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EXECUTIVE SUMMARY

The utilization of standardization approaches and ontology systems holds significant
importance within healthcare systems as they serve to ensure interoperability, data
consistency, and semantic comprehension across diverse healthcare IT systems and
applications. The current healthcare sector has encountered substantial obstacles
pertaining to the interoperability and data consistency of heterogeneous information
systems and proposed various standardization approaches and ontology systems for
different healthcare domains. This hinders the widespread deployment of Al systems in
different healthcare environments, requiring compelling compliance with these current
standardizations. This deliverable describes the significance of standardization
approaches and ontology systems in effectively addressing the challenges, provides an
examination of current standards and ontologies used in the healthcare domain, and
investigates their impact on semantic comprehension and data integration.

1 Introduction

The healthcare industry is multifaceted and dynamic, playing a vital role in the health of
individuals and communities. It has undergone a significant transformation over the past
few decades, driven by advances in medical technology, changing patient needs, and
the increasing complexity of healthcare services. In tandem with these alterations, the
management and exchange of healthcare data have assumed paramount importance,
creating an urgent need for healthcare standardization.

Healthcare standardization is not a new phenomenon; it has evolved in response to the
growing complexity of healthcare systems and the need for seamless data exchange.
Historically, healthcare data was frequently isolated within specific institutions or
departments, making it difficult to share information between providers, healthcare
facilities, and systems. This fragmentation resulted in inefficiencies, increased medical
errors, and compromised patient care. The earliest attempts at standardization in
healthcare can be traced back to the development of medical classification systems such
as the International Classification of Diseases (ICD). These coding systems were
designed to classify diseases and conditions for statistical and billing purposes. While
they provided a foundation for data organization, they were limited in scope and lacked
the granularity required for modern healthcare practices.

The adoption of Electronic Health Records (EHRs) marked a watershed moment in
healthcare standardization. EHRs converted patient information into digital form,
allowing for the electronic storage, retrieval, and sharing of healthcare data. The lack of
consistent data models and terminologies, on the other hand, hampered the effective
use of EHRs for interoperability and decision support. Recognizing these challenges,
healthcare organizations and standards development bodies started working together to
create standardized data models, messaging formats, and terminologies. These
standards were designed to ensure that healthcare data could be exchanged accurately
and meaningfully across different healthcare IT systems. The Health Level Seven (HL7)

ITEA 3 CALL 7: 20030 HeKDisco



a ITEAZ A HeKDisco

standards family is one of the most notable achievements in healthcare standardization.
The significance of healthcare standardization can be viewed from following
perspectives, which be discussed more throughout this deliverable:

Improved Patient Care: Standardization allows healthcare providers to share patient
information more easily, allowing them to make more informed decisions more quickly.
This leads to more coordinated care, fewer medical errors, and, ultimately, better patient
outcomes.

Data Integrity and Consistency: Standardized terminologies and data models ensure that
healthcare data is consistently recorded across different systems and facilities. This
consistency improves data quality and reliability for clinical research and public health
reporting.

Cost Savings and Efficiency: Standardization streamlines administrative processes,
reduces duplication of effort, and reduces billing discrepancies. This results in cost
savings for healthcare organizations and more efficient resource allocation.

Interoperability and Innovation: Healthcare standards promote interoperability among
disparate systems, fostering innovation and the development of healthcare applications
and services that can exchange data in real time. This paves the way for advancements
such as telemedicine, remote monitoring, and predictive analytics, among others.

Regulatory Compliance: In the United States, many regulatory bodies and government
agencies, such as the Centers for Medicare & Medicaid Services (CMS), require
healthcare organizations to adhere to specific data reporting and billing standards.
Compliance with these standards is required in order to receive reimbursement and
avoid penalties.

1.1 Deliverable objectives

The process of standardizing healthcare has progressed from being a requirement to
becoming a crucial facilitator of contemporary healthcare. The factors noted above serve
as the foundation for the provision of healthcare services, guarantee the reliability and
accuracy of healthcare data, mitigate expenses, promote advancements in the field, and
ensure compliance with regulatory standards within healthcare organizations. The
ongoing progress in healthcare necessitates concurrent efforts in standardization to
facilitate the expansion of the industry, address the changing requirements of both
patients and healthcare professionals, and use them in the expansion of Al applications.
In light of this, the objective of this deliverable is to provide an overview of healthcare
standardization approaches, their evolution, and the role of existing healthcare
standardization approaches in attaining interoperability and data consistency.

