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1 INTRODUCAO

A avaliacdo de tecnologias em saude (ATS) por meio de um conjunto de dados
permite a comparacdo de diferentes tratamentos clinicos em multiplas areas da
medicina, além de usar eficientemente os recursos [1,2]. Uma das formas de criar-se
um conjunto de dados é por meio de questionarios. Dentre estes questionérios os
patient-reported outcomes (PRO) distinguem-se por coletarem dados diretamente do

paciente sem a necessidade de terceiros ou intervencdo médica [3].

Os dados coletados através de questionarios séo utilizados para auxiliar na
tomada de decisdo, mensurar critérios de eficacia, acuracia e efetividade da atividade
diaria do profissional da saude e de qualidade de vida dos pacientes [4,5]. Além aos
beneficios ja mencionados o conjunto de informacfes agrega valor estratégico a
pratica médica por diminuir a distancia entre as visées do paciente e do médico, bem

como possibilitar um tratamento de acordo com as necessidades especificas [6].

A coleta online de dados € um fator importante e possibilita que os pacientes
se mantenham engajados em continuar a responder questionarios quando a utilizacao
destas informacdes € percebida como util por eles [7]. No entanto existem algumas
barreiras que impedem a utilizacdo desta forma de coleta dos dados: falta de tempo,
falta de assisténcia na coleta dos dados, longo tempo de preenchimento dos
questionarios pelos pacientes e a falta de um banco de dados [8].

A utilizacdo de sistemas para auxiliar estes e outros aspectos de modo a
acompanhar e avaliar tratamentos clinicos ja € documentada e utilizada [9]. A coleta
de dados dos pacientes pode ser conduzida através de sistemas criados com o
objetivo de atender especificamente determinadas praticas clinicas e questionarios
previamente definidos pelos pesquisadores [10-12]. Neste tipo de abordagem, o
sistema é criado especificamente para as necessidades de um estudo clinico em
particular. Isto deve-se ao fato de que os instrumentos de medi¢cdo podem variar de
acordo com o tipo da populagéo alvo, o propdsito de cada estudo clinico e o que se
pretende medir [13,14].

A atividade diaria de médicos e pesquisadores prescinde da informacao da
qualidade do trabalho ofertado, sendo necessario o uso de questionarios de acordo

com populacdes, praticas clinicas e o que se pretende medir [15]. Fica visivel a
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necessidade de plataformas digitais que permitam uma flexibilizacao e facilidade na
criacdo do banco de dados. Esta necessidade € parcialmente atendida através de
sistemas especificos da area da saude, como o RedCap [16] e EpiData [17]. De
maneira mais genérica esse também é o foco de ferramentas como Google Forms ou
SurveyMonkey. Estes métodos citados facilitam o processo, entretanto vem associado
com custos, méo de obra para a correta execucdo dos bancos de dados e da auséncia
de funcionalidades das ferramentas [18]. Considerando as vantagens da ATS
elencadas previamente, as dificuldades impostas na utilizacdo de instrumentos de
medicdo e a necessidade de flexibilizar os questionarios usados de acordo com as
caracteristicas do estudo clinico e populacdo, este trabalho tem como objetivo
automatizar e auxiliar o processo de coleta de informagcfBes para andlise clinica
permitindo o uso dos dados em tempo real.

Para atender o objetivo do trabalho foi construido um sistema que permite
realizar a coleta dos dados diretamente pelos proprios pacientes, mantendo as
informagdes em bancos de dados para utilizacdo em tempo real na visualizacédo de
graficos e envio para software de andlises estatisticas. A arquitetura de software que
suporta o sistema construido é explicada no primeiro artigo deste trabalho, sendo que
a estrutura podera ser utilizada na construcdo de outros sistemas, disponivel na
pagina 13. Os detalhes da criacdo do sistema, do processo e seu funcionamento para
a coleta de dados estdo definidos no segundo artigo deste trabalho, disponivel na
pagina 30.
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SOFTWARE ARCHITECTURE
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Abstract: Systems embody domain knowledge originating from stakeholders which is
implemented as business rules and specifies how the system works. Business rules
exist independent of procedures, workflows and technologies, and also tend to remain
more stable than the technologies used to carry out the operations performed by users
in many user interfaces. A model to reuse the business rules with a high level of
decoupling is proposed and applied in a layered software architecture. The findings
support systems evolution and adaptations of continuously evolving technologies or

new interfaces available to interact with users.

Keywords: Business logic; business rules; reuse; software architecture; software

engineering; systems evolution.
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1 Introduction

Stakeholders provide the business rules or business logic in the software
development process, i.e., the specification of business domain knowledge. In their
simplest form, business rules can be defined as a part of the system which specifies
its basic functionalities. This information is an important asset of the system and adds
further value by delimiting where in the system organization they were defined [1], [2].
Some fundamental principles should guide the implementation of business rules such
as: (i) they should be explicit, single-sourced and easily manageable; (ii) they can exist
independent of procedures, workflows and technologies, (iii) they should present a
high level of decoupling. This last one is a key feature because it divides the software
into independent parts or modules, consequently decreasing the impact of future
changes and errors [3], [4].

The business rules of systems can be implemented with design patterns such as
domain and services or even in multiple layers of the software architecture, i.e., user
interface and persistence layer [5]-[7]. Software architecture is the fundamental
organization of a system, the relations among their components and the principles
guiding its design and evolution [8].There are several styles and methods of software
architecture, such as pipeline and filters, layered systems, event-based, implicit
invocation and domain-specific software architectures. A layer-based software
architecture is composed by different levels, specified as layers, each one dedicated
to a specific part of the system. From the systems life cycle perspective a layered
architecture promotes the creation and evolution of parts of the system independently,
rendering them more portable, easily changed and reusable. The use of architectural
techniques adds strategic elements to the software development, minimizing costs,
potentiating reuse and increasing the amount of system functionality over time [9]—[13].

