Design of CardioScreener, a
hovel software for the study of
patients with inherited
cardiomyopathies

=

o
s

b

Director:Bart Bijheﬁs
_I(?‘RAU EN ENGINYERIA INFORMATICA

| \I\'I]ll I 1

Curs 20222023

111
1







Le dedico este trabajo a mi familia, la cual desde el principio me dio las alas para
encontrar mi propio camino.

1ii






Acknowledgements

My interest for computers and technology brought me to the university. However,

for me it was always easier to learn languages or history lessons rather than under-
standing mathematical concepts. This made me think that this degree might not be
the best for me. That is why I acknowledge these almost four years for showing
me that this is my place and for solving my question that I always had when I was
a kid: What’s inside a computer?

Also, I want to acknowledge the interesting people I met through this years, who
had enriched me in many aspects and the friends from around the world that I made
in this journey whom I have lived very nice moments.

Finally, I want to acknowledge my supervisors, Bart Bijnens and Josa Prats, for
giving me this opportunity to collaborate in a new software and guiding me through
this project.






Abstract

Inherited cardiomyopathies are diseases that have their origin in the myocardium,
where unusual electrical or mechanical functions appear. There are several causes,
however one of the most considered is the genetic factor of the patient. Therefore,
genetic data from family members is key to identify its origins and to detect other
possible cases inside the family.

The objective of this project is the creation of CardioScreener, a new stand-alone
clinical software for the study and monitoring of inherited cardiomyopathies. The
clinicians will have many tools to analyze and screen their patients individually
and to compare their health conditions.

The final design is the result of the considerations obtained from the literature and
from clinicians of different centers. This project includes a detailed proposal of
the front-end design and the back-end design. To conclude, in the future clinicians
could use this software for the study of inherited heart muscle diseases.

Resumen

Las cardiomiopatias hereditarias son enfermedades las cuales tienen su origen en
el miocardio, donde funciones eléctricas o mecdnicas inusuales aparecen. Hay
diversas causas, aunque una de las mds consideradas es el factor genético del
paciente. Consecuentemente, los datos genéticos de los familiares es clave para
identificar sus origenes y para detectar otros posibles casos en la familia.

El objetivo de este proyecto es la creacién de CardioScreener, un software clinico
independiente para el estudio y monitorizacién de cardiomiopatias hereditarias.
Los clinicos tendrdn herramientas para analizar y cribar sus pacientes individual-
mente y para comparar sus condiciones de salud.

El disefio final es el resultado de las consideraciones obtenidas de la literatura y de
médicos de diferentes centros. Este proyecto incluye una propuesta detallada de
los disefios del front end y back end respectivamente. En conclusion, en el futuro
los clinicos podrian usar este software para estudiar enfermedades hereditarias del
miocardio.
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Preface

The aim of my project has been to do the design of a new stand-alone clinical
software, CardioScreener. This software is the outcome of a research project on
hypertrophic cardiomyopathy conducted by the TransCOR (Translational Com-
puting in Cardiology) group in IDIBAPS (Barcelona, Spain) in collaboration with
Cardiology Care for Children (Lancaster, USA).

During this process this software has passed through the following steps. First,
I obtained the initial requirements from my supervisors and the clinicians that
would potentially use this new platform. Afterwards, I created several mock-ups
and iterated with my supervisors until a clear and convergent idea was achieved.
In addition, I could do a basic application in which I could rely on Josa Prats,
developer at TransCOR, to explain me how some of their platforms work. Fi-
nally, the project was shown to some clinicians which gave their opinions and
suggestions.

In addition, during this project I could adapt well to the medical field where I
could profit my computer science abilities to collaborate jointly with clinicians
and developers.
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1. INTRODUCTION
1.1 Background

Inherited cardiomyopathies are diseases related to the myocatdinrwhich
electrical or mechanical abnormalities occur. These irregularities can be due
to many different factors among which the most common ones are genetic [1].
Therefore, the study of this type of pathologies gives an important considera-
tion to inherited genetic information, which leads to the observation of the family
members of a proband patient.

In gure 1.1 from [2] we have an example of the steps to diagnose a type of car-
diomyopathy. In particular, everything starts with an individual that is suspected
of having a type of cardiomyopathy. Then, the clinicians evaluate using tools
such as pedigree trees, clinical tests and symptoms analysis. Depending on that
they de ne the diagnostic of the patient and they continue with further steps. In
the case of inherited cardiomyopathy is important the genetic factor because this
disease can be passed to the offspring.

