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Abstract: This paper introduces a prototype for clinical research documentation using the struc-
tured information model HL7 CDA and clinical terminology (SNOMED CT). The proposed solution
was integrated with the current electronic health record system (EHR-S) and aimed to implement
interoperability and structure information, and to create a collaborative platform between clinical
and research teams. The framework also aims to overcome the limitations imposed by classical
documentation strategies in real-time healthcare encounters that may require fast access to com-
plex information. The solution was developed in the pediatric hospital (HP) of the University
Hospital Center of Coimbra (CHUC), a national reference for neurodevelopmental disorders, partic-
ularly for autism spectrum disorder (ASD), which is very demanding in terms of longitudinal and
cross-sectional data throughput. The platform uses a three-layer approach to reduce components’
dependencies and facilitate maintenance, scalability, and security. The system was validated in a
real-life context of the neurodevelopmental and autism unit (UNDA) in the HP and assessed based
on the functionalities model of EHR-S (EHR-S FM) regarding their successful implementation and
comparison with state-of-the-art alternative platforms. A global approach to the clinical history
of neurodevelopmental disorders was worked out, providing transparent healthcare data coding
and structuring while preserving information quality. Thus, the platform enabled the development
of user-defined structured templates and the creation of structured documents with standardized
clinical terminology that can be used in many healthcare contexts. Moreover, storing structured data
associated with healthcare encounters supports a longitudinal view of the patient’s healthcare data
and health status over time, which is critical in routine and pediatric research contexts. Additionally,
it enables queries on population statistics that are key to supporting the definition of local and global
policies, whose importance was recently emphasized by the COVID pandemic.

Keywords: healthcare documentation; electronic medical records; medical research; autism spectrum
disorder; longitudinal medical records; data harmonization; disease classification

1. Introduction

Improving healthcare services depends heavily on integrity, reliability, accuracy, inter-
operability, and high-quality general information about the patient [1]. The development of
electronic health (e-health) and electronic health record (EHR) systems that address these
features is essential to delivering high-quality care.
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According to the definition of the International Organization for Standardization, “the
EHR is a repository of information regarding the health of a subject of care in computer pro-
cessable form, stored and transmitted securely, and accessible by multiple authorized users.
Its primary purpose is the support of continuous, efficient, and quality integrated health-
care, and it contains information, which can be historical, current, and expected” [2]. The
longitudinal, comprehensive characteristic of the EHR, combined with the amount of stored
data among patients, favors transforming clinical data into knowledge to improve care.

Semantic interoperability (SI) is, at present, a crucial concept in healthcare, particularly
in the development of EHR. Each system must be considered a node in a complex network
of local, national, and international healthcare services. Lack of information coordination
and communication between health systems hinders the prompt application of appropriate
measures [3].

The definition of SI is not trivial. The European Commission defines SI as “the ability
of information and communication technology (ICT) systems and the business processes
they support to exchange data and to enable sharing of information and knowledge”. The
International Organization for Standardization (ISO) EN13606 on semantic interoperability
refers to “the ability to automatically interpret the information exchanged meaningfully and
accurately in order to produce useful results as defined by the end users of both systems”.

In healthcare documentation, two main complementary frameworks support EHR
development towards the goal of SI, namely information model and terminology [2]. The
information model represents the standard structure for the information and the set of
rules concerning the organization of clinical concepts. Terminology in healthcare refers to a
group of structured symbolic representations of the meaning and context of clinical ideas.
Clinical terminologies are essential in developing EHR systems, anchoring automation in
acquiring, coding, processing, analyzing, and communicating clinical information. Several
authors discuss that using clinical terminologies in electronic records leads to better quality
information [2,4—6]. There are several messaging standards, content standards, and clinical
terminologies available and implemented in e-health systems, including the Continuity of
Care Document (CCD) [7] specification, the Health Level Seven (HL7) messaging standard,
the HL7 clinical data architecture (CDA) [8], the HL7 EHR functional model, Logical
Observation Identifiers Names and Codes (LOINC) [9], and SNOMED Clinical Terms
(SNOMED CT) [10].

The continuous improvement and increased adoption of EHRs anticipate the availabil-
ity of an unprecedented amount of data [11]. One of the most critical healthcare challenges
is the ability to process and extract data from EHRs to provide knowledge to the medical
and scientific communities. In this sense, the development and application of data analysis
methods in EHRs are emerging and will ultimately transform EHRs into learning e-health
systems [12].

1.1. Background and Related Work

Previous EHR systems were developed with explicit logic, i.e., EHR systems were
based on a predefined encoding dictionary, limiting the medical domain knowledge. This
rigidity imposes several constraints. Changes in this explicit knowledge domain depend
on additional costs and iterations with vendor and software development teams. Multi-
disciplinary, multi-site collaboration, and data sharing are also hindered because of the
different requirements among groups or medical specialties. Additionally, the definition of
team-specific features challenges the achievement of semantic and logical interoperability.

One of the most relevant solutions at the level of semantic interoperability is the
openEHR standard. The main feature of the openEHR design is how clinical concerns
and technical development are separated. On the one hand, a reference model addresses
the technical considerations, particularly information structure and data types. On the
other hand, clinical concerns deal with specific domain semantics. Together, they allow the
composition of larger structures called templates.
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Novel solutions should be flexible to allow users to conduct the following: i. maintain
all definitions with minimal intervention from software development teams; ii. link ele-
ments from external terminologies; iii. implement a common standard to facilitate data
transfer and re-usability; and iv. to avoid data duplication, i.e., integration with other local
EHR systems [5,13-15]. Additionally, EHR solutions should increase efficiency in data
acquisition, improve data structuring, and ultimately support the development of clinical
decision support systems (CDSS) [16,17].

Several authors focused on semantic and document structure interoperability based on
SNOMED CT (used as a clinical terminology) and the HL7-CDA documentation standard.
We performed a literature search with the following query: (“Electronic Medical Record” OR
EMR OR “Electronic Health Record” OR EHR OR “Computerized Medical Record” OR CMR
OR “Automated Medical Record” OR AMR OR “Hospital Information System” OR “Health
Information System” OR HIS OR “Clinical Information System” OR CIS OR “Medical Record
System”) AND Interoperability AND (HL7 CDA) AND (SNOMED or SNOMED CT). This
query was performed on the following databases: Google Scholar; IEEE Xplore; Nature;
PubMed; Science Direct; Scopus; and SpringerLink. Articles included in the analysis met
the following criteria: (1) peer-reviewed and full-length articles written in English and
(2) published between 2012 and 2022 in the selected databases. We excluded studies related
to PHR integration with EHR, search engines for ontology-based semantics, and theoretical
works. Thus, our search resulted in a sample of peer-reviewed and full-length studies
on EHR architecture operating in hospital/clinical information systems using healthcare
standards focused on interoperability.

Shanbehzadeh et al. (2021) [18] developed an interoperable framework for public
health monitoring. They focused on semantic sharing and collaborative modeling that met
the information exchange requirements of a surveillance system of notifiable diseases. The
implementation required a selection of data fields determined according to a literature
review and field experts, which were matched to SNOMED-CT and a report form based on
HL7-CDA. The result was a minimum dataset report structure that offers an inclusive and
interoperable dataset. These features help make notifiable disease data more comparable
and reportable across studies and organizations.

Oliveira et al. (2020) [19] implemented an OpenEHR-based system that allowed the
organization of clinical information using valid and reusable clinical structures. The system
supports the creation of operational templates and dynamically generates data based on
the templates defined.