1.2 HeKDisco project overview

The main purpose of the HeKDisco project is to reduce potential human mistakes in the
medical care of patients. Traditional health care systems—clinical medicine (CM)—
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mainly rely on conservative methods to diagnose diseases and treat patients, depending
on the individual knowledge and skills of physicians. On the contrary, evidence-based
medicine (EBM) provides a workaround for poorly designed observational treatment that
relies on physicians’ personal experience with other patients. In this approach, evidence
describes average results for groups of patients. HeKDisco, following EBM, aims to use
the best (reliable) evidence in making decisions about the care of individual patients so
that the clinician’s experience, the patient's values and preferences, and the best
empirical clinical guidelines are integrated.

In many diseases, especially infectious and chronic diseases, the same treatment may
show different outcomes for different groups of patients. Therefore, physicians’ ability to
use reliable empirical evidence before any decision-making helps them select the best
treatment option and decreases potential mistakes. According to a study by Johns
Hopkins in 2016, more than 250,000 people in the U.S. die every year due to medical
mistakes, making it the third leading cause of death after heart disease and cancer. In
this line, HeKDisco proposes a novel knowledge discovery process for health care
systems so as to provide physicians with reliable evidence on different treatment stages
and clinical events, thereby reducing individual clinical errors.

2 The need for standardization in healthcare

The healthcare industry is one of the most complex and essential sectors of modern
society, where the quality and timeliness of care delivery can be a matter of life and
death. This complexity is the result of several factors, including the diversity of medical
specialties, the number of healthcare providers, and the overwhelming volume and
variety of health-related data generated daily. In this context, the need for healthcare
standardization transforms from a mere preference to an absolute necessity.

2.1 Data Fragmentation and Siloed Information

Traditionally, healthcare operated in a predominantly paper-based environment, where
medical records, prescriptions, and test results were documented on physical forms and
charts. Information was frequently restricted to the institution where it was created,
resulting in data fragmentation and information silos.

Imagine a patient who seeks care from multiple healthcare providers, each of whom
utilizes their own paper-based or isolated electronic systems. The absence of
standardized terminology and data formats made it difficult to communicate vital patient
information efficiently and accurately. Consequently, healthcare providers were
frequently left with incomplete, out-of-date, or inconsistent patient records, compromising
decision-making and patient safety.

2.2 Patient Mobility and Continuity of Care

In a society that is becoming more mobile, patients frequently move or receive treatment
from multiple healthcare institutions over the course of their lifetime. Regardless of
whether a patient is relocating to a new city or seeking specialized care at a different
facility, ensuring continuity of care, and maintaining a complete health history become
crucial.
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Without standardization and interoperability, the transfer of patient information between
healthcare providers and institutions can be error-prone and time-consuming. Delays in
acquiring vital medical records, test results, or medication histories can impede diagnosis
and treatment. This dearth of continuity of care is not only detrimental to patient
outcomes, but it can also result in unnecessary tests and procedures, thereby increasing
healthcare costs.

2.3 Quality of Care and Clinical Decision Support

Accurate, timely, and thorough information is required for high-quality healthcare.
Standardization of data and terminology is critical for clinical decision support systems,
which assist healthcare clinicians in making educated decisions about diagnosis and
treatment. These systems, using standardized data, can warn clinicians to probable drug
interactions, offer evidence-based treatments, and detect anomalies in patient data.

In the lack of defined data models and terminologies, patient data can be misinterpreted,
resulting in medical errors, inaccurate diagnoses, and ineffective therapies. This not only
jeopardizes patient safety but also adds to the burden of healthcare-related costs.

2.4 Regulatory Compliance and Reporting

To ensure patient safety, quality of care, and effective use of healthcare resources,
government agencies and healthcare authorities place stringent regulations on
healthcare providers. Compliance with these requirements frequently demands the
gathering and reporting of standardized data.

