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Foreword by Minister of Health

In the ongoing pursuit of equitable, accessible, and quality
healthcare for all South Africans, the National Health Information
System (NHIS) represents a foundational pillar supporting our
vision for a more inclusive health landscape through National
Health Insurance (NHI). This publication, The Emerging South
African National Health Information System: Strategies,
Approaches and Experiences, provides a overview of digital
health advancements that are reshaping our health sector to better
serve every citizen, regardless of economic background or
geographic location.

4 As we embark on the path toward universal healthcare, NHI
reinforces our commitment to patient-centered care, made possible by robust data and technology.
The NHIS is instrumental in enabling the seamless, integrated healthcare services envisioned under
NHI, where digital solutions streamline the sharing of information across healthcare facilities and
between provinces, ensuring that patient data follows individuals across their healthcare journey.
This integrated approach directly supports the Department’s Digital Health Strategy, which seeks
to improve health outcomes for all by enabling data-driven, informed decision-making.

From tracking epidemiological trends to managing patient records efficiently, the NHIS
strengthens our health system's capacity to deliver timely and equitable services. This approach is
particularly crucial for managing health priorities, as evidenced by the COVID-19 pandemic,
where digital solutions supported rapid and inclusive vaccination rollouts across the country.

The book was brought together by scholars and practitioners from the National and various
Provincial Health Departments and its stakeholders, as well as the CSIR’s Next Generation
Enterprises and Institutions cluster, showcases the dedication, innovation, and resilience behind
the NHIS. By advancing digital capabilities, we are creating a transparent and accountable health
system that supports the NHI vision of universal healthcare access for all South Africans.

As we continue building a sustainable healthcare future, we remain committed to leveraging
technology to bridge gaps in healthcare access, improve quality of care, and uphold the well-being
of every South African. The insights, approaches and strategies presented in these chapters are a
testament to our journey toward a healthier, more inclusive South Africa. It is my hope that this
book will inspire and empower the next generation of digital health leaders to continue pushing
ies of innovation, always with a focus on improving the lives of those we serve.
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Foreword by CSIR CEO

Science, technology and innovation are at the forefront of societal
transformation. The development of a robust National Health
Information System (NHIS) reflects South Africa's commitment to
transform our health sector. This publication, The Emerging South
African  National Health Information System: Strategies,
Approaches and Experiences, showcases how scientific inquiry
and digital innovation are reshaping the way in which health
information is captured, managed and leveraged for the betterment
of our society.

A The CSIR, in partnership with the Department of Science,

. WL/ . Technology and Innovation, has long been dedicated to fostering
an ecosystem where advanced technologies, including artificial intelligence, big data analytics and
secure digital platforms can be applied to complex challenges. In healthcare, these advancements
offer unprecedented opportunities to enhance efficiency, improve patient outcomes and expand

access to quality care, particularly in underserved communities.

This book reflects the spirit of collaboration and intellectual rigour that drives our national
innovation agenda. By integrating science and digital solutions within our healthcare systems, we
are laying the foundation for a future in which health services are predictive, proactive and
personalised. The chapters highlight successes and lessons, providing a reference for researchers,
policymakers and healthcare providers as they build on these achievements.

I am confident that this work will inspire further collaboration and drive new initiatives that
position South Africa as a growing player in digital health innovation. Our commitment to a
science-led approach in this vital sector is unwavering. Together, we will continue to explore the
vast potential of technology to meet the evolving needs of our people.

DR T. DLAMINI
CHIEF EXECUTIVE OFFICER OF THE
COUNCIL FOR INDUSTRIAL AND SCIENTIFIC RESEARCH (CSIR)




Message by the Director General

The advent of digital technologies has revolutionized nearly
every aspect of modern life, and nowhere is this more evident
than in healthcare.

Digital health systems are transforming the way healthcare is
delivered, managed, and experienced, offering opportunities to
improve patient outcomes, streamline operations, and address
the challenges of accessibility and efficiency in an increasingly
complex healthcare landscape.

This book, The Emerging South African National Health
Information System: Strategies, Approaches and Experiences, is
a timely and invaluable resource for those navigating the
complex process of integrating digital tools and technologies into healthcare systems. It provides
a comprehensive exploration of the strategies, methodologies, and best practices essential for the
successful implementation of digital health solutions.

In the chapters of the book, readers will encounter a rich blend of theoretical foundations and
practical, real-world examples that highlight both the potential and the challenges of digital health
systems.

However, the journey toward digital transformation is not without its hurdles. Implementing digital
health systems often requires overcoming resistance to change, addressing concerns about data
security and privacy, and managing the integration of new technologies with legacy systems. This
book takes a balanced approach, acknowledging these challenges while also offering practical
solutions and strategic guidance for overcoming them.

As we move further into the digital age, digital health systems are not just a trend—they are the
future of healthcare. This book serves as an essential reflection and guide for those who seek to be
part of that future, helping to ensure that digital health systems are implemented in a way that
benefits everyone in the healthcare ecosystem.

DR SANDILE BUTHELEZI
DIRECTOR GENERAL HEALTH
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Introduction

In the ever-evolving landscape of healthcare, where innovation and
adaptation are paramount, the chapters that follow offer a remarkable
journey through the intricacies of South Africa's digital health
evolution. This compilation encapsulates a rich tapestry of
approaches, strategies, and experiences that illuminate the path
toward a more efficient and patient-centred healthcare system.

From the development of data managers to the implementation of
electronic prescribing systems, these chapters underscore the critical
role that technology plays in shaping the future of healthcare. Each
chapter, in its own unique way, contributes to the broader goal of
improving patient outcomes, fostering resilience, and harnessing the
power of data.

We are profoundly grateful to the authors who have shared their insights, lessons, and
recommendations. These narratives reflect the dedication and ingenuity of those working tirelessly
to advance the South African healthcare landscape. As we delve into the pages ahead, let us not
only appreciate the progress achieved but also draw inspiration for the journey that lies ahead.

In today's complex world, where healthcare is at the forefront of our collective consciousness,
these chapters offer a glimpse into the future - a future where access to quality care knows no
boundaries, where data-driven decisions enhance patient well-being, and where digital innovation
fuels progress.

Thank you for embarking on this enlightening exploration of South Africa's digital health
transformation. The stories within these chapters serve as a testament to the collaborative spirit
and unwavering commitment to the betterment of healthcare for all.

As we turn the pages, let us remember that these are not just words on paper but a roadmap to a
brighter, healthier future. May this compilation inspire and guide us as we collectively navigate
the complex yet promising terrain of digital health in South Africa and beyond.

With gratitude and anticipation,

MS. MILANI WOLMARANS
CHIEF DIRECTOR: HEALTH SYSTEMS — DIGITAL INFORMATION
NATIONAL DEPARTMENT OF HEALTH




Overview

The South African health system, encompassing public and private sectors, has undergone
extensive transformation since democracy in 1994, with efforts aimed at enhancing public health
performance and achieving universal health coverage (UHC). Organized into primary, secondary,
and tertiary care tiers, the system has faced challenges from post-apartheid decentralization,
leading to fragmentation and inequities. These disparities have been addressed through legislative
frameworks, strategic interventions, and digital health advancements.

A critical milestone in the country’s digital health journey was the establishment of the Health
Information Systems Programme (HISP) in 1995, which laid the foundation for data-driven
healthcare. Chapters 1 and 2 explore the methodologies and strategies underpinning the emerging
National Digital Health Information System and its role in creating a cohesive digital ecosystem.
Chapter 3 delves into the alignment of these initiatives with South Africa’s broader policy
frameworks, such as the National Development Plan (NDP) 2030, which envisions an integrated
and equitable health system.

Building on these foundations, the development of the FHIR-based Master Household Index,
discussed in Chapter 4, provides an innovative approach to linking patient data across systems.
Chapter 8 examines the Master Health Facility List (MHFL) as a critical educational tool to
streamline operational support and reduce system inefficiencies. Chapter 10 highlights the
challenges and strategies of patient data matching through heuristics, enhancing data reliability in
alignment with the Health Patient Registration System (HPRS).

The introduction of the National Health Insurance (NHI) Act in 2024 represents a pivotal moment
for UHC, establishing a phased implementation of a single-payer system aimed at equitable service
delivery. Chapters 5, 6, and 11 explore how digital tools such as electronic prescribing,
interoperability frameworks, and electronic health and medical records are central to the success
of this initiative. These systems are designed to enhance continuity of care, governance, and
efficiency.

The importance of effective deployment strategies is discussed in Chapters 7 and 9, which focus
on the Positive Infusion Strategy for the HPRS and the E.A.S.I® change management framework,
respectively. These approaches aim to address resistance to change while fostering stakeholder
engagement and phased implementation. Chapter 13 provides valuable insights into the Go.Data
digital platform’s role in epidemiological surveillance during the COVID-19 pandemic,
highlighting its capacity for pandemic management and real-time data tracking.

Lessons learned from the implementation of the HPRS are explored in Chapters 14, 15, and 16.
These chapters examine the technical skills required to resolve support queries, document
operational challenges, and provide historical perspectives on governance and reporting.
Chapter 12 complements these insights by detailing the MHFL's role during the 2021 COVID-19




vaccine rollout, illustrating the value of participatory action research in addressing emergent health
crises.

Finally, Chapter 17 focuses on ensuring data integrity, particularly in address information
management, which is critical for operational reliability and system trustworthiness. Collectively,
these chapters underscore the need for robust governance, technical capacity building, and
culturally relevant system design to overcome persistent challenges such as infrastructure deficits
and resistance to technological change.

This comprehensive narrative demonstrates the collaborative efforts of stakeholders in advancing
a digital health ecosystem aligned with national priorities and the global Sustainable Development
Goal of health and well-being for all. Together, these chapters offer a roadmap to a brighter, more
inclusive healthcare future in South Africa.




Section A: Strategies

Dr. P Rousseau

The success of any healthcare transformation relies on well-crafted strategies that align with
overarching goals. In this category, we explore the strategic blueprints that underpin the South
African Digital Health Strategy. These chapters dissect the strategies, policies, and directives that
guide the nation's journey towards a digitally empowered healthcare landscape. From building
digital health ecosystems to leveraging technology for epidemiological surveillance, these chapters
unveil the strategic threads that are knitting together South Africa's healthcare future.




Chapter 1: Towards National Health Information System Use Cases
Botha, A." and Herselman, M.

INext Generation Enterprises and Institutions Cluster (NGEI), CSIR, Pretoria

Purpose: The study aims to identify and prioritise National Interoperability Use Cases
aligned with national health objectives to guide the development of a robust National Health
Information System (NHIS). The primary objective is to produce a list of National
Interoperability Use Cases, categorised by their importance and feasibility, to inform the
development of a shared NHIS. The study aims to align these use cases with national health
priorities, ensuring they are practical, interoperable, and adaptable to evolving
technological environments.

Study Design: A modified Delphi methodology was employed, engaging stakeholders across
various health sectors through iterative rounds of engagement and feedback. The study
employed clustering methodologies, specifically K-means clustering, to categorise the use
cases by priority. Additionally, the Kemeny-Young Method was used for ranking, and
consensus among stakeholders was measured using Kendall's W for validation.

Findings: The study generated a prioritized list of use cases divided into four clusters based
on their "Must-have" "Should-have” and "Could-have" attributes. The clustering provided
clarity on both foundational and optional use cases, enabling the strategic planning of the
NHIS. The findings suggest a strong consensus on the importance of use cases related to
Electronic Health Records, alignment between health information systems, and emergency
responses.

Value: The findings contribute to the ongoing efforts to develop an interoperable NHIS.
While the research emphasises a systematic approach to use case prioritisation, it
acknowledges the need for adaptability to emerging health technologies and continual
reassessment. The framework presented aims to facilitate stakeholder collaboration and
informed decision-making in developing the NHIS.

Keywords: National Health Information System, Interoperability Use Cases, Delphi
Methodology, K-means Clustering, Health Information Technology, System Integration,
Health Policy, Electronic Health Records, Stakeholder Engagement.




1.1 Introduction and Background

The first step in implementing the Health Normative Standards Framework (HNSF, 2021) is
identifying and formulating National Interoperability Use Cases rooted in national health
priorities. These use cases guide the development of Interoperability Specifications and help
identify gaps to be addressed in future HNSF iterations.

The National Interoperability Use Cases, Business Instances, Implementation Outline, Technical
Use Cases, and the resulting integration profiles' understanding and relationships are illustrated
below Fig 1-1). National Interoperability Use Cases are formulated based on national health
priorities and define the high-level requirements for interoperability (Bourquard et al., 2015;
Bourquard et al., 2017; Park et al., 2021).

National Interoperability Use Case

| )

Business Instance J Business Instance J ‘ Business Instance

Implementation Implementation Implementation
Outline Outline Outline

Technical Use Technical Use Technical Use \\
Case 1 Case 2 Case 3 -
Integration Profile L Integration Profile J Integration Profile ]
Integration Profile Integration Profile Integration Profile
Figure 1-1: Generic example of the relationship between various interoperability concepts (Adapted

from Bourquard et al., 2015; Bourquard et al., 2017; Park et al., 2021)

* National Interoperability Use Case: National Interoperability is seen as an overall
description of a need for information sharing within and across healthcare
organisations that use health information technology, often linked to health
objectives. Users write it in a natural language and may include several healthcare-
related Business Instances. The Health Information System (HIS) users develop a
National Interoperability Use Case, and the target audience is HIS decision-makers
(Torab-Miandoab et al., 2023). National Interoperability Use Cases are specific use
cases within a fully interoperable environment in South Africa and should be
prioritised to meet the needs of the South African health domain.

* Business Instance: A Business Instance describes a specific example of HIS used for
information sharing within the Use Case. Several Business Instances may derive




from a single Use Case (ITI Technical Committee, 2022). Business Instances depict
business actors (humans) and technical actors (systems), the scope and workflow of
healthcare professionals' tasks and associated data flow. It is written in a natural
language and may include several Implementation Outlines (Bourquard, Orlova &
Parisot, 2017; Proctor, 2024). The users of the HIS develop a business instance, and
the target audience is healthcare professionals.