The common layers used in software architecture are presentation, domain and data
source. The domain layer maintains the business rules relevant for the system, which
are expressed in source code and tend to keep stable for longer than the technologies
used to access them [7], [14], [15]. For this reason the higher the level of decoupling,
interoperability and portability, the more value is added to the system since it will be
possible to incorporate new technologies, or even reuse the business core in future

systems [16].
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This paper was motivated by the connection between business rules and the
evolving technologies necessary to make them available to users in the long-term. This
configure an important topic in software engineering since business rules tend to be
more stable than technologies over time [14] and software systems are dependent to
their architecture to ensure long-term use, efficient maintenance, and appropriate
evolution in a continually changing environment [17]. The main goal is to describe the
methodology used to decouple and reuse the business rules and how they are
organized in the software architecture, independently of the user interface and the

technology that stores data.

2 Proposed Model

This paper considered two main assumptions to reuse the business rules. The first
was the possibility of creating a new presentation and the persistence layers reusing
the business rules. The second assumption was that no specific technology be
imposed to interact with users or save information in the database, delegating these
choices according to the requirements of the system. The proposed model in a layer

software architecture is presented in Figure 1.
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Figure 1 Software architecture diagram
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The communication between layers specifies that a given layer only accesses the
layer immediately below it or the crosscutting ones [18]. One specific layer interacts
with the other by method or functions which will return a value or present an exception
which characterizes the response back to the top layer without knowing which one it
was. The cross-cutting layers provide the necessary support for the systems features
and even other layers with technical support [19].

The software architecture diagram (Figure 1) shows the Globalization and Security
layers. These layers are optional and will be used according to the system
requirements. The Globalization layer is used when an application must interact with
users in multiple languages [20]. The globalized content related to the system is stored
in the database or resource file, and the layer provides the correct text according to
the user’s nationality. All other operations are delegated to the programming language
[21], [22]. The security layer provides system safety by controlling access and
operations performed in the system [18]. The first issue of security is resolved by login
mechanisms that create a user profile, which comprises the operations allowed for it.
The second issue of security is resolved by multiple profiles created and managed by
the administrator and each one has a customized list of permissions for the users,
which ensures control of the operations performed. The I0C layer is established in the
cross-cutting section of the architecture. It is responsible for implementing the
dependency injection pattern through libraries or factory patterns, which support other
layers to promote decoupling by associating a concrete class with an interface [7]. This
layer is essential for the decoupled implementation of data access and globalization

layers.

2.1 Model layer

The Model layer reflects the behavior of the domain pattern to define entities,
however it does not implement any business logic [6], [23]. This layer is composed by
entities that represent value for the business, for instance: client, order, person, among
others. The implementation of entities in this layer must use primitive types or other
classes previously created in this layer. This premise of using primitive types together
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with isolation of the business rules increases the interoperability and reuse criteria of
this software architecture [4], [24].

2.2 Service layer

Considering the previously mentioned assumptions the proposed architecture
focuses on the service and model layers. The source code implemented in the service
layer is based on the service pattern, and as a result the services created reflect the
system’s features [6], [7], [25]. Typically, one service is associated with at least one
model entity and represents the business operations related to them. The service
layers in this architecture separate the business rules from the service itself in a logical
and physical form. With this separation there is the benefit of explicitly distinguishing
one from another, and also potentiating the business rules to be high testable, reusing
them over the long term and enforcing the interoperability with the assets of the system
[26]. Every service created is available to be used by superior layers and enforce the
business knowledge through the business rules. This structure potentiated two ways
of creating automated tests, which will ensure the quality of the system in the
maintenance and evolution of software. The first is to directly test the business rules
by simulating an operation related to a specific part of that business knowledge
associated with an entity. The second form is by testing the service and embracing all
the logic related to a specific feature, because it could use various operations, and

besides it is the same path that will be accessed by end-users.

2.3 Data access layer

The data access layer is responsible for making the connection between the
database and the technology used to access the data. Typically, these technologies
are Object-Relational Mapping (ORM) frameworks or pure Structured Query Language
(SQL) instructions [27]. The purpose of this layer, in the present architecture, is to
create a logical and physical separation between the interfaces and their
implementation. The operation required by the service layer is carried out by interfaces,

which are associated with a concrete class by the Inversion of Control (IOC) layer. The
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benefits of this separation are based on the easy modification of the database and the
technology that accesses them, as well the decoupling of the operations and

technology.

3 lllustrating the Model

The proposed model was used to develop two different systems using the ICONIX
method [28]. The first software (S1) is dedicated to applying patient reported outcome
(PRO) questionnaires with the intention of collecting data directly from the patients.
The second software (S2) is a system that stores and manages information related to
a group of people. The technological differences originated from the requirements of
each software are detailed in Table 1 and the details of S1 will be submitted elsewhere.

Software 1 (S1) Software 2 (S2)
Database SQL Server PostgreSQL
Web (Asp.Net) for Desktop (Windows Forms) for
interaction with final interaction with final users.
Presentations users.
Console used as Web (Asp.Net) for interaction with
WebJob to final users.
automate

notification tasks.