In the United States, for example, the Centers for Medicare & Medicaid Services (CMS)
mandates healthcare providers to submit data in standardized formats in order to be
reimbursed. Noncompliance can result in financial penalties and funding reductions.
Similarly, for disease surveillance, outbreak identification, and response, public health
authorities rely on standardized data.

Finally, the necessity to improve the quality, safety, and efficiency of healthcare services
drives the demand for standardization in healthcare. Standardization reduces data
fragmentation, promotes patient mobility and continuity of care, improves clinical
decision support, and assures regulatory compliance. It is a critical component of the
current healthcare ecosystem, allowing healthcare practitioners to provide better care
while lowering costs and, ultimately, saving lives.

3 Historical evolution of healthcare standards

The historical evolution of healthcare standards is a testament to the industry’s
continuous efforts to adapt to emerging challenges and leverage technological
advancements. Understanding this evolution provides valuable insights into the complex
network of standards that underpin modern healthcare.
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3.1 Early medical classification systems

The roots of healthcare standardization can be traced back to the need for classifying
diseases and medical conditions. In the 17th century, Dr. Thomas Sydenham developed
a classification system for diseases [1], laying the foundation for structured medical
terminologies. However, it was not until the late 19th century that systematic efforts to
standardize medical nomenclature gained momentum. In 1893, the International List of
Causes of Death was introduced [2], marking an early attempt at standardizing the
classification of diseases and their causes of death. This precursor to the modern
International Classification of Diseases (ICD) aimed to facilitate international
comparisons of mortality statistics.

3.2 Emergence of Standardized Healthcare Data Exchange

The mid-20th century saw significant progress in healthcare standardization, driven by
the growing recognition of the need for standardized data exchange, especially in
hospital and laboratory settings. The development of Health Level Seven (HL7)
standards exemplifies this era [3]. HL7 was initially founded in 1987 by a group of
healthcare providers and vendors to address the challenges of interoperability and data
exchange. The first HL7 standard, HL7 Version 2.x, was released in 1989, providing a
framework for exchanging administrative and clinical data [4]. HL7 Version 2.x became
widely adopted in healthcare IT systems and formed the backbone of many electronic
health record (EHR) systems.

3.3 Toward Semantic Interoperability

As healthcare technology evolved, so did the need for more comprehensive standards
that could support semantic interoperability—the ability of computer systems to
understand and interpret the meaning of healthcare data. One significant milestone in
this regard was the development of Systematized Nomenclature of Medicine - Clinical
Terms (SNOMED CT) [5]. Figure 1 illustrates the overall structure and design of the
SNOMED CT.

SNOMED CT was originally proposed by C6té as an extension of the design of the
Systematized Nomenclature of Pathology (SNOP) [6], gained prominence in the late 20th
century as a comprehensive clinical terminology system. It aimed to provide
standardized codes for clinical concepts and relationships, allowing for more precise and
detailed representation of patient information. SNOMED CT'’s broad adoption in EHRs
and clinical decision support systems was a significant step towards semantic
interoperability.
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Figure 1. SNOMED CT basic overview [7]

3.4 Transition to modern healthcare standards

The turn of the 21st century marked a shift towards modern, technology-driven standards
and data models. One of the notable developments during this period was the
emergence of the Health Level Seven Version 3 (HL7 V3) standard [8], which introduced
a more structured and semantically rich approach to healthcare data exchange.

In recent years, the healthcare industry has witnessed the rise of Fast Healthcare
Interoperability Resources (FHIR), a standard introduced by HL7 [8]. FHIR leverages
modern web standards and APIs to facilitate healthcare data exchange in a more nimble
and accessible manner. FHIR has gained widespread adoption for its ease of
implementation and adaptability to mobile and web applications. Figure 2 shows an
example of clinical computing system architecture, which can be integrated with HL7.

Master
patient index

EMR
N
Laboratory
system [ n-tier EE—
application

Pharmacy 000

o system
ECG system OO -

Figure 2. An example of clinical computing system architecture [9].

