical example and clear documentation, the
project also helps bridge the knowledge gap around interoperable patient summaries, a skillset
that remains specialized despite ongoing international efforts.

Methods: Synthetic patient records were manually created in comma separated value (CSV)
format and aligned with PS-CA resource profiles. A custom Python application transformed
these records into HL7 FHIR-compliant bundles, which were posted to a locally hosted HAPI
FHIR server. Microsoft Power Bl was used to retrieve and visualize the data via Power Query. All
project files and documentation were published in a public GitHub repository to support
transparency and educational reuse.

Results: Seven synthetic patient summaries were successfully generated, validated, and
visualized. Each summary bundle included required PS-CA resource types and applied
appropriate terminology bindings using SNOMED CT CA, CCDD, and HL7 value sets. The Power
Bl dashboard enabled interactive exploration of the data, and the GitHub repository provided
comprehensive documentation and setup instructions.

Discussion: The project demonstrated that Python, HAPI FHIR, and Power Bl are effective, freely
available tools for building and exploring standards-based patient summaries. Key lessons
included handling CSV formatting issues, comprehending FHIR data types, understanding FHIR
endpoints and their modifiers, and integrating patient photos using base64 encoding.
Community engagement and open-source resources played a vital role in troubleshooting and
learning.

Conclusion: This project shows that semantically interoperable patient summaries can be
created and shared using open-source tools and synthetic data. By lowering technical barriers
and providing hands-on resources, it supports broader adoption of patient summary standards
that contribute to improved continuity of care across diverse healthcare settings.

1. Introduction

1.1 Project Purpose and Rationale

For clinicians to provide the best possible care, they require timely access to accurate
and understandable patient information. Having the right data at the right time and in the right
format can improve decision-making, reduce errors, and enhance patient outcomes (Kruse &
Beane, 2018). However, many clinicians do not have easy access to comprehensive or usable
data as information about a single patient may be scattered across multiple systems. For
example, acute care data may reside in a hospital information system while primary care



records exist in a separate electronic medical record (Smith et al., 2005). Even when clinicians
have access to these systems, they may not be trained on how to navigate them effectively
(Heponiemi et al., 2021). The high volume of data generated during each encounter further
complicates this, often requiring clinicians to sift through extensive records to find what they
need. Important information may be hidden in long, unstructured narrative notes, and even
when located, it may be difficult to interpret due to the use of discipline-specific jargon and
inconsistent terminology (Lee et al., 2024).

Standardized patient summaries help address the challenge of fragmented health
information across care settings. A patient summary provides a concise overview of essential
clinical information such as problems, medications, and allergies (IPS Web Editorial Team,
2025). To ensure they are useful in diverse clinical environments, they need to be
interoperable. Interoperability is defined by the Healthcare Information and Management
Systems Society (HIMSS) as:

“the ability of different information systems, devices and applications (systems) to
access, exchange, integrate and cooperatively use data in a coordinated manner, within
and across organizational, regional and national boundaries, to provide timely and
seamless portability of information and optimize the health of individuals and
populations globally.” (2020, “What is Interoperability?”)

HIMSS also defines a hierarchy of levels of interoperability (see Figure 1). At the
technical level, systems must be able to connect and send data. At the structural level, the data
must follow a consistent format, such as HL7 FHIR. At the semantic level, the meaning of the
data must be preserved by using shared terminology systems.

To achieve structural and semantic interoperability, patient summaries must rely on
health information exchange (HIE) standards and standardized clinical terminologies (SCTs).
These components support the layered model defined by HIMSS and provide the foundation for
standards like the Pan-Canadian Patient Summary (PS-CA), which aim to ensure consistent and
meaningful data exchange across care settings. Based on the International Patient Summary
(IPS), the PS-CA is a semantically interoperable patient summary standard that leverages
national terminologies (Cameron, 2022). One implementation of the PS-CA uses Fast Healthcare
Interoperability Resources (FHIR), a modern, web-based standard for health data exchange
developed by HL7 International (Canada Health Infoway, 2022; HL7 International 2022-a, 2024).
Together, the PS-CA, FHIR, and SCTs establish a clear framework for creating patient summaries
that can be trusted and shared seamlessly across care settings.

Despite ongoing international efforts, knowledge of and experience with interoperable
patient summaries remains a specialized skillset (Blessing et al., 2023). This field project was
designed to help bridge that gap by providing a practical, accessible example. Using freely
available tools, the project produced a semantically interoperable patient summary along with
clear documentation to promote transparency and reproducibility. By sharing both the patient
summary example and associated documentation, the project aims to support newcomers to
the field and encourage broader adoption of patient summaries. In doing so, it contributes to
improved continuity and quality of care.



1.2 Background

To inform the design and implementation of this field project, a targeted literature
review was conducted. The goal was to identify published and unpublished work that could
provide practical insights into three key areas: world-wide efforts to implement FHIR-based
patient summaries, including how SCTs such as SNOMED CT and the Canadian Clinical Drug
Database (CCDD) have been selected, mapped, and maintained; the use of the HL7 Application
Programming Interface (HAPI) FHIR Server in pilot and proof-of-concept projects; and the role
of open-source tools and educational initiatives in supporting the adoption and understanding
of interoperability standards. These themes were selected to align with the project’s objectives
of providing a reproducible and educational implementation of the PS-CA.

1.2.1 FHIR Based Patient Summaries

Overview. The IPS was developed in response to the growing need for a standardized,
portable snapshot of essential health information that can be shared safely and reliably across
countries and care settings (Krastev et al., 2020). It originated in Europe through the European
Committee for Standardization (CEN) as the CEN 17269 standard, which defined a minimal core
set of data elements to support the safe exchange of health information in scheduled,
unscheduled, domestic, and cross-border care scenarios (CEN-CELEC 2021, 2022, 2025).
Building on this foundation, the International Organization for Standardization (ISO) published
ISO 27269, expanding the IPS for global use (ISO 27269, 2021). This work was completed with
contributions from multiple Standards Development Organizations, including HL7 International
and Integrating the Healthcare Enterprise (IHE). While HL7 standards define the structure and
content of IPS documents, IHE creates integration profiles that describe how those documents
are exchanged across systems in real-world healthcare workflows (IHE International, 2020,
2025; Osamika et al., 2025).

To ensure the IPS could be implemented using widely adopted technical approaches,
HL7 created two complementary implementation guides (IGs): one based on the older Clinical
Document Architecture (CDA), which is document-centric and XML-based, and another
leveraging FHIR (HL7 International, n.d-a, n.d-b). FHIR supports IPS by structuring data into
modular resources such as Patient, Condition, Allergylntolerance, and MedicationStatement,
which can be exchanged using standard web protocols. By outlining the required dataset and
pairing it with FHIR implementation details, the IPS bridges the gap between high-level design
and operational use (D'Amore et al., 2021).

Implementation Lessons. The implementation of the IPS and its national adaptations
has revealed a range of practical insights, challenges, and innovations. This section explores key
lessons learned from real-world deployments across Canada, the United States, and other
regions in North America, with a focus on terminology standards, use case diversity,
governance models, and technical infrastructure. These findings highlight the importance of
balancing global consistency with local relevance, and they underscore the critical role of
collaboration among stakeholders in achieving semantic interoperability.



Terminology Foundations. While FHIR provides the structural and technical foundation
for exchanging IPS data, terminologies and value sets ensure the information being shared is
meaningful and consistently interpreted across systems. SCTs define the concepts used in
patient summaries, while value sets specify which subsets of those terminologies are
appropriate for a given data element (Canada Health Infoway, 2024-d). For the IPS, globally
recognized SCTs such as SNOMED CT, RxNorm, and Logical Observation Identifiers Names and
Codes (LOINC), are used to maintain semantic interoperability (HL7 International, 2022-a, 2022-
b). Among these terminologies, SNOMED CT has been a particular focus in IPS development. To
lower adoption barriers, SNOMED International first released the IPS Free Set, a simplified
collection of SNOMED CT concepts relevant to IPS use cases. It was distributed under a free
license to reduce barriers to implementation. Building on this foundation, SNOMED
International later introduced the IPS Terminology, which expands the Free Set into a
structured sub-ontology. It includes basic groupings, relationships, and synonyms, and can be
used in SNOMED CT-compatible servers to support consistent and meaningful data exchange
(SNOMED International, 2025-a, 2025-b).

Clinical Value of Patient Summaries. The IPS provides a robust framework for patient
summary exchange, and studies have revealed both valuable lessons and areas for
improvement. For example, patient summaries have been shown to be useful in more than just
emergencies. They allow clinicians to access structured, high-value information such as
medications, allergies, and key diagnoses, which is vital in emergency or cross-border situations
where time or language barriers limit the ability to gather a complete medical history (Digital
Health Canada, 2021). Beyond acute care, patient summaries have also been leveraged in
broader contexts such as COVID-19 vaccination tracking (Sass et al., 2020), disaster response
efforts (Tageo et al., 2021), child vaccination programs (Sorsavanh et al., 2024), and clinical
research initiatives (Francisco & Marques, 2024).

