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Abstract

Background: Rare diseases (RDs) have gained attention in public policy due to their complexity and low prevalence and the
challenges they present in health care settings. Comprehensive care for people with RDs requires strengthening of services,
programs, and care levels. It isimperative to make digital health tools avail able to support epidemiological surveillance, facilitate
patient follow-up, and enhance the education and awareness of health care professionals (HCPs) regarding these conditions.

Objective: This study aimsto implement enhanced actions aligned with the Brazilian National Policy for Comprehensive Care
for People with Rare Diseases to improve the attention and care provided to individuals. This will be achieved by developing a
computational tool and establishing guidelines to optimize the regulation of the reference services for RDs, providing updated
information to expedite diagnosis and promote collaboration.

Methods: The methodology includes mapping the regul ation processesin the Clinics Hospital of Ribeirdo Preto Health Complex.
Participants will include HCPs from the hospital complex and associated primary care centers and patients with a confirmed or
suspected RD selected through medical records and patient associations. Data collection methods include questionnaires,
semistructured interviews, and patient tracking using health information systems. The project will apply the 5SW2H (what, who,
where, when, why, how, and how much) framework to align tasks, responsibilities, and resources. Integrating digital tools adhering
to the findability, accessibility, interoperability, and reusability principles will promote real -time monitoring, improved resource
allocation, and enhanced workflow efficiency. Training initiatives will boost awareness and capacity among HCPs, while the
computational tool seeksto streamline patient follow-up and tracking. Digital integration and interoperability will reduce referral
process inefficiencies and support evidence-based decision-making. Education and awareness campaigns will fill knowledge
gaps among HCPs and patients.

Results: Ethicsapproval was granted on December 9, 2024. We conducted technical meetingswith the I T team to align procedures
for obtaining secondary data. Concurrently, we identified key guidelines and applied a knowledge management maturity
guestionnaire based on which we began mapping RD-related management processes. A computational ontology is currently under
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development to ensure semantic interoperability. This framework supported initiatives promoting education and awareness
regarding RDs, targeting HCPs and patients.

Conclusions:. The study emphasizes the potential of digital health solutions to transform RD care by improving coordination,
resource allocation, and stakeholder education. When effectively adopted, these solutions can enhance access to specialized care,
reduceinefficiencies, and inform public health policies. Future effortswill focus on expanding the tool’simplementation, refining
its functionalities, and evaluating its long-term impact on patient outcomes and system efficiency. This initiative highlights the
crucia roleof integrating digital technologiesin managing RDs and underscoresthe need for ongoing collaboration among health

care stakeholders to achieve sustainable improvements in patient care and policy development.

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2025;14:e68949)

PRR1-10.2196/68949
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Introduction

Background: Evolution of Public Policiesfor Rare
Diseases

Attention to rare diseases (RDs) has increasingly gained
relevancein public policy discussions. The National Policy for
Comprehensive Care for People with Rare Diseases
(NPCCPRD), established by Ordinance 199/2014 of the
Brazilian Ministry of Health (MoH), aims to reduce mortality,
morbidity, and secondary manifestations while improving the
quality of life and equitable access to health services[1].

The policy’smain objectivesinclude strengthening the RD care
network, enhancing the qualifications of heath care
professionals (HCPs), promoting scientific research, and
encouraging knowledge production. Furthermore, the ordinance
emphasi zes coordination between institutions and governmental
bodies, improving information flow through more robust
registration and surveillance systems and increasing education
and awareness about RDs [1]. However, implementing these
policies faces significant challenges and difficulties [2].

Although RDs collectively affect a large portion of the global
population, individual conditions remain rare. These diseases
are characterized by their complexity, diversity, and severity,
often presenting debilitating and chronic symptoms. It is
estimated that there are >7000 identified RDs [3], making it
challenging to establish standardized approaches and universal
guidelines applicable to all RDs. The need for comprehensive,
updated information on incidence and prevalence also hampers
the planning of health services and the adeguate allocation of
resources [4].

A significant obstacle to progress is low awareness and
knowledge among HCPs and society. The lack of familiarity
and specidlized training can delay early diagnosis and
appropriate referral of patients with RDs [5]. Therefore,
coordination and integration between various sectors, including
health care, research, the pharmaceutical industry, and patient
organizations, are crucia for the effective development and
implementation of RD initiatives [4]. Collaboration between
these actorsis often complex, given divergent interests, resource
limitations, and coordination challenges. However, promoting
partnerships between government ingtitutions, patient
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organizations, HCPs, and the academic sector can significantly
improve patients' quality of life [5].

Over time, the evolution of public policy for RDs has been a
gradual but continuous process. Initially, these conditionswere
ignored by government authorities and the pharmaceutical
industry. However, social movements and patient organizations
worldwide have voiced the needs of individuals with RDs,
contributing to the recognition of RDs as aglobal public health
issue [6]. Advancesin genetics and medicine have facilitated a
greater understanding of RDs and more accurate diagnoses.
This progress has led to identifying patient groups, creating
research networks, and establishing reference centers for RDs
(RCRDs) for high-quality care[2]. Since the publication of the
NPCCPRD, 27 RCRDs have been accredited by the MoH,
reflecting progress in policy implementation and improving
carefor peoplewith RDsin Brazil. However, challengesremain,
such as expanding coverage and ensuring adequate resources
for comprehensive care for these patients. Continuous
monitoring and improvement of the NPCCPRD are essential to
address these challenges and promote more effective and
inclusive care [7].