Another critical aspect addressed using interoperable reporting platforms was post-
market drug surveillance. Declerck et al. (2015) [20] aimed to record drug-related adverse
events (AEs) to facilitate and accelerate the reporting process. Standard HL7 CDA and
proprietary EHR models were mapped to a standard information model. Furthermore,
they developed an automatic conversion system to transform terminologies used in the
EHR (e.g., International Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM), International Classification of Diseases 10th revision (ICD-10), LOINC, or
SNOMED CT) to the target terminology (MedDRA) expected in AE reporting forms.

Lopez-Nores et al. (2012) [21] developed a system to promote daily life medication
adherence by supporting and combining information from domestic and mobile devices’
EHR repositories. The system was designed to enforce medical prescriptions and issue
user warnings. By gathering and processing user prescription information from EHRs, the
system reacts to potential medication non-adherence. The implementation adopted the HL7
standard to define protocols to exchange healthcare messages, the openEHR to represent
content and structure data entities in the EHR, and the EN13606 standard to ensure privacy
and security. Highlights included automatic download of medical prescriptions, warnings
to avoid forgetting the medicine when leaving home, buying suitable foods (e.g., lower
cholesterol levels) when entering supermarkets, and buying new doses of nearly depleted
drugs when passing a drug store.
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These works also highlight several limitations of such platforms. Identifying the
correct information at the insertion moment is critical to data acquisition automation. Error
detection and raising warnings if the data value is out of the predefined range may minimize
the number of errors. Large free-text components still limit automatic knowledge extraction
from reports. The need for a common standard and mapping between terminologies also
represent significant obstacles. One major issue is the engagement of healthcare agents, as
tasks related to creating templates and mapping components from terminologies are often
time consuming and considered with no significant advantages to daily activities.

1.2. Objectives

This document aims to present an extension to the EHR solution used in the National
Health Service of Portugal (SNS) by adding structured clinical documents. To this end,
the proposed platform combines the HL7 CDA standard and the clinical terminology of
SNOMED CT. This solution is integrated with the SClinico [22], a healthcare informatics
platform provided by SNS, to assist nearly 66.500 public healthcare agents in standardizing
clinical record procedures. It aims to overcome the limitations imposed by previous in-place
documentation strategies, mainly based on free-form text, that severely constrain electronic
storage, transmission, standardization, and the re-use of information for developing CCDS
and research purposes.

In the Neurodevelopment and Autism Unit (UNDA) of the University Hospital Center
of Coimbra (CHUC), the multidisciplinary, longitudinal view of data are particularly
hindered. The previous approach included the following: i. a patient-specific single
file to record longitudinal data, edited multiple times over time; ii. unstructured data
acquisition during clinical encounters; and iii. concurrent access to files (especially relevant
in multidisciplinary teams, i.e., patients meet different elements from our clinical team in a
single visit to UNDA).

To implement and validate the new solution, a multidisciplinary task force involving
the development team, healthcare, and research end users was created in UNDA. Together,
we developed a set of tailored templates that ease data acquisition in the clinical context,
both from cross-sectional and longitudinal points of view, while maintaining compliance
with the best practices previously established.

Supported by an international medical terminology standard, the new solution focuses
on transparent clinical data coding and structuring, as well as preserving data quality and
interoperability. Based on the development of coded templates (selected according to pre-
ferred clinical terms or expressions), the approach aims to support semantic interoperability
facilitating the encoding (using the SNOMED-CT terminology and HL7 CDA document
structure) of clinical data information during data acquisition while simultaneously estab-
lishing a common platform between clinical practice and research. The system proposed
also addresses essential aspects of national and European legislation on data privacy. The
main objective is to create an information system that is sufficiently generic to address mul-
tiple targets and respond to different limitations. As a complex and highly interdisciplinary
use case, we applied and developed the framework in close collaboration with UNDA. We
assessed our approach following the main functionalities proposed in [23,24].

2. Materials and Methods
2.1. Design Considerations and Key Requirements

One of the critical requirements of the proposed system is the ability to appropriately
record and document data from routine clinical encounters, here considered as a single
event in which care is given, most importantly to support knowledge extraction from
these data. To avoid redundancy with local EHR systems, the solution integrates with the
systems currently operating in the clinical environment (compliant with national healthcare
standards), i.e., to avoid duplication of previously inserted data. To optimize data insertion,
users, based on their expertise, should be allowed to define a set of data items (selected
and linked to a terminology service) and record them during the clinical encounter. The
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users should be able to set restrictions, including data type and valid ranges, easing the
data insertion process. This set of features is the backbone of larger structures called
templates and should allow different data organization, optimizing the layout’s filling
during data insertion.

The design of templates should be possible without the intervention of third-party
experts or software developers, i.e., the interface should be flexible enough to allow the
clinical teams to create the appropriate templates.

These conceptual templates should be shared and re-usable beyond the original author
so that semantics are maintained to the utmost.

Ultimately, the proposed framework minimizes large free-text blocks and promotes the
encoding of data fields in the recording moment. The resulting datasets increase technical
and semantic interoperability and allow automated interpretation and clustering of data.

Additionally, a subset of standard functional components in HL7 EHR-S FM [23,24]
was adopted in this study to ensure the quality of interoperability and EHR implementation
standards (Table 1). The HL7 EHR-S FM standard provides a well-defined functional profile
for healthcare systems.

Table 1. Adopted function defined in EHR-S FM [23,24].

Id Function Name Relevant Tasks for This Study
DCA Care Management I’F helps caregivers with record management, management of patient
history, manage assessments, and provide measurements and results.
DC2 Clinical Decision Support It helps manage health information ’Fo provide Flec151'0n S}lpport and
provides support for population health investigations.
DC.3 Operation Manéger.nent Already provided by SClinico.
and Communication
IN.1 Security Already provided by SClinico.
IN2 Health Record Information It helps with storing, managing, and extracting structured health
' and Management record information.
IN.3 Registry and Directory Services Already implemented by SClinico.
IN A4 Standard Terminologies and It supports semantic interoperability by using standard terminologies,
' Terminology Models standard terminology models, and standard terminology services.
It supports operating seamlessly with other internal or external
IN5 Standard-based Interoperability systems that adhere to recognized interchange standards and manage
structured documents.
IN.6 Business Rules Management Already provided by SClinico.
IN.7 Workflow Management Already provided by SClinico.
It supports the collection and distribution of local
healthcare resource information through interactions with
S.1 Clinical Support other systems, applications, and modules. Furthermore, it uses
provider information to verify that a practitioner can use or access
authorized data.
S92 Measurement, Analysis, Research, It supports the capture and export or
' and Reports retrieval of data necessary for report generation and ad hoc analysis.
S.3 Administrative and Financial Already provided by SClinico.

2.2. Framework Architecture

The basic architecture of the extension to the EHR is introduced here. Three-layered

architecture separates three distinct functionalities: data storage, logic, and user interface.
These are based on three layers: data access, logic, and presentation. This modular imple-
mentation reduces dependencies between components and yields efficient development,
maintenance, scalability, and security (Figure 1). Furthermore, the structure is connected



Healthcare 2023, 11,973

6 of 26

User

to a SNOMED CT terminology service, an essential part of the semantic interoperability
strategy. The main purpose of this is to yield coded templates that ultimately enable the
encoding of data during data insertion in the clinical encounter.
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Figure 1. The architecture of the proposed solution. A three-layered system to extend the SClinico
EHR and interfacing with a SNOMED-CT server and SONHO database.