Country Specific Adaptations. Implementing the IPS often requires country-specific and
domain specific adaptations. While the IPS defines a minimal global dataset, real-world use
cases frequently demand extensions to meet local clinical needs or regulatory requirements
(Kay Stephen et al., 2020). A compelling example is Canada’s PS-CA. Developed by Canada
Health Infoway in collaboration with provinces, territories, and vendors, the PS-CA aligns closely
with IPS standards while allowing for jurisdictional flexibility. This approach ensures semantic
interoperability while accommodating Canada’s diverse healthcare landscape (Canada Health
Infoway, 2025).

North American Implementation Landscape. Recent developments across North
America illustrate the momentum and complexity of PS-CA adoption. As a G7 members, both
Canada and the United States have committed to working toward a standardized minimum
health dataset via the IPS framework (Department of Health and Social Care (UK), 2021). In
Canada, Alberta released a production-ready |G (PS-AB) in October 2024 (Alberta Health, 2024),
while Ontario and British Columbia have published draft guides (Ontario Health, 2022; BC
Patient Summary FHIR Implementation Guide, n.d.). Manitoba and Saskatchewan operate
Patient Summary-like applications, namely eChart and MySaskHealthRecord, which are not yet
aligned with PS-CA (Owen, 2010; eHealth Saskatchewan, 2024). In 2024, New Brunswick (NB)
launched MyHealthNB, becoming the most recent province to adopt a PS-CA-aligned
application. This makes NB is the first in Canada to enable patients to create and share their



own summaries, marking a significant milestone in patient empowerment and interoperability
(Canadian Healthcare Technology, 2024; Seeley, 2024).

In the United States, IPS adoption is gaining traction through both public and private
sector initiatives. The CommonHealth app, developed by the Commons Project Foundation in
New York, has been available to U.S. residents since October 2023 and uses the IPS standard to
enable individuals to manage and share their health data (CommonHealth International Patient
Summary, n.d.; D’Amore, 2024). Washington State has also launched the Verify+ IPS web app,
allowing residents to create and share verifiable health summaries using the IPS standard
(Washington State Demonstrates IPS — The International Patient Summary, 2024). In addition to
these implementations, EPIC and Meditech have announced plans to incorporate IPS into their
products, signaling growing vendor support (D’Amore, 2024).

In the Latin America and Caribbean (LAC) region, sixteen countries including the
Bahamas, Belize, Costa Rica, El Salvador, Guatemala, Honduras, and Panama participated in the
2023 LACPASS Connectathon. These countries exchanged IPS-LAC documents through their
national FHIR server infrastructures, demonstrating regional commitment to interoperability
(RACSEL, 2023; IPS Web Editorial Team, 2024-b).

International Efforts. Many other countries are also in the process of developing IPS
adaptations, including Brazil, Australia, and New Zealand, and the Philippines (De Faria Leao et
al., 2024; DevDays, 2025; Frankel, 2025; IPS Web Editorial Team, 2024-a). The IPS has also been
adapted for targeted use cases. In Haiti, the IPS has been used to support HIV care by enabling
the sharing of patient records across multiple treatment sites, helping address challenges
related to a mobile population and fragmented care (IPS Web Editorial Team, 2023). Another
adaptation occurred in the European Union, where the IPS was deployed during a large-scale
earthquake simulation. Emergency responders accessed patient data directly from mobile
devices, improving triage and treatment in the field (Tageo et al., 2021).

Governance Challenges and Models. IPS implementation depends on coordinated
efforts among standards development organizations, governments, vendors, and healthcare
providers. Strong governance models, adequate funding, and clear regulatory guidance are
necessary to build trust and drive consistent use of the standard (Gotsadze et al., 2024). In
Canada, it has been noted that the lack of centralized governance and federal oversight poses a
significant challenge to national IPS implementation. Without a unified approach, regional
disparities in readiness and funding risk creating a fragmented system that undermines the
value of IPS. A consistent, pan-Canadian strategy is essential to fully realize the benefits of
standardized, interoperable patient summaries (Digital Health Canada, 2021).

Terminology Challenges and Lessons. Studies have also highlighted important lessons
about the use of SCTs. First, selecting globally recognized standards such as SNOMED CT, CCDD,
and LOINC is essential for achieving semantic interoperability, but they often require
adaptation to reflect local clinical and regulatory needs. For example, Germany’s GECCO
dataset combined SNOMED CT and LOINC with the German Modification of the 10%" revision of
the International Statistical Classification of Diseases and Related Health Problems (ICD-10-GM),
the Anatomical Therapeutic Chemical classification system (ATC), and Unified Code for Units of
Measure (UCUM) to support COVID-19 research while maintaining compatibility with IPS value
sets (Sass et al., 2020). These examples illustrate that while IPS promotes international
alignment, local implementations must balance global consistency with domestic relevance.



This need for adaptation often translates into complex terminology mapping efforts,
which have been identified as one of the most complex aspects of IPS adoption (Shivers et al.,
2021). Many jurisdictions rely on legacy codes or fragmented vocabularies that do not align
neatly with international standards, requiring manual mapping and validation to preserve
accuracy. Human oversight remains critical to ensure clinical safety and usability, but
automated tools exist that can help scale this process. In Brazil, the IPS initiative used Open
Concept Lab and FHIR translate operations to automate the mapping of local terminologies to
international standards, guided by the ISO/TR 12300:2014 framework (De Faria Leao et al.,
2024). This approach demonstrated how open-source tools and international guidance can
support scalable, accurate terminology alignment when combined with careful validation.

Terminology Maintenance. |PS implementations must account for frequent updates to
standards like SNOMED CT and LOINC and ensure that value sets remain aligned with evolving
clinical practice. For instance, Canada Health Infoway publishes regular updates for the
Canadian Edition of SNOMED CT (SNOMED CT CA), the pan-Canadian LOINC Observation Code
Database (pCLOCD), and the Canadian Clinical Drug Data Set (CCDD), ensuring that national IPS
IGs like the PS-CA remain current and interoperable (Canada Health Infoway, 2024-e). Georgia’s
experience further illustrates the importance of strong governance in terminology adoption. As
part of its digital health transformation, Georgia convened workshops to define roles and
responsibilities for terminology governance and to align national standards with international
frameworks such as SNOMED CT, the International Statistical Classification of Diseases (ICD),
and Identification of Medicinal Products (IDMP). Despite challenges like fragmented systems,
unclear responsibilities, and limited resources, Georgia’s efforts to assign terminology
standards to functional domains such as “Patient Summary” and “Standards and
Interoperability” highlight the foundational role of governance in sustaining IPS-aligned
systems. These efforts also reflect a growing recognition that successful digital health
transformation depends not only on technical standards but on clearly defined leadership and
accountability structures (Gotsadze et al., 2024).

Conclusion. In summary, successful IPS implementation depends not only on SCTs and
technical standards like FHIR, but also on robust governance, stakeholder coordination, and
thoughtful localization. As countries like Canada, Brazil, and Georgia have shown, aligning
international frameworks with national priorities requires ongoing investment in terminology
mapping, maintenance, and policy leadership. These foundational efforts are essential to
ensure that IPS remains a scalable, interoperable solution for improving continuity of care
across diverse health systems.

1.2.2 HAPI FHIR JPA Server

Overview. HAPI FHIR is an open-source implementation of the HL7 FHIR specification
developed by the University Health Network (UHN) in Toronto, Canada. It provides a mature,
standards-based foundation for building FHIR-compliant solutions and has become one of the
most widely used reference implementations in both research and healthcare innovation. HAPI
FHIR supports RESTful APIs and integrates seamlessly with widely recognized terminologies



such as SNOMED CT, LOINC, and ICD-10, ensuring that both structural and semantic
interoperability can be achieved in line with HL7 standards (HAPI FHIR 2025-a; Smile CDR, 2025)

Key Features and Applications. The HAPI FHIR JPA Server extends the core HAPI FHIR
library into a complete server solution that not only supports all core CRUD operations (create,
read, update, delete) but also offers advanced capabilities for validation, terminology
management, and IPS generation (HAPI FHIR 2025-b, 2025-c, 2025-d). Its validation features
operate at two levels. Parser validation is quick and runs while a resource is being read,
catching basic issues like elements that don’t match the data model. Instance validation is more
detailed, checking a resource against official FHIR rules and profiles, and can also validate
against specific 1Gs like the PS-CA. (HAPI FHIR 2025-c). Additionally, terminology services are
integrated into the server, allowing terminology to be loaded using standard FHIR REST APIs
(PUT and POST). At runtime, terminology validation uses CodeSystem, ValueSet, and
ConceptMap resources stored within the server (FHIR 2025-d).