Discussions on public policies to support the population with
RD haveintensified recently. In additionto the NPCCPRD, Sdo
Paulo State Law 14.806 emphasizes raising awareness about
these diseases [8]. Furthermore, Sdo Paulo State Law 15.669
of January 12, 2015, addresses the RD treatment policy in Sdo
Paulo and outlines the objectives of the RCRD, which include
diagnosing and mapping RDs and promoting effective RD
treatment, monitoring patients, serving as research and teaching
centers, and providing early diagnosis to minimize additional
disabilities [9]. Globally, the inclusion of RDs in the World
Health Assembly agendain 2019 was alandmark, establishing
RDs as a priority in international health policy [10].

The Council of Rare Diseases International highlighted the
potentia of digital health technology in accelerating access to
diagnosis and specialized care for patients with RDs. The need
for standardized definitions, classifications, codifications, and
validations by the World Health Organization, including tools
such as the Human Phenotype Ontology and the International
Classification of Diseases, was emphasized asthe key to success
[11]. The European Reference Networks demonstrate how
digital technologies can improve care coordination, facilitate
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expert collaboration, and accelerate research, promoting a
patient-centered digital transformation [12,13].

As we advance into the digital era, new obstacles and
opportunities arise in the evolution of public policies.
Comprehensive care for people with RDs requires not only the
implementation of basic actions for diagnosis and care but also
the strengthening of existing services, programs, and levels of
care. These efforts depend on the health care network’ sfinancial,
technical, human, and infrastructura resources [14,15].
Therefore, it is crucial to continuously evaluate and improve
the policy landscape for RDs, adapting to new redlities and
ensuring that patients receive the necessary support to face the
challenges posed by their conditions.

Objectives

In this scenario, developing digital health tools becomes
imperative to contribute to epidemiol ogical surveillance, patient
follow-up, and awareness among HCPs. These tools should
facilitate patient registration, monitoring, and follow-up aswell
as dore information related to treatments, tests, and
hospitalizations. Digital tools can significantly improve data
collection, reduce losses, and allow better anaysis and
management of knowledge, ultimately leading to better care
and disease management.

Thus, the primary objective of this paper is to implement and
enhance actions aligned with the NPCCPRD to improve the
attention and care provided to individuals with RDs. This will
be achieved by devel oping acomputational tool and establishing
guidelines to optimize the regulation (referra and
counterreferral) for the reference services for RDs (RSRDS).
This includes mapping the regulation scenarios for patients
within the Clinics Hospital of Ribeirdo Preto (HCRP [Hospital
das Clinicas de Ribeirdo Preto]) care network. In addition,
continuous evaluation and refinement of the digital health
strategies applied within the HCRP complex are needed to
expand the reach, effectiveness, adoption, implementation, and
maintenance of actions as per the NPCCPRD. Finally, avareness
programs and specialized second opinion tools should be
implemented to support continuous education, informed
decision-making, and the discussion on confirmed or suspected
RD cases within the care network.

Given the importance of records for conducting scientific
research that can promote the evaluation and monitoring of
patients and reduce diagnosis time through a national database,
the project aimsto provideinformation on symptoms, diagnostic
tests, and available RSRDs to those interested in the subject,
similar to the approaches described by Gong et a [16] and
Vandeborne et al [17]. The absence of public policies directed
at RDs [7] intensifies the urgency of addressing thisissue.

Methods

Study Design

This applied research with a mixed methods approach will
follow procedures based on action research, literature review,
surveys, and field research. Action research will foster change
through continuous collaboration with HCPs and other
stakeholders to address specific issues related to RD care. The
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literature review will provide a comprehensive understanding
of existing knowledge and gaps in the field, guiding the
development of new insights and approaches. Surveys will be
conducted to collect quantitative data from a broad range of
participants, ensuring a representative understanding of the
current state and challenges of RD care. Field research will
involve in-depth qualitative studies, including interviews and
observations, to gather detailed contextual information and
firsthand accounts of experienceswithin the health care network.
The interview guide is provided in Multimedia Appendix 1.
This combined methodology ams to integrate diverse
perspectives and data sources, enhancing the robustness and
applicability of the research findings [18].

To structure the knowledge consolidated during theinitial phases
of the study, a computational ontology will be developed,
focused on the domain of RDswithin the context of the Unified
Health System (SUS; Sistema Unico de Saide). This
devel opment will follow the guidelines established by the World
Wide Web Consortium for the standardization of informational
elements on the web. The ontology will serve asthefoundation
for designing an interoperableinformational repository structure,
an essential aspect for optimizing communication within a
networked health care system [19,20].

Subsequently, to gain adeeper understanding of the management
processes intrinsic to the care of patients with RDs at the study
site, these processeswill be mapped using the Business Process
Model and Notation. Thisisawell-established approach aimed
at accurately and transparently modeling organizational
processes, enabling the clear identification of opportunitiesfor
improvement and strategic points for generating service
performance indicators. In addition to supporting
decision-making and achieving better management outcomes,
this methodol ogy contributesto enhancing the quality of services
provided and holds potential for reducing operational costs
within the organization [21,22].

The5W2H (what, who, where, when, why, how, and how much)
methodology, a widely used tool in project management, was
used to structure and organize the proposed actions. This
approach is based on addressing 7 fundamental questions:
“what” (what will be done?), “why” (why will it be done?),
“who” (who will be responsible?), “when” (when will it be
done?), ‘where’ (where will it be executed?), “how” (how will
it be done?), and “how much” (how much will it cost?). This
methodol ogy providesaclear, actionable framework for defining
tasks, responsibilities, and resources, ensuring stakeholder
efficiency and alignment [23]. Adopting structured frameworks
in health information management is essential to optimize
decision-making and improve service quality, particularly in
resource-constrained environments such as the RD scenarios.
This ensures a comprehensive understanding of the project’s
scope and facilitates the elimination of inefficiencies, as
recommended in lean management principles applied to health
care systems[24].