2.2.1. Database Layer

The data access layer implements two types of routines: i. to connect to a database man-
aged by MS SQL server, where the core data of the solution are stored; ii. to access SONHO
V2 (the Portuguese national database responsible for supporting the administration of
hospital services integrated with the national health service, SNS), where administrative
data are available.

To access the data in the MS SQL server-managed database, we implemented a solution
based on the entity framework version 4.5 [25]. This framework is an object-relational
mapper (ORM) that enables the use of domain-specific objects, effortlessly handling the
create, retrieve, update, and delete (CRUD) operations. Using the repository pattern, we
can create an abstraction layer between the data access layer and the business logic layer
that facilitates access to backend components. It also allows persistent maintenance of data
derived from other hospital EHR systems.

2.2.2. Logic Layer

The logic layer contains the services necessary to perform CRUD operations, i.e., it
represents the interface between the user view and the data storage. It is implemented
as a representational state transfer (REST) service due to its scalability and the ease in
which it can exchange of information between the databases and the presentation layer.
This architectural style involves building resource-oriented architecture (ROA) by defining
resources that implement uniform interfaces using standard HTTP, identified by a uniform
resource identifier (URI).
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2.2.3. User Interface

The interface layer implements a web-based user layout based on the ASPNET MVC
framework. It enables standard user routines, such as login, search, template creation,
access to SNOMED CT terminology, template filling, administrative data consultation, etc.

The layer comprises the three components inherent to the models, views, and con-
trollers (MVC) frameworks. This approach enables clean separation between the data
models, controllers, and views.

The model component represents the data structure and intends to replicate the data
and data format available in the data access layer via the web services available.

The view component consists of all the user interface design. The user interface (UI) is
implemented in HTML and JavaScript. It uses the native ASPNET MVC 4 capabilities (i.e.,
Razor) to access data from the models and several JavaScript and CSS frameworks that
improve customization, responsiveness, and document creation abilities (e.g., bootstrap,
jQuery, jstree, pdfMake, etc.).

The controller component manages the interaction between the UI and the data. This
component has functions that access, edit, and transform data. It embeds the interaction
between the Ul and the web services available to perform CRUD operations.

2.3. SNOMED Terminology Server

The terminology is the structural point for the medical domain expertise. The termi-
nology server was developed in a single-layer ASPNET MVC project. The module has a
web-based interface, accessible through a modern browser supporting HTML5, and allows
the visualization of the concepts and their relationships. The interface also implements
the creation of new concepts and terms and editing features. Based on these routines, we
can locally define new concepts and later propose their inclusion in national releases of
the terminology.

The user can search for SNOMED-CT concepts during template creation as the main
framework connects with the terminology server via API These concepts, which integrate
the subsequent template, must depict the clinical information needed. If non-existent, the
user can create custom concepts in the terminology server. Upon creation, new concepts
are immediately available in the template editing module.

A local SNOMED-CT reference set is created based on these custom elements. Com-
bining different concepts (medical terms, procedures, questionnaires, etc.) and the ability to
create content are critical advantages of SNOMED-CT and represent a fundamental aspect
in the context of multidisciplinary clinical teams.

2.4. Integration in EHR Context

The solution presented here is available within the SClinico [22]. SClinico is an EHR
system provided by SNS and available to clinical teams, which aims to help standardize
clinical record procedures. This tool is present in more than fifty entities in the public
health sector. Nearly 75% of hospital staff utilize this platform, corresponding to nearly
66.500 public healthcare agents across different sectors. It represents the access point for
diverse patient information and supports sharing with multiple healthcare agents while
implementing regulatory privacy rules.

Users can create and attach clinical documents regarding clinical encounters using
a web interface that presents templates structured according to HL7 CDA encoded with
SNOMED-CT concepts, which aligns with the healthcare standardization goals of SClinico.

This option also supports the re-use of data recorded inside the clinical documents in
national and international research projects, with significant advantages in longitudinal
studies and the selection of cohorts based on specific criteria.
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3. Results
3.1. Template Management

The proposed solution allows users to compose new templates and edit templates
previously created. The template is defined according to HL7 CDA (structured information
model) and based on SNOMED-CT (clinical terminology). Figure 2 shows the template
interface used to build the Griffiths Mental Developmental Scale [26] template, an assess-
ment tool used in clinical practice and research. The structured template may be later used
in the patient-centered interface, in which the user can load the structured template and
record clinical data related to a specific clinical encounter (filling the template with the
appropriate information).

Template Creation Interface
Template creation example of Griffiths Mental Developmental Scale

Histéria Familiar

Histéria de Doencas Passadas
Histéria de Doengas Actuais
Histéria Médica

Medicacao Administrada

Avaliacdo

Griffiths_Mental_Developmental_Scale o ©

Medicagao =] Griffiths Date (+]
Exame Fisico e

Plano de Cuidados

Procedimento Planeado ® Griffiths Chronological Age (x]
Disgndstico Pés-Procedimento (5]

Descricao do Procedimento
Disposi¢ao do Procedimento

Perdas Sanguineas Estimadas do
Procedimento

Achados do Procedimento
Implantes do Procedimento
Indicagdes do Procedimento

Material Bioldgico removido do
Procedimento

Procedimentos
Motivo da Visita

Revisdo de Sistemas

Min: 1| Max: 228

® Griffiths Developmental Quotient Locomotor Scale (Scale A) score (+]
(<]

Min: 0| Max: 200

& Griffiths Developmental Quotient Personal-Social Scale (Scale B) score @
(<]

Min: 0| Max: 200

& Griffiths Developmental Quotient Hearing and Speech Scale (Scale C) score
[

(+)

Figure 2. Example of template creation interface. In this case, the template creation of the Griffiths
Mental Developmental Scale is shown. The template is included in the assessment section, named
“Avaliacao” in the Portuguese language. Other possible sections to capture healthcare information are
listed at left (top to bottom English translation: Family History; History of Past Diseases; History of
Current Diseases; Clinical History; Medication Administered; Medication; Physical Exam; Care Plan;
Planned Procedure; Post-Procedure Diagnosis; Procedure Description; Disposition of the Procedure;
Estimated Blood Loss From the Procedure; Procedure Findings; Procedure Implants; Procedure
Indications; Biological Material Removed From the Procedure; Procedures; Reason of the Visit; and
Systems Review).
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Each template has a structured library of pre-established elements specified in the
HL7 CDA information model. The model defines three hierarchical levels: document-level
elements, section-level elements, and entry-level elements. Their combination represents
specific document types. They contain possible relationships between different HL7 CDA
levels (i.e., which sections are valid in each document and which entries are valid in
each section).

The interface presents the HL7 CDA elements according to the document type selected
and the rules established in the standard specification (e.g., the inclusion of mandatory
sections or entries). In this interface, the users can select the document elements according
to their requirements without infringing the standard rules.

This structure provides the backbone for logically organized groups of variables. Once
the appropriate CDA elements are identified, the user can create conceptual areas and
add groups of clinical concepts retrieved from the SNOMED-CT terminology server. The
intuitive interface yields the definition of different layouts based on rows and columns
(Figure 3).

Section v

Entry v

Sub-Entry ABN4(%)
S o

(i ) hint

i SNOMED concept #1

________________________________________

Figure 3. Mockup of the interface for template development. The HL7 CDA structure is graphically
presented as follows: Section, Entry, and Sub-Entry are added to the template, as well as an area
“area#1” with a single SNOMED-CT element “SNOMED concept”.