* Implementation Outline: An Implementation Outline describes a subset of workflow
steps and data requirements within specific Business Instances from the business
actors' perspectives and specific transactions of technical actors (systems) to support
workflow steps and data requirements (Proctor, 2024). Examples of transactions
include send-receive data, data queries, and others. It is written in a natural language
and may contain several technical use cases for the selected transaction. It is
described in Volume 1 of the IHE profile (ITI Technical Committee, 2022; Bourquard
et al., 2017). HIS users and IT specialists develop implementation Outlines, and the
target audience is project managers, system architects, and implementers.

» Technical Use Cases: Technical use cases describe a need for a specific transaction
between technical actors (systems, IHE actors) that supports the Implementation
Outline (Proctor, 2024). They are written in technical language and may include
several implementation options enabled by individual standards selected for the
transaction. They are described in Volume 2 of the IHE Technical Framework
Documents. IT specialists develop technical use cases; the target audience is system
architects and implementers (ITI Technical Committee, 2022).

In summary, selecting National Interoperability Use Cases would enable the selection of profiles
and underlying standards and verifying and identifying gaps in the standards framework. This
would lead to selecting additional relevant standards and value sets through a localisation process.

To frame the identification of these National High-Level needs, it is proposed that a Delphi
technique is applied to open a domain conversation and provide a more focused selection of
concerns for consideration.

1.2 Methodology: Delphi Study

The Delphi technique is a quantitative methodology used to elicit domain consensus. Opinions
from domain stakeholders will be canvassed through an iterative process of engagement.

After each engagement iteration, the domain responses will be summarised and then redistributed
for discussion in the next iteration. A domain consensus is reached through a process of
convergence involving identifying common trends and inspecting outliers (Williams & Webb,
1994).




There is considerable literature that supports the use of Delphi studies and its adaptions in the
health domain. The online modified Delphi method for engaging stakeholders and their
representatives through a three- or four-round engagement process will be used to suggest a
prioritised list of National Interoperability Use Cases (Khodyakov et al., 2020).

Under round 0 of the Delphi study, ideas are generated using a case-driven approach to document
user needs (Bruegge & Du Toit, 2009). Feedback on possible use cases was captured and thematic
coding was applied using Atlas.ti software.

In round 1, verification was applied to verify the use cases and hypotheses. The z-test was applied
to assess the relevance of each use case and determine whether the proportion of respondents who
viewed each use case as important was significantly greater than 50%. This was followed by p-
value calculations for each item, representing the probability of obtaining a z-score as extreme as
the observed one if the null hypothesis were true.

During round 2 of the Delphi method, the study employed clustering methodologies, specifically
K-means clustering, to categorise the use cases by priority. According to Kavlakoglu and Winland
(2024), K-means clustering is an unsupervised learning algorithm used for data clustering, which
groups unlabelled data points into groups or clusters.

During round 3 of the Delphi method, the Kemeny—Young method was used for ranking. This
method is an electoral system that uses preferential ballots and pairwise comparison counts to
identify the most popular choices in an election (Rico, Vela & Diaz, 2023). It is a Condorcet
method because if there is a Condorcet winner, it will always be ranked as the most popular choice.
This method assigns a score for each possible sequence, where each sequence considers which
choice might be most popular, which choice might be second-most popular, which choice might
be third-most popular, and so on, which choice might be least popular (Rico et al., 2023). The
sequence that has the highest score is the winning sequence, and the first choice in the winning
sequence is the most popular.




Round 0 Round 1 Round 2

Assessment
and
Ranking(1)

Idea Verification
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Elicit suggestions
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stakeholders and
experts in order
to rank them.
Re-ranked list
and comments
are redistributed.

Figure 1-2: Delphi Study applied to this study (Adapted from Okoli
& Pawlowski, 2004)

In round 4, consensus among stakeholders was measured using Kendall's W for validation. During
this round, evaluation and communication validate, contextualise, and refine the prioritised use
cases identified in previous rounds. The consistency of stakeholder rankings was measured using
Kendall's W, a coefficient of concordance that reflects the level of agreement among participants
(Rico etal., 2023; Emerson, 2023). This is followed by an expert review with purposefully selected
domain experts, whose feedback will refine and contextualise the use cases. The figure above
describes the process followed using the Delphi method. Each round in this process is then
explained in further detail. The Delphi method was supplemented by statistics in each round.

1.3 Round 0: Idea Generation

National Interoperability Use Cases are thus seen as overarching descriptions of the need for
information sharing within and between healthcare organisations using Health Information
Technology (HIT). These use cases should align with National Health Objectives and are written




by users in natural language, making them accessible and easy to understand. National Use Cases
can encompass multiple interoperability use cases, addressing the broader needs of the healthcare
system. Candidate National Use Cases, generated through ideation processes, are positioned for
further evaluation as potential National Use Cases.

The Idea generation iteration was intended to elicit suggestions around possible National Use
Cases (Kim et al., 2018). A use case-driven approach is the foundational methodology for
documenting user needs (Bruegge & Dutoit, 2009).

* Various individuals and organisations were targeted to identify and incorporate as many
stakeholders as possible. The process is ongoing for the duration of the Delphi study, and
submissions were directed to the researcher.

* A draft letter was prepared and submitted to the NDoH. After receiving confirmation, the
invitations were sent out, and the feedback was captured.

» A total of 65 engagements were recorded.

» All submitted suggestions are considered Candidate National Use Cases. No value
judgement is attached to the feasibility or importance of each suggestion. In cases where the
use case was implicit, the inferred Use Case that would frame the activity was implied and
recorded.

+ Atlas.ti was used to assist in Thematic Coding. Once saturation was reached, no more
significantly novel Candidate National Use Cases were identified.

The following is synthesised as the identified Candidate National Use Cases:

Table 1-1: Candidate Use Cases

Candidate National Use Cases

Access to Medication List

Alerts and notifications

Alignment between the DHIS2, the Financial Management system, and PERSAL
Analytics through actionable data for Population Health Management
Billing

Bio surveillance

Care Plan Management

Clinical Coding

Clinical Research and Trial Management

Compliance testing of applications

Consent-based data access

Consultation and transfer of care

Curation and validation of terminologies and value set

Disease Surveillance

Electronic Discharge Summary.

Electronic Health Record

Emergency response

ePrescribing and Medication Management

Healthcare provider lookup and validation
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Candidate National Use Cases

Health management information system (HMIS) for HIV/TB and other nationally prioritised health conditions
Immunisation information management
Laboratory requests, result reporting and workflow.
Maternal and childcare management

Medication management

Mobile services

Mobility of Patient Records

Multi-disciplinary consultations

Manicures

National Aggregate Reporting

Operation Management and supply logistics
Patient identity lookup and validation

Quality assessment and reporting

Radiology reporting and results sharing

Referral and discharge reporting

Remote Monitoring

Secure Messaging

Transition of Care

Validation of Facility data

While challenges existed in engaging a balanced respondent pool, the response rate achieved was
commendable, providing a solid basis for further analysis. The primary goal moving forward was
to systematically organise and prioritise use cases based on their perceived importance and
feasibility, which was accomplished through K-means clustering.

1.4 Round 1: Verification

The Verification iteration is intended to verify suggested National Use Cases. The outcome is
envisaged to eliminate irrelevant suggestions, revise and synthesise the suggestions, and possibly
elicit additional suggestions.

The draft invitation to participate was sent to the NDoH and then to all registered participants upon
receiving confirmation.

The results obtained are presented in the Table below. An obvious error was included in evaluating
the participants' attention to the content, and all participants indicated that it should be excluded.
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Table 1-2: Round 1: Verification feedback
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One item was removed /28. Manicure], as it was irrelevant. In this study, we conducted a statistical
analysis to determine whether most respondents consider various items relevant. Each item was
rated with either 'yes' (indicating importance) or 'no' (indicating lack of importance), and the
proportion of 'yes' responses was used to evaluate the relevance of each item. To formally test
whether the proportion of 'yes' responses was significantly greater than 50%, we performed a one-
sample proportion z-test.

1.4.1  Step 1: Hypotheses

We established the following hypotheses for each item:

* Null Hypothesis (Ho): The proportion of respondents who consider the item relevant
1s 50% (po = 0.50).

* Alternative Hypothesis (Hi): The proportion of respondents who consider the item
relevant is greater than 50% (p > 0.50).

This hypothesis test helped us determine whether the sample proportion of 'yes' responses (p) was
significantly greater than the hypothesised proportion of 50%.

1.4.2  Step 2: Sample Proportion

For each item, the sample proportion of 'yes' responses was calculated using the formula:

-p = (Number of 'ves' responses) / (Total number of responses)
For example, if an item received 21 'yes' responses out of 25 total responses, the sample
proportion is:
p=21/25=0.584

1.4.3  Step 3: Z-Score Calculation

A z-test was applied to assess the relevance of each use case to determine whether the proportion
of respondents who viewed each use case as important was significantly greater than 50%. The
formula for the z-score is:

z=(B-po) /N[(po(1 - po) / n]

Where:

- p is the sample proportion,

- po 1s the hypothesised proportion (0.50),

- n 1s the total number of responses, and

-/ (po(1 - po)) / n] is the standard error of the proportion.

The statistical results guided the elimination of use cases with low consensus, focusing the study
on those with broader agreement, ensuring that each use case received robust participant support.
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While all use cases demonstrated sufficient relevance, the z-test provided a quantitative measure
of consensus, confirming that each use case met the threshold for inclusion in the prioritisation
process.

1.4.4  Step 4: P-Value and Decision Rule

The p-value for each item was calculated, representing the probability of obtaining a z-score as
extreme as the observed value under the assumption that the null hypothesis is true. If the p-value
is below the predetermined significance level (0=0.05\alpha = 0.050=0.05), the null hypothesis is
rejected, indicating that the item is significantly relevant.

For example, for a z-score of 3.4, the p-value is less than 0.05, leading us to reject the null
hypothesis and conclude that more than 50% of respondents consider the item important.

Table 1-3: Items, relevance and significance

Item Number | Yes |No | Yes Percentage Relevant Z-Score P-Value Significant
1 25 0 100 TRUE inf 0 TRUE
2 21 4 84 TRUE 4.63713 1.77E-06 TRUE
3 17 8 68 TRUE 1.929359 0.026843 TRUE
4 23 2 92 TRUE 7.740703 4.94E-15 TRUE
5 18 7 72 TRUE 2.449895 0.007145 TRUE
6 13 12 52 TRUE 0.20016 0.420678 FALSE
7 24 1 96 TRUE 11.73714 4.11E-32 TRUE
8 25 0 100 TRUE inf 0 TRUE
9 21 4 84 TRUE 4.63713 1.77E-06 TRUE
10 21 4 84 TRUE 4.63713 1.77E-06 TRUE
11 25 0 100 TRUE inf 0 TRUE
12 22 3 88 TRUE 5.846846 2.50E-09 TRUE
13 20 5 80 TRUE 3.75 8.84E-05 TRUE
14 23 2 92 TRUE 7.740703 4.94E-15 TRUE
15 22 3 88 TRUE 5.846846 2.50E-09 TRUE
16 24 1 96 TRUE 11.73714 4.11E-32 TRUE
17 22 3 88 TRUE 5.846846 2.50E-09 TRUE
18 25 0 100 TRUE inf 0 TRUE
19 23 2 92 TRUE 7.740703 4.94E-15 TRUE
20 25 0 100 TRUE inf 0 TRUE
21 21 4 84 TRUE 4.63713 1.77E-06 TRUE
22 24 1 96 TRUE 11.73714 4.11E-32 TRUE
23 22 3 88 TRUE 5.846846 2.50E-09 TRUE
24 24 1 96 TRUE 11.73714 4.11E-32 TRUE
25 23 2 92 TRUE 7.740703 4.94E-15 TRUE
26 23 2 92 TRUE 7.740703 4.94E-15 TRUE
27 17 8 68 TRUE 1.929359 0.026843 TRUE
29 15 10 60 TRUE 1.020621 0.153717 FALSE
30 14 11 56 TRUE 0.604367 0.2728 FALSE
31 25 0 100 TRUE inf 0 TRUE
32 15 10 60 TRUE 1.020621 0.153717 FALSE
33 23 2 92 TRUE 7.740703 4.94E-15 TRUE
34 19 6 76 TRUE 3.043904 0.001168 TRUE
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Item Number | Yes | No | Yes Percentage Relevant Z-Score P-Value Significant
35 20 5 80 TRUE 3.75 8.84E-05 TRUE
36 23 2 92 TRUE 7.740703 4.94E-15 TRUE
37 22 3 88 TRUE 5.846846 2.50E-09 TRUE
38 19 6 76 TRUE 3.043904 0.001168 TRUE

For each item, a one-sample proportion z-test was conducted to evaluate whether the proportion
of respondents who considered the item relevant exceeded 50% significantly. The results indicated
that the majority of the tested items yielded p-values below the significance level of 0.05, resulting
in the rejection of the null hypothesis for most items. However, items 6, 29, 30, and 32 did not
meet this threshold and are therefore excluded. Most respondents deemed the remaining items
relevant. Further refinements are discussed below, focusing on Linking, Candidate National Use
Cases, and Semantics.

1.4.5 Additional Feedback

The following are additional comments that respondents noted. Several comments involved
linking some candidate National Use Cases to refine the list. Table 1-4 provides further refinement
of the suggested linked items.

Table 1-4: Further refinement suggested as linked items

Linking

15 & 34

[15] Electronic Discharge Summary
[34] Referral and discharge reporting

1 &24
[1] Access to Medication List
[34] Referral and discharge reporting

19 & 38
[19] Healthcare provider lookup and validation
[38] Validation of facility data

34 & 37
[34] Referral and discharge reporting
[37] Transition of Care

Numbers 1,5,7.11, 12, 15, 17,18, 20,21,23,24,25,26,27,31,34,34 link to 16.