In addition to terminology and validation, HAPI FHIR also provides built-in support for
generating IPS FHIR document bundles. The server includes a flexible IPS generation engine that
uses the Ssummary operation to automatically create IPS documents that follow the HL7 IPS IG.
This allows users to test IPS workflows and integrate them into health information exchange
solutions (HAPI FHIR 2025-c). Together, these validation, terminology, and IPS generation
capabilities make the server a powerful platform for both production use and educational or
prototyping environments.

Beyond these built-in features, HAPI FHIR’s impact is evident in how it has been applied
in research and healthcare innovation. A review of the literature revealed numerous examples
where HAPI FHIR was leveraged. Bennett et al. (2023) described how the Medical Information
Mart for Intensive Care (MIMIC-1V) database was converted into FHIR-compliant resources,
validated against HAPI FHIR, and exported for use in downstream artificial intelligence (Al)
systems. As one of the earliest publicly available de-identified critical care datasets in FHIR
format, MIMIC-IV on FHIR offers extensive real-world data that is highly valuable for both
research and the development of healthcare technologies. Prud’hommeaux et al. (2021)
extended HAPI FHIR with Resource Description Framework (RDF) support, allowing FHIR data in
JSON or XML to be converted into RDF so it can be linked and combined with other datasets.
This makes it easier to connect healthcare data with external information for advanced analysis
and research. The RDF implementation was merged into the HAPI FHIR master repository and
included in the 5.2.0 (Numbat) release in December 2020 (p. 117).

In addition to research, HAPI FHIR has played a key role in building clinical and patient-
facing applications. The server has been used to power personal health record platforms (Lee et
al., 2020), integrate real-time monitoring and health coaching systems (Chatterjee et al., 2022),
and support clinical decision-making in projects like diabetes complication screening (Francisco
& Marques, 2024). Walinjkar (2018) demonstrated how trauma-related physiological data
collected from loT devices could be structured as FHIR resources and uploaded in real time to
HAPI FHIR for visualization in an electronic health record (EHR) system. The server has also been
integrated with domain-specific standards like Digital Imaging and Communications in Medicine
(DICOM) to manage imaging data. Solar et al. (2024) described how 33,000 medical CT images
and diagnostic reports were anonymized and ingested into a combined HAPI FHIR—-DICOM



system for Al analysis. These examples highlight the flexibility of HAPI FHIR, demonstrating its
ability to support a wide range of clinical workflows.

Education and Community Support. Alongside its technical applications, HAPI FHIR is
recognized as an educational and enablement tool. Its open-source licensing, extensive
documentation, and strong community support make it ideal for teaching developers and
healthcare professionals about HL7 FHIR. Hussain et al. (2018) published a step-by-step tutorial
for clinical imaging informatics professionals, demonstrating how to build a FHIR playground
using HAPI FHIR, synthetic imaging datasets, and other open-source tools. The server has also
been widely adopted in interactive workshops, where participants gain experience setting up
sandbox servers, building and validating resources, and testing FHIR interoperability workflows
(Moehrke, 2017; Open Concept Lab, 2024; Soares et al., 2023).

Challenges and Lessons Learned. While these examples highlight how HAPI FHIR has
been leveraged as an interoperability and educational tool, literature also emphasizes its core
strengths and known limitations. HAPI FHIR is widely regarded for its robust validation
capabilities, ensuring that resources stored and shared are structurally correct and semantically
meaningful. The platform’s RESTful architecture simplifies integration with other systems, while
its open-source licensing, extensive documentation, and active user community lower both
technical and financial barriers. (Bennett et al., 2023; Francisco & Marques, 2024). Those
seeking support can rely on resources such as the HAPI FHIR Google Group and the HAPI
channel on chat.fhir.org, which provide peer assistance and guidance (HAPI FHIR Community,
n.d.-a, n.d.-b)

Despite these strengths, several challenges have been observed in large-scale or
complex implementations. Performance can degrade when working with very large datasets or
highly complex queries, often requiring optimization strategies such as parallel processing or
ElasticSearch integration (Francisco & Marques, 2024). Terminology binding and validation are
also resource-intensive, particularly when mapping legacy or local codes to international
standards like SNOMED CT and LOINC (Chatterjee et al., 2022). Lessons from the literature
show that these challenges can be addressed through a combination of enablers and best
practices. Dockerized deployment options and the use of synthetic datasets provide safe,
reproducible environments for testing and optimization (Francisco & Marques, 2024; Jayathissa
& Hewapathrana, 2024). Studies also highlight that HAPI FHIR’s open-source ecosystem and
community-driven support networks are critical helping implementers troubleshoot issues
(Jayathissa & Hewapathrana, 2024).

Summary. Overall, the literature highlights HAPI FHIR’s versatility and growing role in
healthcare and research, with examples ranging from data transformation and validation to
integration with external datasets. In this project, HAPI FHIR was used to host and validate PS-
CA bundles, demonstrating how freely available, community-supported tools can support
education and promote interoperability in healthcare.

1.2.3 FHIR Educational Initiatives, Communities, and Resources



Overview. Educational initiatives are an important way to build the technical and
conceptual skills needed to implement HL7 FHIR in healthcare environments. Although FHIR is
designed to be more accessible than older standards, its adoption still requires specialized
knowledge (Snyder, 2025). To help bridge this gap, a range of learning opportunities,
communities, and resources have emerged. Conferences such as HL7® FHIR® DevDays and
various “marathon” events (hackathons, connectathons, and projectathons) introduce
developers, clinicians, and organizations to FHIR in a hands-on way, while also lowering barriers
by fostering collaboration between technical and clinical participants (Firely, 2025; Poncette et
al., 2020; Zaffino, 2024). In addition to its technical capabilities, HAPI FHIR benefits from active
user communities both internationally and within Canada. Ongoing peer support is available
through platforms such as the official FHIR Zulip community and Canada Health Infoway’s
InfoCentral, which hosts dedicated groups focused on HL7 FHIR, health terminologies, and the
PS-CA (Canada Health Infoway 2024a, 2024b, 2024c; Procious, 2024). Additionally, numerous
open-source proof-of-concept projects are publicly shared through blog posts, YouTube videos,
and GitHub repositories, enabling self-directed learning at any time. Together, these
educational initiatives, user communities, and open-source resources create an ecosystem that
accelerates understanding and adoption of FHIR.

Collaborative Learning. The term hackathon combines hack, referring to intensive
collaborative programming, and marathon, which reflects the time-constrained nature of the
event, where participants work intensively within a defined period. They aim to bring diverse
participants together to create innovative solutions to complex medical and health IT problems
(“What Is a Hackathon?,” n.d.). Lessons from the literature show that hackathons are useful
educational tools, as they combine innovation and learning in a time-limited, problem-focused
format. They are especially effective when patients and clinicians are included, bringing in real-
world perspectives and priorities (Poncette et al., 2020). However, they also face challenges.
Tight schedules often limit how deeply participants can explore solutions, and organizing such
events requires significant funding, planning, and institutional support. Some barriers have
been successfully addressed through targeted interventions. Yarmohammadian et al. propose a
solution through their three-phase model for planning, conducting, and evaluating healthcare-
related hackathons (2021). Another major challenge for hackathon success was identified as the
lack of realistic imaging test data. In one effort to address this challenge, patient narratives
were created that linked believable fictional cases with DICOM images and FHIR resources,
developed in collaboration with experienced radiologists (Hussain et al., 2018).

Cultural and institutional barriers can also limit participation. Awareness of hackathons
or open educational initiatives in healthcare is still limited, and there are often misconceptions
about their purpose. Additionally, issues related to diversity, inclusion, and intellectual property
can arise in collaborative events, reducing trust or discouraging participation (Rigas et al.,
2023). Without strong institutional support and clear communication these challenges can
hinder the sustainability of educational initiatives. Despite these challenges, hackathons remain
a valuable approach for advancing FHIR education and innovation, provided they are well-
structured, adequately resourced, and supported by strong institutional backing (Poncette et
al., 2020; Rigas et al., 2023; Yarmohammadian et al., 2021).