ITEA 3 CALL 7: 20030 HeKDisco



a ITEAZ - HeKDisco

Healthcare Knowledge Discovery

Data
—

—

Response Response

User Hospital information HL7 Integration Engine

system (HIS)
f Ay
Jeg
@

i

Electronic health Billing system Pharmacy information
record (EHR) system system (PIS)

& S
29 ?
& s,
W 9
) g,
» v

s
‘(\essaqe
ol

—
sabessa L1H

sabessap £L1H

Radiology information Lab information Pharmacy
system (RIS) management system (LIMS)

Figure 3. HL7 Data integration schema. source: CodelT [10].

HL7-based data standardization facilitates the seamless exchange of information among
disparate clinical computing systems, as noted above. Figure 3 illustrates a case of HL7
integration with a clinical computing system implemented by a hospital that employs
diverse technologies to provide patient-centered services.

The primary goal of HL7 is to create a framework that enables the seamless exchange
of health information among different healthcare systems. The standards are meant to
facilitate interoperability, allowing different healthcare applications and systems to
communicate with each other. Key features of HL7 include [11, 12]:

Message Standards: HL7 messages are the core of the standard. These messages
define the format and content of information to be exchanged between healthcare
applications. The most widely used version is HL7 version 2.x, which uses a text-based
format with segments and fields.

Clinical Document Architecture (CDA): CDA is a standard for the exchange of clinical
documents, such as discharge summaries or progress notes. It is based on XML and
provides a framework for the structure and semantics of clinical documents.

Fast Healthcare Interoperability Resources (FHIR): FHIR is a more recent standard
developed by HL7, aiming to simplify healthcare data exchange. It uses modern web
standards, like RESTful APIs, and is designed to be more developer friendly.

10
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The HL7 Version 3 is a more complex and structured set of standards compared to
version 2.x. It is based on a Reference Information Model (RIM) that defines a shared
understanding of healthcare concepts. The process of designing HL7 standards involves
collaboration among healthcare professionals, IT experts, and other stakeholders. The
standards are developed through a consensus-based approach with input from HL7
members and the broader healthcare community. The standards are periodically
updated to keep pace with technological advancements and evolving healthcare needs.

3.5 The ongoing evolution

The historical evolution of healthcare standards is an ongoing journey. The industry
continues to grapple with challenges related to interoperability, data quality, and the
incorporation of emerging technologies like artificial intelligence and telemedicine. As
healthcare standards evolve, they must address their own challenges while maintaining
backward compatibility with existing systems to ensure a smooth transition.

Overall, the historical evolution of healthcare standards reflects the industry’s dedication
to improving data exchange, interoperability, and the quality of care. From early medical
classification systems to the emergence of modern standards like FHIR, healthcare has
come a long way in its standardization efforts. These standards play a pivotal role in
shaping the future of healthcare by enabling data-driven decision-making and supporting
innovative healthcare solutions.

4 Healthcare ontology systems

Ontology systems, rooted in the fields of knowledge representation and artificial
intelligence, have become indispensable tools in the healthcare sector. These systems
play a vital role in organizing and structuring healthcare knowledge, enabling semantic
understanding, and supporting a wide range of applications. In this section, we will delve
into the multifaceted role of ontology systems in healthcare.

4.1 Knowledge Representation and Semantic Modeling

At its core, an ontology is a formalized representation of knowledge, structured to capture
concepts, relationships, and properties within a specific domain. In healthcare,
ontologies are used to model complex medical knowledge, including diseases,
treatments, anatomical structures, clinical guidelines, and more.

These ontologies provide a common vocabulary and structure for healthcare data,
transcending language barriers and ensuring that information is consistently interpreted.
For instance, an ontology might represent the concept of “hypertension,” its synonyms,
diagnostic criteria, associated medications, and relationships to other conditions. This
semantic model facilitates a shared understanding of medical concepts, which is critical
for accurate data interpretation, decision support, and interdisciplinary collaboration.

4.2 Enhancing Interoperability

Ontology systems contribute significantly to achieving interoperability by establishing a
common language and structure for data sharing. When healthcare systems and
applications use the same ontology or are able to map their data to a common ontology,
they can communicate effectively. For instance, if one healthcare institution uses an
ontology to represent patient allergies and another uses a different system, mapping

11
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data from one to the other becomes a more straightforward process. This interoperability
is crucial for sharing patient records, test results, and treatment plans among various
healthcare providers and systems.