When identifying standards for patient care modules, all should be viewed with the same standards.
[1] Access to Medication List

[5] Billing

[7] Care Plan Management

[11] Consent-based data access

[12] Consultation and transfer of care

[17] Emergency response

[18] ePrescribing and Medication Management

[20] Health management information system (HMIS) for HIV/TB and other nationally prioritised health conditions
[21] Immunisation information management

[23] Maternal and childcare management

[24] Medication management
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Linking

[25] Mobile services

[26] Mobility of Patient Records

[27] Multi-disciplinary consultations

[31] Patient identity lookup and validation

[34] Referral and discharge reporting

[16] Electronic Health Record

No 18 ePrescribing and medication management and 24 Medication management.
No 18 should be enough as the ePrescribing system should form part of interoperable systems to manage writing
(sic) and sending of prescriptions for better management of medication

[18] ePrescribing and Medication Management

[24] Medication management

link 1 and 18

[1] Access to Medication List

[18] ePrescribing and Medication Management

link 37, 34, 12 and 15

[37] Transition of Care

[34] Referral and discharge reporting

[12] Consultation and transfer of care

[15] Electronic Discharge Summary

link 1, 11, 16

[1] Access to Medication List

[11] Consent-based data access

[16] Electronic Health Record

National Use Case of Egypt for Universal Health Insurance Program to automate all the health care facilities from
a medical point of view and link it automatically to the Universal Health Insurance Authority to submit automatic
claims through the Dedalus Health Information Exchange Platform

3, 6 and Mobility of Patient Records can all be merged. 31, 33 can also be linked.

[3] Alignment between the DHIS2, the Financial Management system, and PERSAL

[6] Bio surveillance

[31] Patient identity lookup and validation

[33] Radiology reporting and results sharing

Some of the use case themes require clarification - specifically, the transition of care, remote monitoring,
manicuring, and mobile services are not clear.

none

Respondents further suggested adding some items, as they had either not been mentioned or were
not included in the first round. These suggestions were captured in the table below.

Table 1-5: Omitted items according to the respondents

Question from the questionnaire: Should there be any Candidate National Use
Case that is omitted, please add it, and should it be an expansion of an existing
one, indicate it. Action taken
Chronic Medicines Dispensing & Distribution

Major healthcare technologies and international categorisations, such as MRI, CT
scans, and heart sonars, etc.

Referral notes of patients

I did not see the Health Patient Registration System; Integration of the
It makes sense to link demographic data with other clinical data to support the tracking Master Patient Index
of patients across multiple settings. Plus, HPRS has the standard master patient index, (MPI)

which should be used through the interoperability models
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Question from the questionnaire: Should there be any Candidate National Use
Case that is omitted, please add it, and should it be an expansion of an existing
one, indicate it. Action taken
Document Sharing as a backbone for 15, 16, 18, 22 and 33

The International Patient Summary

Security and Audit Logging

Clinical notes and Summaries

Alignment between the DHIS2, the Financial Management system, and PERSAL.
This excludes provincial/local spheres. For SAPRIN, for example, we want to link
populations to their educational records (household), SASSA, and local clinics and
hospitals. These needs expanding.

Human resource planning linked to patient management and quality of care
Beneficiary registration/validation and lookup for health insurance workflows. General health
insurance workflows

Some comments pertained to the semantics of the statements. These are noted below.

Table 1-6: Semantics of the statements

Question from the questionnaire: Should there be a Candidate National Use Case that needs to be re-
articulated, as it does not read correctly? Please correct it.

19. Healthcare provider lookup and validation - Perhaps we should think of a primary key for healthcare providers
that uniquely identifies them and links them with patients/services they have offered. "Healthcare Provider Unique
Identifier"

38. Compliance testing (10) of applications is more of a process than a use case.

Electronic Health Record (16) is a tool and doesn't describe a use case -- either it needs better clarification or to be
omitted.

(20) reads poorly -- what is being asked here, and what should be included?

(25) What does it refer to? Mobile clinics or cell phones- please be more precise.

Manicures (28) -- either a typo and needs clarification or a poor input.

(32) QA and reporting of what?

(35) Remote monitoring of hardware at sites? Of whom? Patients or staff?

A consolidated list was produced and is presented below. This list will be macro-ranked using an
adapted MoSCoW method. Table 1-7 outlines the modifications made to the original MoSCoW
method to create the adapted version for Candidate National Use Cases, along with an explanation
of the key differences.

Table 1-7: Original and adapted MoSCoW categories

MoSCoW
Category Original MoSCoW Adapted MoSCoW
Must-have Critical requirements that are essential for These are the most critical Candidate National Use

success. Without these, the project would fail. | Cases, essential for the initial steps in evolving the
shared National Health Information System.
Should-have | Important but not critical requirements. Their | These use cases are important but not urgent and
absence may cause inconvenience, but it will | should be addressed in the medium term to enhance

not lead to project failure. the system.

Could-have | Desirable features that enhance the project but| These use cases are desirable and add value, but
are not necessary for success. They can be they are considered long-term developments for the
included if time and resources allow. shared National Health Information System.
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MoSCoW
Category Original MoSCoW Adapted MoSCoW

Won’t-have | The least critical features will not be included | These use cases are currently the least critical or

in the current project scope but may be inappropriate and will be reassessed as the system
revisited in the future. evolves.
Additional | Not included in the original MoSCoW Self-estimation of confidence: Added to gauge
Factor method. respondents' confidence levels in their prioritisation

decisions based on a suggestion from a statistician.

An adapted MoSCoW was considered appropriate as:

Expanded Focus on Candidate National Use Cases: In the adapted version, the MoSCoW
method has been explicitly tailored for Candidate National Use Cases related to developing
a shared National Health Information System. Each category is quantified with specific
instances, indicating how many use cases fall into each category. This provides a more data-
driven perspective than the original MoSCoW method, which is typically more qualitative.

Timeframe for Implementation: The adapted version adds a sense of timing to the
categories, such as considering Must-have items essential in the initial steps and viewing
Should-have items as part of the medium-term plan. This contrasts with the original
MoSCoW method, which focuses on the level of necessity without specifying a timeframe.

Long-Term Focus for Could-have: In the adapted version, the Could-have category is
associated with long-term developments for the National Health Information System. This
is more specific than the original MoSCoW, which leaves Could-have features as merely
optional enhancements.

Reassessment for Won t-have: In the adapted method, Won t-have items are marked for
periodic reassessment as the system matures, implying a future reconsideration. The original
MoSCoW method typically excludes Won t-have features from the current scope without
mentioning reassessment.

Self-Estimation of Confidence: The adapted method includes an additional component: a
self-estimation of confidence, which was not present in the original MoSCoW method. This
feature was added to gauge how confident respondents were in their prioritisation decisions,
introducing a metric of reliability and self-assessment into the process.

The Idea Generation phase laid the groundwork for identifying a wide array of potential National
Interoperability Use Cases. These diverse ideas formed the basis for further verification, ensuring
that only the most relevant and feasible use cases were carried forward for deeper assessment.

Following verification, the Assessment and Ranking phase allows for a refined evaluation of the
remaining use cases, using systematic methods to determine their relative importance in achieving
a robust National Health Information System.

The Verification iteration confirmed the relevance of the suggested National Use Cases, refined
their definitions, and incorporated additional suggestions. A deliberate error was included as a
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quality control measure, which all participants successfully identified, ensuring the integrity of
responses.

1.5 Round 2: Assessment and Ranking

From round one, 1 item was considered irrelevant, three items were identified as insignificant,
various items were consolidated, and some items were rephrased. A consolidated list was
constructed and sent out to respondents for evaluation. The consolidated list and the responses
captured are presented in the table below.

20



Table 1-8: Consolidated list of the outcome from Round 1

Consolidated Candidate
National Use Cases

Notes

Must-
have

Should-
have

Could-
have

Won’t-
have

—_

Electronic Discharge Summary

Includes Electronic transfer

20

25

16

Electronic Medication

To provide continuity of medication through medication management

Incorporates ePrescription and eDispensing, addressing the logistic aspects related to
prescriptions and dispensing

Incorporates Shared medication treatment plan

Patient's consent

Distributed eMedication document repositories storage and access

40

15

Shared medication treatment plan

Provide a current comprehensive overview of the healthcare beneficiary's historical, present
and projected medication needs.

25

30

Electronic Health Record

To provide a global view of the health of an individual.

It incorporates sharing health-related documentation, i.e., the health record of the individual
who traverses care sites, geographies and healthcare providers.

Patient-centric as access is controlled by individuals.

Incorporates and aggregates Electronic Medical Records (as the personal medical and
treatment history at a single Healthcare provider)

Incorporates administrative and billing data

Incorporates patient demographics

Incorporates shared medication treatment plan

Healthcare-related artefacts such as Radiology images, Lab and test results

45

12

mHealth

MHealth describes healthcare-related products and services (including information) that are
supported by mobile devices and focus on health and fitness. Excludes devices associated
with the South African Health Products Regulatory Authority or diagnostic.

This includes processes and services to incorporate value-added services and information
access.

Includes access to validated services

Includes sharing with Health practitioners

15

32

11

eHealth Communication

Provision of health-related alerts and notification

15

Alignment between the DHIS2,
the Financial Management
system, and PERSAL.

System Integration is seen as a function of interoperability
Information and or document sharing

50

Clinical Trail management

Coordinating and administrating efforts related to planning, controlling, monitoring,
financing and recording clinical trials.

15

36

Clinical Coding

Provision and populating a data dictionary to provide a single lookup service to
standardised clinical codes within the South African Healthcare ecosystem.
Includes finding and using a common set of clinical codes.

40

18
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Consolidated Candidate
National Use Cases

Notes

Must-
have

Should-
have

Could-
have

Won'’t-
have

Curation and validation of terminologies and value sets

10

Population Health Management
and monitoring

Utilisation of Business Intelligence in interpreting patient data and monitoring care
processes.

This includes the clinical, financial, and operational data coalition to provide actionable
insights.

Includes analytics.

Provision of value-based care (patient-generated data, social determinants of health,
environmental and genetic data available).

Aggregation of data on disease, outbreak, and spread for actionable insights.

45

15

11

Emergency response

Includes continuation of patient care when healthcare infrastructure has been damaged
Includes initiation and transfer of healthcare from locations to institution

Remote and offline emergency accessibility of patient medical information (term EHR not
used to facilitate in avoiding a hierarchical bias)

This includes retrieving medical records, temporarily allocating new ones, and ensuring
consistency.

28

30

12

Healthcare provider lookup

Includes current validation

25

32

13

Healthcare facility lookup

Includes current validation

45

13

14

Shared healthcare treatment
management plan.

Provide a comprehensive overview of historic, present and projected healthcare
interventions, events and medication related to healthcare beneficiaries.
Includes maternal and childcare management

Includes chronic disease management

Includes immunisation management

35

20

15

Healthcare event management

Coordinate and administer efforts related to planning, controlling, monitoring, financing,
and recording healthcare-related events.

Include radiology referral, result reporting and sharing.

Include laboratory referral, result reporting and sharing.

40

15

16

Remote patient management

Delivery of services to remote locations and/or home care populations

22

30
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1.5.1 Clusters

After an initial round of engagement, the survey response level was deemed too low, prompting a
redistribution of the form. Subsequent rounds of data collection yielded 67 total engagements, of
which 61 were complete responses, and seven were incomplete. The average confidence level
among participants was reported as somewhat confident. Notably, the participant pool primarily
consisted of health practitioners rather than ICT Health specialists, which may have influenced
response dynamics. This aligns with previous studies that emphasise the importance of high
response rates in survey research, particularly when exploring perceptions of healthcare
technologies (Al-Rjoub et al., 2023; Rogove et al., 2012). Moreover, the difficulty of recruiting
clinicians for technology-focused studies is well-documented, as they often face time constraints
(Weichelt et al., 2019).

While challenges existed in engaging a balanced respondent pool, the response rate achieved was
commendable, providing a strong basis for further analysis. The primary goal moving forward was
to systematically organise and prioritise use cases based on their perceived importance and
feasibility, which was accomplished through K-means clustering (Luchenski et al., 2012).

The primary objective was to organise and prioritise use cases by their assigned importance across
four categories: Must-have, Should-have, Could-have, and Won t-have. To facilitate this, K-means
clustering, an unsupervised machine learning method, was employed to group use cases based on
their importance and feasibility (Ikotun et al., 2023). This data-driven approach enabled objective
categorisation, distinguishing foundational elements from those considered desirable but not
critical. The four specified clusters corresponded to the priority categories, offering guidance for
phased NHIS implementation and reflecting both immediate needs and longer-term goals.

The data for clustering comprised numerical values that indicated how each use case was rated
across the four categories. These values represented the extent to which each use case was deemed
necessary or optional for implementation. A consolidated list was produced and is presented below.
This list will be macro-ranked using an adapted MoSCoW method. Table 1-7 outlines the
modifications made to the original MoSCoW method to create the adapted version for Candidate
National Use Cases, along with an explanation of the key differences.

To enhance the visualisation of the clustering outcomes, Principal Component Analysis (PCA) was
utilised (Greenacre et al., 2022). By reducing the four-dimensional data (Must-have, Should-have,
Could-have, and Won t-have ) to two dimensions, PCA facilitated a clearer representation of how
use cases were grouped. The resulting scatter plot (Figure 1-3) illustrates the clusters, with different
colours representing the distinct groups identified.
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Figure 1-3: K-Means Clustering of Use Cases

The K-Means clustering successfully divided the use cases into four distinct clusters. Each cluster
contained use cases with similar importance levels across the four priority categories. The scatter
plot generated from the PCA analysis highlights the separation of use cases into these clusters,
providing a clear visual representation of the categorisation. This clustering approach offers a data-
driven method for prioritising use cases, facilitating decision-making based on objective analysis
rather than subjective judgment.

Table 1-9: Use Case clustering

Should- Could-

Use Case Must-have | have have Cluster
Electronic Medication 40 15 6 0
Clinical Coding 40 18 3 0
Shared healthcare treatment management plan 35 20 6 0
Healthcare event management 40 15 6 0
Electronic Discharge Summary 20 25 16 1
Shared medication treatment plan 25 30 6 1
mHealth 15 32 11 1
eHealth Communication 15 35 6 1
Emergency response 28 30 3 1
Healthcare provider lookup 25 32 4 1
Remote patient management 22 30 9 1
Electronic Health Record 45 12 4 2
Alignment between DHIS2, Financial

Management, PERSAL 50 8 3 2
Population Health Management and monitoring 45 15 2
Healthcare facility lookup 45 13 3 2
Clinical Trial management 10 15 36 3
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Based on the K-means clustering, each cluster group uses cases with similar profiles in terms of
Must-have, Should-have, and Could-have values. Each cluster is unpacked below based on the
characteristics of the use cases it contains:

1.5.1.1  Cluster 0: High Must-have and Balanced Needs

This cluster contains use cases with relatively high Must-have requirements and a balanced
distribution across the Should-have and Could-have categories. These use cases are considered
critical and foundational but also have additional optional features that could improve their
effectiveness, such as:

* Electronic Medication: Ensures continuity and safety in medication management, making it
critical but with room for additional features.