Free Tools and Open-Source Learning. Open-source ecosystems support learning by
offering free tools, reference implementations, and datasets that allow experimentation and
learning without licensing barriers. As mentioned previously, the HAPI FHIR reference
implementation is a valuable educational tool (HAPI FHIR, 2025). Synthea is another open-
source tool that creates realistic synthetic patient data in a variety of formats, including FHIR. It
is free from privacy, cost, and security restrictions, making it an ideal educational resource
(About Synthea, n.d.). Beyond software tools, high-quality tutorials, documentation, and well-
maintained GitHub repositories provide accessible, self-directed learning opportunities beyond
the event itself. For example, in their 2023 paper Major et al. provided a tutorial introducing
FHIR and described how they configured a FHIR application and developed python code to send
data from the Epic EHR to downstream Al systems. The MIMIC-IV dataset, previously
mentioned in the context of HAPI FHIR, has also been used as an educational resource. All
components of the project, including the de-identified FHIR dataset and tutorial walk-throughs
were made available through a GitHub repository designed to support learning and
experimentation (Major et al., 2023). A third study by Hussain et al., aimed at imaging
informatics professionals and again published on GitHub, detailed how to build a FHIR
playground using the HAPI FHIR server, a synthetic imaging dataset, and other open-source
tools. These studies demonstrate the value of open-source platforms in supporting accessible,
self-directed education in health informatics.

Terminology Education. The requirement to understand SCTs as they relate to FHIR
adds an additional layer of complexity. Both the Regenstrief Institute and SNOMED
International provide numerous free educational resources to support learning and
implementation of LOINC and SNOMED CT, respectively (Regenstrief Institute, Inc., 2025-3;
SNOMED International, 2019). SNOMED International also makes available both the IPS Free
Set and IPS Terminology, previously described in Section 1.2.1, to support IPS implementations
and terminology education (SNOMED International, 2025-a, 2025-b). Similarly, the Regenstrief
Institute allows free access to search the LOINC terminology, download files, and participate in
its user forum (Regenstrief Institute, Inc., 2025-b). These platforms make it easier for users to
explore terminology standards and learn how to apply them effectively in real-world contexts.

Summary. In conclusion, FHIR educational initiatives thrive when undertaken within a
broader ecosystem of open-source tools, collaborative events, and community-driven learning.
By combining technical training with real-world problem solving and accessible resources, these
initiatives lower barriers to adoption and empower a diverse range of stakeholders. Continued
investment in inclusive, well-supported educational models will be essential to sustaining FHIR
adoption and innovation across healthcare systems.

1.3 Scope

The scope of this project includes the creation of 10 synthetic patient records that
comprise all required sections of the PS-CA: Composition, Problems, Allergies/Intolerances, and
Medications. No real patient data was used, and the project is not intended as a production-
level implementation.



In addition to data creation, the project involved developing a custom Python
application to transform the synthetic records into HL7 FHIR-compliant bundles, deploying a
local HAPI FHIR server for testing and validation, and building a Microsoft Power Bl dashboard
to access and visualize the data. All project files and documentation were published in a
publicly accessible GitHub repository to support transparency, reproducibility, and educational
reuse.

1.4 Lifecycle Stage

This project aligns with the fourth stage of the Canadian Institute for Health Information
(CIHI) Data Standards Development Lifecycle: Support Uptake (see Figure 3). In this stage,
health-related organizations and vendors are provided with support to implement the standard
in their systems. This project contributes to the uptake of the PS-CA specification by
demonstrating how synthetic patient data can be created, shared, and visualized using HL7
FHIR standards. Through the use of open-access tools and documentation, the project supports
key goals of the Support Uptake phase by advancing education and capacity building, and by
providing resources that can inform future system-level implementations.

2. Methods

This section outlines the approach used to design, implement, and share a standards-
based patient summary application. It covers the manual creation of synthetic patient data, the
development of a Python application for data transformation, the deployment of a local FHIR
server for testing, the visualization of results using Power BI, and the distribution of all project
materials in a publicly accessible GitHub repository.

2.1 Study Design

This project followed a structured, multi-step workflow to create, share, and visualize
synthetic patient summaries aligned with PS-CA specification. The overall process involved data
modeling, standards alignment, resource generation, server deployment, data visualization, and
public dissemination.

The project began with the manual creation of synthetic patient records using Windows
Notepad. A separate comma separated value (CSV) file was created for each FHIR resource type
required by the PS-CA IG: Composition, Patient, MedicationStatement, Condition, and
AllergyIntolerance. CSV files aligned with the Organization and Immunization resource types
were also created to add additional educational value. Each file contained one or more rows
per patient, depending on the resource type. Values were selected to align with the PS-CA
resource profiles, and terminology bindings were applied using HL7 and Canada Health Infoway
value sets. Details on the structure and contents of the CSV files are described in Section 2.2.

A Python program was then developed to automate the transformation of these CSV
files into FHIR-compliant patient summary bundles. The program read in the data, created a
FHIR Bundle for each patient, and posted the bundles to a locally hosted FHIR server. Details on
the development environment, libraries used, and server setup are provided in Section 2.3.

To support data access and visualization, Power Query was used within Power Bl to
connect to the FHIR server and retrieve patient summary bundles from individual endpoints.



The JSON data was transformed into structured tabular format using Power Query, enabling
relational modeling. Power Bl was then used to display the patient summaries in a user-friendly
dashboard, allowing users to explore the clinical data interactively. The data transformation
and visualization processes are described further in Section 3.3.

Finally, a GitHub repository was created to share all project files and documentation.
This included the CSV files, Python code, Power Bl dashboard, and setup instructions. The
repository structure and educational goals are discussed in Section 3.4.

2.2 Data Sources

To support transparency, reproducibility, and educational accessibility, synthetic patient
data was manually created in CSV format rather than using automated tools such as Synthea.
This decision was made for two key reasons. First, manually creating simple records in CSV files
allows learners and developers to easily open and explore the data using familiar tools like
Microsoft Excel. Second, it allowed for full control over the structure and content of each
record, ensuring that all data elements aligned precisely with the PS-CA IG.

To best understand the contents of the files and the rationale behind their structure, it
is helpful to first introduce some key FHIR concepts related to coded data and terminology
standards. Many fields in FHIR resources are represented using codes. These are known as
coded elements, and they rely on SCTs to ensure consistency across systems. A value set is a
curated list of allowable codes drawn from one or more code systems, such as SNOMED CT,
LOINC, or HL7. Value sets define which codes are valid for a particular element in a FHIR
resource. For example, a value set called ClinicalFindingCode, maintained by Canada Health
Infoway, is a subset of SNOMED CT CA, containing only values that exist in the Clinical Finding
subhierarchy. Terminology binding refers to the link between a coded element and a specific
value set. This binding ensures that the data adheres to recognized standards and supports
interoperability. In the PS-CA the Condition code is bound to the ClinicalFindingCode value set.
Each binding includes a binding strength, which indicates how strictly the value set must be
followed. FHIR defines four binding strengths:

e Required: Only codes from the specified value set may be used.

e Extensible: Codes from the value set should be used when applicable, but other
codes may be included if necessary.

o Preferred: The value set is recommended, but not mandatory.

e Example: The value set is provided for illustration and is not expected to be used.
(HL7 International, 2019-a)

In FHIR, coded elements are typically represented using one of two data types: Code or
CodeableConcept. A Code is a simple string that represents a single concept from a defined
code system. It is compact and used when only the code itself is needed. A CodeableConcept is
a more flexible structure that can include multiple codings, each with a code, display name, and
code system. It is used when additional context or multiple coding systems are required (HL7
International, 2019-b). When creating the CSV files, the code, code system, and display name
were included for all data elements with a data type of Code or CodeableConcept. While FHIR
profiles with a Code data type typically only accept the code itself (and do not store the display



name or system), these additional fields were included for consistency and educational clarity.
This approach helps users understand where each value came from and supports transparency
in how terminology was applied, even if some of this information is not pushed to the FHIR
server or visible in the dashboard.

Additionally, while in general only fields marked as Required in the PS-CA IG were
included, in some cases, additional fields such as address, telecom information, and patient
photo were incorporated to enhance the educational value of the project and enrich the
dashboard visualization. These additions help demonstrate how optional fields can be included
to create more complete patient summaries.

The following subsections detail the contents of each CSV file, including the optionality
of each field and the terminology bindings to value sets defined in the PS-CA Implementation
Guide.

2.2.1 Organization

The organization CSV file contained two fields: organization name and organization
type. Of these, only the organization name was mandatory. A single organization was used for
all patient summaries to simplify the data. The organization type field was bound to the HL7
OrganizationType! value set, with a binding strength classified as "example." This structure
aligns with the Organization profile in the PS-CA IG.