4.3 Clinical Decision Support and Evidence-Based Medicine

Ontology systems enable the development of sophisticated clinical decision support
(CDS) systems, which provide healthcare professionals with evidence-based
recommendations at the point of care. These systems draw upon structured ontological
knowledge to analyze patient data, identify potential diagnoses, suggest appropriate
treatments, and alert clinicians to critical information such as drug interactions and
contraindications. By integrating ontologies with clinical decision support, healthcare
providers can benefit from the latest medical research and best practices, resulting in
improved patient outcomes, reduced medical errors, and more efficient healthcare
delivery, which was addressed in the HeKDisco project.

4.4 Research and Data Integration

In the realm of medical research, ontology systems are invaluable for integrating diverse
datasets from various sources. Researchers can use ontologies to harmonize data
across studies, institutions, and research domains. This harmonization simplifies data
aggregation and enables meta-analyses, accelerating the pace of scientific discovery.
Additionally, ontologies support the development of data warehouses and knowledge
graphs, which can uncover hidden insights and relationships within large healthcare
datasets. These tools aid researchers in identifying trends, potential disease
correlations, and novel therapeutic targets.

4.5 Standardizing Terminologies

Standardized terminologies are a fundamental component of ontology systems in
healthcare. These terminologies encompass medical coding systems such as SNOMED
CT (Systematized Nomenclature of Medicine—Clinical Terms), LOINC (Logical
Observation Identifiers Names and Codes), and RxNorm. These standardized
terminologies are integrated into ontologies to ensure consistency in healthcare data
representation. For example, SNOMED CT serves as a cornerstone terminology in many
healthcare ontologies, providing a rich and comprehensive vocabulary for clinical
concepts, anatomical structures, and clinical findings. This standardized approach to
terminology ensures that healthcare data is uniformly interpreted and can be shared and
compared across different systems and healthcare settings.

4.6 Semantic Web and Knowledge Discovery

Ontology systems are integral to the broader semantic web movement, which seeks to
make web content more meaningful and understandable by machines. In healthcare, the
semantic web facilitates the discovery of relevant medical information, helps automate
clinical processes, and enables intelligent search and data retrieval.

Semantic web technologies, such as RDF (Resource Description Framework) and OWL
(Web Ontology Language), are used in healthcare ontologies to create linked data,
making it easier to connect and query health-related information from disparate sources.
This interconnected web of healthcare knowledge enables more precise and
personalized healthcare delivery.

12
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4.7 Ethical and Privacy Considerations

While ontologies offer significant benefits, they also raise ethical and privacy concerns,
particularly concerning the sharing of sensitive patient data. Ensuring that ontology-
based systems adhere to strict privacy and security standards is crucial in healthcare.
Additionally, maintaining the accuracy and currency of ontologies to reflect evolving
medical knowledge is an ongoing challenge.

5 Standardization approaches and ontology systems for
interoperability

Standardization approaches and ontology systems play a crucial role in enhancing
interoperability in healthcare by providing a common framework, shared understanding,
and structured data representation. In this section, we will show how they contribute to
interoperability.

Common Data Formats and Structures:

e Standardization Approaches: Standards like HL7 and FHIR define common data
formats and structures for healthcare information exchange. This consistency
ensures that healthcare data is organized in a uniform manner, making it easier
for different systems to understand and process the data.

e Ontology Systems: Ontologies define standardized concepts, relationships, and
attributes within a domain. They provide a common vocabulary and structure for
describing clinical concepts and entities. When integrated with data, ontologies
enable systems to interpret and relate data elements consistently.

Shared Terminology and Semantics:

e Standardization Approaches: Healthcare standards often incorporate
standardized terminologies such as SNOMED CT, LOINC, and RxNorm. These
terminologies ensure that clinical terms and codes are universally understood,
reducing ambiguity in data exchange.

e Ontology Systems: Ontologies capture the semantics of healthcare concepts.
They define the meaning and relationships between terms, making it easier for
systems to understand the context of data.

Interoperable APIs and Protocols:

e Standardization Approaches: Modern standards like FHIR utilize web-based
APIs and RESTful protocols. This approach enables systems to communicate
over standard HTTP, making it easier to share data securely and efficiently.