* Healthcare Event Management: Manages important healthcare interactions like referrals
and reports, which are essential but could be expanded with new capabilities.

1.5.1.2  Cluster 1: Medium Must-have, High Optional Flexibility

Cluster 1 contains use cases with medium Must-have importance but relatively higher values for
Should-have and Could-have attributes. This suggests that these use cases are considered
moderately essential but benefit significantly from additional features and flexibility. These use
cases focus more on communication and patient data sharing across different healthcare processes.

» Shared Medication Treatment Plan: Critical for continuity of care, with a strong need for
additional features like integration with other systems.

* Emergency Response: This is important for handling crises, but additional enhancements
could make a big difference regarding remote and offline data access.

1.5.1.3  Cluster 2: Very High Must-have, Low Flexibility

This cluster contains the use cases with very high Must-have values, indicating they are considered

foundational or indispensable for the health system. However, they have relatively low Should-
have and Could-have requirements, implying they are highly focused and less reliant on extra
features. These use cases could be considered as managing core healthcare systems like records,
population health, and system alignment.

* Electronic Health Record: Central to the healthcare system, it integrates essential health
documentation with minimal optional features.

* Alignment between DHIS2, Financial Management, and PERSAL: Critical for system
interoperability, highly essential but less dependent on optional features.
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1.5.1.4  Cluster 3: Low Must-have, High Optional Features

Cluster 3 contains use cases with low Must-have values, but high Could-have flexibility, meaning
they are less critical but could become highly beneficial with additional functionalities. These use
cases are often secondary but can bring significant enhancements if improved with more advanced
features.

* Clinical Trial Management: This is not a critical everyday operation, but adding features
like better monitoring and financing could significantly improve its effectiveness.

* Other Optional Enhancements: This cluster can be seen as nice-to-have features that could

significantly elevate the healthcare ecosystem but aren't essential.

1.5.2  Cluster Ranking

The ranking of the clusters from most important to least important is primarily based on the
Must-have attribute since it reflects the criticality of each use case. Outlined below are the
clusters rank based on their overall Must-have values:

1.5.3  Cluster Ranking Based on Importance:
* Cluster 2: Very High Must-have, Low Flexibility — Most Important

o Average Must-have value: 46.25

o Contains indispensable systems like Electronic Health Records and Alignment of
DHIS2, Financial Management, and PERSAL.

o These use cases are core to the healthcare infrastructure and can't be compromised,
making them the most critical for system functionality.

* Cluster 0: High Must-have and Balanced Needs — Second Most Important
o Average Must-have value: 35.6

o Use cases like Electronic Medication and Healthcare Event Management are
essential but with some flexibility in their additional features.

o These systems are still foundational but might allow for gradual improvements.
* Cluster 1: Medium Must-have, High Optional Flexibility — Moderately Important
o Average Must-have value: 21.6

o These use cases, such as Shared Medication Treatment Plan and Emergency
Response, have medium importance but could significantly benefit from
enhancements.

o While important, they are not as critical as the clusters above but provide vital
communication and patient data management support.

26



* Cluster 3: Low Must-have, High Optional Features — Least Important

©)

(@]

Average Must-have value: 10

This cluster includes use cases like Clinical Trial Management, which have low

criticality but could greatly benefit from additional optional features.

These are secondary systems that are nice-to-have and enhance healthcare
processes but aren't crucial to daily operations.

Each use case was analysed and presented in a table that ranks the use cases within each cluster
based on the Must-have value, starting from the most important nr 1 to the least important number
16. You can now view the complete ranked list in the displayed table below.

Table 1-10: Cluster ranking results

Cluster Use Case Must-have| Should-have| Could-have
Cluster 2 Alignment between DHIS2, Financial Management, 50 8 3
PERSAL

Cluster 2 Electronic Health Record 45 12 4
Cluster 2 Population Health Management and monitoring 45 15 1
Cluster 2 Healthcare facility lookup 45 13 3
Cluster 0 Clinical Coding 40 15 6
Cluster 0 Electronic Medication 40 18 3
Cluster 0 Healthcare event management 40 15 6
Cluster 0 Shared Healthcare Treatment Management Plan 35 20 6
Cluster 0 Remote Patient Management 22 30 9
Cluster 1 Emergency Response 28 30 3
Cluster 1 Shared Medication Treatment Plan 25 30 6
Cluster 1 Healthcare Provider Lookup 25 32 4
Cluster 1 Electronic Discharge Summary 20 25 16
Cluster 1 mHealth 15 32 11
Cluster 1 eHealth Communication 15 35 6
Cluster 3 Clinical Trial Management 10 15 36

1.6  Round 3: Assessment and Ranking

Each cluster was redistributed to participants to validate the statistical rankings established in
Round 2 for further ranking. Of the 69 responses collected, duplicate and incomplete entries were
removed, resulting in 54 complete and usable responses for analysis.

This refined set of responses was then processed using the Kemeny-Young method, an advanced
algorithm designed to identify the ranking that best aligns with participants’ combined preferences.
The Kemeny-Young method compares each pair of scenarios (e.g., A vs. B, A vs. C) based on
participant rankings. For each pair, it calculates the frequency with which participants ranked one
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scenario higher than the other. The algorithm then generates all possible rankings of the scenarios;
for instance, with four scenarios, there are 24 possible rankings (4).

The method calculates the “disagreement” or distance for each possible ranking to determine the
optimal ranking by counting the number of pairwise preferences that each ranking violates. The
optimal ranking is the one that minimises this total disagreement, providing a theoretically ideal
compromise that reflects group consensus. Grounded in decision theory, the Kemeny-Young
method is therefore considered to deliver a ranking that best represents the collective preferences,
minimising disagreement and offering a statistically sound compromise (Emerson, 2023).

The ranking for the Must-have grouping was found to be:

Electronic Health Record > Healthcare facility lookup > Alignment between DHIS2, Financial
Management, PERSAL > Population Health Management and monitoring

Similarly, the Should-have, and the Could-have groupings were calculated, and the outcome is
presented in Table 1-11:

Table 1-11: Ranked Candidate National Use Cases

Most Important: Very High Must-have , Low Flexibility
Electronic Health Record

Healthcare facility lookup

Alignment between DHIS2, Financial Management, PERSAL
Population Health Management and monitoring

Second Most Important: High Must-have and Balanced Needs
Electronic Medication

Clinical Coding

Healthcare event management

Shared Healthcare Treatment Management Plan

Remote Patient Management

Moderately Important: Medium Must-have , High Optional Flexibility
Emergency Response

Shared Medication Treatment Plan

Healthcare Provider Lookup

Electronic Discharge Summary

mHealth

eHealth Communication

Least Important: Low Must-have , High Optional Features
Clinical Trial Management

Round 3 effectively synthesised the gathered insights and allowed for ranking use cases based on
their importance to the National Health Information System. The Kemeny-Young Method for
ranking facilitated a consensus-driven ordering, presenting the priority of use cases (Emerson,
2023).
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1.7 Round 4: Evaluation and Communication

The Evaluation and Communication phase includes validating, contextualising, and refining the
prioritised use cases identified in previous rounds. The consistency of stakeholder rankings was
measured using Kendall's W, a coefficient of concordance that reflects the level of agreement
among participants (Rico et al., 2023). This is followed by an expert review with purposefully
selected domain experts, whose feedback will refine and contextualise the use cases. The selection
of experts was purposeful to ensure a comprehensive evaluation across critical domains. A
government health official was chosen to provide policy and regulatory oversight, a health
information technologist for insights on system integration and technical feasibility, and a
representative of external healthcare services to address practical application in clinical and
reimbursement contexts. This diverse selection was designed to balance policy, technology, and
service delivery perspectives, ultimately refining the prioritised use cases through well-rounded
and practical feedback. This phase aims to provide a solid empirical document for the NDoH to
develop a robust National Health Information System by combining statistical validation and
targeted expert insights.

1.7.1 Ranking Agreement

Kendall's W (also known as Kendall's coefficient of concordance) is used to assess the agreement
between raters when ranking items (Emerson, 2023).

Kendall's W (Coefficient of Concordance) measures the degree of agreement among raters
(participants) regarding the ranking of scenarios (Roch et al., 2009; Rico et al., 2023). Kendall's
W ranges from 0 (no agreement) to 1 (perfect agreement). The following is the formula for
Kendall's W:

(12 x S)
(m?x (n® — n))

W =

Where:

m = number of participants (raters)

n = number of scenarios (items) being ranked

S = sum of squared deviations of the rank sums for each item from the mean rank sum
Applying this to the current investigation:

Sum of squared deviations (S): 10988.0000
Number of participants (m): 56
Number of scenarios (n): 4
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The Kendall's W value is W = 0.7008

A Kendall's W value of 0.7008 suggests a high degree of agreement among the participants
regarding the ranking of the candidate use cases. It shows that the rankings are predominantly
consistent, and the participants generally agree on the ranked order of the candidate use cases.

1.7.2  Experts' Biographies and Their Feedback

This round of developing the National Health Information System use cases was guided by a
purposeful sampling approach to ensure that the expert review phase incorporated a diverse range
of relevant perspectives (Perla & Provost, 2012). The goal was to select individuals who possessed
deep expertise in different facets of health information systems, enabling comprehensive feedback
to refine the prioritised use cases. Purposeful sampling ensured that the expert review phase drew
upon a diverse range of directly relevant perspectives. The goal was to select individuals who
possess deep expertise in different facets of health information systems, providing well-rounded
feedback to refine the prioritised use cases. The chosen experts represent key stakeholder groups:
a government health official with policy and regulatory oversight, a technologist specialising in
designing and applying health information systems, and a representative from an external
healthcare service provider. This strategic selection aimed to ensure that the evaluation
incorporates perspectives on policy implications, technological feasibility, and practical
implementation in healthcare settings (Salleh et al., 2021), offering comprehensive insights for
refining the use cases.

1.7.2.1 Respondent 1: Health Government Official

Biography: Respondent 1 holds a senior position in the National Department of Health, with
significant expertise in health policy implementation and digital health strategies and has over 15
years of experience in health system governance and policy development.

Feedback Summary: Respondent 1 commended the structured approach to identifying and ranking
use cases, appreciating the alignment with national health priorities, particularly in areas such as
Electronic Health Records (EHR). They emphasised scalability and adaptability across regions,
given the diverse landscape of the national health system. The respondent also recommended
considering the social determinants of health and the impact of the system on chronic disease
management. Finally, they suggested early policy engagement to ensure the successful
implementation and sustainability of the use cases.

1.7.2.2  Respondent 2: Technologist with Health Information Systems Experience

Biography: Respondent 2 is an expert in health informatics, focusing on designing and
implementing Health Information Systems (HIS) across private and public healthcare sectors.
They have led various projects in Health Information System implementations, providing
technology solutions and interoperability expertise.

30



Feedback Summary: Respondent 2 provided feedback from a technical perspective, highlighting
the importance of achieving interoperability within the ranked use cases, particularly for complex
data-sharing scenarios. They emphasised the need to standardise data models to avoid
fragmentation and inconsistencies. Respondent 2 also underscored the importance of user
experience, recommending thorough training for healthcare professionals. The suggestion to build
flexibility into the system was aimed at ensuring its evolution in line with advancing health
technologies.

1.7.2.3  Respondent 3: Representative of External Medical Service Provider

Biography: Respondent 3 is a senior operations executive at a medical service provider,
responsible for healthcare reimbursement systems, provider network management, and care
coordination services. With a decade of experience, they bring a commercial and service delivery
perspective to adopting and using health information systems.

Feedback Summary: Respondent 3 approached their feedback through the lens of service delivery
efficiency and financial sustainability. They appreciated the focus on communication and data-
sharing use cases, given their importance for care coordination and reimbursement. However, they
recommended prioritising use cases that could reduce administrative burdens and improve claims
processing. Caution was advised when integrating these use cases with existing systems, especially
in private healthcare settings, and a phased approach was recommended to ensure a smooth
adaptation. The respondent emphasised the need for ongoing monitoring to ensure the system
meets operational and patient care goals.

The feedback from the experts was instrumental in validating and contextualising the prioritised
use cases. The government health official emphasised the importance of scalability and alignment
with policy objectives, guiding refinements toward broader system integration. The technologist
provided critical insights into the technical feasibility and user interface design, ensuring that
interoperability standards were met without sacrificing usability. The external healthcare
representative highlighted the operational impact, suggesting adjustments to improve care
coordination and reimbursement processes. These perspectives were synthesised to refine the
prioritised use cases, ensuring that the NHIS framework is both comprehensive and practical
despite their feedback not warranting any significant change in priorities. The ranking was kept in
the order it was from Round 3.

1.8 Conclusion

This study endeavoured to systematically identify and prioritise national interoperability use cases
to inform the development of a robust national health information system (NHIS). The research
aimed to ensure that the prioritised use cases align with national health objectives and practical
system needs by employing a structured methodology that involved rounds of stakeholder input,
statistical analysis, and expert reviews. While comprehensive and built on solid consensus, as
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indicated by Kendall's W, the findings represent a step forward in conceptualising how
interoperability can be effectively integrated into national health data frameworks.

However, it is vital to acknowledge the limitations inherent in this research. While the Delphi
process facilitated broad stakeholder engagement, the evolving landscape of health information
technology may require continual reassessment of the identified use cases. Additionally, while
providing valuable context, the purposeful sampling of experts represents perspectives that may
benefit from further expansion to include a more diverse range of healthcare experiences and
technological considerations.

The clustering and ranking methodologies, particularly the Kemeny-Young method, have allowed
for an evidence-based prioritisation of use cases; however, the dynamic nature of health policy,
technological capabilities, and healthcare needs necessitates an adaptive approach. It is hoped that
the insights and recommendations outlined here will serve as a foundational framework for
developing the NHIS, with the understanding that flexibility, continual evaluation, and stakeholder
collaboration will be crucial in ensuring its successful implementation and relevance to a rapidly
changing health environment. Future research should focus on refining these use cases as the
system develops, ensuring that the NHIS remains responsive to both technological advancements
and the evolving healthcare sector needs.