2.2.2 Composition

The composition CSV file included patient identifier and the composition author, status,
type, title, id, and URL. The patient identifier, author, status, type, and title fields were
mandatory. The value for the author field was sourced from the Organization resource rather
than the CSV file. Additional fields captured the coding system, code, and display name for the
composition document and for each of the condition, allergy, medication, and immunization
sections. This structure follows the CompositionPSCA profile in the PS-CA IG. As per the profile
they were bound to the following LOINC documents:

e 60591-5: Patient summary Document

e 11450-4: Problem List — Reported

e 48765-2: Allergies and adverse reactions Document
e 10160-0: History of Medication use Narrative

e 11369-6: History of Immunization Narrative

2.2.3. Patient

The patient CSV file contained synthetic demographic data modeled after cartoon
characters. It included the following fields: patient identifier (health card number), name, birth
date, gender, telephone number, email address, physical address, and photo (as a folder path).
The name and birth date fields were mandatory. The gender field was bound to the

L http://terminology.hl7.org/CodeSystem/organization-type



AdministrativeGender? HL7 value set with a binding strength of “required.” This format is based
on the PatientPSCA profile in the PS-CA IG.

2.2.4 Condition

The condition CSV file included information about health concerns and diagnoses. It
contained the patient identifier, condition code, condition coding system, and condition display
name. Both the patient identifier and condition code fields were mandatory. The condition
code field was bound to the ClinicalFindingCode? value set with a binding of "preferred." This
format is based on the ConditionPSCA profile in the PS-CA IG.

2.2.5 Allergy-Intolerance

The allergy-intolerance CSV file included data on patient allergies, such as the allergen
substance, reaction manifestation, and various status indicators. The patient identifier and
allergen substance fields were mandatory. As per the AllergylntolerancePSCA profile in the PS-
CA IG, several fields in this file are bound to HL7 and SNOMED CT CA value sets with varying
binding strengths. The table below summarizes the relevant fields, their binding strengths,
associated code systems, and the value sets to which they are bound:

Field Binding Value Set Code System

Strength
clinicalStatus Required AllergyIntoleranceClinicalStatusCodes* HL7
verificationStatus Required AllergylntoleranceVerificationStatusCodes> HL7
criticality Required AllergylntoleranceCriticality® HL7
reactionSeverity Required AllergyIntoleranceSeverity’ HL7
allergy-intolerance code Preferred | PharmaceuticalBiologicProductAndSubstanceCode® | SNOMED CT CA
reactionManifestation Required ClinicalFindingCode® SNOMED CT CA
2.2.6 Medication

The medication CSV file contained information about prescribed medications, including
the patient identifier and the medication effective date, details, and status. The patient
identifier, effective date, medication, and status fields were mandatory. As per the
MedicationStatementPSCA profile in the PS-CA IG, the medication and status fields are bound
to value sets from CCDD and HL7, respectively. The table below outlines the relevant fields,
their binding strengths, associated code systems, and the value sets to which they are bound.

Field Binding Value Set Code System
Strength

2 http://hl7.org/fhir/administrative-gender

3 https://fhir.infoway-inforoute.ca/ValueSet/clinicalfindingcode

4 http://terminology.hl7.org/CodeSystem/allergyintolerance-clinical

5 http://terminology.hl7.org/CodeSystem/allergyintolerance-verification

6 http://hl7.org/fhir/allergy-intolerance-criticality

7 http://hl7.org/fhir/reaction-event-severity

8 https://fhir.infoway-inforoute.ca/ValueSet/pharmaceuticalbiologicproductandsubstancecode
% https://fhir.infoway-inforoute.ca/ValueSet/clinicalfindingcode



medication Preferred | PrescriptionMedicinalProduct!® CCDD

status Required | Medication Status Codes!! HL7

2.2.7 Immunization

The immunization CSV file contained details about administered vaccines, including the
patient identifier and the immunization occurrence date, route, site, status, and vaccine. The
patient identifier, occurrence date, status, and vaccine fields were mandatory. As per the
ImmunizationPSCA profile in the PS-CA IG, several fields are bound to value sets from SNOMED
CT CA and HL7, with varying binding strengths. The table below summarizes the relevant fields,
their binding strengths, associated code systems, and the value sets to which they are bound.

Field Binding Value Set Code System
Strength

vaccine Preferred | VaccineAdministeredTradeNameCode?'? SNOMED CT CA

route Preferred | ImmunizationRouteOfAdministrationCode®? SNOMED CT CA

status Required | ImmunizationStatusCodes®* HL7

site Example CodesForlmmunizationSiteOfAdministration®® HL7

2.3 Tools and Processes

This project was developed using a combination of freely available tools, standards-
based services, and open-source software to ensure transparency, reproducibility, and
accessibility for learners and developers.

2.3.1 Hardware and Development Environment

The project was undertaken on a Microsoft Surface 3 Laptop running 64-bit Windows 11
Home. Microsoft Visual Studio Code (version 1.102.1) was used as the integrated development
environment (IDE) for writing and debugging the Python application. The Python application
relied on several libraries, including: pandas, requests, json, uuid, datetime, sys, and
fhir.resources. ChatGPT was also used as a support tool for debugging programming errors and
troubleshooting implementation problems.

2.3.2 Containerization and Server Setup

To simulate a standards-based FHIR environment, Docker Desktop (version 4.00.0) was
used to run the latest version of the HAPI FHIR JPA Server. This containerized server provided a
local endpoint for posting and retrieving FHIR resources, enabling end-to-end testing of the
synthetic patient summaries.

2.3.3 Terminology and Standards Tools

10 https://fhir.infoway-inforoute.ca/ValueSet/prescriptionmedicinalproduct

11 http://hl7.org/fhir/CodeSystem/medication-statement-status

12 https://fhir.infoway-inforoute.ca/ValueSet/vaccineadministeredtradenamecode

13 https://fhir.infoway-inforoute.ca/ValueSet/immunizationrouteofadministrationcode
1 https://fhir.infoway-inforoute.ca/ValueSet/immunizationstatuscodes

15 http://hl7.org/fhir/ValueSet/immunization-site



Two tools were used to assist with the design and validation of the CSV input files and
their alignment with the PS-CA specification:

1) Simplifier.net: The Pan-Canadian Patient Summary Project!® on Simplifier.net was used
to explore the FHIR resource profiles. The “snap” view allowed the author to examine
each profile’s data elements, descriptions, data types, cardinality, and terminology
bindings. This ensured that all required fields were included and that the data
conformed to the expected formats and value set bindings. Simplifier.net also provided
access to HL7-maintained value sets, which were used to select appropriate codes for
fields such as gender, status, and document sections.

2) Canada Health Infoway Ontoserver: For value sets maintained by Canada Health
Infoway, the Ontoserver!’” was used extensively. Ontoserver is a FHIR-compliant
terminology service that supports SNOMED CT, LOINC, and other code systems. It allows
users to interactively browse, filter, and validate terminology. A free Canada Health
Infoway account was required to access Ontoserver, which the author obtained. This
tool was instrumental in selecting appropriate codes from Canadian-maintained value
sets, ensuring semantic interoperability across the synthetic patient summaries.

2.3.4 Python Application Design

A custom Python application was designed to automate the transformation of
structured CSV input files into HL7 FHIR-compliant bundles aligned with the PS-CA IG. The
application was developed with a focus on modularity, transparency, and educational
accessibility. The codebase consists of eight Python files, each responsible for a specific aspect
of the data transformation pipeline. In total, the application includes over a dozen custom
functions, grouped by resource type (e.g., create_allergy_resource(),
create_condition_resource()), data handling (e.g., load_csv_data()), and FHIR server interaction
(e.g., upload_bundle_to_server()). This modular design ensures that individual components can
be updated or extended without affecting the entire pipeline, supporting future enhancements
and educational reuse.

The application was structured to perform several key tasks: reading data from CSV files,
transforming each row into a FHIR resource, grouping resources into a document-style FHIR
Bundle, posting the bundle to a local FHIR server, and saving validation outputs. To support
maintainability and reuse, resource creation was modularized using dedicated Python scripts
for each FHIR resource. For example, the patient script generated Patient resources, while the
medication script handled MedicationStatement resources. These scripts used the
fhir.resources Python package (version 6.4.0), which supports FHIR R4.

To improve robustness and user feedback, basic error handling was implemented
throughout the application. Each CSV file was checked to ensure it included all required
columns before processing. If a file was missing required fields or if an error occurred during
resource creation or bundle assembly, the program raised and caught exceptions, printed a

16 https://simplifier.net/ps-ca-r1
7 https://ui.terminologystandardsservice.ca



descriptive error message to the terminal, and wrote the message to a log file. Similarly, server
responses to each bundle upload were printed to the screen and saved to a separate log file.
Validation outputs were also saved for each bundle. The raw server response was stored in a
file named validation_<PatientID>.json, and any validation issues were tabulated in
validation_issues_table.xlsx. A summary sheet aggregated key outcomes across all patients to
support quality assurance and educational review.