Study Participants

Certified as an RSRD in 2019, the HCRP has had a medical
geneticsservicesince 1974 and isareference center in RD care
[25]. The hospital offers high-complexity clinical and laboratory
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investigations, including genetic counseling and genomic testing
[26]. The use of this system in health services to integrate
follow-up actions and the resolution of these actions will be
evaluated. In addition, asociotechnical approach will be applied
for training, necessary system modifications and awareness and
education actions that will be implemented for primary care
centers and HCRP units.

Primary care centers were created to support didactic activities
in primary and secondary care, promoting interinstitutional
integration and the technical-scientific improvement of faculty.
Furthermore, they aim to train HCPs, devel op human resources,
and produce rel evant scientific knowledge. Therefore, theimpact
of implementing integration and interoperability methods on
data quality improvement and organizational management will
also be assessed.

The research will use diverse criteria to select participants,
including geographic diversity and representation of different
RD groups. A comprehensive mapping of patients, HCPs, and
health managers in specific health services units will be
conducted using medical records, patient associations,
information systems, and care networks. To collect data,
guestionnaires and semistructured interviews will be adapted
to address aspects of access to the care network concerning
RDs. The type of registry to be implemented will be a
notification system, allowing for the systematic collection of
information on RD cases. The development process of the
registry will include the definition of indicators and the
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evaluation of data quality obtained according to current
legislation and the region’s specific needs [27,28].

The study participants comprise 2 main groups. HCPsworking
within the network of the HCRP and the broader health care
network of Ribeirdo Preto and patientswith medical recordsin
associated databases. Eligibility criteria for HCPs include the
type of institution where they work, such as basic health units
and family health centers, excluding those who do not directly
manage patients with RDs. For patients, inclusion criteria
include a confirmed or suspected RD, relevant signs and
symptoms, and being under follow-up at the HCRP. Patients
with incomplete or low-quality recordswill be excluded. Patient
data will be accessed through the HCRP health information
systems and municipal health records, with some participants
potentially excluded if they do not meet the established criteria
or if their records lack sufficient information.

However, the HCRP Academic Health Complex and itsvarious
units and services, as presented in Figure 1, face challengesin
regulation, the implementation of procedures, and the financial
and epidemiological aspects of RDs. Financial difficulties
include underfunding and a need for more resources for tests
and procedures, which, in turn, impact the hospital’s ability to
provide quality services. Implementing methods is also
challenging dueto unclear regulations and difficultiesin internal
agreements. The lack of knowledge about the epidemiology of
RDsisanother barrier, making it difficult to plan and implement
appropriate health policies for these conditions.

Figure 1. Clinics Hospital of Ribeirdo Preto (Hospital das Clinicas de Ribeirdo Preto) unit composition. AME: specialty medical outpatient clinic;
CCMS: Community Health and Socia Services Center; CER: rehabilitation center; CIR: integrated rehabilitation center; CSE: teaching health center;

HE: state hospital; NSF: family health units, UE: emergency hospital.
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Although the project’s 3 phases are articulated, as shown in
Figure 2, the flowchart provides a degree of independence
between its stages. In phase 1, there is a scenario of detailed
diagnosis and planning of the needs and challenges faced by
HCRP in managing people with RDs within its care network.
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A survey of current practices in registration, monitoring, and
referral will be conducted, identifying points for improvement
to support the definition of protocols and a referral and
counterreferral model to be implemented. Phase 2 corresponds
to implementing and evaluating the planned strategies and
interventions that will be devel oped to improve these patients
registration, monitoring, and referral.
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Figure 2. Alignment between the scientific and public management components. CIA: Information and Informatics Center; DAS: department of health
care; HCRP: Clinics Hospital of Ribeirdo Preto (Hospital das Clinicas de Ribeirdo Preto); GGA: general outpatient management; PCC: primary care

center; RD: rare disease; RG: research group; WG: working group.
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Finally, in phase 3, theimpact of the results obtained throughout
the study will be analyzed from 2 main aspects: the availability
of the achieved results about public management needs and the
impacts generated by the research on the public management
process during the project’s term. It isimportant to emphasize
that the 3 action lines specified earlier are transversa to the
project, which is synergistically presented in the 3 phases
mentioned earlier.

Computational Infrastructure

The data collection instruments will use consolidated and
validated international standards, such as the International
Classification of Diseases, 10th Revision, Human Phenotype
Ontology, ORPHA code, and OMIM, enabling comparison with
data from other platforms, such as Orphanet [14,29,30]. These
instruments were established according to the NPCCPRD
guidelines and World Health Organization recommendations
and validated by the National Rare Diseases Network (RARAS;
Rede Nacional de Doengas Raras) experts. The selection of
registry variables will be based on a systematic review
conducted by the RARAS group, which verified the RD
minimum dataset used in health networksin different countries
[12].

REDCap (Research Electronic Data Capture; Vanderbilt
University [31]) will be used for data collection and
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management, and auxiliary curation tools, such as REDbox
[32], will ensure the quality and integrity of the collected
information. In this project, we will use the REDCap instance
managed by the Brazilian Society of Medical Genetics and
Genomicsand used by RARAS[31,33]. In addition to REDCap,
the project will take advantage of thetechnological infrastructure
of the RARAS network to implement the registry, with strict
security and privacy procedures following the General Data
Protection Law (GDPL) [34].