While this study has provided a systematic approach to prioritising National Interoperability Use
Cases, it is important to recognise the need for continual reassessment as technology and health
needs evolve. The use cases developed here are based on current policy and technological
landscapes, which may shift in response to new developments and emerging health challenges.
Further research is recommended to refine and expand the expert review process, engaging a
broader range of stakeholders to ensure that the NHIS remains responsive to diverse healthcare
contexts. Additionally, practical implementation challenges, such as system integration and
stakeholder training, must be addressed as the use cases are operationalised.
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Chapter 2: Building the Digital Health Ecosystem Using the HMS?
Health Information System: An Eastern Cape Department of Health
Perspective

Moko, S.T.,"? Rossouw, A." and Strydom, A."

'Eastern Cape Department of Health, *Walter Sisulu University

Purpose: The healthcare landscape continually evolves, with digital technology pivotal in
transforming healthcare delivery and management. This chapter explores the development
and implementation of the HMS? (Health Management System) information system within

the Eastern Cape Department of Health. It draws from implementation experiences in the
Eastern Cape Department of Health and the Free State Department of Health. The HMS?
system represents a significant step towards contributing to building a comprehensive digital

health ecosystem.

Study design/methodology/approach: The study used a qualitative approach, where

qualitative data collection techniques (interviews and discussions) with key stakeholders,

system users, and department officials were used to provide the outcomes, impact, lessons

learned and recommendations.

Objectives: The primary objectives were (a) to assess the HMS? information system's

effectiveness in improving healthcare delivery (i.e. Improvement in Patient Administration
and Revenue management and overall health outcomes) within the Eastern Cape
Department of Health and the Free State Department of Health, (b), To identify the
challenges and barriers encountered during the implementation of HMS? (c) To provide

recommendations for optimising and expanding the digital health ecosystem in the Eastern

Cape and potentially across South Africa.

Findings: The outcomes and impact of the Eastern Cape Department of Health eHealth
steering committee's initiatives since the project's inception in September 2021 indicate a

transformative journey in healthcare management and service delivery. The initial

implementation efforts have yielded some tangible successes. As of 31 May 2024, Phase 1

modules have been successfully implemented in 38 hospitals across all levels of care in the
province. This marks a significant milestone in strengthening patient administration and

revenue management, and in putting in place the essential building blocks to proceed with
HMS? phase 2 module implementations. The HMS? phase 1 modules were also implemented

in 10 Free State Department of Health district hospitals on 31 March 2024. HMS? Phase 1

module expansion was also extended to include developing a module for three Emergency

Medical Services (EMS) centres across the province, focussing on patient administration

and revenue management. This expansion reflects the commitment to optimising patient care
beyond hospital settings, incorporating emergency services into the comprehensive eHealth
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framework. As part of a pioneering pilot project, the eHealth steering committee introduced
automated electronic registers in three Community Health Centres (CHCs) and six Primary
Health Care (PHC) facilities. This innovative endeavour is a testament to the eHealth
Steering commiittee's forward-thinking approach and dedication to exploring new avenues
for enhanced healthcare management.

Conclusion, from infrastructure upgrades to the successful deployment of HMS? modules,
the eHealth system has enhanced patient care, operational efficiencies, and data-driven
decision-making. As the phased implementation continues, the positive impact on healthcare
delivery is poised to grow, reinforcing the commitment to excellence in the digital
transformation of healthcare services.

Keywords: Electronic Health, Electronic Health Records, Interoperability, Strategy
2.1 Introduction, Purpose and Methodology

The Eastern Cape Department of Health pioneered the development of the in-house Electronic
Health Management System (EHMS), commonly referred to as HMS? (Nkosi, 2021). This also
marks a significant milestone in contributing to healthcare innovation in the Eastern Cape and
South Africa (Wagner, 2020). This system, integral to the broader South African Digital Health
ecosystem, represents an advancement in healthcare delivery, encapsulating the essence of the
country's ambitious eHealth strategy (ECDoH, 2020). The system embodies the principles and
goals of the South African Digital Health Strategy (NDoH, 2019).

As a foundational pillar of digital transformation, the system stands as a testament to the strategy's
overarching mission to revolutionise healthcare through technology, accessibility, and enhanced
patient-centric care (ECDoH, 2020). The system's strategic alignment with the South African
digital Health Strategy is multifaceted and far-reaching. It serves as a linchpin in the strategy's
objective to centralise patient information, enable seamless data exchange, and bolster healthcare
infrastructure across public healthcare facilities (NDoH, 2019). By integrating various facets of
healthcare delivery, the system fosters interoperability, breaking down silos between healthcare
entities and paving the way for comprehensive, integrated care models (Zweni, 2023).

Furthermore, the system embodies the strategy's commitment to improving healthcare accessibility
and quality. Its implementation within the Eastern Cape Department of Health and subsequent
extension to the Free State Department of Health are enablers for transformative changes (ECDoH,
2023). It facilitates improved decision-making by healthcare providers and streamlines
administrative processes, ultimately focused on enhancing the efficiency and effectiveness of
healthcare delivery. The system's capabilities transcend mere digitisation; it catalyses better health
outcomes, optimised resource utilisation, and more data-driven decision-making (Nkosi, 2021).
Moreover, it epitomises the strategy's vision of leveraging technology to bridge healthcare
disparities, particularly in underserved areas, prompting equity in access to quality care. In essence,
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the Eastern Cape Department of Health's initiative with the digital health landscape underscores
the symbiotic relationship between local innovation and national strategy (Wagner, 2020).

As it synergises with and fortifies the South African National Digital Health strategy, this system
stands as a testament to the transformative power of technology in shaping a healthier, more
connected future for all South Africans.

2.1.1  The purpose

This chapter explores the development and implementation of the HMS? (Health Management
System) information system within the Eastern Cape Department of Health. It draws from
implementation experiences in the Eastern Cape Department of Health and the Free State
Department of Health. The HMS? system represents a significant step towards contributing to
building a comprehensive digital health ecosystem.

2.1.2  The methodology

This study employed a qualitative research design to gain a deeper understanding of the personal
experiences and perspectives of individuals within a unique community setting (Cobigo et al.,
2016). Therefore, data was collected through in-depth, semi-structured interviews with the Eastern
Cape Department of Health’s key stakeholders, system users, and department officials involved in
developing and implementing the HMS?.

Participants were selected using purposive sampling to ensure a diverse range of perspectives were
represented, including individuals of different ages, backgrounds, and levels of involvement in the
development of the HMS? (Daley et al., 2010).

Thematic analysis was used to identify common themes and patterns across the interview
transcripts (Gallant et al., 2017; Syam et al., 2023). This iterative process involved thorough coding
and re-coding of the data to uncover nuanced understandings of the participants' lived experiences.

The methodological approach focused on capturing contextual data to shed light on lessons learned
and recommendations during the development and implementation of the HMS? (Campbell et al.,
2021).

2.1.3  Chapter overview

The chapter will first provide an overview of the HMS? system, outlining its components by
discussing the relevant modules associated with it. A strategic overview will be followed by an
overview of how it was executed and implemented in the Eastern Cape Province. The critical
eHealth building blocks (requirements analysis, infrastructure, connectivity, interoperability, and
data exchange) will be discussed, followed by the adoption of a phased implementation strategy.
Stakeholder engagement, outcomes, impact and lessons learned with recommendations will
conclude this chapter.
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2.2 Overview of the System

HMS? is a meticulously designed web-based solution ensuring secure and encrypted connectivity
within a cloud-based infrastructure. The system's inception traces back to Frere Hospital, a tertiary
healthcare facility in East London, Eastern Cape (ECDoH, 2020). Its development commenced in
2012 as a conceptual framework, evolving into initially an Electronic Medical Record (EMR)
system designed to manage the comprehensive patient process flow within the hospital. A
significant milestone was reached in 2021 when the Eastern Cape Department of Health’s Head of
Department approved the rollout and enhancement of the system, initially targeting the
implementation in 28 strategically selected facilities across the province (ECDoH, 2023). The
primary goal was to establish robust electronic patient administration and revenue management
systems across the hospital network. Since its implementation in 2021, the system has
demonstrated remarkable growth and resilience, evolving from strength to strength (Zweni, 2023).
Continuous enhancements have remained a focal point, propelled by an unwavering commitment
to improving healthcare services. This dynamic evolution underscores the system's adaptability
and ongoing contribution to advancing healthcare practices within healthcare facilities (ECDoH,
2023). Drawing inspiration from security protocols implemented in banking applications, HMS?
employs a Secure Socket Layer (SSL) to ensure secure access to the system and safeguard data
transmission between the application and the cloud (Keshvadi & Sharma, 2023). Notably, data
stored in the database undergoes encryption, reinforced by additional layers of security
meticulously implemented to protect user and patient data.

This comprehensive system encompasses various modules, primarily focusing on Electronic
Medical Records (EMR) and select Electronic Health Record (EHR) functionality (Zweni, 2023).
Beyond EMR/EHR, it seamlessly integrates a diverse array of modular functionalities to
streamline the management of various aspects, including, but not limited to, handling PAIA
(Promotion of Access to Information) requests and managing Medical-Legal claims (ECDoH,
2023). Therefore, the inherent versatility of HMS? positions it as a powerful and efficient tool for
overseeing a broad spectrum of healthcare-related processes (Wolvaardt & Stewart, 2019).
Notably, the system undergoes continuous development to introduce additional functionality and
consistently improve features, enhancing effectiveness and efficiency. This commitment to
ongoing refinement underscores the dedication to maintaining paramount principles of security
and integrity, sustained through the robust architecture of its cloud-based framework. Importantly,
the system was purposefully designed to accommodate virtual healthcare facilities, catering to all
levels of care. This design facilitates the simplified onboarding of additional healthcare facilities,
allowing them to share, for instance, a patient's medical record (Vena, 2016). The system operates
on a role-based model, ensuring the segregation of responsibilities, with permissions granted
based on respective user role allocations. Various roles within the system enable administrative
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and clinical staff to perform their specific functions efficiently and securely, as illustrated in Figure
2-1.
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Figure 2-2: South African Health Normative Standard framework digital ecosystem
(NDoH, 2020)

primarily as a provincial and healthcare facility consumer application. It facilitates the interaction

and exchange of data with other systems within the digital health ecosystem, as illustrated in Figure
2-2.
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2.3 Outlining the HMS? system

The system can be divided into three main parts: the Electronic Medical Record (EMR) with the
Electronic Health Record (EHR), the Primary Modules that form part of the HMS2, and the
Theatre Slates Module. Additional modules are also mentioned.

2.3.1  Electronic Medical Record with Electronic Health Record Capabilities

This segment encompasses features and functionalities related to EMR with EHR functionality. It
is dedicated to digitalising and effectively managing patient health records, emphasising efficiency
and accuracy in healthcare documentation (ECDoH, 2023).

The system adheres to established coding standards, incorporating key frameworks such as the
International Classification of Diseases (ICD) (WHO, 2010), the South African Master Facility
List (MFL) (CSIR, n.d.), the South African Unified Patient Fees Schedule (UPFS) (WCDoH,
2020), and the South African National Stock Codes (NSN) for pharmaceuticals. As indicated
above, these coding standards bring several notable benefits to the system and its users. The
following benefits are important (ECDoH, 2023):

* Accuracy and Consistency: By aligning with established coding standards, the system
ensures improved accuracy, interoperability, and data consistency across various healthcare
components. This enhances the reliability of medical records, billing processes, and
pharmaceutical management.

* Interoperability: Conforming to standardised coding systems facilitates interoperability
between healthcare systems and institutions. This allows for seamless data exchange and
communication, promoting collaborative and integrated healthcare delivery.

* Regulatory Compliance: Integration of coding standards ensures compliance with national
and international healthcare regulations. This is crucial for accurate billing, regulatory
reporting, and adherence to standardised healthcare practices.

+ Efficiency in Data Retrieval: Standardised coding enables the efficient retrieval of relevant
information, whether for patient care, billing purposes, or inventory management. This
streamlines workflows and contributes to more effective decision-making.

» Billing and Reimbursement: Coding standards, such as UPFS, facilitate accurate billing
processes. It ensures that healthcare services are appropriately documented and billed,
providing fair reimbursement for services rendered.

* Pharmaceutical Management: Incorporating South African National Stock Codes for
pharmaceuticals enhances the efficiency of pharmaceutical management. It allows for the
accurate tracking of medication usage, stock levels, and facilitates streamlined procurement
processes.

* Quality Improvement: Standardised coding supports quality improvement initiatives by

39



providing consistent and structured data. This, in turn, enables healthcare providers to
analyse trends, identify areas for improvement, and implement evidence-based practices.

Below are the primary modules.
2.3.2  Primary Modules That Form Part of the HMS? System

The primary modules of the HMS2 system are the patient registration module, outpatient module,
and ward module.

2.3.2.1 Patient Registration

The patient registration module is intricately linked with the South African HPRS system through
a currently approved one-way integration using the South African Health Normative Standards
Framework (HNSF) and patient data query (PDQ) profile, as demonstrated in Figure 2-3 (NDoH,
2021). In the event of a patient presenting themselves at a healthcare facility, the system, based on
specified criteria, electronically confirms the patient's existence in the HPRS.
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The NDoH approval has been granted solely for a one-way integration between HMS? and the HPRS system. A
complete two-way integration would present an optimal solution, enabling patients registered on HMS* to
seamlessly synchronize back to HPRS and allocate a PRN without disruption.

Figure 2-3: HMS? to HPRS Integration process flow (The researchers)
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The HPRS patient demographic data and health patient registration number (HPRN) become the
primary patient identifiers if the patient is identified (Genesis, 2019). In cases without HPRS or
where bidirectional integration is not currently permitted, the HMS? system allocates a local HMS?
patient identifier. Efforts are underway to address this, particularly at the hospital level, by ideally
implementing bidirectional integration or by having HPRS implemented on-premises, for instance,
at a hospital to allow registration on HPRS to obtain the HPRN; this would facilitate the patient
journey to proceed on HMS? (ECDoH, 2023). Figure 2-4 illustrates the search page of the HMS?.