SQL Instructions (via Npgsdl
Data access ORM (Entity library)
implementation Framework) ORM (Entity Framework)

Table 1: Technological differences between the systems developed with the same

software architecture
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According to the system requirements, different architectures were defined for each
one as presented in Figure 2 and Figure 3. For instance, the globalization and security
layer were used only in S1, since it was required to manage permissions for access
and the interaction with wusers in English, Portuguese and Spanish. The
communications between layers were handled with custom exceptions created to
enforce the communication from bottom layers to the top ones. The presentation layer
implements the correct treatment to display exceptions in a user-friendly format. It is
important to point out that there is a different treatment for the custom exceptions and
the languages exceptions, both are treated properly but the custom exceptions contain
relevant business information. Apart from the exceptions, the communication between

layers occurs by functions or methods.
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The objects created in the model layer only use primitive types and a composition of
other objects previously created in the same layer. All the classes created represent
only the structure that stores the data for the associated business entity without any
validation. The requirement of an S1 system forces the use of globalization and
security mechanisms, both implemented as cross-cutting layers. The globalization
layer was divided into two projects; the main one contains the class used by the other
layers to obtain a content in a given language. The other project implements the
necessary interfaces in a class that accesses the content storage in resource files for
each language [21]. The links between interface and class are in the IOC layer, which
potentiates other mechanisms to store the content without refactoring the systems.
The other concerns related to the culture such as formats were delegated to the .Net
Framework.

Security was implemented though the login and authentication mechanisms
available on the ASP .Net as well as a custom attribute that was inherited from
AuthorizeAttribute [21]. The custom attribute was placed in every action of the
Controller that has a corresponding operation in the custom profile created by the

administrator. Both systems were implemented in C# and most of the projects created
20



were Class Libraries projects in which the output is a Dynamic Link Library (DLL).
Exceptions were made only in the presentation layer, wherein the type of project is
related to the specific technology used. If the programming language was Java, the
equivalent to Class Library projects could be the package with Java Archive (JAR)
output. All activities necessary to create the source code structure and implemented
requirements were mapped into processes after the prototyping phase of the software
architecture. Those processes were executed in both systems and they are available

for other systems only for this architecture.

3.1 Service layer

All the features in the system have at least one service, which will implement the
necessary operations for the associated entity. The most common operations are
creating, updating, retrieving and deleting, besides those exclusive to the entity. A
fraction of a service implemented for S1 software is visualized in Figure 4 and the

respective business rules in Figure 5.

public class PatientService : DefaultService<Patient, IPatientRepository, PatientBusinesslogics
1
public PatientService(IPatientRepository repository)
1
Repository = repository;
Businesslogic = new PatientBusinesslogic();
h
public void SubmitQuesticnnaire(Patient patient, Schedule schedule, List<Answer> answeres)

1

if (BusinesslLogic.AllowSubmitQuesticnnaire(patient, schedule, answeres))

1

schedule.Answeres = answeres;
schedule.Date = DateTime.Now;
schedule.State = ScheduleStateEnum.Answered;

Save(patient);

Figure 4. Example of a service implemented in the S1 software

The service uses the repository interface defined in the data access layer and the
business rules class which are linked to the entity represented by that service. The
repository interface is employed instead of a concrete class to decouple the service
from the technology and the mechanism used to store and access data. In addition, it

also provides a simple way to perform an automated test of the services, for example,
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implementing a memory repository for the interface. With the amount of services
developed it was possible to create one class defined as “DefaultService” for the
purpose of reusing the common code and behavior for all services. This class is
available in a separate library deployed by the NuGet package Manager.

public class PatientBusinesslogic : IBusinesslLogic<Patient:
1
public bool Valid(FPatient pacient)[:]
public bocl AllowSubmitQuestionnaire(Patient patient, Schedule schedule, List<Answer?» answeres)
1
if (schedule.State == ScheduleStatetnum.Answered)
1
throw new BusinesslogicException{Globalization.Get("MsgQuestAnswered”));
b
if (patient.Colect == ColectFormEnum.Eletronic)
if (schedule.State == ScheduleStateEnum.LostDeadline || DateTime.Now > schedule.EndPeriod)
1
throw new BusinesslLogicException{Globalization.Get("MsgQuestLostPeriod™});
¥

if (DateTime.Mow < schedule.StartPeriod)

{

throw new BusinesslogicException({Globalization.Get("MsgAcceptPeriodInv™});

Figure 5: Example of the business validation implementation in a business rules class

The business rules maintain the functional and non-functional business
requirements related to a model and its dependencies in a class implemented as
functions or methods. In some implemented business rules it is necessary to use the
repository as a third party to execute the validation properly. In the present cases the
repository interface was used on the class to obtain the data and therefore conclude
the process.

3.2 Data access layer

For each system was created a project that maintains the interfaces for all the
features and defines the available operations to be performed in the database. The
Entity Framework version 6.1.3 was used in the S1 and S2 software, each with the
respective project and implementing all the interfaces defined previously. The S2 also

implemented the database access through SQL commands with the Npgsql library
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version 2.2.7. The S2 software has two data access layers to validate the change of
layers because it has less features than S1 to be reimplemented.

As a result of not attaching the Table and Column attributes [37] to the model
classes, it was necessary to create a mapper between the class with the table and the
properties with the columns. This process was executed for all the tables in the
database that have a corresponding model class, and then added to the model builder
of the Entity Framework DbContext. The mappers created the EntityTypeConfiguration
[21] class and are available only in the data access layer.

The link between interfaces and classes was resolved with a container implemented
using the StructureMap library version 4.4.0 which. Other layers used the container to
pass an interface and obtain the respective class created by the library itself. The
StructureMap uses the registry files to know what classes have to be created for that
interface, as well the lifecycle of that object [29]. Each system (S1 and S2)
implemented this layer with one container and the registry files. When it is necessary
to change the technology used in a layer, the modification is performed in the registry
file, by changing the class associated with the interface without refactoring the other

layers.

4 Related Work

The approach of treating business rules separately from the systems is addressed
by storing them in Extensible Markup Language (XML) files [30]. Although XML is a
technique that ensures interoperability it would be necessary to have a middle part to
access and execute the business rules. In addition, rule management would be more
complex and could lose the programming language’s potential. Other way to treat
business rules is by developing a method which focuses on management and reuses
business rules considering their evolution [5], or by creating a topology that considers
business rules the most volatile part of the systems [31]. The results obtained using
those methods do not specify the separation and isolation which improves the
achievement of a high level of decoupling that is a key point of this work.