Ethical Consider ations

Human Participant Ethics Review Approvals

The ethics committee of the HCRP (Hospital das Clinicas da
Faculdade de Medicina de Ribeirdo Preto), University of Sdo
Paul o approved this project (82571424.4.0000.5440). This study
will follow the guidelines of the Good Clinical Practice Manual
of the International Conference on Harmonization [35].
Furthermore, the project will be submitted to the MoH to be
included asresearch of strategic interest for the SUS, following
Resolution 580/2018.

Informed Consent

The research team will obtain informed consent through the
signing of an informed consent form before any patient’s
involvement in the project activities. Participants will be
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informed of their rights, including the right to withdraw their
consent at any time without any cost and request full removal
from the study.

Privacy and Confidentiality

All research activities will be conducted accordingly to the
Brazilian General Personal Data Protection Law (number
13.709/2018) and the MoH Ordinance 2073/2011. Anonymized
datawill only be considered personal if the anonymization and
deidentification processis reversed, as defined in Article 12 of
the Brazilian General Personal Data Protection Law. In addition,
only nonidentifiableinformation may be exported or transferred,
similar to analyses, reports, consolidated datasets production,
or research repositories’ availability. They must not contain or
use personaly identifiable data, as such information is
unnecessary for these activities and may violate participants
privacy. Personal and sensitive data will be premapped, and
computational techniques will be used for anonymization and
pseudonymization, along with manual validation by the
responsible researcher before any data are made available or
transferred.

Compensation

No financial compensation will be provided to any participant
for their involvement in thisresearch. Nonethel ess, participation
is voluntary, and withdrawal will not result in any form of
disadvantage or loss of health care services.

Data Storage, Preservation, and Sharing Policies

Thedatawill be stored on servers hosted on the cloud computing
infrastructure of the University of Sdo Paulo (USP), with a
contingency physical server. Daily backups will be performed
and stored on cloud storage media, separated from the sources,
with aretention period of 7 days.

The datawill be preserved for at least 10 years and maintained
under conditions that ensure their integrity and accessibility
following best data management practices. The data can be
exported and made available in formats, preferably open and
nonproprietary (eg, CSV).

The preservation and sharing policies aim to maximize benefits
for al stakeholders while respecting ethica and privacy
guidelines and encouraging reproducibility and subsequent
developments. The data will be available under the Creative
Commons Attribution 3.0 Unported license, which permitsthe
data’'s use, sharing, and modification, provided the source is
appropriately cited. In addition, depending on the data
repository, other licenses may apply. The results will also be
made available through the following:

« Scientific articles to ensure research transparency and
replicability

« The Sido Paulo State Network of Scientific Data
Repositories [36,37]

+ FAIRsharing [38]

«  Presentationsat national and international scientific events

RD Awareness Efforts

Collaboration agreements, population screening surveys,
information sharing, access to existing databases, and
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cooperation will be established to facilitate awareness efforts.
Strategic partnerships with health care ingtitutes, laboratories,
and patient associations will also contribute to data collection,
and these will collaborate with HCRP service units' screening
registry. The aim is to engage critical stakeholders in the
research, creating arobust care and knowledge-sharing network.
This collaboration will enhance the project’s educational aspect,
yielding high-quality educational materials that contribute to
RD awareness and knowledge. In addition, the specialized
second opinion platform will contribute to creating a complex
database based on scientific and clinical evidence derived from
real problems and synchronous and asynchronous discussion
groups. The knowledge produced will be public and educational,
supporting HCPS' decision-making in similar situationsinitially
discussed through the second opinion platform.

To gather, organize, share, and disseminate structured,
evidence-based knowledge, a knowledge management model
will be implemented according to the context in which the
HCRP operates and the demand of its audience. This model
will be based on the knowledge management model for the
Brazilian public administration by the Institute for Applied
Economic Research (Instituto de Pesquisa EconémicaAplicada)
and will focus on citizen-oriented results. This process
consolidates a knowledge management plan into 4 well-defined
phases: diagnosis, planning, devel opment, and implementation
[39,40]. These phases will be executed following the principles
outlined in the National Health Information and Informatics
Policy [41] and the information standards and technologies
recommended by the World Wide Web Consortium [20].

Educational materias, including informational guides,
explanatory videos, and infographics, will be available on the
RARAS web portal [42]. Digital strategies, including
newsletters, thematic campaigns, search engine optimization,
and social media promotion, will be used to reach a broad
audience. Theeducational intervention will target HCPs, health
care students, and the general community through in-person
and virtual workshops as well as partnerships with schools and
patient associations, aiming to raise awareness, reduce stigma,
and include people with RDs [43].

The effectiveness of interventions in network access, patient
registration, and educational actions will be measured using
digital strategies, pre- and postintervention questionnaires,
validated assessment scales, and health outcomes evaluations.
These assessments will provide a comprehensive view of
changes in perception and understanding of RDs and measure
the impact on network access, early diagnosis, and appropriate
treatments. On the basis of the results, continuous adjustments
and improvements will be made.

Evaluation Framework

Implementation research (IR) will be conducted to explore the
impact of digital technologiesin real-world settings[44]. Even
where there is evidence, challenges related to implementing
new technology and strategy play a significant role in how
proven approachesin research conditionswill work in rea -world
situations [44].
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IR represents an essential interface between the availability of
tools, strategies, and interventions and their use within a health
care system. Thereach, effectiveness, adoption, implementation,
and maintenance (RE-AIM) framework will measure the success
of implementing an intervention, considering 5 essential
dimensions. reach, effectiveness, adoption, implementation,
and maintenance. Reach refers to the number or proportion of
individuals affected by the intervention. Effectiveness refersto
the intervention’s outcomes (including adverse effects, quality
of life, and others) and includes reasons for the intervention’s
success or the lack of positive results. Adoption refers to the
proportion and representativeness of settings and providers and
agents of theintervention. Implementation refersto the elements
of the intervention, such as delivery on time and as intended,
adaptations made, and their acceptance by end users.
Maintenance measures the level at which an intervention is
sustained over time, including the system, provider, and
individual levels[45,46].