(e .
PATIENT SEARCH
(5
A Fast Search @ Slow Search Apatient can be searched by completing one of the options below e g SA 1D Number. You can also search on either the Name or Surname or both Name and Sumame combined
i

0 Searching the South African National Health Patient Registration System (HPRS) is active. The SA 1D Nr. OR FOREIGN Passport OR PRN can be used.

SAID Nr. PRN Patient folder Nr. Foreign Passport Nr. Patient Name Patient Surname Patient DOB

| john | doe yyyy/mm/dd
Click here to Continue | Click here fo clear the search boxes

Figure 2-4:HMS? search page example (The Researchers)

PATIENT REGISTRATION: SELECT THE VISIT TYPE

i Last visit to this Facility: No last visit found / Last visit to any Facility: -

Avallable documents
MR JOHN DOE

No 1D document

Vot @ HPRS PRN 198-3840-3421 HOSPITALFIN 33435685 HMS* PATIENT UID 1580158865

-
1D NUMBER 234567891234
O GENDER MALE { WHITE
TAY NOODF
edical aid 8F
@ CONTACT NUMBEF 0437092184 MOBILENR. 0833781065
\ﬁ To continue, please select an option below

ACCIDENT & EMERGENCY ‘ UNKNOWN PATIENT \ OPD CONSULTATION REPEAT MEDICATION VISIT INPATIENT ADMISSION EMERGENCY MEDICAL SERVIC!

Figure 2-5: Services option selection (The Researchers)

The patient registration module ensures comprehensive registration, including patient
demographic details, South African Unified Patient Fees Schedule (UPFS) (WCDoH, 2020)
classification, debtor information, visit details, etc. As part of registration, the HMS? system
interfaces with credit bureaus and medical aids using electronic data interface (EDI) technology
with a switching provider (MediKredit, n.d.). The EDI services allow for credit checks on a patient
to confirm address details, contact information, income, and the record status on the Home Affairs
database, which indicates whether the patient is, for instance, alive. Simultaneously, the patient's
SA ID (Identification Document) number is used to verify their medical aid status, including
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whether the member's medical aid is active and if funds are available. This process is automated
and integrated, eliminating the need for operators to use multiple systems and creating a seamless
experience (Wagner, 2020).

During this process, the patient also signs the visit/admission form, granting permission for
services rendered and accepting responsibility for account settlement where applicable. Figure 2-
5 is an example of the service options page in the HMS? Patient registration details, visit
information and any accompanying documentation scanned and attached to the patient's record are
entered into the patient's shared medical record.

This process establishes a comprehensive and longitudinal view of the patient, making it instantly
accessible to any other healthcare facility utilising the HMS? system. Healthcare facilities can
seamlessly track the patient's journey within and across different healthcare settings through this
interconnected approach (ECDoH, 2023). This sharing of medical records enhances the continuity
of care, ensures a more holistic understanding of the patient's medical history, and contributes to
collaborative and informed decision-making across the healthcare network (Wagner, 2020). Patient
labels are generated and affixed to the patient manual folder, streamlining additional service
requests to National Health Laboratory Services (NHLS) and South African National Blood
Services (SANBS). This process saves time for clinical staff, eliminating the need to fill out request
forms manually and ensuring consistency in patient details. All forms and labels are barcoded.
Simultaneously, an automated account is opened and immediately accessible to the revenue
module for revenue collection (Wagner, 2020). The registration process also facilitates the
collection of funds, with receipts printed for documentation purposes.

2.3.2.2  Outpatient Module

The Outpatient Department (OPD) module is a comprehensive tool for clinics or outpatient
departments at a facility level. It facilitates the booking of appointments, electronic check-in of
patients, and various functionalities aligned with the South African National Data Indicator Set
(NIDS) and other relevant data elements (NDoH, 2019b). This module empowers clinical staft to
record routine data adhering to standardised data sets.

Moreover, the OPD module offers functionality for clinical staff to document clinical notes,
capture vital signs, record OPD consultation reports, initiate patient admissions, confirm bed
availability, request clinical support services, seek digital radiology services, generate electronic
prescriptions, and attach any additional documentation to the patient's visit (Wagner, 2020).
Integration with external service providers, i.e., NHLS, allows the end-user easy access to
previously requested laboratory tests, which mitigates the duplication of tests and improves both
quality of care and cost efficiencies (ECDoH, 2023). The module also has reporting features
tailored for operational and management purposes, providing valuable insights into the OPD
operations (Wagner, 2020). Notably, the details of OPD visits are recorded in the patient's medical
record and accessible to authorised users across all the facilities at any level within the digital
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ecosystem. This integration ensures a unified patient record, enhancing continuity of care and
facilitating informed decision-making across healthcare providers (Wagner, 2020). Figure 2-6 is
an example of the outpatient department.
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Figure 2-6: Outpatient Department (The Researchers)

2.3.2.3  Ward Module

The ward or inpatient module serves as a comprehensive system for the electronic admission,
internal transfer, and separation of patients within a healthcare facility. This module encompasses
various functionalities, including recording the National Indicator Data Set (NIDS) data and
other necessary data elements (Wagner, 2020). In addition, the ward module empowers clinical
staff by providing functionality for documenting clinical notes, capturing vital signs, recording
ward discharge summaries, requesting clinical support services, seeking digital radiology
services, generating electronic prescriptions, requesting meals from the kitchen, and attaching
any additional documentation to the patient's record (NDoH, 2020).

Records still required printing and signing, as the use of digital signatures at the time of the study
was still being explored. The module also features reporting capabilities tailored for operational
and management purposes, providing valuable insights into the facility's healthcare operations
(Wagner, 2020). Figure 2-7 is an example of the Ward module.
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Figure 2-7: Ward/Inpatient management (The researchers)

Crucially, patient details are systematically recorded in the patient's medical record, ensuring
accessibility for authorised users. This integration establishes a unified patient record, promoting
continuity of care and facilitating informed decision-making across healthcare providers (NDoH,
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2020). The ward module further enhances operational efficiency by offering routine reports for
both operational and management purposes. These reports include midnight census reports,
handover- and efficiency reports, daily ward reports, improved bed management and more. When
utilised effectively, the module has the potential to replace manual ward registers entirely, with
reports accessible through a simple click (ECDoH, 2023). The system also allows for the
aggregation and disaggregation of statistical information, providing both summarised and detailed
insights at the patient level.

2.3.3 Theatre Slates Module

While currently possessing basic functionalities, it enables streamlining activities through theatre
slates. The benefits include but are not limited to the accurate capturing of patient information and
pre-operative planning (i.e. scheduling of operations). The module extends its capabilities by
facilitating NIDS data collection and recording patient notes, service requests, and other relevant
information (Wagner, 2020). Anticipating the evolving needs of healthcare management, the
Eastern Cape Department of Health has outlined plans to enhance this module significantly during
the 2024/2025 financial year (ECDoH, 2023). This expansion aims to incorporate comprehensive
functionalities, ensuringa more robust and feature-rich system to support the intricacies of theatre
operations. Figure 2-8 illustrates the theatre slate module.
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Figure 2-8: Theatre Slate example (The researchers)

2.3.3.1 Revenue Module

The revenue module is a pivotal component that seamlessly integrates various modules within the
system. It adeptly receives electronic data from patient registration, outpatient visits, and inpatient
wards, automatically incorporating this information into the patient's invoice, which is linked to
their account. A primary function of this module is the automated creation of invoices, effectively
streamlining the billing process for services rendered (ECDoH, 2023). The module adheres to the
UPFS coding standard (WCDoH, 2020), complemented by ICD coding for accuracy and precision.
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Figure 2-9 provides an example of a patient account.

JOHN DOE | DOB: 1969-09-09 | GENDER: MALE ( WHITE ) | HPRS PRN: 123-456-7899 | HOSPITAL F/N: 33435665
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9965/93176/2023  OPD INVOICE 2023-12-03 83020 H2-(H2) Hospital Patient R 50.00 R 0.00 R 50.00 [ﬂ M - B]
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Figure 2-9: Patient account example (The researchers)

The Patient Revenue Management system encompasses several key functions (ECDoH, 2023):

Electronic Data Interface Services: This encompasses the capability to perform credit
checks, verify medical aid status, submit electronic claims to medical aids, and receive
electronic remittance advice, all of which facilitate the efficient crediting of a patient’s
account.

Billing and Invoicing: The system generates accurate and detailed invoices, ensuring
transparency and accountability in the billing process for patient services.

Charge Capture: It captures charges associated with specific medical procedures, tests,
medications, or other healthcare services, facilitating precise billing and reimbursement.

Medical Aid Processing: The module manages the processing of insurance claims, ensuring
compliance with regulatory requirements and facilitating timely reimbursement from
insurance providers.

Payment Processing: Patient payments, received through various methods, are efficiently
processed and recorded within the system.

Revenue Analytics: The system provides analytics and reporting tools, enabling healthcare
organisations to track and analyse revenue trends for informed financial planning and
optimisation.

Financial Reporting: Comprehensive financial reports are generated, offering insights into

revenue streams, outstanding balances, and overall financial performance.

Compliance Management: The module ensures compliance with billing and coding
regulations, reducing the risk of errors and mitigating potential legal and financial
consequences.

Patient Statements: Patient statements are generated, detailing services provided, associated
costs, and outstanding balances, enhancing transparency and communication.
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Refund Processing: Efficient processing of refunds, when necessary, is managed within the
module to maintain accuracy and compliance with refund policies.

The Revenue Module significantly contributes to the efficient management of patient revenue by
incorporating these functions.

2.3.3.2 PAIA Module

The PAIA Module is a tool designed to facilitate the electronic capture of requests for

information and the comprehensive management of these requests through various stages, which
may extend to potential medico-legal claims. This module aligns with the South African Promotion
of Access to Information Act (RSA, 2000), ensuring strict compliance with regulatory
requirements.

Key features of the PAIA Module include:

Request Lifecycle Management: The module efficiently manages the entire lifecycle of
requests for information, from initiation to resolution, with the flexibility to handle diverse
scenarios, including potential medico-legal claims.

Compliance with PAIA Guidelines: Adhering to the South African PAIA guidelines, the
module ensures that processes align with the legal framework governing access to
information.

Document Scanning and Linking: It provides the functionality to scan documents and links,
enabling the attachment of relevant documents to the request. This feature enhances the
completeness and accuracy of information associated with each request.

Integration with Patient Medical Records: The PAIA module is seamlessly integrated with
the HMS? patient records. When a patient's medical record exists, the request is intelligently
linked to ensure a holistic view of the patient's information.

Routine Operational and Management Reports: The module offers a range of routine
operational and management reports. These reports, supported by real-time data analytics,
provide insights into the status and trends of requests for information across financial years,
healthcare facilities, and clinical domains.
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Figure 2-10 is an example of a PAIA request.
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Figure 2-10: PAIA request example (The researchers)

2.3.3.3  Medico-Legal Claims Management Module

This module is a comprehensive system for the electronic capture and recording of medico-
legal claims against the Eastern Cape Department of Health. It provides robust functionalities
for the complete management of each claim, spanning from the initial letter of demand through to
finalisation (ECDoH, 2023).

Key features of the Medico-Legal Claims Management module include (Wagner, 2020):

* Claims Lifecycle Management: The module facilitates the entire lifecycle of medico-
legal claims, offering tools for the systematic and organised management of each claim
from inception to resolution.

* Documentary Record Keeping: It enables the electronic capture and meticulous recording
of relevant documentation associated with each medico-legal claim. This feature
ensures a comprehensive and accurate repository of information.

* Claim Resolution Workflow: The module supports a structured workflow for managing
claims, guiding the process from receiving a letter of demand to finalising the claim. This
ensures transparency and efficiency in the resolution process.

* Routine Operational and Management Reports: The module offers a diverse range of
routine operational and management reports. These reports, enhanced by real-time data
analytics, provide valuable insights into the status and trends of claims. Parameters for
analysis include financial years, healthcare facilities, claim indexing, nature of the claim,
alleged damages, clinical domains, and more.
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2.3.4 Additional Modules

In addition to the core modules, several auxiliary modules contribute to the system's
comprehensive functionality. These are (Wagner, 2020):

* Clinical Support Service Requests: This module is seamlessly integrated with all clinical
modules, including the Outpatient Department (OPD) and ward modules, enabling
healthcare providers to electronically request various clinical support services. This
functionality streamlines the process of seeking and coordinating additional support services
as needed for patient care.

» Digital Radiology: The system includes a dedicated module for digital radiology services.
This module facilitates the seamless integration and management of digital imaging
requests, enhancing diagnostic capabilities and improving the overall efficiency of
radiological services. The facility picture archiving system (PACS) is still used to view
patient radiology scans.

 FElectronic Prescriptions (e-Scripts): The Electronic Prescriptions module allows healthcare
professionals to generate electronic prescriptions as informed by approved medicine
formularies. This feature enhances the accuracy of prescription information and contributes
to the modernisation of the prescription process. At the time of the study, the script could be
generated on HMS?, printed and signed to allow the pharmacy to dispense medication. The
Eastern Cape Department of Health's system development team is exploring the use of
electronic signatures.

» Data Collection Templates: The system allows the creation of customisable data collection
templates or electronic tick registers. These templates can be easily linked to various
reporting units, accommodating the National Indicator Data Set (NIDS) and additional data
requirements at provincial and facility levels. This flexibility ensures data collection aligns
with specific reporting needs and regulatory standards.

+ Digitisation of old patient records: The system facilitates scanning and linking old patient
records to the corresponding patient electronic folder. This functionality allows for the
integration of historical patient information into the digital environment. When an old
patient record is scanned, it is electronically linked to the respective patient folder, ensuring
a comprehensive and consolidated view of the patient's medical history. This feature
preserves legacy patient data and enhances the efficiency of accessing and managing
historical records, contributing to a more complete and integrated patient care
experience within the digital framework.

24 Strategy Overview

As part of the Eastern Cape Department of Health's strategic focus (ECDoH, 2020), a Health
Turnaround Strategy has been developed and is being implemented. The primary objective of the
Health Turnaround Strategy is to transform the Eastern Cape public healthcare system into a re-
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engineered, sustainable service platform. This platform is envisioned to transition from a primarily
paper-based environment to a “less paper” environment, utilising technology to digitally enable
our healthcare facilities and become a more data-driven organisation.