Each patient’s resources were grouped into a FHIR Bundle of type document, with a
Composition resource placed first as required by the FHIR specification. The Composition
referenced each clinical resource in its sections, and the bundle included a unique identifier and
timestamp. Bundles were saved locally as JSON files using the naming convention
bundle_<PatientID>.json. The application was designed to post each bundle to a locally running
HAPI FHIR server using an HTTP POST request with the application/fhir+json content type.
Bundles were sent as transaction requests to ensure that all resources were created or updated
as a single transaction. The results of running the application are described in Section 3.

2.3.5 Power Bl and Power Query

Microsoft Power Bl and Power Query were used to access, transform, and visualize the
patient summary data stored on the local HAPI FHIR server. These tools offer extensive online
learning resources and require no prior coding experience, making them ideal for newcomers.
Power Query enabled direct connections to individual FHIR endpoints, allowing JSON data to be
retrieved and unpacked into structured tabular format. Separate queries were created for each
resource type, including Patient, MedicationStatement, Condition, Allergylntolerance,
Immunization, and Composition.

The resulting tables were linked using one-to-many relationships, with the Patient
Identifier field serving as the key to connect each clinical record to the Patient table. This
relational structure mirrored the organization of the original FHIR bundles and supported
meaningful analysis and visualization. Each transformation step was labeled descriptively, and
inline documentation was added to the query code to support educational reuse. Optional
fields such as patient photos and contact information were included to improve realism, and a
custom visual was created using JavaScript to enhance the display of patient images. These
tools were selected for their accessibility, flexibility, and strong support for structured data
transformation, making them well-suited for educational and prototyping environments.

3. Results

This section presents the outcomes of the project. Results are organized around four
areas: the creation of HL7 FHIR—compliant patient summaries using a custom Python
application, the deployment of a local HAPI FHIR server, the visualization of transformed data in
Power BI, and the dissemination of project files and documentation on GitHub.

3.1 Successful Generation of FHIR-Compliant Patient Summaries

A custom Python application was successfully developed, tested, and debugged by the
author to automate the transformation of synthetic patient data into HL7 FHIR-compliant PS-CA
JSON bundles. The application successfully read structured CSV files and generated a complete



FHIR Bundle for each of the seven synthetic patients. Each bundle included the required PS-CA
resource types: Composition, Patient, MedicationStatement, Condition, and Allergylntolerance.
The optional resources Organization and Immunization were also included to enhance
educational value. In total, the dataset contained 7 Patient records, 1 Organization, 13
MedicationStatements, 33 Conditions, 15 Allergylntolerances, and 45 Immunizations. All
required fields were populated, and terminology bindings were applied in accordance with the
PS-CA IG.

3.2 Deployment of Local FHIR Server

The generated bundles were posted to a locally hosted HAPI FHIR JPA Server running in
Docker. This enabled end-to-end testing of the patient summaries in a standards-based
environment. All resources were successfully stored on the local FHIR server and could be
retrieved in two ways: (1) by navigating directly to the resource endpoints in a web browser,
and (2) by connecting to the endpoints using Power Query in Microsoft Power Bl. Both methods
confirmed that the FHIR bundles were accessible and correctly structured.

3.3 Data Transformation and Dashboard Visualization

To support interactive exploration of the synthetic patient summaries, Microsoft Power
Bl was used to connect to the locally hosted HAPI FHIR server via Power Query. A separate
query was created for each resource type, targeting the following endpoints:

e http://localhost:8080/fhir/Patient

e http://localhost:8080/fhir/MedicationStatement
e http://localhost:8080/fhir/Condition

e http://localhost:8080/fhir/Allergylntolerance

e http://localhost:8080/fhir/Immunization

e http://localhost:8080/fhir/Composition

Each query retrieved JSON data for a specific resource type and was unpacked into
structured tabular format using Power Query transformations. The resulting tables were linked
to the Patient table using one-to-many relationships, reflecting the organization of the original
FHIR bundles and supporting meaningful analysis and visualization.

The final Power Bl dashboard included five pages: Overview, Medications, Conditions,
Allergies, and Immunizations. Users could select a synthetic patient from a list and view
detailed information specific to that patient. Each page presented structured clinical data, and
for every data element that included an associated code and code system in the FHIR resource,
both were displayed in the user interface to support transparency and reinforce the use of
standardized terminologies. Screenshots of each dashboard page are available in Appendix A,
providing a visual reference for the interface and layout. Designed to be user-friendly and
informative, the dashboard provided a practical demonstration of how structured FHIR data can
be transformed into meaningful visualizations, helping users engage with interoperability
concepts in an intuitive and accessible way.



3.4 Public Dissemination

To support education through transparency and reproducibility, a GitHub repository was
created to make the project publicly accessible to learners (see Figure 4). The repository serves
as a central hub for all project artifacts and documentation, including everything required for
learners to download the project and try it themselves. This includes the CSV files, the complete
Python codebase, all output files and the Power Bl dashboard file. The repository also includes
detailed documentation organized into six markdown files, each designed to educate and guide
users through a specific aspect of the project:

e READMIE File: Serves as the central entry point for the repository, summarizing the
project’s goals, features, and setup instructions. It includes steps for cloning the
repository, setting up the Python environment, running the Docker container,
executing the Python application, and refreshing the Power Bl report.

e Pan-Canadian Patient Summary Overview: Introduces the PS-CA IG and its alignment
with the IPS. It explains the concepts of interoperability, health information
exchange standards, and controlled terminology systems such as SNOMED CT CA,
pCLOCD, and CCDD. It also includes curated educational links to YouTube
presentations, implementation guides, and terminology resources maintained by
Canada Health Infoway.

e CSV File Design and Value Sets: Describes the rationale behind the structure and
content of the synthetic CSV files. It explains how each file maps to a specific FHIR
resource and how terminology bindings were applied using value sets defined in the
PS-CA IG. It also highlights formatting considerations, such as the need to wrap text
fields containing commas in double quotes to avoid issues.

e Python Application Guide: Details the structure and logic of the Python application,
including how CSV files are transformed into FHIR resources, grouped into
document-style bundles, and posted to the local HAPI FHIR server. It also outlines
the modular design of the codebase, the required Python packages, and the
validation outputs generated during execution.

e HAPI FHIR Server Setup: Provides instructions for running the HAPI FHIR JPA Server
locally using Docker. It explains the role of the server in supporting standards-based
data exchange and includes commands for starting, restarting, and customizing the
server configuration. Educational links are provided to help users understand the
server’s capabilities and its role in sharing patient summaries.

e Power Bl and Power Query Guide: Explains how Power Bl was used to query the
FHIR server, unpack JSON data into tabular format, and relate clinical records to
patient data using one-to-many relationships. It includes annotated code for each



query, screenshots of the dashboard interface, and a description of the data model
used to support the visualization.

This open-access approach ensures that others can replicate, learn from, and build upon
the project, supporting broader adoption of patient summary standards and tools in both
educational settings and professional capacity-building efforts.

4, Discussion

The primary aim of this project was to create semantically interoperable patient
summaries using freely available tools, supporting education and promoting broader adoption
of patient summary standards. This goal was successfully achieved. The project resulted in a
fully functional, standards-based patient summary pipeline, complete with documentation and
a public GitHub repository to support transparency and reuse.

The successful generation of FHIR-compliant bundles using a self-developed Python
application demonstrates that the Python programming language is a practical and
approachable tool for working with HL7 FHIR standards. While some implementation challenges
arose, the overall process was manageable, reinforcing the idea that both Python and FHIR are
designed with usability in mind. This supports the project's educational goals by showing that
learners can engage with these technologies without needing advanced programming
expertise.

The use of a locally hosted HAPI FHIR server was instrumental in easily simulating a
standards-based environment for testing and validating the patient summary bundles. Running
the server in Docker provided a straightforward setup process, making it accessible even to
those with limited technical experience. By enabling learners to post and retrieve FHIR
resources in a controlled environment, the server supports hands-on exploration of
interoperability concepts and reinforces the practical application of HL7 FHIR standards.

The use of Microsoft Power Bl and Power Query further supported the project’s
educational goals by providing an approachable interface for data access and visualization. By
leveraging free versions of widely supported software, the project lowers the barrier to entry
and introduces learners to powerful tools they may choose to explore further.

Publishing the project on GitHub enables learners and professionals to engage with the
materials hands-on by downloading, running, and modifying the code for their own exploration
or training purposes. The repository’s comprehensive documentation explains the technical
implementation while also introducing key concepts in patient summary standards, fostering
deeper understanding and encouraging reuse and adaptation.

4.1 Lessons Learned

Throughout the development of this project, several technical challenges provided
valuable learning opportunities. One of the earliest issues encountered involved the comma-
separated values (CSV) format. Because CSV files use commas to separate fields, any display
name that also contained a comma (e.g., “Hypertensive disorder, systemic arterial (disorder)”)
was misread as multiple fields. To resolve this, all values across all CSV files were wrapped in
double quotes so the program would not misread commas inside field values as field



separators. Another key insight involved formatting date values to align with server
expectations. The server expected the dates to be in a standardized 1SO format, which required
converting them appropriately before resources could be posted. These nuances in data
handling highlighted the importance of understanding both the structure of FHIR resources and
the behavior of the tools used to generate them.