In addition, the Standards for Reporting |mplementation Studies
(StaRl) [47] will provide a comprehensive framework to
enhance the transparency and consistency of reporting in IR.
By distinguishing between the implementation strategy and the
intervention, StaRl ensures that studies clearly describe what
is being implemented and how it is delivered, facilitating
replication and critical appraisal across diverse contexts.

This approach will ensure that the intervention is efficiently
evaluated and optimized within the health care system. These
domains are essential for the final impact of the
recommendations, and each stage requiresadifferent evaluation
approach. Thus, each evaluation phase will provide valuable
information and tools to support evidence-based decisions in
public management [44,45]. The data analysis strategy will be
developed considering different stages and types of data. For
data collection at the HCRP, an initial descriptive analysiswill
be conducted to define disease prevalence indicators and
geographic, demographic, and socioeconomic information
according to the axes described in the NPCCPRD [1]. These
analyses can be conducted globally, covering all HCRP units,
or individually to understand the system better.

The research will not be limited to understanding patients with
RDs at HCRP but will also analyze the health care system. The
analysis of the collected data on services will identify relevant
indicators, such as the average diagnosis time and the
availability of proceduresrelated to RDs. Expertswill evaluate
each indicator to define objectives and network needs. In
addition, satisfaction surveys will be conducted in 2 stages:
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analyzing participants demographic information [48] and
evaluating their responses using satisfaction questionnaires,
aiming to identify key pointsto consider in notification systems
and care networks [49].

The global and individual approach to measuring RDs as a
public health issue helps visibility, goal identification,
appropriate resource allocation, and effectiveinterventions[13].
Therefore, analyses encompassing all proposed lines will be
organized and synthesized in periodic reports, providing
essential insights to support the decision-making of HCRP
managers. Theresultswill be shared with involved stakehol ders,
allowing continuous monitoring and adaptation of actions as
needed.

Data Analysis Methods

Following data collection, acomprehensive descriptive analysis
will be performed to summarize, systematize, and present the
data in an interpretable framework. This phase serves to (1)
provide a rigorous overview of the processes under
investigation; (2) establish foundational insights into the
dataset’s structure; and (3) identify intrinsic patterns, directional
trends, and statistical anomalies. Beyond understanding the
data, this stage transforms raw information into actionable
knowledge while ensuring transparent reporting of preliminary
findings [50].

Thisinitial analytical phase establishesthe essential foundation
for subsequent and more sophisticated data exploration. The
descriptive insights will enable the application of advanced
analytical frameworks, such as machine learning methodol ogies,
specifically designed to extract deeper layers of knowledgefrom
the collected data. These techniques will systematically
transform raw observations into extracted knowledge by (1)
revealing latent structures and nonobvious relationships within
the data ecosystem, (2) quantifying complex interactions
between data, and (3) generating data-driven applications.
Furthermore, we aim to predict future bad outcomes based on
previously observed records, thus providing relevant insights
to support the project’s objectives and facilitating data-driven
decision-making [51].

Perfor mance Evaluation Plan and Risks

Risksencompass various scientific aspectsand implicationsfor
the study participants. This detailed examination is crucial for
ensuring the safety and ethical integrity of the study and
maintaining transparency in our research methodology. Table
1 presents the identified risks, their causes and consequences,
and mitigation strategies.
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Table 1. Risks associated with the scientific aspects related to the study and its participants.

Alveset a

Risks Causes

Consequences

Mitigation measures

For the study

Inadequate sample
ticipants

Delay in ethics approvals
bodies

Difficulty in acquiring or access-
ing databases

For the participant

Entry of study participantswithout
an adequate consent process

Inadequate team training

Errorsin study procedures
of procedures

Incorrect or unrepresentative selection of par-

Indication of pending issues by regulatory

Delay intheanalysis process, authorization by
the administrative body, and malfunction of
the collection equipment or environment

Systematic errorsin the detail s of the execution

Results not generaliz-
able or not applicable
on alarge scale

Delay in the planned
date

Delay in the planned
date for starting the
analysis

Deviations and viola-
tions of good practices
and study protocol

Deviationsand protocol
violations, data quality
issues, and bias

Dissemination of the study to other
services and competitiveinclusion
strategy between participating lo-
cations

Meetings with representatives of
ethicsbodies and activitiesreview

Allocation of human resources

Training of the team and retrain-
ing, if necessary

Team training, objective communi-
cation to those responsible, and
data quality management

The performance assessment plan details the indicators used to
evaluate the program’s objectives and monitor project
performance. For each stage of the public management process
linked to a scientific result, we present, on a scale of 0 to 4
(O=knowledge not available at the stage; 4=knowledge fully
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availablein an appropriate time and format), the availability of
scientific results, taking into account the operational aspects of
the project. The relationship between the need for scientific
knowledge at each stage of the public management process and
its availability is presented in Table 2.