Other papers also developed new architectures to achieve the reuse of business
rules, such as using a service layer to exhibit business rules in different channels

reducing the maintenance cost [32], and others designed to share business rules in
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Radio-Frequency ldentification (RFID) and enterprise systems [33]. The architecture
presented in this paper is distinguished from them by enforcing the same flow of
communication regardless of the endpoint, and mainly, by adding the possibility to
reuse the entire service and business rules layer in other projects even with a different
programming language.

Besides the software architecture it would be possible to reuse business rules
through components [34]. This approach was avoided here because they migrate
through the software development cycle and have relations with a user interface [35].
On the other hand, there are works that start from the domain and build a software
architecture using patterns [36], [37], or through ontologies, dependencies and test
tools for building a set of recommended structures to be used in the development or
evaluate them [38], [39].

4.1 Business rules management tools

Besides architecture and patterns, business rules deal with, amongst others: (i) with
a repository that holds, analyzes and reuses process models implemented as a
service-oriented architecture [40], (ii) custom documentation of generic and reusable
design decisions for domain-specific modeling languages [41], and (iii) an automatic
generation of domain-specific rules from domain models, originating in the need to
adapt and promptly implement changes in business [42]. This work path is an important
alternative for systems that are not based on specific architecture, or for those that
have complemented the structure. Regardless, the use is a relevant technique for the
definition of easy access business rules, which would also be useful to link with this

work.

4.2 Differences with the domain model pattern

The model layer has similarities with the domain model pattern however the frequent
use of this pattern is implemented as a bottom layer (horizontal) and here it is
implemented as a side layer (vertical) with no business rules attached. The reason
behind this change is centered in the use of the model by others layers, without

ignoring or “jumping” layers to obtain access. Although model use is facilitated for other
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layers it is not allowed to add technological references in the objects, for example Table
and Column attributes used in ORM frameworks. In the ORM attributes example if the
data access technology is changed the attributes no longer have any meaning in the
model, and even if not changed the model is used by other layers; if each one adds
content relevant to themselves the objects would be polluted and harder to maintain.
In both implemented systems a decoupling form was used to associate objects with

tables and columns through the mapper pattern.

4.3 Strength and limitations

This work used the proposed model to develop two systems and achieved the reuse,
decoupling and isolation of business rules. The differences between this work and
others are the dynamic and decoupled form to reuse business rules through software
architecture, and also to incorporate new technologies supporting the evolution of
systems. They are dynamic in the sense that the business rules relevant to the systems
are implemented as functions or methods in source code, in a specific layer that is
irrelevant to the systems and ready to use. In addition to that, the business rules are
decoupled because it performs only operations related to the business core, and also,
by using the language types (mainly primitive ones) or objects created in the same
layer. In the case of complex language types, such as Lists, it is recommended to use
those with standard serialization, which tend to mitigate the risk of failure in
interoperability operations.

Limitations observed for this work were that technical validation such as length of
fields is implemented with the systems business rules. Also, the entire interface was
developed using .NET Framework and although they did not invalidate the findings of
this work a different line of technology would increase the value of the reuse of the

business rules.

4.4 Future work

Future work would be to implement systems using this model with a different

language and technologies. Other future work is the evolution of the S1 system used
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for collecting data through the patient reported outcome instruments, which is already

in progress.

5 Conclusion

The designed methodology establishes an approach to organize, reuse and isolate
the business rules with a high level of decoupling. Two different systems were
developed using the same methodology organized in an architectural system and
illustrated how some layers, in a specific level, could be added or removed according
to the systems requirements without compromising the results.
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ABSTRACT

Introduction: A dataset with patient information allows a comparison between
different clinical treatments in many fields of medicine as well as the efficient use of
medical resources. Patient-reported outcome measures (PROMSs) collect data directly
from patients. The data collected through PROMs can be used in clinical practice by

helping decision making and tailoring treatments according to the patient’s needs.

Objective: To develop electronic health record databases for monitoring clinical or

surgical interventions and measuring the quality of life of the patients.

Methodology: Process modeling and specification of system requirements were
performed using the Iconix methodology along with the Post-Study System Usability
Questionnaire (PSSUQ) to validate the usability and usefulness of the proposed
system. The system and the questionnaires were performed in three languages:

Brazilian Portuguese, Spanish, and English.

Results: The platform enables the researchers to use the questionnaires defining the
time of the data collection according to the needs of each clinical study. The system

facilitates the patient answers without any personal interference from smartphones,
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tablets or computers. The questionnaire’ scores were calculated automatically in real

time and displayed in graphics on the patients’ dashboard.

Conclusion: An electronic health record database enables collecting information on
the patient directly from their own devices directly to the database without any

interference from researchers and with real-time graphics.

Keywords: Patient-reported outcome measures; health technology assessment;

registries; outcomes; quality of life measures
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Introduction

Health technology assessment (HTA) collects data focusing on the medical,
economic, social and ethical implications of development, diffusion and use of health
technology that inform real-world decisions about the value of new technologies,
interventions and practices [1]. The patient-reported outcome measures (PROMS)
collect data directly from the patients, quantifying the quality of life, perspective on the
frequency and severity of their symptoms, and how the disease impacts their
functioning [2,3]. The use of clinical registries based on PROMs adds strategic value
to medical care by narrowing the gap between the clinician’s and patient’s view of the
clinical reality, and also helps tailor the treatment plans for specific needs [4,5]. The
patient needs to perceive the gain to them by answering the questionnaire, otherwise
they will not be engaged [6].

There are barriers to prevent the physicians and patients from adopting PROMs
assessment, such as lack of time, lack of assistance in data collection, and lack of an
electronic database [7]. Electronic databases are developed to overcome those
drawbacks, making easier and friendly on both sides, physician and patients, to

evaluate and follow the medical care [8,9].