Figure 1.1: General guidelines of HCM, a type of cardiomyopathy [2].

Moreover, the medical history of the patients and their relatives has a high rele-
vance. For example, some causes of death or ages of death in some members of
the family can be relevant in the study [3]. Thus, the data of the relatives have a
great impact in the treatment of inherited heart muscle diseases.

!See the glossary for a de nition of biological terms.
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Hence, normally the data of the closer family members such as the parents, chil-
dren and siblings are requested. The clinicians need to organize this collected
data so that it is easy to obtain information from it. Usually, the data is stored in
the medical record of the individual, however when studying members of a family
this can be inef cient.

One of the tools that | have been learning more about the project is the pedigree
tree like the one in gure 1.2 retrieved from [4]. These diagrams show the family
tree of a group of relatives in which known genetic data, health conditions and
relationships of each of the members are displayed.

Figure 1.2: Pedigree chart example. The symbols represent the sex of the relatives,
the squares are males and the circles females. Also, the black symbols show which
relatives are affected by a genetic mutation. The relatives that have a diagonal line
crossing are deceased.

1.2 Objectives

The aim of this project is to design the CardioScreener software for studying
cases of inherited cardiomyopathies that offers a faster and more ef cient way
of working to clinicians. Although the app was part of a research focused on
hypertrophic cardiomyopathy (HCM), it can be used for a wide range of genetic
diseases.

1.2.1 Main objectives

The main objective is to provide the clinicians with many tools to analyse and
monitor their patients individually. This application will be used in the future by
clinicians or students of medicine. The important features of the software are:

1. A patient dashboardto see general, genetics, biometrics, clinical synopsis
and family information.



2. Assess and predict the possible risksf the patient with varied tools such as
different calculators and guidelines from the literature. The user can clearly see
from the beginning which are the high-risk patients.

3. The user can see the evolution of the patient througimaline. It allows
a very precise tracking of thevents of the patient(visits, current and past
treatments, diagnostics...).

4. Creatingpedigree treesof the proband where the user can also compare the
genetic information of the initial patient versus other relatives.

Moreover, the technical features are:

1. This software is intended to wonkdependently of other programs.

2. Moreover, this software will beveb-based therefore it will not be necessary
any type of installation.

3. The software will beaccessed from anywhereand fromdifferent devices
such as computers and smartphones.

1.3 Chronogram

During this academic year, | have been designing the different parts of the soft-
ware with the help of my supervisors. At table 1.1 there is the advancement of
the project during the last 10 months. Firstly, they introduced me to the topic and
explained me the software that they had in mind. Then, during the rst months |
have been doing an initial design or mock-ups of the interface of the application.

Thus, | did a basic implementation to construct family trees graphically. For this
task | could use as a support the code of the Image Analysis Platform (IAP) which

it uses React.js for the Ul and MongoDB for the back-end. Due to that | learnt
to work in React.js, a Javascript framework that | had never used before. From
October to December of 2022 | have been learning React.js in this project, doing
also some trials in a separate and smaller project to understand the code and to
test different libraries for building the trees. In addition, | have been learning to
manage MongoDB collections and to import them to the framework through an
API.

Afterwards, from January to May of 2023 the mock-ups have been continued in
detail and more features and tools have been considered and discussed to add to
the application. In February | had the chance to explain the early prototype of the
software to a clinician from Hospital Clinic. Also, | could propose a name, logo
and the main colours of the app. The name that | thought is 'CardioScreener’
because it is a software related to study cardiomyopathies and | added screener
because it somehow includes the action of screening, that is, scanning patients,
and the action of displaying data.



Finally, in June | had the possibility to contact with some clinicians from different
centers to obtain their feedback about the application by sending them detailed

and explained slides about the app. Afterwards, they had to

Il a questionnaire.
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Table 1.1: Chronogram of the evolution of the project during the 2022-2023 aca-

demic year.



2. STATE OF THE ART
2.1 Previous work

The TFG "Development of a clinical interface for managing and processing fam-
ily data from patients with inherited disorders causing sudden cardiac death” [5]
is a project from 2017 and had the objective of creating an application that given
patients suspect of sudden cardiac death, it could create family relations among
them. This software provides the tools for visualizing and processing the clinical
data of the relatives by letting the user to construct genealogical trees. In this case,
the application was created to be compatible with Rocket App, a software created
by the UPF group PhySense [6].