JMIR Res Protoc 2025 | vol. 14 | e68949 | p. 8

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Table 2. Representation of the operational aspect.
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Stagein public management  Scientific result Score Justification Indicator
Coordination with the com-  Technical report outlining the 3 Asthisisan iterative and continu-  The number of people reached
munity and health care pro-  criteriaand necessary support for ousevaluation strategy, somescenar- by educational programs and
fessionalswith WGReduca-  Program formulation and sce- ioswill be analyzed after the com-  participationratein training pro-
. b nario modeling pletion of the underlying steps, and grams
tion and PCC anew report will be provided.
Scenario modeling with the  Detailed technical report with 4 _c Number of viable scenarios and
reference and counterrefer-  modeling results and support in consensus between groups
ence WG defining education plans and re-
ferral criteria
Registration, monitoring, Software, registration, sentinel 2 The acquisition processand data ~ Thenumber of registered patients
second opinion platform, criteria, and algorithmic associa- quality may requirestructural adap- and the system use rate
and algorithmsfor WG im-  tion rules tations and impact the scientific re-
plementation sult.
Performance analysis, data  Performancereport, dataquality, 4 — Adequatereferral rate and reach,
quality, and processes and processes adoption, effectiveness, imple-
mentation, and maintenance of
actions
Regulation model Preparation of apresentationfor 0 Thisisthe pending stage of imple-  Average time to access diagnos-
experts from the RARA < et mentation and performance analysis  tic resources
work and representatives of the of the proposed model.
MoH®
Disclosure and campaigns  Educational materialsand con- 2 The stage is conditioned by the Second opinion platform use

tent for campaigns, professional
training, and management proto-
cols

subsidies defined by the reference
and counterreference WG and the
achievement of registration imple-
mentation.

rate, the number of people
reached by educational actions,
and approval rate in training
programs

AW G: working group.
bpcc: primary care center.
®Not applicable.

9RARAS: National Rare Diseases Network (Rede Nacional de Doengas Raras).

®MoH: Ministry of Health.

The scenario modeling and performance analysis, data quality,

0to 4 (0=no use of scientific knowledge; 4=full use of scientific

and process stages will be responsible for identifying possible  knowledge), we present the expected effects or changes in the
needs for changes in management processes. On a scale from  strategic aspect of the project (Table 3).
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Table 3. Representation of the strategic aspect.
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Expected changein public manage-  Scientific result Score Justification Indicator
ment
Implementation of areferenceand A monitoring systemwith efficien- 1 Thelack of financial and human The number of tools and
counterreferral model for RDLwith Sy and effectivenessindicators for resources, resistanceto change  guidelines available as well
screening and referral guidelines  €@chimplementation phase (train- on the part of HCPs®, andthe ~ @stheaveragetimefor diag-
and protocols ing and registration structuring) complexity of theimplementa-  N0Sis of RDs

that enablesindependent updating tion process may not make

of reference scenarios by the maintaining the model sustain-

HCRPP able.
Adoptionof an effectiveand sustain- - \ps®, mapping between termi- 3 _e Adhesion rate, the level of
able RD recording and monitoring g ogies and encodings, and vali- satisfaction, and HCP cover-
system dated digital deployment and age; effectivenessand finan-

evaluation strategies cial sustainability; and data

quality and integration

Incorporation of aknowledge man-  j5int action of the WG and HMY 2 The lack of financial resources, Organizational knowledge

agement model to support education
and awareness processes about RDs
for employees and patients

responsiblefor educationa actions
intraining and disseminating digi-
tal health guidelines and strategies

employee resistance, and other
institutional priorities may not
make maintaining the model
sustainable.

management maturity level

3RD: rare disease.

PHCRP: Clinics Hospital of Ribeirdo Preto (Hospital das Clinicas de Ribeirdo Preto).

®HCP: health care professional.
dMDS: minimum dataset.

®Not applicable.

'Wa: worki ng group.

9HM: health manager.

Expected Outcomes

RD Public and Scientific Management

Figures 3-5, respectively, illustrate the practical application of
the 5W2H methodology for each of the project’s action lines,
providing a clear overview of the planned activities,
responsibilities, and required resources.

Furthermore, the project encompasses technical-scientific and
innovative results through the development of patient
registration and monitoring softwarefor RDsaswell asanother
for second opinion formation. Accordingly, it is planned to
apply the intellectual property law and protect the software
through registration at the National Institute of Industria
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Property, allowing for technology transfer to the HCRP and,
consequently, reproducibility for the SUS. This process will
ensure that research conducted with public resources can be
translated into societal benefits, contributing to the resolution
of public health issues. In addition, detailed technical reports
will facilitate the sharing of results, support the study’s
replicability, and inform managers’ decision-making.

Establishing a regulatory model that emphasizes patients with
RDs will include guidelines and protocols for screening and
referral, which are al so expected outcomes. Moreover, through
the RARAS network, al results will be presented to
representatives of the MoH responsible for conducting actions
related to RDs in the country.
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Figure 3. Facilitated access to the care network (line 1). HCRP: Clinics Hospital of Ribeirdo Preto (Hospital das Clinicas de Ribeirdo Preto); HCP:
health care professional; HM: health manager; NPCCPRD: National Policy for Comprehensive Care for People with Rare Diseases; RCRD: reference

center for rare diseases; RD: rare diseases; RSRD: reference service for rare diseases.
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Figure 5. Education and awareness (line 3). HCP: health care professional; HI: hedlth care institute; NPCCPRD: National Policy for Comprehensive
Care for People with Rare Diseases; RARAS: National Rare Diseases Network (Rede Nacional de Doengas Raras); RD: rare disease.
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Produced Data and Metadata

The data and metadata produced may be structured or
unstructured. Detailed clinical patient information will be
collected, including diagnoses, treatments, and clinical evolution
examinations. In addition, epidemiological data, such as the
incidence and prevalence of RDs within the HCRP, will be
recorded. For this purpose, the demographic profiles and
associated risk factors of these patients will be used. When
possible, registry and monitoring data will also be obtained,
encompassing screenings, referrals, and outcome results from
the patient’s diagnostic journey. The information generated
from educational and awareness actions, including produced
content, description, characterization of the target audience, and
the impact of interventions, will be stored.