The objective of this paper is to present an innovative electronic health record
database with new features, such as automation of the data collection process,
enabling physicians to customize the design of questionnaires according to the
population, practice types and clinical settings of a new research study, alerting the
physician and the patient when it is time for the next data collection, and showing the

PROMs results compared to the historical outcomes on a dashboard.

Methods

The methodology was designed to initially define the system language, the
software and the architecture of the platform. Later, the authors went through different
protocols of clinical study to clearly understand the databank issues and barriers faced
during the design and execution of a clinical research project [9]. The innovative
changes of the electronic health record database to optimize and facilitate the patient

record is described in the following sub-sections.
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System development

All the data related to the process were stored in a SQL Server database that
was only accessed through a system developed using C# language. The system
development used the ICONIX methodology [10] and a layered software architecture
focusing on the isolation of business rules and the evolution of the system. The
features of the developed system consist in creating questionnaires for later use in the

data collection design of the clinical studies with multiple research centers.

Clinical research studies

The clinical study follows the design and the schedule of patient data collection
proposed by the researchers. The clinical study has a unique identification code, start
date, brief description, research center code, and the research center coordinator. The
guestionnaires were linked in the study by a plan of application that has a schedule
before and after the intervention, specific sequence of questionnaires, time interval for

application, and tolerance to send the reminder and alert to the physician and patient.

Questionnaires

The platform was tested with different types of questionnaires. The strategy was
to build PROMs with a variable quantity of questions and possible answers. The
answer could be single choice, multiple choice, numerical, date and text. The system
was designed to not allow advancing to the next question if the answer to that question

was not given. The questionnaires were provided in English, Portuguese and Spanish.

The present study used the Oswestry disability index (ODI) and the Euro quality
of life 5D (EQ5D) questionnaire [11,12]. Additional information was collected with
questions regarding procedure costs, clinical information, surgical and patient’s

outcome data.

The ODI scale consists of 10 questions that assess domains of pain with six
possible answers whose values range from 0 to 5, with a total score from zero to 100:

0-20 indicates minimal disability; 21-40 indicates moderate disability; 41-60 indicates
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severe disability; 61-80 indicates crippling back pain; and 81-100 indicates that the
patient is either bed-bound or exaggerating their symptoms [11]. The EQ5D is a
generic instrument used to measure preference-based health status for health
economic analyses in five areas: mobility, self-care, usual activities (work, study,
housework, and family or leisure activities), pain/discomfort and anxiety/depression
[12].

Patients

The patients registered in the database were linked to the specific clinical study
in which they were previously enrolled with an exclusive identification code. The
information collected from the patients was sex, date of birth, weight, date of entry into
the study, date of the intervention, e-mail, language, and how questionnaires will be
collected. The code was automatically suggested by the system which uses the
research center code as a prefix followed by the number of patients at that center plus
1.

Authorization and security management

An authorization feature was implemented to determine who can access it and
what operations they can perform. The system has a manageable customized control
for operations of viewing, saving and deleting information. User’s permissions are
directly associated with the responsibilities assumed in the study. Security
mechanisms were available in the SQL Server database in which sensitive information

was encrypted.

Active follow up

The system supports both paper and electronic data collection. When the
collection of data was on paper the questionnaire was printed and handed over to the
respondent. Then the answers were recorded in the system by the researchers. For
the electronic data collection, the respondent received an email notification containing
a weblink that accessed the questionnaire and allowed the answers to be recorded

using cellphone, tablet or computer. The notifications were controlled on a daily basis
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and sent by email to the respondent, investigator and coordinator to avoid the loss of

data by not completing the questionnaires within the allotted time.

The patient’s data collection schedule is managed automatically by the system
using the patient’s date of entry into the study, clinical or surgical intervention and the
monitoring frequency previously informed in the study design. A virtual schedule was
developed to display the questionnaires to be filled as appointments. The data

collection period for the questionnaires was elaborated as follows:
start = base + days for application

end = base + days for application + alert days

The base word in the formula is equivalent to the patient’s entry date into the
study or their clinical/surgical intervention. This formula is used by the system with
information established by the researchers on the clinical study schedule and in the

patients’ electronic form.

Dashboard

A dashboard was developed to visualize the score of the questionnaires in
charts. The dashboard automatically calculated the score for each questionnaire using
previously informed for each patient to perform the operation in real time. In each
guestionnaire the system analyzes the score parameters for each one of the
alternatives, their increment values, how to group the questions and the type of
calculation. The group types covered in the system are: (i) all questions of the
guestionnaire, (ii) by questionnaire section or (iii) group of questions chosen manually.
The following types were implemented in the calculation of the score: (i) sum up, (ii)
sum up and divide by the score and (iii) unite questions score. It is also possible to

define legends and percent values for the scores.

Integration with other systems

The answers collected and stored in the database were exported to a CSV file.

The data in the CSV file were organized according to the correspondent clinical study,
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the chronological order of the applied questionnaires, and their questions. The
structure of the file has the patient as a line and each one of the questions as a column.
The variables that represent the questions have a unique code generated by the
system, which is composed by the questionnaire code, the moment when the data
were collected, and the number of the question. The mechanism which creates the
variable code allows the same questionnaire applied at different times to generate

different variable codes.

Applicability and understanding of the use of the system

The developed system was evaluated by the Post-Study System Usability
Questionnaire (PSSUQ) which measures the user's usability and satisfaction in
relation to the system with 96% reliability [13]. The PSSUQ questionnaire has 19
questions and uses a Likert scale from 1 (strongly disagree) to 7 (strongly agree).

Higher scores indicate better ratings in all the scores.

The PSSUQ questionnaire produces four scores through the average of the
responses (i) overall satisfaction score (Overall): average of all the 19 questions, (ii)
system usefulness (SysUse): average of the responses to question 1 through 8, (iii)
information quality (InfoQual): average of the responses to question 9 through 15, and
(iv) interface quality (InterQual): average of the responses to question 16 through 18
[13].