During the rst months, this TFG has helped me to understand the work that |
was going to develop. From this TFG | could get an idea of the architecture and
design of the software, as well as an initial way of creating the code of the family
tree algorithm.

2.2 Cardiomyopathy software

Nowadays there are not many cardiomyopathy platforms available although there
is some interest in them. Aurora is a cloud-based Electronic medical record
(EMR) system by Boston Advanced Analytics [7]. It can manage cardiomy-
opathies and cases of IVF cycles. It has a speci c version of Aurora for car-
diomyopathies, which we can see in gure 8.2, that is capable of adapting to the
needs of the organization's infrastructure. It includes very detailed genetic data,
test results, pedigrees and clinical reports. Currently it is in the beta phase.

However, it lacks some features such as comparing health conditions of relative
members, the pedigree tree construction is not very intuitive and it offers a time-
line but it is small and has less details.

2.3 Hospital Management Information Systems

Hospital Management Information Systems are very powerful for handling the
data of a hospital which includes administrative and clinical management of pa-
tients as well as economic administration, products and services management and
much more. Speci cally, for patients it can handle demographics, the clinical
history, diagnostics, prescriptions, genetics, etc.

GNU Health [8] is a free-source health and hospital information system capable
of conducting several areas of a hospital and its patients. It has a speci ¢ section
for the genetic data ( gure 8.3) that has been very useful for having an example
of how the genetic data could be displayed in the application. Also, it has a

5



demographics dashboard ( gure 8.4) that in combination with other sections such
as lifestyle and patient evaluation have been pro table.

However, this software is not adapted to work with cardiomyopathies, therefore
relevant tools such as risk assessment, timelines and pedigree trees are not in-
cluded.

2.4 Timeline software

There are some apps in the market that offer to do timelines of any type. However,
| wanted to focus more on clinical timelines.

The study from 2019 of Ledesma et al [9] had the objective of evaluating the use
of timelines for improving the understanding of clinical data and the detection of
meaningful patterns. For their experiment they used the Health timeline, a simple
chronogram to review a medical history. Itis cloud-based and is part of My Health
Record [10]. The events in the timeline are grouped into rows and each event is
represented with a box. The timeline can be adjusted by zooming and panning.

2.5 Pedigree software

There are available on the market applications for building genealogical trees.
Progeny [11] is one of the most used pedigree software. It can be very useful for
creating complex trees and for organizing them. It is also capable of managing
the clinical data of the patients by using templates to add the patient's clinical
data. This software has an online free version that has less features, however it
has been helpful for having an idea of how to design the interface of the family
tree. Progeny is not a diagram software such as draw.io [12] or Lucidchart [13].
Instead, the user can create a tree answering some questions regarding the gender
and the name of the initial patient, the parents of this patient, the siblings of
this patient, etc. In addition, it also gives the possibility of creating a basic tree
composed of the initial individual, his parents and grandparents like the one in
gure 8.1a. Then, the user can start adding or removing members and editing
the data of the members. Nevertheless, Progeny software can be dif cult to use
at the beginning because the form to Il the family members can be tedious to
complete. Also, it can be challenging to include consanguineous relations in the
pedigree tree, which are also important for the studies.

Onthe other hand, Visual Paradigm Online [14] is a different program that is more
similar to a diagram software. In this case the user has to place the guresin a
diagram to draw the tree. However, if the desired tree is large, it will be tedious
for the user to draw it. In gure 8.1b there is a template done in this software.



3. CARDIOMYOPATHIES GUIDELINES

In order to create a user-friendly application, it is necessary to understand the
needs of the users and the usual methodology that they follow. The users of this
new software will be mostly clinicians that want to study a heart muscle disease
case, therefore it is important to know their guidelines and usual practices for
treating them. As the cardiac imaging research group of Hospital Clinic says "If
we know why things happen, we can x the problems.”[15] Hence, it is important
to understand their work so that our software can be useful for decision-making.