The metadata will complement the study set by providing (1)
descriptive information related to interpreting the study results
and (2) datistica information concerning the reach,
effectiveness, adoption, implementation, or use of the strategies
and products generated by the study’s 3 lines of action.

Furthermore, the project will use existing data from various
information systems that may contain essential information
about RDs. Due to the different data sources, there may be
variationsin formats, sizes, and structuresfrom theinitial entry
of patient information to its conclusion.

The REDCap platform will ensure the secure collection and
management of data. It offers a user-friendly interface for data
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entry, validation, and export. Each user will have
password-protected access, with specific rights according to
their rolein the project (eg, data collector and health manager).

Results

This project received 3 years of funding starting in February
2024. We initiated technical meetings with the IT team at the
HCRP-USP and the reference management team of the State
Health Department to collect dataon RDsfrom patient medical
records covering the period from January 2020 to December
2024. On August 8, 2024, we submitted the research project to
the HCRP-USP Research Ethics Committee. Some missing
documentation was initialy identified, and we were requested
to make the necessary adjustments.

After addressing these issues, the project was resubmitted to
the research ethics committee on August 23, 2024, and the
adjustments were approved. Once the documentation was
complete, the project was forwarded for evaluation by a
committee rapporteur. On November 11, 2024, the rapporteur
identified additional issues, including the need for a more
detailed description of the research protocols concerning the
locations and health units involved, the recruitment approach
and dissemination methods, the invitation to participate,
explanations regarding the questionnaires, improvementsto the
informed consent form, and adjustments to specific fields.
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The project was adjusted and revised per the suggested
improvements and resubmitted to the research ethics committee.
On December 9, 2024, it was approved and authorized for data
collection at the study site. Following the selection and
adaptation of a knowledge management maturity assessment
instrument, with input from health specialists in the relevant
context, on January 23, 2025, we distributed the questionnaire
to health care managers involved with RDs at the study site.
This step aimed to map the institution’s level of maturity in
knowledge management and will guide our subsegquent
developments.

In parallel, we mapped the management and informational
processes inherent to the domain of RDs at the study site using
the business process model and notation method. On the basis
of these findings, we started to structure this knowledge in a
semantic and interoperable way through a computational
ontology. These processes are currently under development. A
scoping review is also being conducted to identify the main
guidelines for education and awareness on RDs. On the basis
of the preliminary results of this investigation, we devel oped
awareness-raising materials on the topic.

These materials were used in both digital and in-person
awareness actions. Among the in-person initiatives, the most
notable were the activity held at the HCRP-USP during World
Rare Disease Day (February 28, 2025) and the public-facing
event in downtown Ribeirdo Preto on March 22, 2025.

Discussion

Anticipated Findings

This implementation study is expected to result in 3 main
contributions: improved accessto comprehensive carefor people
with RDs through a digitalized and interoperable network;
enhanced patient registration and tracking supported by
standardized data structures based on findability, accessibility,
interoperability, and reusability principles[52]; and strengthened
awareness and knowledge dissemination through training,
educational materials, and second opinion support tools. These
anticipated outcomes reflect an integrated approach involving
technological innovation, governance, and collaborative
networksthat align with national and international public health
strategies for RDs.

People living with RDs often endure an arduous diagnostic
journey, averaging 7 years of inconclusive consultations and
potential misdiagnoses. This leads to delays in effective
treatments and inefficient use of health care resources.
Incorporating up-to-date scientific knowledge provides a solid
foundation for informed decision-making and implementing
more effective strategies. Overall, using best practices,
innovative approaches, and proven solutions is essentia to
address patients' challenges [53]. The engagement and use of
the infrastructure and collaboration of the RARAS network,
aligned with the governance and excellence of the HCRP as an
RSRD, are crucia in achieving the objectives of this project.
RARAS, composed of information systems [14], researchers,
and specialized professionals, provides a solid foundation of
collaboration and expertise needed to address the complex
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challengeswe proposeto solve. Inturn, the efficient governance
of the HCRP offers the necessary framework for coordinating
activities, setting clear goals, and making strategic decisions.

Governance encompasses not only the internal management of
the service but also network collaboration with other health care
institutes, governmental bodies, and relevant stakeholders,
aiming to maximize resources and optimize outcomes. At a
global level, thereisaconsensus on the urgent need to develop
a unified computerized system that alows for patient
registration, monitoring, and evaluation, storing information
ranging from the most basic data to screening, diagnosis,
treatment, and hospitalization records. In other words, this
involvesdigitizing the entire service to facilitate data collection
and improveitsanalysis, visualization, and management. These
tools can provide health intelligence to support evidence-based
decision-making and actions, guide resource allocation and
management, and assist in operationalizing the different levels
of a health care network [15,54]. Despite the strong advocacy
for enhanced digital technologies at national and local levels,
implementing critical priorities in this research area has been
slow, and actual funding remains a fraction of what is needed
to make progress [55].

According to the Pan American Health Organization and the
Brazilian MoH, digitalization and interoperability of health
systems are fundamental to ensure more efficient and equitable
care. However, implementing digital priorities at both national
and local levels has been slow, delayed by inadequate funding
and challenges in enhancing infrastructure [56,57]. In this
context, the rapid and efficient transmission of information must
be prioritized. When amanager, HCP, or patient needsto check
what resources are available, they often lack the meansto obtain
this information. In addition, resource availability can change
in real time due to the lack of interoperability between
information systems, and the time spent searching for, allocating,
and delivering services becomes excessive [58].