Once a conceptual area is created, the user may include clinical concepts based on
three types of queries (that implement access to the terminology server): i. querying
the terminology content specifying a substring; ii. selecting the concept based on the
taxonomy representation; and iii. querying by concept identification (id) (requires previous
knowledge of the terminology) (Figure 4).

Each area can anchor several editable concepts. Once the concept is selected, the user
must set one of five possible data types: numerical text; list; Boolean; and date.

The numerical data type allows the user to define a minimum and maximum data
range (these values enable validation during the template filling). The list data type
requires the selection of a list of concepts, i.e., possible “answers”. The interface supports,
including a string (e.g., instructions), are actionable as a help menu during template filling.
Additionally, the user may set any concept as mandatory, preventing document creation
unless data are inserted.
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Template Creation
Selection of clinical concepts from SNOMED CT terminology

Histéria Familiar

Histéria de Doengas Passadas 4 Adicionar item

Histéria de Doengas Actuais
Procura Taxonomia Por ID

Historia Médica

Medicagdo Administrada
+ Body structure (body structure)
Medicacao + Clinical finding (finding)

+ Environments and geographical locations
Exame Fisico
+ Event (event)

Plano de Cuidados Observable entity (observable entity)

Age AND/OR growth period, function (observable entity)
Procedimento Planeado +) (1) Body product observable (observable entity)

Clinical history/examination observable (observable entity)
Eispisiii s Procedinesin 70-gene signature classification (observable entity)
Descrigio do Procedimento Adverse incident contributing factor (observable entity)
Anatomic structure potentially involved in evolution of disease (observat
Disposi¢ao do Procedimento Balance observable (observable entity)

Blood, lymphatics/immune system observable (observable entity)
Perdas Sanguineas Estimadas do

. t Body region observable (observable entity)
Procedimento

Breast observable (observable entity)
Achados do Procedimento Cardiovascular observable (observable entity)
+ Blood vessel feature (observable entity)
Implantes do Procedimento +) (1) Cardiac conduction system feature (observable entity)
Cardiac feature (observable entity)

Indicagoes do Procedimento ore
Awareness of heart beat (observable entity)

Material Biolégico removido do | Cordiacactvity (cbservableentiy)

Procedimento + Cardiac end-diastolic volume (observable entity) f
v
< >
Procedimentos
. - Cancel Select
Motivo da Visita
C) sc

Revisdo de Sistemas

(1)

Figure 4. Template building: inclusion of clinical concepts based on the SNOMED CT standard. The
user can select a SNOMED CT concept by either querying the terminology by a search word or a
concept id or by querying the terminology tree. Possible sections to capture healthcare information
are listed at left in the Portuguese language (top to bottom English translation: Family History;
History of Past Diseases; History of Current Diseases; Clinical History; Medication Administered;
Medication; Physical Exam; Care Plan; Planned Procedure; Post-Procedure Diagnosis; Procedure
Description; Disposition of the Procedure; Estimated Blood Loss From the Procedure; Procedure Find-
ings; Procedure Implants; Procedure Indications; Biological Material Removed From the Procedure;
Procedures; Reason of the Visit; and Systems Review).

The user that created the template is associated with the template in the database.
The templates are then saved in the database as an XML schema. The templates can be
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defined with different accessibility rules: i. personal (only accessible by its creator); ii.
associated with the user’s specialty (specialty-specific); and iii. set of specialties, where
every registered user can access the template (Figure 5). The XML schema is used to
generate the interface for data collection. The template module yields editing of previously
created templates.

Template Creation
Accessibility Management

@

Templates disponiveis

Definir audiéncia

Definir acessibilidade do template:

Seleccionar especialidades:

Definir grupo funcional:

Criacdo e edicdo de templates

Criag3o e edigdo de novos Criagdo e edi¢ado de novos
templates para produgdo de novos documentos clinicos templates para produgdo de novos relatérios relativos
no ambito de episddios ao sumério de doentes

NAO DISPONIVE

ADMINISTRATIVO TECNICO GESTOR DO SISTEMA ENFERMEIRO MEDICO INFORMATICO

Griffiths Mental Developmental Scale

Alergias

Anestesia

Avaliac3o e Plano

Avaliagdo

Queixa Principal e Motivo da Visita

Queixa Principal

CammalioarZan

Alergias vie
Anestesia vie
v 0

Avaliacdo e Plano

Figure 5. Template building: accessibility management. In this section of template building, the user
is allowed to manage who will have access to the clinical research template. Here, it is possible to
make the template available only for the author user or to share it within a specific medical specialty,
making it accessible to all clinicians associated with that specialty. (The Portuguese terms have the
following translations in English: Criacao e Edi¢ao de Templates: Creation and Edition of Templates;
Templates Disponiveis: Available Templates; Definir Audiéncia: Template Access Definition; Definir
acessibilidade do template: Definition of template accessibility; Selecionar especialidade: Select
speciality; Definir grupo funcional: Functional group definition; Administrativo: Administrative;
Técnico: Technician; Gestor de Sistema: System Manager; Enfermeiro: Nurse; Médico: Doctor;
Informatico: Informatics; Alergias: Allergies; Anestesia: Anesthesia; Avaliagao e Plano: Assessment
and Plan; and Queixa Principal e Motivo da Visita: Main Issue and Reason for Visit).

3.2. Patient Context and Clinical Document Management

After user authentication, the system redirects the user to the patient view or dash-
board. The patient view displays the patient’s administrative data and general information
regarding the current episode (appointment identification, etc.). The authentication process
requires information about the user, the patient, and the episode of interest provided by
SClinico to assess accessibility rules. This step ensures the user is placed in the proper
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clinical context. Once in the patient view, the user can start selecting templates and filling
documents (Figure 6).

Document Management

User Interface before the addition of clinical documents

Informagao Geral Histérico de Documentagao de Consultas Efetivadas

TESTE CRIANCA

N° Utente: 0

Namero do processo: 21041722

Idade: 3 anos

Episédios

Data: 18-5-2022
Episddio: 32497443

Especialidade: not found

Documentacgdo associada ao episédio

© Adicionar novo documento

(D) Titulo

Procurar Episédios dd / mm / aaaa

Tipo de Documento Primeiro editor Ultimo editor Data Criagao

Figure 6. Document creation: User interface after authentication. The user is presented with the
essential patient and episode information and can add clinical documents related to that medical
encounter. This image describes a fake patient created for display purposes. (The Portuguese terms
have the following translations in English: Informacao Geral: General Information; Histérico de
Documentagao de Consultas Efetivadas: Documentation History of Medical Appointments; TESTE
CRIANCA: FAKE PATIENT; N° Utente: User Number; Numero do Processo: Process Number; Idade:
Age; Episodios: Encounters; Data: Date; Episodio: Encounter; Especialidade: Speciality; Procurar
Episédios: Look for Encounters; Documentagao associada ao episédio: Documentation associated
to the encounter; Adicionar novo documento: Add new document; (ID) Titulo: (ID) Title; Tipo de
Documento: Document Type; Primeiro Editor: First Edited by; Ultimo Editor: Last Edited by; and
Data Criacao: Date of Creation).

Creating a new document relies on selecting and filling templates from personal,
specialty-specific, or open-access templates (Figure 7). A document is associated with
an episode, template, and author (corresponding to the user logged in at the time of
template filling). Each episode can have as many documents as necessary (based on as
many templates as required).