PSSUQ was validated to Portuguese from Portugal in 2015 [14]. PSSUQ was
translated from English into Portuguese and Spanish by two independent translators
in each language. The translations were revised and compared by a third translator
both in Portuguese and Spanish and when there were differences in the text, there
was an agreement as to the best final version. A translator with English as native
language and without knowledge of the original version of PSSUQ performed the back
translation from Portuguese and Spanish to English. A committee formed by two
researchers assessed the back translation and compared it with the original version of
PSSUQ and, if necessary, adjustments were made in the final version of PSSUQ in
Portuguese and Spanish. The final version in Brazilian Portuguese was compared with

the validated version of Portugal Portuguese.

36



A minimum of five people are necessary to validate a system using PSSUQ
[15,16]. PSSUQ was answered by eight people of different ages and applied at two

different moments after inclusion into the platform of ten and twenty cases.

Results

The management of clinical studies and monitoring process is automated in a
system which is accessed through a website (Figure 1). Once the researcher has
logged into the website a schedule is displayed on the home page and also a toolbar
with another system’s features, according to the level of responsibility assigned to that
researcher. All the pending questionnaires related to the researcher’s clinical study are
grouped by patient and shown in the schedule (Figure 1). A click on the appointment

enables the researcher to have a detailed view of the questionnaires and deadline.

The system structure supports multiple clinical studies simultaneously and, for
each study, multiple research centers. The data collection process for several studies
with different questionnaires could be managed through this platform without crunching
the data. The website was self-adaptable according to the language of the researcher

in English, Portuguese or Spanish.

Clinical studies

The organization of clinical studies in the system was shown according to the
descriptive information of the study, the research center that coordinates the study, the
enrolled patients, and the participating research centers. The studies recorded on the
platform remain available on a list according to researcher permissions. All the
participating research centers linked in the study work together with the coordinator

center.

The research centers have an exclusive code used for identifying the center that
allocates those patients. The person who will be in charge of the research and inclusion
of the data was allowed access to the platform. Each center can have one coordinator
and one principal investigator. The security permissions and management of patients
in the process were controlled automatically by the system, since each of the patients
was restricted to a single research center.
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Another key part of the clinical study is the selection of the PROMs from the
previously registered questionnaires which will be used in that study to collect data.
The application of the questionnaire is designed according to the researchers’
preferences. The schedule (before and after the intervention), order of the
guestionnaires, application period, and the alert days (Figure 2) were defined. A data
collection schedule was created automatically for each patient enrolled in the study.
The pre or postintervention schedule allows the system to know which date, entry or
intervention, has to be used as a starting point to create the schedule according to the

days for application.

Schedules displayed in Figure 3 is a result of using the study design shown in
Figure 2. The result in Figure 3 was related to a Patient A with both entry and
intervention date on 2/3/2019.

Questionnaires

The questionnaire feature was flexibility, and it was possible to create and
record several measuring instruments in different health domains. Once the
guestionnaires were informed in the system, they could be used as many times as
necessary and reused in other studies. The researchers could modify the
guestionnaire structure (i.e. questions, alternatives, etc.) until no data were collected.
Questionnaire modifications were blocked by the system once the data collection was
performed, to avoid different answers. All the questionnaires recorded in the system

by the researchers were displayed on a list.

Some questions from the ODI questionnaire are shown in Figure 4 in English,
Portuguese and Spanish. Regardless of the questionnaire each question has the
option of recording your information in 3 languages, to be shown at a later moment of

data collection automatically according to the respondent’s language.

Patients
The patients are shown to the researcher according to their permissions that
were defined at the beginning of the study. Once the patient has been registered in the
study they cannot be removed, they can only have their situation modified. Besides the
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control for patient exclusion, it was not allowed to change the identification code, the
clinical study, and the research center responsible for that patient. In the patient’s
electronic form were displayed all the clinical visits and questionnaire schedules
created by the system.

Authorization and security management

The researchers receive one user and password that are associated with an
authorization profile. Researchers who coordinate studies had the user created
manually and, for those who work in a participating research center, the user was
created by an automatic form. Automatic creation of users is done when a new
research center has been registered in the system with an e-mail that was not
recognized in the database. The researcher receives an e-mail which is sent
automatically and contains information to access the system. According to the
permissions, the systems control the access among the researchers and allow specific

operations to be performed.

Active follow up

Every day an automated process was executed to notify by email patients who
have pending questionnaires to answer. The email is sent in the patients’s language

and has only one link which allows access to all questionnaires pending in that period.

It is not necessary to provide user and password to the patient answering the
guestions because the link has a security key embedded. Each of the notifications sent
has a link with a different security key, even if it is for the same patient. Regardless of
the number of questionnaires to be answered in that period the system sent only one
e-mail. Consequently, when the answers for one questionnaire are saved in the

database the system automatically starts the next questionnaire if there is one.

The patient answers the questions designed by the researchers in the
guestionnaires in his own language. One question is displayed to the patient at a time

according to the example in Figure 5.
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Even with the e-mail notifications to the patients the system sends an e-mail to
the coordinator and investigator for notification. A message of alert is automatically
activated and sent to the coordinator, principal investigator, and researchers
responsible for the patient when there are 5 days left to the deadline and the patient

has not answered the questionnaires.

The questionnaire’s access link becomes invalid the moment the data collection
has been concluded or when it was accessed in a period different from that designated
to collect the data. Both cases display messages informing about the situation. In cases
when the data are collected by printed questionnaires the researchers record the

information in the database manually.