To address the prevalent problems of delayed diagnoses,
inefficient resource all ocation, and suboptimal patient outcomes,
it is crucia to increase the availability of information and
guidance for RD stakeholders in identifying appropriate
ingtitutions for specific care [14]. The interoperability of
information systemsisessential to ensurethat thereisaseamless
and secure data flow among health care ingtitutions, mitigating
lengthy and inefficient processes in resource alocation. In
addition, a systematic review showed that electronic health
records could improve patient care by enhancing safety and
lowering therisk of dataerrors, mainly in high-income countries,
emphasizing the need for integrated systemsto improve patient
outcomes [59]. Studies, including one focused on COVID-19,
demonstrate how frameworks, such as Hyperledger Fabric, can
improve data security and interoperability, creating a
patient-centric system for health data management [60].

Integrating digital technologies with international frameworks
represents apivotal innovation in RD management. It promotes
interoperability and minimizes data redundancy. As Zanello et
al [61] highlighted, global interoperability among clinical
research networks is essential for advancing the diagnosis and
treatment of RD. This project enhances data collection and
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analysis by adopting FAIR principles, facilitating
evidence-based and timely decision-making. Implementing
systems that standardize health data and enable secure sharing
among stakeholders will significantly improve the quality and
efficiency of care [61].

However, several limitations must be acknowledged. In regions
with limited infrastructure, implementing digital tools faces
significant challenges, including connectivity issuesand cultural
resistance to change [55]. Furthermore, the standardization of
health data remains a challenge due to the diversity of systems
and terminologies, underscoring the need for continued efforts
toward harmonization [55]. The diversity of approaches found
intheliterature highlightsthe importance of thisstudy in digital
health as a means to advance the generation of knowledge that
encompasses the complexity of using datainformation systems
to assist in the care and follow-up of patients with RDs
[14,15,62]. Through monitoring and coordination among
different levels of care, information sharing through formal and
informal mechanisms among various health services should
acknowledge the need to use this information to guide
epidemiological, clinical, and headth  management
decision-making systems. To mitigate these limitations, the
project includes codeveloped training programs, partnerships
with local ingtitutions, expert validation of ontologies and
variables, and triangulation of multiple data sources to ensure
dataintegrity.

The anticipated impact on health care systems is substantial,
particularly in RD management. When integrated into digital
health networks, structured data enhance operational efficiency
and reduce the cognitive load on HCPs by centralizing critical
information on inaccessible platforms [61].

These inefficiencies cause significant delays and low-quality
service delivery despitethe efforts of all stakeholders. Therefore,
more access to specialized care and essential resources is
needed. To addressthe preval ent problems of delayed diagnoses,
i nefficient resource all ocation, and suboptimal patient outcomes,
it is crucia to increase the availability of information and
guidance for RD stakeholders in identifying appropriate
ingtitutions for specific care [14]. In addition, international
benchmarks, such as the european reference networks,
demonstrate that collaboration and interoperability can
accelerate research and improve treatment access, aligning with
this project’s objectives [61].

Despite establishing the NPCCPRD, practical education and
awareness efforts remain challenging due to persistent stigmas
and limited information about specific conditions. These
problems hinder referral, diagnosis, and treatment processes,
imposing a significant burden on society. To address this
bottleneck, knowledge management approaches provide
effective techniques, standards, and technologies to identify
critical points in these processes where targeted interventions
can beimplemented, aligning with the objectives of the national
policy [63,64].
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Interventions include providing educational materials in
ble languageto the public, such as posters, guides, videos,
social media posts, and mobile apps, as well as conducting
training sessions and workshops to enhance the curricula of
HCPs. Furthermore, comprehensive awareness campaigns
targeting diverse audiences and specific events, such as
International Rare Disease Day, play acritical and fundamental
role. Promoting and supporting networks, patient groups, and
associations for individuals and families affected by these
conditions is equally important [65,66] .

This study will follow the StaRl to guide reporting health
interventions in real-world settings to ensure methodological
transparency and reporting quality. Furthermore, the RE-AIM
framework remains central to the project’s evaluation strategy.
These frameworks help ensurethat the intervention is adaptable,
sustainable, and adequately evaluated, offering insights for
future scaling and policy-making.

Therefore, our proposal will benefit synergistically from the
appropriation and application of scientific knowledge, resulting
from the participation of a collaborative network with access
to human and technological resources capable of supporting the
effectiveness and efficiency of the expected interventions. The
immersion and leadership of HCRP, in turn, transcend the
activities carried out within the research network, asiit is not
only widely recognized for its excellence in research but also
considered one of the 27 RSRDs in Brazil [25].

Conclusions

This research protocol outlines a strategic, evidence-informed
approach to enhancing the care of individuals with RDs in
Brazil. By integrating digital health solutions, institutional
collaboration, and a comprehensive evaluation framework, the
project aims to address persistent challenges, such as delayed
diagnosis, inefficient resource allocation, and fragmented data
systems.

By leveraging HCRP's |leadership and the RARAS network’s
collaborative strength, thisinitiative hasthe potentia to promote
interoperable data systems, improve patient tracking and
follow-up, and foster educational and awareness efforts.
Implementing a unified digital infrastructure guided by FAIR
principles and reinforced by structured training and knowledge
management is expected to contribute to scalable and sustainable
improvements in care coordination.

Beyond technical advancements, the project seeksto strengthen
governance practices and inform public health decision-making,
ultimately contributing to moreinclusive, timely, and adequate
health care for people with RDs. The systematic application of
the RE-AIM framework and adherence to StaRIl guidelines
support the study’s implementation and eval uation rigor.

These efforts are aligned with national and global prioritiesfor
RDs and illustrate how digital innovation, combined with
strategic policy alignment and stakeholder engagement, can
inform improvements in RD management within the SUS and
beyond.
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