The user interface (Ul) is designed according to the XML schemas imported from the
selected template. The rules defined in the template are also implemented, i.e., data types,
mandatory elements, etc. If the user does not comply with the rules, the document is not
saved, and an error message is displayed in the Ul (Figure 8).
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Document Creation
Template Selection

mone

Info

TEST

Episor
Data: {
Episéd
Especi

Doc

Seleccionar template.

Pessoais Gerais

ID Template
849
850
859
860
861
863
864

869

(D) Titulo

Especialidade

Titulo

Vineland Adaptive Behavior Scale
Griffiths Mental Developmental Scale
Autism Diagnostic Interview-Revised
Autism Diagnostic Observation Schedule
Social Communication Questionnaire
Wechsler Adult Intelligence Scale
Wechsler Intelligence Scale for Children

Wechsler Pre-School and Primary Scale of Intelligence

Tipo de Documento Primeiro editor

Tipo de Documento
Procedure Note
Procedure Note
Procedure Note
Procedure Note
Procedure Note
Procedure Note
Procedure Note

Procedure Note

Ultimo editor

Data de Criagao
2019-08-27
2019-08-27
2019-08-27
2019-08-27
2019-08-27
2019-08-27
2019-08-27

2019-08-28

Data Criagao

Figure 7. Document creation: Template selection. This window allows the user to select a template
that is used to generate the clinical document structure, the clinical terminology, and the data types

for each clinical term. This is relevant both for harmonized clinical practice and distributed research

needs. (The Portuguese terms have the following translations in English: Selecionar Template: Select

Template; Pessoais: Personal; Gerais: General; and Especialidade: Speciality).

Document Creation

Info

TEST
|

Episor
Data: |
Episod
Especi

Doc

Template

Clinical document for the Griffiths Mental Developmental Scale

Nota de Procedimento

Avaliagdo

Avaliacdo

Griffiths Mental Developmental Scale

e Griffiths Date

Griffiths Chronological
[} 9

Griffiths Developmental
[:] Quotient Locomotor Scale
(Scale A) score

Griffiths Developmental
e Quotient Personal-Social
Scale (Scale B) score

Griffiths Developmental
a Quotient Hearing and

V.

Figure 8. Document creation: Clinical document. This figure shows a clinical record for the Griffiths

Mental Developmental Scale generated with the rules defined in the template of Figure 2. (The
Portuguese terms have the following translations in English: Nota de Procedimento: Procedure Note

and Avaliagdo: Assessment).
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The document is saved as an XML file if all data are found to comply with the
implemented rules. The interface implements the printing of the stored XML files as a
portable document format (PDF) file for reporting purposes (these files may function as
attachments to other EHR systems) (Figure 9).

Document Management
User Interface after the addition of a clinical document

Informagao Geral Histérico de Documentagao de Consultas Efetivadas
TESTE CRIANCA
N° Utente: 0

Namero do processo: 21041722

Idade: 3 anos

Episodios

Data: 18-5-2022
Episodio: 32497443

Especialidade: not found

Documentagao associada ao episédio

© Adicionar novo documento

Procurar Episédios dd / mm / aaaa

(ID) Titulo Tipo de Documento Primeiro editor Ultimo editor Data Criagao

N - . (180) Griffiths Mental Developmental Scale Procedure Note - joao 2022-06-15
E & O

Figure 9. Document Management: User interface after the addition of a clinical document. After
adding a clinical document to an episode, the user has the following management options: visualize;
export a PDF; edit; or delete the document. Metadata about the document (document id, document
name, type of document, document author, and date of creation) are also presented to the user. (The
Portuguese terms have the following translations in English: Informacao Geral: General Information;
Histérico de Documentacao de Consultas Efetivadas: Documentation History of Medical Appoint-
ments; TESTE CRIANCA: FAKE PATIENT; N° Utente: User Number; Numero do Processo: Process
Number; Idade: Age; Episédios: Encounters; Data: Date; Episédio: Encounter; Especialidade: Special-
ity; Procurar Episodios: Look for Encounters; Documentacao associada ao episédio: Documentation
associated to the encounter; Adicionar novo documento: Add new document; (ID) Titulo: (ID) Title;
Tipo de Documento: Document Type; Primeiro Editor: First Edited by; Ultimo Editor: Last Edited by;
and Data Criagao: Date of Creation).

An important feature is the ability to edit documents. To this end, the proposed
platform can reload the template to create the document and present the previously saved
answers. The database implements document version functionality that permits recovery
of previous versions of the document and their authors.

Additionally, the user can change the episode date. If there is a match between the
episode date and the user permissions to access that episode, access is granted. In this
context, previously saved clinical documents can be consulted and edited. Pairing user
permissions with episode information allows users to navigate easily through patient
episodes and guarantees limited data accessibility.

3.3. Clinical Implementation and Use Case

Although the platform’s main objective is to provide a generic information system
across multiple specialties, the framework was developed in collaboration with UNDA and
focused on autism spectrum disorder (ASD). ASD is an early onset, life-long neurodevel-
opmental disorder with high worldwide prevalence [27]. It is characterized by deficits in
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social interaction and communication and a repetitive and limited pattern of behavior and
interests [28].

Our clinical setting is Centro Hospitalar e Universitario de Coimbra (CHUC), which
integrates a central pediatric hospital (HP) for a population of 2,000,000 inhabitants and
pediatric population (0-18 years) about 400,000. The HP includes a child developmental
centre (CDC), which integrates a specialized neurodevelopmental and autism unit (UNDA),
a national reference for neurodevelopmental disorders, particularly ASD. A comprehensive
clinical and biological database of over 6000 patients with neurodevelopmental disorders
(more than 2500 with ASD) is available. A large amount of this population is regularly
followed multiple times per year. UNDA has an intake of around 300 new cases annually
from all over the country.

The gold standard tools for the diagnosis of ASD are used on a daily basis by experi-
enced psychologists and neurodevelopmental pediatricians to establish a clinical diagnosis
of ASD. A trained multidisciplinary team works daily to provide clinical, research, and
training assistance. The participation of UNDA/CDC/HP/CHUC in national and in-
ternational research projects is already routine, not only in the genetic area but also in
areas such as epidemiology, diagnosis, neuroimaging, and behavioral and cognitive neuro-
science [29-32].

This setting provides a demanding clinical and data science context. Accordingly,
manipulating the dataset (creation of new elements, update of stored values, data retrieving)
presents several challenges and limitations. The original data recording was performed
using FileMaker Pro Software (a cross-platform relational database application from Claris
Inc.) and is based on a single view for each patient, i.e., for each patient, an extensive set of
elements is recorded in a single file. The completion of the patient’s view is only obtained
after several visits. This scenario presents severe limitations and prevents a longitudinal
time-dependent perspective of the data, and our project aimed to overcome these limitations
in the clinical setting. Because the prior system is not connected to the hospital information
system, data duplication is also a limitation. Multidisciplinary teams, in which several
individuals add, edit, and delete information, may also be prone to mistakes (use of
different unit systems, etc.). The developed framework addresses multiple concerns, such
as a longitudinal view of the data, unnecessary data duplication, information coding, and
interoperability (key for collaborative, multidisciplinary, multi-institutional studies).