The strategy aims to achieve this overarching goal through three foundational layers (ECDoH,
2020):

* Institutionalising Performance Reporting and Management Systems: Implementing robust
performance reporting and management systems to ensure transparency, accountability, and
continuous improvement across all levels of our organisation.

* Progressive Change Management, Stakeholder Engagement, and Strategic Marketing and
Communication: Undertaking strategic change management initiatives, engaging
stakeholders effectively, and employing targeted marketing and communication strategies
to enhance awareness and understanding of our evolving health system.

» Special Focus: In alignment with the Eastern Cape Department of Health’s commitment to
inclusivity and equitable healthcare, the Eastern Cape Department of Health are
significantly emphasising improving access to healthcare for marginalised groups. This
commitment underscores the ECDoH’s dedication to fostering a healthcare environment
that is accessible to all, irrespective of social or demographic factors.

The eHealth project stands as one initiative aligning with the strategic goals of the Eastern Cape
Department of Health by leveraging Information and Communication Technologies (ICTs) to
revolutionise healthcare within the province.

2.5 Strategic Framework Overview

The eHealth project is anchored in a strategic framework aimed at reforming healthcare
delivery by integrating innovative technologies. It is driven by the directive to enhance the
quality of patient care and services, emphasising the seamless and secure flow of health
information across the healthcare ecosystem (Wagner, 2020).

2.5.1 Key Components

The key components of this strategy involve eHealth governance, ICT integration, the Health
Information System and Interoperability and integration.

» eHealth governance: Project governance is indispensable for ensuring the success of
aproject. In 2021, the Eastern Cape Department of Health recognised this importance
and consequently established an eHealth steering committee. This committee plays a
crucial role in coordinating the development and implementation of several eHealth-
related projects, emphasising HMS? as a pivotal system within this framework. The
committee operates under the direct oversight of the Head of Department and is
composed of key business units within the ECDoH. These units span clinical and
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non-clinical services, information management, risk management, and internal audit
and enjoy interdepartmental support from entities such as the Eastern Cape Provincial
Treasury and the Eastern Cape Office of the Premier. The collaborative nature of this
committee ensures comprehensive oversight and expertise from various domains,
thereby enhancing the efficacy of project management and facilitating the
achievement of project goals.

* ICT Integration: The project focuses on integrating robust ICT solutions designed to
securely collect, store, and exchange health information. This integration enables the
creation of a unified platform for data management and analysis.

» Figure 2-11 illustrates governance in the ECDoH.

Project Governance Key Partners

National Department of Health B
EC Office to the Premier B —

ECDoH Business Units (Clinical, Information
e MV1X, QA, EMS, Finance and SCM, Facilities —
MX, Nursing etc.)

EC Provincial Treasury —
Implementation partners B

Figure 2-11: Eastern Cape Department of Health eHealth governance (ECDoH,
2023)

* Health Information System: A central component of the project, this system aims to
facilitate the improved collection, storage, and management of health data. It supports
consolidating patient records, enabling healthcare professionals to access accurate
and timely information crucial for informed decision-making.

Head of Department

eHealth Steering committee

Implementation DevOps
sub committee sub committee

* Interoperability and Integration: The eHealth systems prioritise interoperability,
ensuring seamless communication between disparate healthcare entities. This
integration promotes better coordination among healthcare providers, leading to
improved patient outcomes and a more cohesive healthcare system.

2.5.2  Primary Goals and Objectives

The following are the goals and objectives of the strategic framework (ECDoH, 2023):

» Enhanced Patient Care: The primary goal is to elevate the quality of patient care by enabling
healthcare providers to access comprehensive and up-to-date health information. This
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accessibility leads to more informed diagnoses, personalised treatment plans, and improved
patient outcomes.

» Optimised Service Delivery: The project aims to streamline healthcare service delivery by
reducing redundancies, improving efficiency and quality of care and minimising errors
through standardised and centralised health information management.

* Healthcare Reform and Improvement: By leveraging eHealth systems, the project
endeavours to contribute to broader healthcare reform efforts within the Eastern Cape
Department of Health. It seeks to modernise healthcare practices, enhancing the overall
effectiveness and responsiveness of the healthcare system.

* Modern ICT infrastructure and improved broadband connectivity: Modernise and enhance
the ICT infrastructure of targeted healthcare facilities by replacing outdated and dilapidated
systems with new technology, ensuring robust Local Area Network (LAN) and improved
Wide Area Network (WAN) connectivity to support efficient and secure data
communication and management.

» Data Security and Privacy: Ensuring the confidentiality, integrity, and availability of health
information remains a core objective. The project is committed to implementing robust
security measures to safeguard sensitive health data against breaches or unauthorised access.
The eHealth project embodies a strategic vision to leverage technological advancements to
revolutionise healthcare delivery. Focusing on information integration, interoperability, and
improved healthcare outcomes aligns closely with the overarching objectives of the
ECDoH's healthcare reform agenda.

2.6 HMS? Aligning with the South African HNSF, Digital Health Strategy and Digital
Health Ecosystem

The alignment of the HMS? system with the South African Digital Health Ecosystem, Health
Normative Standards Framework, and the country's digital eHealth strategy and NHI is pivotal in
ensuring cohesive, interoperable, and impactful healthcare transformation. This section provides a
detailed overview of this alignment based on the data collected through interviews with the
ECDoH stakeholders and department officials. After the thematic analysis, their views, opinions
and perspectives are summarised and consolidated in the subsections below.

2.6.1  The South African Digital Health Ecosystem

The HMS? system can play an important role within the Digital Health Ecosystem of South
Africa by:

* Interoperability: The system is designed to integrate with other digital health solutions and
systems, enabling data exchange and collaboration among various healthcare entities. It
conforms to interoperability standards, allowing for the sharing of patient information
across facilities and regions, fostering a connected healthcare landscape.

51



2.6.2

Data Governance and Security: Aligning with the ecosystem's emphasis on data governance,
the HMS? system prioritises robust security measures and adherence to privacy regulations.
It strives to ensure the integrity, confidentiality, and availability of health information.

Scalability and Adaptability: The system's architecture is designed to evolve with
technological advancements and changing healthcare needs. Its scalability enables future
expansion and adaptation, aligning with the ecosystem's goal of developing sustainable and
adaptable digital health solutions.

South African Health Normative Standards Framework

The HMS? EMR system aligns with the Health Normative Standards Framework (NDoH, 2020)

by:

2.6.3

Data Standardisation: It adheres to national standards for health information systems,
ensuring that data elements, coding structures, and terminology used within the system align
with the standardised framework. This conformity facilitates consistency, comparability,
and accuracy of health data.

Comprehensive Health Records: The HMS? system captures and maintains health records
following the framework's guidelines. It encompasses patient demographics, medical
history, treatment plans, and diagnostic information, contributing to comprehensive patient-
centric care.

South African Digital Health Strategy

The HMS? EMR system aligns with the South African Digital Health Strategy (NDoH, 2019)
relating to:

Strategic Objectives: It supports the strategic objectives outlined in the eHealth strategy,
such as improving access to healthcare services, enhancing healthcare quality, and enabling
data-driven decision-making. The system facilitates efficient information sharing.

Collaborative Healthcare Delivery: By fostering collaboration among healthcare
stakeholders, the HMS? system embodies the strategy's vision of integrated care delivery. It
promotes multidisciplinary collaboration, enabling coordinated care and improving the
patient experience.

Empowerment Through Technology: The system empowers healthcare providers with
technology-driven tools and insights, aligning with the strategy's focus on leveraging
technology to enhance healthcare delivery. It enables evidence-based decision-making,
resource optimisation, and improved patient engagement.

The HMS? system's alignment with the South African Digital Health Ecosystem, Health Normative
Standards Framework, and eHealth Strategy underscore its role in supporting the country's
digital healthcare transformation.
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2.7 Implementation and Execution

The feedback from the department officials indicated that the absence of robust eHealth systems
within healthcare facilities in the ECDoH has posed multifaceted challenges, ranging from
patient record management issues to operational inefficiencies. According to a departmental
official, these challenges encompass “poor patient identification, the loss of records and or the
duplication thereof, prolonged waiting times, inadequate clinical documentation, extended lengths
of in-patient hospital stay, high bed utilisation rates, and insufficient real-time data for decision-
making.”

As a department official indicated, “such deficiencies impact patient care and lead to financial
repercussions, increased litigation, and compromised incident management within hospitals.
Before delving further into the ECDoH's eHealth journey, it is imperative to address foundational
elements.” This involves a strategic financial investment in ICT infrastructure, necessitating robust
maintenance for sustainability. The primary focus of this investment is directed towards ICT
infrastructure and human resources, laying the groundwork for the successful implementation and
long-term viability of eHealth initiatives.

2.7.1  Building the Digital Health Ecosystem

Building a robust digital health ecosystem is crucial for enhancing patient care, improving
efficiency, and fostering collaboration among various healthcare entities (Wagner, 2020). The
HMS? system plays a pivotal role in this ecosystem. It utilises the HNSF to seamlessly integrate
with diverse systems within the digital health landscape. The HNSF (2021) is the backbone,
facilitating interoperability and communication between different healthcare components. In the
context of HMS?, integration with key systems like HPRS, NHLS, Electronic Data Interchange
(EDI) services, and cutting-edge health technology solutions such as digital radiology and
Cardiotocography (CTG) is essential.

HPRS integration enables the transition to using the HPRN as the patient's unique identifier across
the continuum of care. This streamlines healthcare delivery and enhances the quality of care by
providing healthcare providers with a holistic understanding

of the patient's health journey. NHLS integration ensures that laboratory results are seamlessly
incorporated into the patient's record, facilitating quick and accurate diagnosis and treatment
decisions. EDI services play a vital role in the secure exchange of healthcare information for
electronic claims submission and improved efficiencies with revenue management.
Moreover, HMS?'s integration with advanced health technology solutions, such as digital
radiology and CTG, enhances diagnostic capabilities.

These technologies enable the generation of high-quality imaging and monitoring data, which,
when integrated into the EMR/EHR, contributes to a more comprehensive and real-time patient
record. By leveraging the HNSF to integrate with these diverse systems, HMS? fosters
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collaboration and data exchange, resulting in a more cohesive digital health ecosystem.
This interconnected environment enables healthcare providers to make informed decisions,
reduces redundancies, and ultimately improves patient outcomes. Additionally, seamless
information sharing within the digital health ecosystem promotes efficiency, reduces errors, and
enhances the delivery of healthcare. This is explained in Figure 2-12.
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Figure 2-12: The ECDoH High-level Digital Health Ecosystem (ECDoH, 2023)
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2.8 Critical eHealth Building Blocks

The data, coding, and themes identified after thematic analysis indicated that the cornerstone of
successful eHealth implementation rests on several crucial factors. These are explained below.

2.8.1 Requirements Analysis

Identify and analyse the specific clinical and administrative needs of healthcare providers. “This
includes understanding workflows, data requirements, and compliance standards” (Department

official).
2.8.2 ICT Infrastructure

The backbone of eHealth systems requires reliable networks, up-to-date computer equipment, and
peripheral devices. Additionally, effective ICT support for infrastructure and system monitoring is
imperative. However, a department official indicated that “numerous healthcare facilities within
the ECDoH face challenges due to inadequate ICT infrastructure and outdated equipment, not to
mention reliable and stable connectivity.” This deficit leads to reactive, rather than proactive,
approaches to ICT solutions, which adversely impact critical clinical and administrative functions
within the eHealth spectrum.

The HMS? system, a testament to more than a decade-long development endeavour, has emerged
as a robust platform designed exclusively by the government for the government (ECDoH, 2020).
From its inception, it was meticulously crafted as a proprietary asset of the ECDoH. As mentioned
by a department official, “the system and its intricately designed source code stand as a
cornerstone of technological innovation, conceived and built from the ground up.” One of the
defining attributes of the HMS? system lies in its ownership structure, positioning it squarely
within the purview of the ECDoH. As indicated by a department official, “this deliberate strategy
not only underscores the system's alignment with governmental objectives but also yields
substantial financial benefits for the Department.” By eschewing recurring software and licensing
costs, the Department has realised significant savings, directing these financial resources towards
strategic investments in ICT infrastructure. The dividends of this strategic approach are evident in
the rejuvenation and modernisation of ICT infrastructure across various facilities that received the
HMS? system. The Department's judicious allocation of savings has facilitated the seamless
provisioning of new infrastructure while ensuring the timely replacement of obsolete and
dilapidated infrastructure. In essence, the HMS? system serves as a technological cornerstone for
the ECDoH. As proclaimed by a department official, “HMS’ embodies a fiscally responsible
model, fostering a symbiotic relationship between technological innovation and prudent financial
stewardship.”
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2.8.3  Facilitating Connectivity in Healthcare: A Pillar of Digital Health Transformation

In the ever-evolving healthcare landscape, the seamless exchange of information among healthcare
facilities is paramount for delivering efficient and patient-centric services. Within a digital health
ecosystem, connectivity emerges as a linchpin that transforms how medical data is shared and
leveraged across the healthcare continuum. At the forefront of this paradigm shift is integrating
shared patient medical records. This catalytic element promotes continuity of care and gives
healthcare providers comprehensive insights into a patient's health history. Notably, the ECDoH,
in its pursuit of innovation, has forged strategic partnerships with key stakeholders, including the
Eastern Cape Office of the Premier. This collaborative effort is instrumental in advancing the
implementation of broadband infrastructure across healthcare facilities, a move designed to
facilitate seamless inter-facility communication.

The Eastern Cape Office of the Premier, working in collaboration with the ECDoH, plays a crucial
role in guiding the implementation of broadband connectivity. This concerted effort addresses the
immediate need for enhanced communication among healthcare facilities and lays the foundation
for a future-ready digital health ecosystem. As indicated by a department official, “establishing
robust connectivity infrastructure fosters real-time sharing of patient medical records, enabling
healthcare professionals to make informed decisions promptly and resulting in improved patient
outcomes.”

Furthermore, implementing broadband connectivity enhances telemedicine capabilities, unlocking
the potential for remote consultations and virtual health services. Patients in remote or underserved
areas gain unprecedented access to healthcare expertise, bridging geographical gaps and ensuring
equitable healthcare delivery. As indicated by an ECDoH stakeholder, “the collaboration between
the Eastern Cape Department of Health and the Office of the Premier is a testament to the
commitment to leveraging technology to improve healthcare services.” Establishing a robust
digital infrastructure enhances connectivity within the healthcare sector. It paves the way for a
more resilient and responsive healthcare system, benefiting healthcare providers and their
communities.