Dashboard

The entire design of the questionnaire to collect data in the study was displayed
on the patient’s dashboard. Besides the questions informed in the questionnaire the
researchers provide parameters to allow the system to calculate the questionnaire’s
score. In addition to the score parameters researchers can inform chart legend and
specify the custom group of questions to be displayed in the chart. Using the informed
parameters, the system calculates the questionnaire scores in real time and displays
them in charts as shown in Figure 6. The X axis represents the moment of assessment.
The chart can be visualized directly in the system or it is possible to print or export it to
PDF.

Integration with other systems

Data export was performed through three steps and executed as many times as
necessary. The first step was the selection of the clinical study to export the patients’
answers. The wizard displays only those studies where the researcher is the principal
coordinator. The second step was the selection of the patients’ status to export. The
researcher can filter the following status: participating, dropout, study related death,
and death for another reason. The last step was the selection of the language for the
legend of the variables. The data were organized according to the plan of measuring

instruments. The system generates all the variables and places a blank value in
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unanswered questionnaires, and later when they have been answered and exported
again the value informed by the patients will substitute the blank value. It was not
necessary to have the previous CSV file to export again. The CSV file also has a list
with the meanings of each coding that identifies the variables with the name,

guestionnaire and the moment of collection.

Figure 7 shows an example of the structure and data of the exported file. The
first three variables were related to patient identification. After the identification there
were variables that correspond to each one of the questionnaires’ questions according
to their chronological order of collection. The legend of the variables in the language

selected in the wizard is displayed at the end of the file.

Applicability and understanding the use of the system

A total of eight users from the medical field evaluated the system, four
physicians and four medical students. The mean score for the general use of the
system was very well evaluated with the value of 6.1 and with a standard deviation
(SD) of 1.1. The mean subscales scores detailed per group and the standard deviation
are described in Table 1. There was no difference between the first and second

assessment, showing that the learning curve with the system is close to ten patients.

Discussion

The use of a custom-made electronic database for data collection is addressed
by works on different health domains [17-19] and essentially even if partially, they have
common features among them. The present digital platform is distinguished by
promoting a flexible and automated process that actively collects data for multiple
clinical studies for different health domains using a single system. The measuring
instruments may vary according to the purpose of each research, although the
researchers and physicians could freely and directly manage the questionnaires
[20,21].

The RedCap and the EpiData also allows a flexible use of questionnaires in data
collection [22,23]. This work differs from RedCap because it was multilingual and
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allows informing the questionnaire in English, Portuguese and Spanish, according to
the respondent’s language. In addition, the system uses the design of the study
informed by the researchers to automatically schedule and notify each of the patients
who was enrolled in that study. As mentioned EpiData allows custom questionnaires,
however its process focuses on the digitalization of the data that were previously
collected on paper questionnaires [23]. This work differs from EpiData by allowing the
collection of data directly by patients, physicians and researchers who can use the
system at the same time.

The collaborative activity performed using the network to exchange information
among research centers is timely, useful, and makes it possible to obtain the crucial
multicenter information that helps the decision-making, such as the National
Neurosurgery Quality and Outcomes (N2QOD) group and the ImproveCareNow
[24,25]. The system developed for the Evaluation of Integrated Cardiac Imaging
(EVINCI) study organized the researchers and multiple research centers, with different
localization and responsibilities, to work together with a database [26]. The
organization of the research centers in this work enabled collaborative work among
multiple health professionals according to custom responsibilities designed for each

study.

Besides the data collection, the system provides a dashboard, reminders for
completing the questionnaire, sharing and receiving automatically database
information, and integrating the data with statistical analysis software. The system did
not perform the statistical analysis, however it exports the collected data in CSV format,
which allows it to integrate with software like SPSS and Excel or use the data in other

programming languages.

Conclusion

The present system allows a friendly and flexible use of PROMs according to
the population, needs in practice and clinical settings. The platform promotes active
and direct data collection from patients and physicians in English, Portuguese and
Spanish. The questionnaires used in the study were created and maintained by
physicians. The time elapsed for data collection was defined according to the study
design. The dashboard displays the evolution of the outcome in real time by calculating
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the score of each questionnaire automatically. Due to the flexible nature of the system
and its process we believe that other health domains besides spine care, could use

the same system to collect data.
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Table 1. System evaluation using the Post-Study System Usability Questionnaire
scores.

Mean SD

Overall satisfaction 6,1 1.1

General System usefulness 6,2 1.1
Information quality 5,9 1.1

Interface quality 6 1.1

Overall satisfaction 6,3 0,4

Physicians System usefulness 6,6 0,3
Information quality 6,1 0,7

Interface quality 6,3 0,4

Overall satisfaction 5,8 15

Medical students System usefulness 5,8 1,5
Information quality 5,8 15

Interface quality 5,7 15
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Figure 1. System homepage view.

Clinical Indicators X
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Patient: CDAR1 (Example Study)
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Figure 2. Example of the questionnaires that compose the design of the study.
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Figure 3. Schedules created by the system for patient A.

Schedules

Questionnaire

State

Deadline

Individual who completes the questionnaire

Preoperative 7 days
Preoperative 7 days
Preoperative 7 days
Postoperative 30 days
Postoperative 30 days
Postoperative 60 days

Postoperative 60 days

Patient Information
Quality of life (5L)
Oswestry Disability Index
Quality of life (5L)
Oswestry Disability Index
Quality of life (5L)

Oswestry Disability Index

Awaiting
Awaiting
Awaiting
Awaiting
Awaiting
Awaiting

Awaiting

2/5/2019 until 2/15/2019

2/5/2019 until 2/15/2019

2/5/2019 until 2/15/2019

2/28/2019 until 3/10/2019

2/28/2019 until 3/10/2019

3/25/2019 until 4/14/2019

3/25/2019 until 4/14/2019
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Figure 4. Example of the questionnaire template registered in 3 languages.