Template Development

A task force was created in UNDA to overcome the limitations of prior approaches
to data collection. To this end, the multidisciplinary team created a set of templates to
ease data acquisition in the clinical context while maintaining compliance with the best
practices. The main objectives were identifying and adopting standardized consultation
notes guidelines, identifying SNOMED-CT codes and correspondence to the established
clinical guidelines, and developing templates for clinical consultation and procedures.

In this sense, the multidisciplinary team (composed of clinicians and other healthcare
professionals, such as psychologists, scientists, and developers) created templates for
consultation and procedures. The team discussed each component of the templates until
obtaining a consensus on concept id, data type, and HL7 CDA element. Team members
iteratively refined the templates’ first drafts.

The critical components of the consultation templates are anchored in the assessment
section of the HL7 CDA structure. Several conceptual areas were defined within the
assessment section as cluster-related concepts to be recorded in the context of the consulta-
tion, e.g., neurodevelopmental, adaptive behavior, language, and intellectual assessments,
among other domains of interest. The template also organizes information regarding the
history of the disease related to ASD within a conceptual area, combining data from pre
and perinatal periods (pregnancy and birth history) (Figure 10). This work supported
the consolidation and harmonization of terminologies and concepts adopted by the team,
which is now ready to migrate to this platform within the clinical academic center.
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Example of the template created for the ASD consultation

Nota de Consulta

Avaliacao S
Avaliacao

Historia de Doengas Passadas
Historia de Doengas Actuais

Problemas
Adaptive Behaviour Assessment
Motivo da Referenciacdo

Vineland adaptive i = 25
o Beluior scales Vineland adaptive behavior scales

Resultados

0 Vineland subguotient -
communication

Vineland subguotient -
o socialization
Developmental Assessment

P2 Griffiths mental Griffiths mental developmental scale

ceve.opmental sca.e

Intellectual Assessment

o Wechsler pre-school and primary scale of intelligence
o General intelligence

quotient
0 Performance intelligence

quotient

Figure 10. Example of the template created in the context of ASD consultation. Conceptual areas
(adaptive behavior assessment, neurodevelopmental assessment, intellectual assessment) organize
concepts while defining rules for data entry. (The Portuguese terms have the following translations
in English: Nota Consulta: Consultation Note; Avaliagao: Assessment; Historia de Doencas Passadas:
History of Past Diseases; Histéria de Doengas Atuais: History of Current Diseases; Problemas:
Problems; Motivo da Referéncia: Reason for Referral; and Resultados: Results).

3.4. An Interface with Clinical Research

Clinical research and discovering novel disease diagnoses, treatments, and prognosis
approaches depend on information about subjects with a disease of interest, condition,
or state. Moreover, the quality of research (and ultimately the quality of the results) also
depends on the data quality, structure, and contextualization (metadata).

The system described here addresses the possibility of managing high-quality health
data for advanced clinical and research purposes, essential for different research areas, such
as the early detection of disease risk, identification of novel biomarkers, patient selection
for clinical trials, and patient monitoring or treatment recommendation.
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To access the data, the submission of a request form is mandatory. The form indicates
the goals of the study, the subset filters (e.g., gender, age range), and the required data (e.g.,
SNOMED concepts of interest) (Figure 11).

Data Request

Web form to ask permition to access the data

Data Request

Summary

Summary File (.pdf) Escolher ficheiro | Nenhum ficheiro selecionado
Minimum Age

Maximum Age

Genre Male V¥
SNOMED Terms head
~
Birt
Birt n
Birth
Comp
Computed tomography of head abnomal (finding) -
Selected SNOMED Ability to jump (observable entity)

remove
Terms

Ability to move jaw (observable entity) remove

Create

Figure 11. Web form for data requests. To ask for data, a researcher should provide a summary of
the study and select data filters, such as the minimum and the maximum age, the genre, and the
SNOMED CT concepts desired.

After ethical and data protection guidelines clearance, a dataset is available for down-
load. The datasets have several informative columns (metadata) as follows: patient iden-
tifier; the record date; the patient age at the record time; the data required in the form of
SNOMED-CT identifiers; the data type; and the value registered (Figure 11). The data are
exported in .csv format and offer the possibility for both cross-sectional and longitudinal
analysis (see Figure 12).
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Data Request

Example of .csv dataset delivered

A

PATIENT_ID AGE

1039483
1039483
1039483
1039483
90943
90943
90943
90943
751487
751487
751487
751487
1171424
1171424
1171424
1171424
1178717
1178717
1178717
1178717
1179177
1179177
1179177
1179177
1179177
1179177
1179177
1179177
904293
904293
904293
904293

B

L WVWWVLULWWWWWWWWHOuuubdbdbsbhoowowoddbBBononoonaoun

C D E F G H

GENRE RECORDED SNOMED_ID SNOMED_TERM TYPE VALUE

male  13-04-2017 00:00 73060005 Finger-to-nose_test list Normal

male  13-04-2017 00:00 363812007 Head_circumference integer 53

male  13-04-2017 00:00 271649006  Systolic_blood_pressure integer

male  13-04-2017 00:00 250018006 Toe-walking_gait list Normal

male  20-04-2017 00:00 73060005 Finger-to-nose_test list --

male  20-04-2017 00:00 363812007 Head_circumference integer

male  20-04-2017 00:00 271649006 Systolic_blood_pressure integer

male  20-04-2017 00:00 250018006 Toe-walking_gait list --

male  20-04-2017 00:00 73060005 Finger-to-nose_test list Normal

male  20-04-2017 00:00 363812007 Head_circumference integer

male  20-04-2017 00:00 271649006 Systolic_blood_pressure integer

male  20-04-2017 00:00 250018006 Toe-walking_gait list Normal

male  05-05-2017 00:00 73060005 Finger-to-nose_test list Normal

male  05-05-2017 00:00 363812007 Head_circumference integer 51.5

male  05-05-2017 00:00 271649006  Systolic_blood_pressure integer

male  05-05-2017 00:00 250018006 Toe-walking_gait list Normal

male  11-10-2017 00:00 73060005 Finger-to-nose_test list Normal

male  11-10-2017 00:00 363812007 Head_circumference integer 52

male  11-10-2017 00:00 271649006 Systolic_blood_pressure integer

male  11-10-2017 00:00 250018006 Toe-walking_gait list Normal

male  13-10-2017 00:00 73060005 Finger-to-nose_test list --

male  13-10-2017 00:00 363812007 Head_circumference integer 50

male  13-10-2017 00:00 271649006 Systolic_blood_pressure integer

male  13-10-2017 00:00 250018006 Toe-walking_gait list --

male  13-10-2017 00:00 73060005 Finger-to-nose_test list Normal

male  13-10-2017 00:00 363812007 Head_circumference integer

male  13-10-2017 00:00 271649006  Systolic_blood_pressure integer

male  13-10-2017 00:00 250018006 Toe-walking_gait list Normal

male  24-05-2018 00:00 73060005 Finger-to-nose_test list --

male  24-05-2018 00:00 363812007 Head_circumference integer
male  24-05-2018 00:00 271649006  Systolic_blood_pressure integer
male  24-05-2018 00:00 250018006 Toe-walking_gait list --

Figure 12. Example of a dataset obtained by a data request. The dataset is delivered in .csv long
format (one record per line). The dataset is composed of several columns with metadata (the patient’s
unique ID, the age of the patient, the sex of the patient, the date when the value was recorded, the
SNOMED ID, the SNOMED definition, and the data type of the value) about the value recorded in
the column VALUE.