Another important lesson involved understanding the complexities of FHIR data types,
particularly the distinction between Code and CodeableConcept. While CodeableConcept
allowed for the inclusion of a code, code system, and display name, the Code data type
accepted only the code itself. This became evident when attempting to include the code system
and display name for fields with the Code data type (i.e. allergy reaction severity), which
resulted in errors from the HAPI FHIR server. These errors were helpful in reinforcing the
importance of adhering strictly to FHIR resource definitions, as the server performs structural
validation and will reject improperly formatted resources.

The data connection component of the project offered yet another learning
opportunity. One unexpected discovery involved endpoint behavior when using Power Query to
connect to the Patient resources on the locally hosted FHIR server. Querying
http://localhost:8080/fhir/Patient did not reveal the health card number field, whereas
appending _summary=false to the endpoint did. This emphasized the importance of
understanding how different endpoint modifiers affect the structure and completeness of
returned data, which is especially relevant when designing queries for educational or analytical
purposes.

Another valuable lesson involved the integration of synthetic patient photos into the
dashboard. It was discovered that patient images could be embedded in FHIR resources using
base64 encoding. A custom Python function was developed to convert image files into base64
strings, which were then posted to the FHIR server and retrieved for display in Power BIl. The
process also included learning how to decode these strings back into images within Power BI.
Through experimentation, it became clear that image size was a critical factor: the base 64
strings for images over 7 KB in size were truncated during transformation, resulting in display
errors. This limitation informed the selection and formatting of images used. To further
enhance presentation, a custom Power Bl visual was created using JavaScript, allowing for a
more polished and user-friendly display of patient photos.

In addition to technical development, this project provided valuable experience with
version control and community collaboration using Git (a version control system), and GitHub (a
platform for hosting and sharing code repositories). Regular commits with descriptive messages
helped track progress and enabled recovery from bugs by reverting to earlier versions.
Markdown syntax was used to create clear and visually engaging documentation, including
embedded images and tables. Beyond tooling, the project also fostered meaningful
engagement with the broader health informatics community. Questions posted on chat.fhir.org
received helpful and encouraging responses, and a LinkedIn post about the project was shared
by the official International Patient Summary (IPS) account. One particularly memorable
interaction involved an experienced UK health informatics professional who reached out with
insights from intensive work with patient summaries. These exchanges reinforced the
collaborative spirit of the field and highlighted the value of sharing work publicly.



4.2 Limitations and Future Work

While the project successfully achieved its primary goal of creating semantically
interoperable patient summaries using freely available tools, several limitations were
encountered that also point to valuable directions for future work. One area of challenge
involved conformance validation against the PS-CA IG. Although the guide was successfully
loaded into the HAPI FHIR server, interpreting the validation responses proved difficult. The
server flagged several issues, but the feedback lacked clarity, making it challenging to pinpoint
and resolve the underlying problems. Further investigation revealed that more detailed
validation output could be enabled by modifying a server configuration file. Guidance was
obtained from a member of the FHIR community regarding this approach, but implementation
efforts were unsuccessful. This limitation suggests a need for deeper exploration into server
configuration and validation tooling to better support conformance testing in future
implementations.

Another limitation involved restrictions related to Power Bl licensing. Microsoft offers a
built-in FHIR connector, which is a tool that allows Power Bl to connect directly to FHIR servers
and retrieve clinical data using standard FHIR APIs. However, access to this connector requires
an active Power Bl Pro or Premium license. Investigation with the author’s educational
institution revealed that Power Bl licenses are available only to staff, not students. As a result,
the FHIR connector could not be used during the project. The absence of a license also
prevented the report from being published to the Power Bl service, which meant the interactive
dashboard could not be made publicly accessible online. Instead, users must download the
report file and open it in Power Bl Desktop to explore the visualizations, which introduces a
barrier to sharing and limits ease of access for learners.

Time constraints also shaped the scope of the project. With only twelve weeks available,
certain enhancements could not be pursued. For example, the Python application currently
performs only POST operations, which results in duplicate resource creation if the program is
run multiple times without resetting the server. A future version could include logic to check for
existing resources and use PUT operations to update them when applicable, improving
efficiency and reducing redundancy. It would also be worthwhile to expand the synthetic
dataset. This would involve populating additional fields for the resources already being
generated (e.g., Patient, Condition, Medication), as well as creating synthetic data for the
remaining resource types identified in the PS-CA, such as Results, Medical Devices, and Vital
Signs. Updates to both the Python application and the Power Bl report would be required to
support the broader dataset and maintain consistency.

Testing the Python application with publicly available synthetic patient summary data,
such as records generated by Synthea, would also be beneficial. This would allow for evaluation
of the application’s performance and adaptability with external datasets, and it would also
provide insight into how well it handles more complex or realistic patient scenarios. A bilingual
version of the Power Bl report could also be developed to reflect Canada’s two official
languages (English and French). The value sets managed by Canada Health Infoway are available
in both languages via the terminology server, making this a meaningful and feasible
enhancement. HL7 value sets appear to be available only in English, so further investigation
would be needed to determine how best to handle those values. A bilingual report would
better reflect the linguistic diversity of Canadian healthcare settings.



Regarding the GitHub repository, the documentation could be significantly expanded to
better support users who are new to patient summary standards and terminology services. This
could include links to Canada Health Infoway’s documentation and communities of practice,
guidance on how to create an account and access the terminology server, and explanations of
how to use the SNOMED CT browser. Additional educational content could include primers on
SNOMED CT and pCLOCD/LOINC, as well as links to SNOMED education resources. These
additions would help contextualize the technical implementation and provide learners with a
more comprehensive understanding of the standards and tools involved. Finally, future work
could include recruiting volunteers to review the GitHub repository and provide feedback on its
clarity, usability, and completeness. Volunteers could be tasked with reading through the
documentation, identifying any confusing instructions or missing information, and attempting
to download and run the project files themselves. This kind of usability testing would help
ensure that the repository is accessible to learners and developers, and that it supports
independent exploration and reuse as intended.

5. Conclusion

This project applied the PS-CA and Canadian terminology systems like SNOMED CT CA
and CCDD to create an educational tool that makes interoperability concepts more
approachable. By using synthetic data, HL7 FHIR, and open-source tools, it demonstrated how
standards-based patient summaries can be built, shared, and explored without requiring
advanced infrastructure or specialized support. All resources and supporting documentation
were openly shared to encourage reuse, learning, and experimentation. The key takeaway is
that by equipping more people with the skills to build interoperable patient summaries,
clinicians can gain improved access to clear and consistent patient information. This supports
better decision-making, can help to reduce errors, and can ultimately lead to improved patient
care across diverse healthcare settings.
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Figure Al
Patient Overview Screen

Appendix A — Power Bl Dashboard Screenshots
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Refractory migraine 02-Aug-2024 COVID-19

Transformed migraine 08-Oct-2023 Varicella
13-Dec-2022 COvID-19
18-Mar-2022 COvID-19
09-Aug-2021 COvID-19
30-Aug-2020 COVID-19




Figure A2
Patient Medication Screen

Pan-Canadian
Patient Summary
: Viewer
. Duck, Daffy
999 884 228
OVERVIEW
MEDICATIONS
CONDITIONS
ALLERGIES

IMMUNIZATIONS

Wellness Way Hospital

PATIENT MEDICATIONS

Last Updated: July 29, 2025 at 5:29 PM

Effective Date Status Medication

27-Jan-2024 active citalopram (citalopram hydrobromide) 20 mg oral tablet

15-Mar-2024  active duloxetine (duloxetine hydrochloride) 30 mg gastro-
resistant capsule

Medication Code

9000834
9001234

Patient:  pyck, Daffy

Medication Code System
-~

http://terminology.hl7.org/CodeSystem/hc-CCDD
http://terminology.hl7.org/CodeSystem/hc-CCDD




Figure A3
Patient Condition Screen

PATEEAnAdian PATIENT CONDITIONS
]]IR]]] Patient Summary .o ypdated: July 29, 2025 at 5:29 PM
- Viewer

Condition Name
v

Transformed migraine
ﬂ Duck, Dafty Refractory migraine
999 884 228
Hypoglycemic syndrome

Fracture of ankle

OVERVIEW

Anemia

MEDICATIONS
CONDITIONS
ALLERGIES

IMMUNIZATIONS

Wellness Way Hospital

Patient:

Condition Code

427419006
423894005
271327008
16114001

271737000

Duck, Daffy

Condition Code System

http://snomed.info/sct
http://snomed.info/sct
http://snomed.info/sct
http://snomed.info/sct
http://snomed.info/sct




Figure A4
Patient Allergy and Intolerance Screen

Pan-Canadian
IIIIII P.atient Summary
Viewer

PATIENT ALLERGIES & INTOLERANCES

Last Updated: July 29, 2025 at 5:29 PM

Clinical Status Verification Status Allergen
confirmed Aspirin
confirmed Latex

active
e Duck, Daffy >
999 884 228 active

OVERVIEW

MEDICATIONS

CONDITIONS

ALLERGIES Allergen Allergen Code Allergen System

IMMUNIZATIONS Latex 91930004 http://snomed.info/sct
Aspirin 91932001 http://snomed.info/sct

Wellness Way Hospital

Reaction
-

Anaphylaxis

Hives

Reaction

Anaphylaxis

Hives

Patient:

Criticality

high

unable-to-assess

Reaction Code

271757001
247472004

Duck, Daffy

Severity

mild

severe

Reaction System

http://snomed.info/sct
http://snomed.info/sct




Figure A5
Patient Immunization Screen

Patient Summary

| Pan-Canadian

Viewer

- Duck, Daffy
999 884 228

OVERVIEW
MEDICATIONS
CONDITIONS
ALLERGIES

IMMUNIZATIONS

Wellness Way Hospital

PATIENT IMMUNIZATIONS

Last Updated: July 29, 2025 at 5:29 PM

Bate Status Vaccine

05-Nov-2024 completed [DTaP] TRIPACEL

02-Oct-2024 not-done [IPV] IMOVAX POLIO

14-Sep-2024 completed [COVID-19] SPIKEVAX Bivalent (Original / Omicron BA.4/BA.5)
0.10 mg/mL

02-Aug-2024 completed [COVID-19] COMIRNATY Omicron XBB.1.5 30 mcg/0.3 mL

08-Oct-2023 completed [Var] VARILRIX

13-Dec-2022 completed [COVID-19] COMIRNATY (original strain) 30 mcg/0.3 mL

18-Mar-2022 entered-in-error [COVID-19] COMIRNATY (original strain) 30 mcg/0.3 mL

Site Site Code Site Code System Route

Left arm LA http://snomed.info/sct Intramuscular: IM
Right arm RA http://snomed.info/sct

Vaccine

[COVID-19] COMIRNATY (original strain) 30 mcg/0.3 mL

[COVID-19] COMIRNATY Omicron XBB.1.5 30 mcg/0.3 mL

[COVID-19] SPIKEVAX Bivalent (Original / Omicron BA.4/BA.5) 0.10 mg/mL
[DTaP] TRIPACEL

[IPV] IMOVAX POLIO

[Var] VARILRIX

Patient:

Type Site
DTaP Right arm
1PV Right arm
CovID-19 Right arm
COVID-19 Right arm
Varicella Right arm
COVID-19 Left arm
COVID-19 Right arm

Route Code

78421000

Vaccine Code

28581000087106
51471000087104
37651000087101
28721000087103
7361000087100

31541000087105

Duck, Daffy

Route

Intramuscular: IM
Intramuscular: IM

Intramuscular: IM

Intramuscular: IM
Intramuscular: IM
Intramuscular: IM

Intramuscular: IM

Route Code System
-~

http://snomed.info/sct

Vaccine Code System
-~

http://snomed.info/sct
http://snomed.info/sct
http://snomed.info/sct
http://snomed.info/sct
http://snomed.info/sct
http://snomed.info/sct




Appendix B — CHIMA Curricular Competencies

CHIMA Competency

Evidence of Competency Demonstration in Field Project

2.3 Demonstrate terminology knowledge by The project demonstrated terminology knowledge through the selection and use
contributing to the development, implementation = of SNOMED CT CA, HL7, and CCDD value sets in the synthetic data creation in
and support of CT services, tools and technical accordance with the Pan-Canadian Patient Summary (PS-CA) Implementation
infrastructure, to manage CT. Guide (IG). The Python application applied terminology bindings to appropriate

FHIR fields, and Ontoserver was used to access Canadian value sets. To support
the ongoing management of the value sets used in the synthetic data, the author
joined the Patient Summary community of practice on Canada Health Infoway’s
InfoCentral platform, where proposed changes to terminology bindings are
discussed. The author also contributed to terminology support by publishing a
GitHub repository with documentation on the project including interoperability
basics and terminology use, making the project accessible for educational reuse.

2.7 Develop learning resources and deliver Although no live classroom delivery was performed, the project created modular,
educational/ training sessions for multiple openly accessible resources that function as self-paced training. These materials
audiences on the development, application and support education on the application and management of terminology services
management of the content of specific CT services = and tools relevant to PS-CA adoption. While the learning resources are primarily
and tools used in the organization/jurisdiction. targeted to developers, the GitHub repository is also being shared through the

author’s LinkedIn account to spark interest among clinical informatics
professionals and broaden its reach to multiple audiences.

3.1 Evaluate and recommend CT services and tools The literature review component of the project reviewed terminology services
used in other jurisdictions to support adoption of and tools used in other jurisdictions. This included Brazil’s use of Open Concept
CT within a health IT application. Lab and the ISO/TR 12300:2014 mapping framework, which illustrated scalable

approaches to terminology alignment. This also included Georgia’s structured
governance model, which emphasized the importance of clearly defined roles in
terminology stewardship.

3.4 Evaluate technical design and implementation of The technical design of the Python application was evaluated and refined to

health IT applications to incorporate CT standards

ensure that terminology bindings for Code and CodeableConcept fields aligned
with PS-CA resource profiles. The project implemented appropriate methods for




including appropriate methods for CT-encoded
data entry, storage, retrieval, and analysis.

representing CT-encoded data in HL7 FHIR resources and verified that this data
could be stored on a FHIR server, retrieved via standard endpoints, transformed
using Power Query, and visualized in Power BI.

3.9

Develop terminology strategic roadmaps and
operational/implementation plans ensuring

alignment with health system plans and strategies.

Although the project was not part of a formal system implementation, it
demonstrated an operational approach for PS-CA execution using freely available
tools. The design emphasized alighnment with Canadian terminology standards
and demonstrated a repeatable roadmap for creating, sharing, and visualizing of
interoperable patient summaries. By aligning with the Support Uptake phase of
the CIHI Data Standards Development Lifecycle and referencing Canada Health
Infoway’s terminology infrastructure, the project supports strategic goals related
to interoperability and standards adoption.

4.11

Demonstrate knowledge of the current trends and
issues in the interoperability standards landscape
in Canada and North America.

The project demonstrates awareness of current trends and issues in the
interoperability standards landscape in Canada and North America. The literature
review component detailed recent developments across Canada, including
provincial implementation guides and patient-facing applications such as
MyHealthNB. It also highlighted growing IPS adoption in the United States,
including vendor support from EPIC and Meditech, and patient-facing tools like
the CommonHealth app and Washington State’s Verify+ IPS web application.

5.1

Collaborate and support the adoption of
interoperability standards through their lifecycle
stages.

The project supports the adoption of interoperability standards through the
“Support Uptake” phase defined by the Canadian Institute for Health Information
(CIHI). It demonstrated how FHIR-based patient summaries can be created,
validated, and shared using standard tools. It contributed to the broader
Canadian interoperability ecosystem by publishing reusable assets and
educational materials to GitHub, enabling others to test, learn, and build on the
work. Informal collaboration with the FHIR community (via chat.fhir.org) further
demonstrated engagement in the adoption process.

5.3

Analyze the selection of specific interoperability
standard for adoption in the
organization/jurisdiction.

The project utilized HL7 FHIR R4, the PS-CA IG, and the HAPI FHIR JPA Server as a
standards-based foundation for building and sharing interoperable patient
summaries. The rationale for choosing these tools was based on accessibility,




alignment with national and international standards, and their ability to support
semantically interoperable data exchange using recognized value sets.

5.4 Manage the implementation of specific The project managed the implementation of the PS-CA interoperability standard
interoperability standards in the by designing and executing a complete workflow for creating, validating, and
organization/jurisdiction. visualizing FHIR-based patient summaries. This included manually generating

synthetic data aligned with the PS-CA IG, developing a modular Python
application to transform the data into HL7 FHIR bundles and deploying a local
HAPI FHIR server.

5.7 Recommend the creation, distribution, and update = The GitHub repository created for this project included comprehensive

of the documentation on specific interoperability
standards adopted in the organization/jurisdiction.

documentation. This included markdown guides covering terminology services,
PS-CA profiles, resource mapping, tool setup, and Power Bl integration. The
documentation supports transparency, encourages adoption, and models how
organizations can document local implementations of national standards.