Questionnaire: Oswestry Disability Index

Camm g e mamms s memam e wrs swmamaers s e s amamm e s e pa

Question +

» Section 1 — Pain Intensity:
» Section 2 - Personal care (washing, dressing, etfc):

Section 3 - Lifting:
i
» English: Section 3 - Lifting:

» Portuguese: Secdo 3 — Levantar Objetos:

Spanish: Seccion 3 — Levantar Objetos:

Title

Seccion 3 — Levantar Objetos:

Options (single choice)

Puedo levantar objetos pesados sin empeorar mi dolor.

Puedo levantar objetos pesados, pero eso empeora mi dolor.

El dolor me impide levantar objetos pesados desde el suelo, [
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Figure 5. Access to the ODI questionnaire in the mobile browser performed by
the patient.

@D W4 & 1053 Q@O Vwd4 m 1053

@® 192.168.0.103/IndicadoresCl (1)

@® 192.168.0.103/IndicadoresCl (1)

Oswestry Disability Index Oswestry Disability Index

Please answer this questionnaire. It was Section 1 - Pain Intensity:
developed to give us information about how

| have no pain at the moment
your back or leg problem has affected your

capacity to carry out everyday activities. The pain is very mild at the moment.
Please an-swer all sections. In each of them

. @ The pain is moderate at the moment.
check only the answer which most clearly
describes your con-dition today. The pain is fairly severe at the moment.

The pain is very severe at the moment.
PREVIOUS NEXT

The pain is the worst imaginable at the
moment.

PREVIOUS NEXT

< @) O < @) O
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Figure 6. Chart of the ODI score generated by the system for one patient in his dashboard.

ODI - Oswestry Disability Index

80
70
60
50
40
30
20
10
0L

Preoperative 1 days Postoperative 30 days Postoperative 60 days Postoperative 180 days Postoperative 360 days

I Oswestry Disability Index

Legends: ODI - Oswestry Disability Index

SCORING Description

0% until 20% Minimal disability
21% until 40% Moderate disability
41% until 60% Severe disability
61% until 80% Crippling back pain
81% until 100% Bed-bounded
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Figure 7. Example of a CSV file exported by the system.

A B C D E F G H | J K L
1T |CENTER PAC PACSIT ESLAL ESLA2 ESLA3 ESLA4 ESLAS ODIAL ODIAZ2 ODIA3 ODIA4 C
2 |CP CDAR1 1 2 1 1 5 2 4 1 3 4
3 |CP CDAR2 1 1 3 2 4 1 3 4 2 5
4 |CP CDAR3 1 3 2 2 5 2 2 2 5 5
5 |UCs EST 1 2 4 1 1 3 2 3 4 5
b
7 |LEGEND OF VARIABLES
8 |CODE DESCRIPTION
9 |CENTER Code of the research center to which the patient belongs
10 |PAC Patient code
11 |PACSIT Current situation of the patient in the studyl) Participating . 2) Dropout. 3) Study related death. 4) Death - another reason.
12 |[ESLA1 E5L - Quality of life (5L). Preoperative 7 days. Question 1
13 |ODIA1 0DI - Oswestry Disability Index. Preoperative 7 days. Question 1
14 |ESLB1 E5L - Quality of life (5L). Postoperative 30 days. Question 1
15 |ODIB1 ODI - Oswestry Disability Index. Postoperative 30 days. Question 1

—
[=n}

E5SLC1 E5L - Quality of life (5L). Postoperative 60 days. Question 1
oDIC1 0Dl - Oswestry Disability Index. Postoperative 60 days. Question 1

—_—
-

1
2

53



5 CONSIDERACOES FINAIS E PERSPECTIVAS FUTURAS

O processo criado e implementado através do sistema auxilia a coleta ativa e
gerenciamento de informagbes de forma automatizada, armazenando-as em
estruturas de dados apropriadas e interagindo com pacientes e pesquisadores em 3
idiomas. Este trabalho permite a utilizacdo de questionarios de diferentes dominios da
saude de forma flexivel, isto é, inseridos e alterados diretamente no sistema, além de
permitir um cronograma para coleta de acordo com o delineamento de cada estudo
clinico. Um feedback em tempo real foi proporcionado através do céalculo automatico
de pontuacbes dos questionarios coletados para exibicdo em graficos de

acompanhamento.

Perspectivas futuras:

= Agregar algoritmos de inteligéncia artificial diretamente no sistema
desenvolvido;

» Usar o sistema em outros em outros estudos clinicos que utilizem diferentes
tipos de questionarios;

= Utilizar o sistema como ferramenta para coleta de dados em um estudo clinico
prospectivo.
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ANEXOS

Nesta secdo se encontram os comprovantes de submissdo. Um referente ao
artigo da dissertacédo submetido a revista World Neurosurgery (ISSN: 1878-8750) e
outro referente ao artigo sobre a arquitetura de software submetido na revista
International Journal of Software Engineering and Knowledge Engineering
(ISSN: 1793-6403).

From: "World Neurosurgery” <eesserver@eesmail.elsevier.com>
Date: 12 July 2019 10:01:50 GMT-3

To: asdrubalmd@gmail.com

Subject: RECEIPT ACKNOWLEDGMENT

Reply-To: "World Neurosurgery" <WWNEU@elsevier.com=

*** Automated email sent by the system ***

Dear Mr. Asdrubal Falavigna,

Your submission entitled "Research electronic health record databases” has been received by World
Neurosurgery.

You may check on the progress of your paper by logging in, as an author, to the Elsevier Editorial
System. The URL is hitps://ees.elsevier.com/worldneurosurgery/.

Your username is: asdrubalmd@gmail.com
If you need to retrieve password details,
please go to: http://ees.elsevier.com/worldneurosurgery/automail_query.asp

You'll receive your official manuscript number by email shortly. Please use this manuscript number in all
future correspondence regarding this manuscript.

Sincerely,
Edward C. Benzel, M.D.

Editor-in-Chief
World Neurosurgery
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