Mapping and Integration:

e Standardization Approaches: Standards often include guidelines and tools for
mapping data between different versions or standards. This mapping facilitates
the integration of data from diverse sources.

13
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e Ontology Systems: Ontologies can be used to map concepts from one
terminology to another. For example, mapping SNOMED CT concepts to LOINC
codes allows for seamless integration of clinical and laboratory data.

Cross-System Compatibility:

e Standardization Approaches: Compliance with established standards ensures
that systems are designed to work together. For instance, EHR systems that
adhere to HL7 standards can exchange patient data with other HL7-compliant
systems.

e Ontology Systems: Ontologies provide a shared understanding of clinical
concepts, allowing different systems to interpret data consistently. This is
especially valuable when integrating data from diverse sources or collaborating
across institutions.

Decision Support and Data Exchange:

e Standardization Approaches: Standards like HL7 FHIR support clinical decision
support (CDS) by defining how clinical rules and guidelines can be encoded and
exchanged. This facilitates the integration of CDS systems into EHRs and other
healthcare applications.

e Ontology Systems: Ontologies enable advanced semantic reasoning, which can
be used in CDS systems to enhance clinical recommendations. By understanding
the meaning of data, these systems can provide more context-aware and
personalized guidance to healthcare providers.

Cross-Domain Integration:

e Standardization Approaches: Standards extend across various healthcare
domains, including clinical, administrative, and public health. This allows for the
integration of data and services from different aspects of healthcare.

e Ontology Systems: Ontologies can be domain-specific or cross-domain. Cross-
domain ontologies facilitate the integration of data from diverse healthcare
domains, enabling a holistic view of patient information.

6 Impact of standardization and ontology systems on
healthcare quality and efficiency

The impact of standardization approaches and ontology systems on healthcare quality
and efficiency cannot be overstated. These technologies drive improvements in clinical
decision-making, patient care, and resource utilization. They streamline healthcare
processes, enhance patient engagement, and facilitate healthcare research. As the
healthcare industry continues to evolve, the role of standardization and ontology-driven
systems will remain central to achieving the goals of improved healthcare quality, better
patient outcomes, and efficient healthcare delivery.
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Data-driven insights: Standardized data, made possible by healthcare standards and
ontologies, serves as the foundation for data analytics and clinical decision support
systems. These systems analyze patient information, detect patterns, and provide
evidence-based recommendations to clinicians. As a result, healthcare providers can
make more informed decisions about diagnosis, treatment, and care plans. In addition,
Healthcare standards such as HL7 and FHIR provide a common framework for
exchanging data between disparate healthcare systems and institutions. This
standardization ensures that patient information, including medical histories, laboratory
results, and prescriptions, can be seamlessly shared among authorized healthcare
providers.

Reduced medical errors and costs: The structured and consistent representation of
clinical information reduces the likelihood of misinterpretation or data entry errors.
Healthcare professionals can access accurate and up-to-date patient records, leading to
a reduction in medication errors, duplicate tests, and other preventable medical
mistakes, leading to cost savings and resource optimization. Ontologies, such as
SNOMED CT, define relationships and hierarchies between clinical concepts. This clarity
reduces ambiguity in clinical documentation, ensuring that healthcare providers
understand the intended meaning of data elements, leading to more accurate diagnoses
and treatment decisions. The streamlined healthcare processes and reduced errors
resulting from standardization approaches and ontology systems have a profound and
positive impact on the healthcare ecosystem. These technologies enhance data
accuracy, improve resource allocation, and support efficient data exchange and
integration. Minimizing errors and optimizing processes will remain pivotal in achieving
the goal of providing high-quality, patient-cantered care while reducing costs and
enhancing healthcare efficiency.

Personalized medicine: Standardized data, coupled with ontology-driven semantics,
enable personalized treatment plans based on individual patient profiles. Clinicians can
tailor interventions to a patient’s unique characteristics, medical history, and genetic
makeup, resulting in more effective and patient-centric care. Standardized data also
supports the integration of clinical decision support systems (CDSS) directly into EHRs.
CDSS can analyse patient data in real-time, alerting healthcare providers to potential
issues, such as drug interactions or contraindications, before errors occur.