3.5. Achieved her-S FM Functionalities and Challenges

We performed functionality tests to ensure integration with other hospital EHR sys-
tems and objectively assessed the implementation of functionalities. Our tests focused on
the functional components in EHR-S FM [23,24]. This model has been widely reviewed
by healthcare providers, vendors, public health agencies, regulatory and accreditation
bodies, professional societies, trade associations, researchers, and other stakeholders, and
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it expresses consistent EHR system functionality. Table 2 summarizes the EHR-S FM
functionalities implemented in the platform.

Table 2. The achieved functionalities [23,24].

Id Function Name Achieved?
DC1 Care Management Yes, caregivers Cfin vie%w, manage, and record patient data and access
patient history, measurements, and results.
. -, Yes, healthcare givers can access health information useful for decision
DC.2 Clinical Decision Support . - .
support, and record data for future population health investigations.
IN2 Health Record Information Yes, users can store, manage and extract structured health
' and Management record information.
IN A4 Standard Terminologies and Yes, it implements the HL7 CDA standard to structure healthcare
) Terminology Models documents and SNOMED CT terminology to define healthcare terms.
. Yes, it is achi impl ing the HL7 CDA ED
IN5 Standards-based Interoperability es, it is achieved by implementing | e CDA standard and SNOM
CT terminology.
Yes, it is integrated within the SClinico platform and interacts with the
S.1 Clinical Support SONHO database. Furthermore, it uses authentication to verify that a
practitioner can use or access authorized data.
M t, Analysis, R h . .
S.2 casurement, AANa‘tysis, Researc Yes, users can generate reports in pdf or extract data for ad hoc analysis.
and Reports
Considering the main functionalities in Table 2, Table 3 describes the challenges faced
while implementing our solution in the EHR hospital-hosted system following the EHR-S
FM framework as standard.
Table 3. The addressed challenges in the implementation of the current solution [33].
Theme Category Sub-Category How Was It Addressed in This Study?
Less time-consuming tasks related to acquiring and managing paper-based
Efficiency records. Decreases the time needed to retrieve information in EHRs and
reduces documentation time, for example, by using templates.
Instant healthcare information coding in EHRs increased access to patient
Communication information through EHRs, enhancing communication within the
healthcare team.
Work for Healthcare Work The use of predefined templates contributed to caregivers relying less on
providers Organization/Workflow memory or written notes to keep track of which tasks had to be done.
Workload Decreased workloads as the adoption of the EHR improved communication,
orioa as well as the availability and accessibility of medical records.
Support disease and The systematic storage of information in EHR supports better disease
Effects quality management management.

Support learning and
decision-making

Not in scope.

Data and information

Accessibility

Improved access to patient information and records as time needed to
access information decreased. Furthermore, increased accessibility by
allowing instant access to patient records.

Data quality and accuracy

Enabling the capture of detailed data and improving documentation quality.

Moreover, process-related and structural elements in EHR documentation

were more easily retrieved than paper-based records. Patient data in EHR
were highly valued as they contribute to more accurate data.

Data storage and backup

Allowed convenient and systematic storage of data and information as
digital records in EHRs were stored on servers with backup, reducing the
likelihood of the data being lost.
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Table 3. Cont.

Theme Category Sub-Category How Was It Addressed in This Study?
The use of templates and standardized medical terms prevents errors and
Quality of care improves patient safety. EHR allows caregivers to respond quickly to care
needs, provide person-centered care, and carry out better follow-up care.
Communication EHR improves the clarification of information for patients.
Care for
patients . Increased patients’ access to full or partial medical records with the
Patient empowerment .
adoption of EHR.
. The use of templates and standardized medical terms helps reduce the time
Change in time spent for . . . . : .
. patients spend in the consultation because the information from previous
patients . . . A
consultations (even in other medical specialties) can be seen and used.
Productivity Not in scope.
Economic Decreased cost Not in scope.
impact
Increased revenue and .
. Not in scope.
reimbursement
.. Several workshops and meetings were organized by the team in order to
Training and . .. -
. provide the best training and technical support. Furthermore, helpdesk
technical support . . .
services were created and are still available.
Support for users End user involvement during the planning,
User involvement development, and implementation phases of the system life cycle of the
EHR.
Literacy and skill in Provided according to the user’s specific needs during workshops,
technology meetings, and through helpdesk services.
System integration and HL7 CDA for structural interoperability and SNOMED-CT
interoperability for semantic interoperability following the EHR-S FM framework.
The system interoperability and integration with systems already used by
Trust and belief in EHRs caregivers, as well as increased data privacy and reduced risk of data loss
EHR system contributed to increased trust in the current solution.
The system compatibility, efficiency (fast responses), simple functionality,
and straightforward user interface contributed to the quality of the system.
Barriers System quality Moreover, the use of HL7 CDA and SNOMED CT standards, as well as the

ability to create templates and documents according to them, enhanced the
flexibility of the system to be extended to other medical fields.

Privacy and security
of data

User authentication using caregiver credentials ensured authorized and
appropriate access to patient information. This also enabled better privacy,
security, and confidentiality of the patient’s data.

Data and information
Data quality and accuracy

Using HL7 CDA to structure documents and SNOMED CT capture
healthcare terms.

Other concerns

No other special concerns related to data and information to be declared.

Resource constraints

Funding available for system upgrades/maintenance. Access to all health
caregivers to computers and the solution developed.

Legal liability

Complaint with the latest regulations.

Others
Awareness

Actively promoted and supported by workshops and meetings with several
health caregivers.

Policy support

Direct administrative involvement in identification and coordination of
resources to support the solution.

4. Discussion
4.1. Main Findings

To analyze the advantages and limitations of the proposed solution, we performed
an analysis of the functionalities models and a comparative analysis with other existing
EHR systems. This solution responds to one of the most relevant limitations in current
EHR systems in the Coimbra region (Coimbra, Portugal) and still in many clinical sites
across Europe, i.e., the inability to store and access structured clinical information and
use it in a longitudinal perspective [22,33]. The latter is critical in pediatric settings where
health-related data are continuously changing. Furthermore, the definition of templates
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based on a standard structure (HL7 CDA) coupled with concepts retrieved from known ter-
minology (SNOMED-CT) answered the interoperability challenge because the documents
have implicit standardized structure and terminology definitions. Thus, the proposed
solution allows healthcare practitioners to create, edit, and share these definitions and
extract structured information for further analysis. Indeed, several of these features were
missing or not reported in previous studies (Table 4).

Table 4. Summary of the previous work in comparison to our work.

Allow Template Creation

Supports Data

and Generation of New Authentication Data Extraction for Group
Authors Year Standards Documents According and Security Privacy Analysis and EHR Type
to Them Research Studies
Direito et al. HL7 CDA, Hospital-Hosted
(our work) 2023 SNOMED CT Yes Yes Yes Yes System
Shanbehzadeh HL7 CDA, Hospital-Hosted
etal. [18] 2021 SNOMED CT No No No No System
- HL7 CDA, :
Ohve[;lz)a] etal. 2020 OpenEHR, Yes Not stated Not stated No Hospsltalt—lr{r?sted
SNOMED CT yete
HL7 CDA,ICD9,
Declerck et al. ICD 10, LOINC, Simulated
120] 2015 SNOMED CT, No Not stated Yes No System
MedDRA
Lépez-Nores HL7, OpenEHR, Hospital-Hosted
etal. [21] 2012 EN13606 No Yes Yes No System

The ability to adapt the documentation procedures to the needs of clinical teams is an-
other important aspect that our platform implements. Creating custom templates achieves
the following: i. potentiates the flexibility of data acquisition; ii. supports asynchronous
data acquisition by multidisciplinary teams (multiple team members can create numerous
coordinated templates); and iii. allows the creation of automated reports. The separation
between clinical concerns and technical design allows the implementation of new require-
ments without reprogramming the entire solution. For example, suppose new requirements
are in order. In that case, the teams can easily update the templates (or new complementary
templates created) without changing the data model or loss in interoperability.