2.8.4  Interoperability and Data Exchange

Interoperability standards are crucial in ensuring seamless communication and data exchange
between different systems within the healthcare landscape (Chuma & Sibiya, 2022).

2.8.4.1 South African Health Normative Standards Framework

In this context, the HNSF serves as a foundational guideline for achieving interoperability within
the South African digital health ecosystem. The SA HNSF (2021) is designed to establish a
common ground for healthcare information exchange in South Africa. It defines standardised data
formats, communication protocols, and terminology to facilitate interoperability among diverse
healthcare systems (NDoH, 2021). By adhering to these norms, healthcare providers, software
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developers, and other stakeholders can ensure their systems exchange information consistently and
standardised.

2.8.4.2  Open-Source Technologies and Integration

Open-source technologies can play a pivotal role in achieving interoperability by providing
flexible and customisable solutions. Leveraging open-source systems such as Mirth as an
integration engine exemplifies this approach. Mirth is an open-source, cross-platform integration
engine that enables the seamless exchange of health information across disparate systems
(NextGen Healthcare, 2024). Mirth, also known as Nextgen is an open-source integration engine
that facilitates the exchange of health information by translating and routing data between different
systems. It supports various healthcare data standards, including HL7 and IHE profiles. Using
Mirth allows for integrating different systems within the digital health ecosystem, such as HMS?
and others (NextGen Healthcare, 2024). This integration can take various forms:

» Data Exchange: Mirth can be configured to translate and exchange patient data
between HMS? and any other 3rd party systems, using standardised formats like HL7,
ensuring consistency and accuracy.

*  Workflow Integration: Mirth can be customised to align with specific clinical
workflows, ensuring that data seamlessly moves between systems without disrupting
established processes.

* Real-time Communication: Mirth supports real-time data exchange, enabling timely
sharing of critical information between systems and ultimately improving patient
care and decision-making.

The benefits of using integration engines include, for instance (as indicated by a department

official):

* Reduced Data Silos: Integration breaks down data silos, ensuring that patient
information is accessible across different systems, promoting a holistic view of
patient health.

» Efficiency: Automated data exchange streamlines workflows, reducing manual data
entry and the likelihood of errors.

* Scalability: Open-source solutions like Mirth are scalable, adapting to the evolving
needs of healthcare ecosystems as they grow.

2.8.4.3  Security and Privacy Measures

Implement robust security measures to protect patient information. This includes access controls,
encryption, audit logs, and compliance with healthcare data protection regulations (HIPAA, n.d.).
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2.8.4.4  User Training

Provide comprehensive training programs for healthcare professionals and support staff. As a
department official indicated, “users should be ensured that they are proficient in using the EHR
system to maximise its benefits and minimise errors.”

2.8.4.5 Change Management

Develop a change management plan to address the cultural and organisational shifts associated
with adopting a new EMR/EHR system. Communicate changes effectively and provide ongoing
support to manage resistance.

2.8.4.6  Customisation and Configuration

In the ever-evolving landscape of healthcare technology, the customisation and configuration of
eHealth systems play a pivotal role in ensuring that digital solutions meet the dynamic needs of
healthcare providers and end users. Integrating an agile methodology and establishing a dedicated
DevOps subcommittee within the eHealth steering committee have become instrumental in
achieving continuous system development and enhancements. As indicated by a department
official,

recognising the need to align the eHealth system with the ever-changing
healthcare industry demands, the eHealth steering committee took a strategic
leap by forming a specialised DevOps subcommittee. This subcommittee is
tasked with orchestrating the continual development and enhancement of the
eHealth system, focusing on the seamless integration of technology and the
unique requirements of clinical and non-clinical end users. One of the primary
goals of this DevOps subcommiittee is to foster collaboration between technical
experts and healthcare professionals.

By working closely with both clinical and non-clinical end users, the committee ensures that the
eHealth system is technologically robust and aligns with the practical needs and workflows of
healthcare providers. This collaboration serves as a vital feedback loop, allowing for the
identification of user-specific requirements and the implementation of tailored solutions.

Adopting an agile methodology further amplifies the responsiveness of the eHealth system to the
rapidly changing landscape of healthcare. Agile practices, such as iterative development, frequent
testing, and continuous feedback loops, enable the system to evolve in tandem with emerging
business demands. This approach facilitates quick adaptation to new clinical protocols, regulatory
changes, and advancements in healthcare practices. As indicated by a department official, “the
customisation and configuration processes are intricately woven into the DevOps pipeline,
allowing for seamless integration of updates, patches, and new features. This ensures the system's
reliability and minimises disruptions to ongoing healthcare operations.” The agility provided by
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the DevOps subcommittee and the agile methodology is a cornerstone in addressing the challenges
posed by the ever-shifting healthcare landscape.

In conclusion, the eHealth steering committee's strategic decision to establish a DevOps
subcommittee and adopt an agile methodology underscored the commitment to providing a
dynamic and user-centric eHealth system. The synergy between technical experts, healthcare
professionals, and agile practices ensured that the customisation and configuration processes
remain responsive to the evolving needs of the healthcare industry, ultimately enhancing the
effectiveness and efficiency of healthcare delivery.

2.8.4.7  Quality Assurance and Testing

In the dynamic landscape of eHealth, where the reliability and performance of systems directly
impact patient care, quality assurance (QA) and testing processes have become pivotal. The
eHealth steering committee's strategic move to establish a DevOps subcommittee has facilitated a
holistic approach to quality assurance, fostering close collaboration between the DevOps testing
team and end users. This collaborative effort ensures that the eHealth system meets technical
requirements and aligns with healthcare professionals' diverse needs. As indicated by a department
official,

the DevOps subcommittee plays a central role in bridging the gap between
development and testing teams, facilitating a continuous feedback loop crucial
for maintaining the quality of the eHealth system. This collaboration is
grounded in the understanding that effective testing is not just about
identifying and fixing bugs but also about ensuring that the system aligns with
the ever-evolving business requirements of the healthcare industry.

A special testing platform has been implemented within the system's framework to simulate real-
life scenarios as closely as possible. This platform enables the testing team to create scenarios that
replicate the complexities of healthcare environments, providing a comprehensive understanding
of how the system performs under various conditions. By closely involving end users in the testing
process, the eHealth system undergoes scrutiny from those who interact with it directly, offering
valuable insights into user experience and usability. The collaboration extends beyond traditional
testing phases, with end users actively participating in user acceptance testing (UAT). As indicated
by a department official,

this involvement not only validates the technical functionality of the system but
also ensures that it aligns with the workflow and preferences of healthcare
professionals. The feedback garnered during UAT becomes an integral part of
the iterative development process, contributing to the refinement of features
and enhancing the overall user experience.
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A special testing platform is a cornerstone in the eHealth system's journey towards quality
assurance excellence. This platform empowers the DevOps testing team to create realistic
simulations, enabling them to identify potential issues before deployment and ensuring a smoother
user experience in real-world scenarios.

In conclusion, the collaboration between the DevOps subcommittee, testing team, and end users
in quality assurance and testing is pivotal for building robust eHealth systems. The eHealth system
meets technical specifications by actively involving end users in testing and implementing a
specialised testing platform. It aligns closely with the business and user requirements, ultimately
enhancing the quality of healthcare delivery. This collaborative approach fosters a culture of
continuous improvement and adaptability, ensuring that the eHealth system remains at the
forefront of technological and healthcare advancements.

2.8.4.8 Compliance and Regulation

The eHealth steering committee is persistently championing efforts to ensure compliance with
software development standards and the intricate tapestry of the South African legislative
framework. Recognising the critical importance of compliance, the eHealth steering committee
has implemented a multifaceted approach to align the eHealth system with the regulatory
landscape of South Africa. This involves an ongoing commitment to staying abreast of changes in
legislation, standards, and industry practices, ensuring that the eHealth system remains at the
forefront of compliance.

The eHealth steering committee has adopted a proactive stance, integrating compliance
considerations into every phase of the software development lifecycle. Compliance remains a
central focus throughout the initial design and development stages, testing, deployment, and
ongoing system maintenance. This holistic approach ensured that the eHealth system met current
standards and was well-positioned to evolve in tandem with the regulatory landscape. The eHealth
steering committee acknowledged that compliance was not a static goal but a dynamic state that
requires constant vigilance and adaptation. Regular audits, both internal and external, are
conducted to assess and improve compliance levels. These audits serve as invaluable tools for
identifying areas of improvement, refining processes, and ensuring that the eHealth system aligns
seamlessly with the highest standards of quality and regulatory adherence. To fortify its
commitment to compliance and risk management, the eHealth steering committee has expanded
its purview to include key stakeholders who contribute invaluable expertise. To enhance
compliance oversight and manage risks effectively, the committee has welcomed the Department
Risk Officer, Internal Audit, and inter-departmental support from the Eastern Cape Provincial
Treasury. As a department official indicates,

the Department Risk Olfficer brings specialised knowledge in risk assessment
and mitigation, ensuring that the eHealth system adheres to regulatory
requirements and addresses potential risks associated with its operation.

Internal Audit, as a crucial component of the extended committee, contributes
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an independent and objective perspective, conducting thorough assessments to
validate compliance and identify areas for improvement.

In conclusion, the eHealth steering committee's commitment to compliance and regulation is a
testament to the unwavering dedication to delivering a secure, reliable, and legally compliant
eHealth system. By establishing a dedicated subcommittee, integrating compliance throughout the
development lifecycle, and embracing a proactive stance, the eHealth steering committee ensures
that compliance is not a destination but an ongoing journey toward excellence.

Through continual efforts and a forward-looking approach, the eHealth system is poised to
navigate the complex landscape of compliance and regulation, meeting the evolving needs of
technology and healthcare standards.

2.8.4.9  Monitoring and Continuous Improvement

In eHealth, where technology and healthcare intersect, the journey doesn't end with system
implementation; it evolves through vigilant monitoring and continuous improvement (Wagner,
2020). The eHealth steering committee has emerged as a proactive force in this ongoing process,
dedicated to overseeing the implementation and usage of the system and driving relentless efforts
for continuous enhancement, ensuring alignment with evolving business requirements. Monitoring
is essential in the eHealth steering committee's strategy, providing real-time insights into system
performance, user behaviour, and overall functionality. The committee closely monitors key
performance indicators, system availability, and user interactions. This proactive monitoring
approach enables the early identification of potential issues, facilitating swift resolutions and
minimising disruptions to healthcare operations. The eHealth steering committee's commitment to
continuous improvement is ingrained in the organisational culture. Regular assessments and
evaluations are conducted to gauge the system's efficacy in meeting business requirements.
Feedback loops, comprising input from end users, healthcare professionals, and technical experts,
serve as invaluable sources of information for identifying areas for improvement and streamlining
functionality.

The eHealth steering committee has established a structured feedback mechanism to facilitate
continuous improvement. End users at the forefront of system utilisation play an active role in
providing insights and suggestions. This user-centric approach ensures that the eHealth system
meets technical specifications and aligns seamlessly with the practical needs and workflows of
healthcare providers. This agile approach ensures adaptability to changing business requirements
and fosters a culture of innovation and responsiveness. As indicated by a department official, “a
dedicated continuous improvement subcommittee within the eHealth steering committee
spearheads initiatives to refine processes, enhance functionalities, and incorporate emerging
technologies.” This subcommittee catalyses driving innovation, collaborating with development
teams to explore new solutions and technologies that can further elevate the performance and
capabilities of the eHealth system.
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In conclusion, the eHealth steering committee's focus on monitoring and continuous improvement
is a testament to its commitment to delivering a cutting-edge and user-centric eHealth system. By
embracing real-time monitoring, fostering a culture of feedback, and leveraging agile
methodologies, the committee ensures that the system meets current business requirements and is
well-positioned to adapt to future challenges and advancements in healthcare technology. The
eHealth system remains a cornerstone in pursuing excellence in digital healthcare delivery through
this dynamic approach.

2.9  Adopting a Phased Implementation Strategy

The ECDoH has developed a phased approach to address the implementation challenges. Phased
implementation is crucial for successfully deploying eHealth systems as it allows for systematic
and controlled integration of new technologies into existing healthcare workflows. As indicated
by a department official, “by breaking down the implementation process into manageable phases,
Departments can identify and address challenges incrementally, reducing the risk of disruption to
critical services.” This approach enables thorough testing, user training, and adaptation to the
unique needs of different departments or facilities. Moreover, phased implementation facilitates
real-time feedback and adjustments, ensuring that lessons learned from earlier stages inform
subsequent rollouts. Ultimately, this thoughtful and gradual approach enhances the likelihood of
a smooth transition, minimises potential setbacks, and promotes a more effective and sustainable
adoption of eHealth systems across the healthcare ecosystem. The phased approach is further
illustrated in Figure 2-13.
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Figure 2-13: Phased implementation
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2.9.1  Phase 1: Primary Deliverables

 The initial phase focuses on foundational elements and essential functionalities:

» Complete revamping of the healthcare facility's ICT, LAN, and WAN infrastructure to
prepare it for onboarding the phase 1 modules.

» Integration with the HPRS and utilisation of Patient Reference Numbers (PRN) for unique
patient identification.

 Establishment of a shared medical record for secure information exchange among healthcare
facilities.

 Electronic patient registrations capture demographics, debtors' information, and compliance
requirements.

» Implementation of electronic admissions, transfers, and separations alongside revenue
management and claims processing.

* Deployment of a central register for patient visits and a management dashboard for critical
facility records.

* Introduction of electronic PAIA requests and employee verification for streamlined
operations.

» Implementation of a central medico-legal database to manage all claims against the
Department.

» Provide Real-time data to a facility that received the HMS? system.
2.9.2  Phase 2: Modules Implementation
The subsequent phase focuses on clinical modules to enhance patient care and operational
efficiency:

* ICT infrastructure: Revamping the ICT LAN and WAN infrastructure of the healthcare
facility to prepare it for onboarding the phase 2 modules.

* Improved Patient Care: Real-time access to comprehensive patient information aids
informed deci