7 Conclusion and future challenges

Healthcare standardization approaches have played a fundamental role in enhancing the
quality of care. They have streamlined clinical processes, reduced medical errors, and
provided clinicians with data-driven insights to make informed decisions. Moreover,
ontology systems, such as SNOMED CT, have enriched the semantics of healthcare
data, enabling precise diagnoses, personalized treatment plans, and advanced clinical
decision support. Patients benefit from more accurate diagnoses, improved treatment
outcomes, and a reduced risk of medical errors, ultimately leading to higher patient
satisfaction and safety. The impact of standardization and ontology systems extends
beyond individual patient care and administrative efficiency. Researchers benefit from
the harmonization of healthcare data, which accelerates scientific discovery, facilitates
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large-scale population health studies, and supports evidence-based policymaking.
Public health surveillance systems, driven by standardized data reporting during public
health crises, enable timely interventions, the containment of outbreaks, and economic
resilience. These technologies have ushered in an era of data-driven research and
decision-making that is essential for addressing public health challenges and advancing
our understanding of healthcare trends.

Achieving the full potential of healthcare standardization approaches and ontology
systems demands collaboration across healthcare organizations, technology vendors,
policymakers, and researchers. It requires a commitment to adhering to established
standards, developing robust governance structures, and ensuring data security and
privacy. Additionally, fostering a culture of innovation and a readiness to adapt to
emerging technologies are essential for driving continuous improvements in healthcare.

The journey towards seamless interoperability continues, and stakeholders must
address issues related to diverse standards, data privacy, cultural change, and the
incorporation of emerging technologies like artificial intelligence. Furthermore, the
maintenance and evolution of ontologies to reflect the latest medical knowledge remain
a continuous endeavour.

8 References
Thomas Sydenham: https://en.wikipedia.org/wiki/Thomas Sydenham

N

2. Hirsch JA, Nicola G, McGinty G, Liu RW, Barr RM, Chittle MD, Manchikanti L.
ICD-10: history and context. American Journal of Neuroradiology. 2016 Apr
1,37(4):596-9.

3. Health Level Seven International (HL7): https://www.hlI7.org/

4. HL7 Wikipedia: https://en.wikipedia.org/wiki/Health Level 7#cite note-4

5. SNOMED CT: https://www.snomed.org/

6. Systematized Nomenclature of Medicine:

https://en.wikipedia.org/wiki/Systematized Nomenclature of Medicine For
Consultants

7. SNOMED CT Starter Guide. URL:
https://confluence.ihtsdotools.org/display/docstart/4.+snomed+ct+basics

8. Hosseini M, Dixon BE, Dixon BE. Chapter 8—Syntactic Interoperability and the
Role of Standards. Health Information Exchange, 1st edn, BE Dixon, ed.,
Academic Press. 2016:123-36.

9. Payne T. Architecture of clinical computing systems. In Practical Guide to
Clinical Computing Systems 2008 Jan 1 (pp. 11-23). Academic Press.

10. CodelT. URL: https://codeit.us/blog/hl7-integration-guide

11. Understanding HL7 Standards: Everything You Need to Know: URL:
https://www.suretysystems.com/insights/understanding-hl7-standards-
everything-you-need-to-know/

12. FHIR: URL: https://fhir.org/

16

ITEA 3 CALL 7: 20030 HeKDisco

A HeKDisco

Healthcare Knowledge Discovery


https://en.wikipedia.org/wiki/Thomas_Sydenham
https://www.hl7.org/
https://en.wikipedia.org/wiki/Health_Level_7#cite_note-4
https://www.snomed.org/
https://en.wikipedia.org/wiki/Systematized_Nomenclature_of_Medicine
https://www.suretysystems.com/about-us/consultants/
https://www.suretysystems.com/about-us/consultants/
https://confluence.ihtsdotools.org/display/docstart/4.+snomed+ct+basics
https://codeit.us/blog/hl7-integration-guide
https://www.suretysystems.com/insights/understanding-hl7-standards-everything-you-need-to-know/
https://www.suretysystems.com/insights/understanding-hl7-standards-everything-you-need-to-know/
https://fhir.org/