The physical environment where it was projected and developed is also meaningful.
Having the opportunity to work on the solution inside the institutional university clinic
network offered the chance to receive constant direct feedback to the developing team
and the healthcare end users. The shared environment promoted an iterative framework
development aligned with users’ requirements. Another essential factor of this setup relates
to the direct user support approach. In particular, the team held several workshops and
meetings during the clinical implementation phase, which was critical during the initial
development of the templates. The IT department’s continuous support was crucial for
coordinating the presented framework and the systems already in place. Together, these
measures significantly contributed to mitigating the transition friction between platforms.

Several challenges were identified during the development of the framework, par-
ticularly regarding the strong emphasis on longitudinal assessment. The paradigm shift
from free text to a structured solution composed of coded elements required adopting
and familiarizing with terminologies such as SNOMED-CT. The study, interpretation, and
integration of new tools and the adherence to strict terminologies represents a paradigm
change. In this sense, creating a dedicated, multidisciplinary team focused on a single case
study allowed the development of the prototype, now available in a real setting and ready
to be used and expanded to other clinical and research areas.

A current downside of the proposed solution is the lack of integration between the out-
put structured documents and the SNS EHR. Administrative data and the documentation
created in our platform are not automatically associated. In this sense, data duplication and
inconsistencies between systems are potential risks. One possible solution is to generate
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reports based on the proposed platform and attach these documents (e.g., pdf files) to the
hospital EHR system.

There are several similar approaches to generic structured data entry [5,17]. However,
the solution presented answers the specific requirements to design a complementary
solution to the existing SNS EHR system.

4.2. Comparative Analysis of the Framework

Security and data privacy are crucial when dealing with healthcare data and are a
priority in our study. Similar to other studies, we adopted the HL7 CDA standard as the
structure for healthcare documents and SNOMED-CT as the terminology.

The ability to generate healthcare templates capable of recording healthcare data with-
out changing database entities and architecture was one of the main focuses of this study.
Moreover, adding rules retrievable during the filling process was another important feature
implemented in our architecture. This feature significantly improves data quality without
needing ad hoc reprogramming to adjust specific aspects of the templates, etc. Data science
can provide new insights for healthcare, but support for data extraction is often required.
Thus, we also aimed to provide a tool to extract data from the healthcare documents created
within the system. The majority of the studies using EHR were implemented in a hospital
setting. Table 4 presents a summary of previous work in comparison to ours.

4.3. Future Work

Large datasets of structured clinical data will soon become available based on the
continuous improvement and increased adoption of structured documentation systems.
Moreover, longitudinal and high diversity of imaging, genetics, biological, environmen-
tal, and lifestyle information from single individuals to large cohorts will be available to
improve healthcare [34]. The use of this information for research purposes is expected
to enhance the state-of-the-art regarding the characterization and knowledge of certain
diseases and pathologic mechanisms. It is also likely that the data generated could em-
power the healthcare community with support decision tools aided by machine learning
and artificial intelligent systems, ultimately improving healthcare services for everyone.
Additionally, the decrease in data duplication, the ability to share data and collaborate in
the data collection process, as well as the definition of a uniform set of terms for the same
discipline or health issue are factors that likely improve data quality and, ultimately, the
quality of healthcare services.

To this end, future work should focus on validating the data extraction module and
interface with clinical research groups from other fields. This module must abide by current
legislation in terms of data privacy and requirements of anonymization and be assessed
by a data protection officer. Accessing large datasets of structured clinical data allows the
research community to observe features only revealed when the dataset is large enough.

Usability testing in software applications in the healthcare industry is crucial for
promoting clinical efficiency, reducing provider burden, and maintaining clinical teams’
engagement. The usability assessment involves the evaluation of effectiveness, efficiency,
and satisfaction with which specific users, representative of the primary end user, can
achieve a specific set of tasks in a particular environment. The users in our use case were
directly involved in the development process, the definition of features, and the user
interface layout. Future work involves the usability assessment on a broader audience.

To extend the data sources, additional connections will be developed to third-party
servers (e.g., imaging databases from national and international infrastructures, as well
as biobanks).
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5. Conclusions

The proposed system represents a novel approach to obtain structured clinical docu-
mentation in real-time encounters (consultation) that may require fast access to complex
information, as was recently appraised by the COVID-19 pandemic. The approach allows
the creation and storage of structured information, based on re-usable templates in a daily
life clinical setting. Integrated with the previously established EHR system, the solution
facilitates data recording and codifying clinical information in real-time. Through reporting
structures also available to the users, the solution allows the creation of summaries of the
patients’ clinical history, assisting the clinicians in producing relevant clinical documents,
such as discharge notes.

The proposed solution enables a change in the current practices of the host University
Hospital and will guide the clinicians to create enhanced clinical documentation and
improve communication and interoperability. Ultimately, the availability of such dataset’s
paves the way for research community collaborations, such as transnational collaborations
in which the team is involved, allowing new approaches that were previously not attainable
and fostering translational research.

In conclusion, the current solution improved the current EHR system used in our
clinical setting (CHUC) by allowing the digital collection of structured and standardized
clinical data using the SNOMED CT concepts in medical encounters for neuropediatric
healthcare doctors of UNDA. Additionally, it allowed the definition of documentation
architecture based on the definition of templates according to the HL7 CDA standard,
enhancing future queries to the information stored. This potentiates the longitudinal
view of the data, which is critical in a pediatric setting, supporting cohort selection and
collaborative multidisciplinary studies.
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Abbreviations

AE Adverse events

API Application Programming Interface

ASD Autism Spectrum Disorder

ASPNET Active Server Pages Network Enabled Technologies
CCD Continuity Care Document

CDA Clinical Data Architecture

CDC Child Developmental Centre

CDSS Clinical Decision Support Systems

CHUC University Hospital Center of Coimbra
CRUD Create, Retrieve, Update and Delete
CSS Cascading Style Sheets

EHR Electronic Health Record

EHR-S FM EHR System Functional Model

HP Pediatric Hospital

HL7 Health Level Seven Messaging Standard
HTML Hyper Text Markup Language

HTTP Hypertext Transfer Protocol

ICT Information and Communication Technology

ICD-9-CM International Classification of Diseases, 9th Revision, Clinical Modification
ICD-10 International Classification of Diseases 10th revision

D Identification

ISO International Organization for Standardization

LOINC Logical Observation Identifiers Names and Codes
MedDRA Medical Dictionary for Regulatory Activities

MS SQL server  Microsoft Structured Query Language server

MVC Model-View—-Controller

ORM Object-Relational Mapper

REST Representational State Transfer

ROA Resource-Oriented Architecture

SI Semantic Interoperability

SNOMED CT Systematized Nomenclature of Medicine Clinical Terms
SNS National Health Service of Portugal

SONHO V2 Integrated Hospital Information System

Ul User interface

UNDA Neurodevelopmental and Autism Unit

URI Uniform Resource Identifier

XML Extensible Markup Language
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