3.1 General guidelines

Cardiomyopathy includes a diverse group of diseases, the most common are hy-
pertrophic cardiomyopathy (HCM), dilated cardiomyopathy (DCM) and arrhyth-
mogenic cardiomyopathy (AC) [16]. The general procedure for cardiomyopathies
consists on perform a clinical evaluation that varies on the type of cardiomyopa-
thy. Then, they state a diagnosis that can lead to genetic testing to the initial
patient or to one of the relatives. Genetic testing is used to search for variants in
the DNA of the patient. It is only recommended in cases in which there is a high
suspect of an inherited cardiomyopathy or for patients that are in high risk due to
the detection of a pathogenic variant on one of his relatives [17].

3.1.1 HCM guidelines

In the case of HCM the clinical evaluation contains the study of the symptoms
and signs of the patient. They also include family history, ECGs, laboratory tests
and cardiac imaging. One of the most important factors to take into consideration

is age. Some diseases appear on neonates, others are more common during the
childhood and others during adulthood [2].

A relevant tool is the pedigree tree to visualize the diseases that had the ancestors
and might the younger generations develop in a certain future. It is recommended
to build a tree that has three to four generations [2]. It is important to notice
events related to HCM like sudden cardiac death (SCD), death of relatives before
50 years old, heart failures, implants, etc [2]. Afterwards, depending on the di-
agnosis, they can consider to do genetic testing to detect the speci ¢ gene variant
that is causing the disease.

3.2 Clinician work ow case

Fortunately, | had the opportunity to have an interview with a doctor from Hospital
Clinic to show her the software. During this interview | could also ask her about
the usual guidelines she follows for managing her patients.
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DoctorAngela Lopez Sainz is a researcher that works in the area of cardiac imag-
ing in Hospital Clinic. She has been the rst clinician to which | could explain the
project. In terms of functionality of the software, she explained that when con-
structing a pedigree tree, they tend to create a family tree of at least 2 generations.
She also mentioned that the cause of death is very important when studying the
patients, since it can be related to a cardiomyopathy.

Also, the links between relatives are not stated in the database, therefore they
have to search them themselves to have the relations. They might even have to
add family members to the database in case that they are not there previously. That
is why in the past they used to do the pedigree trees by hand, however nowadays
this is inef cient since they need them to be digitally available and there are better
digital resources that improve the work. She commented that recently they started
to use Progeny app, however she said that it is not very intuitive for them because
they get confused when they start to build the tree.



4. APPLICATION DESIGN

The software design has been the main work of this project. This has been very
important for having a clear idea of the features of the platform, the functional
and non-functional requirements of it and the overall interface design.

4.1 Requirements

At rst, my supervisors explained me some general requirements that wanted

in the program. Then, at the important sections they wanted to add more fea-
tures, therefore | decided to divide the requirements into the relevant aspects of
the platform. These sections will be described in more detail in the mock-ups

explanation.

4.1.1 Functional requirements

The 8.1 table shows the functional requirements of the software. This require-
ments are focused on what the system will do and for what purpose it will be
used. In general, it will be necessary to consider a clinical user that could be a
doctor or a student of medicine. Also, the family trees and the timeline will be
important to show them in the software and they should be modi able. It is im-
portant to mention that | could implement the requirements regarding the family
tree. Therefore the requirements marked in green are the ones that | could imple-
ment in the basic project previously mentioned. The ones marked in yellow have
not been implemented but they have been considered in the design. Finally, in
red there are the requirements that could not be implemented and not added to the
design.

4.1.2 Non-Functional requirements

In table 8.2 we have the non-functional requirements. The non-functional re-
guirements are related to how it should be implemented. In principle it has been
considered to develop it similarly as IAP, that is, on Javascript using React.js for
the interface and MongoDB for the back-end. Also, it will be web-based without
need of installations. Important considerations regarding the pedigree tree and the
timeline are that they should be dynamic and be able to support complex data. For
example, the tree should be able to build correctly a tree of at least 4 generations.
For the non-functional requirements | decided to mark green the ones that | could
implement in the basic implementation, yellow the ones that | worked partially
on it and red the requirements that | could not implement. In this case | think it is
more important to mark what it has been tried to implement rather than indicating
if it is in the design because normally non-functional requirements have a weak
relation with the design.



4.2 Mock-Ups designs

The design of the mock-ups include all the views of the software and the interac-
tions that the users can do.

4.2.1 Patientlist view

The initial view ( gure 4.1) is the list of patients, where the user can choose a
patient to study. The data that is displayed in each row is relevant for nding
the patient that the clinician wants to study.Also, there will be a search bar and
Iter options to help the user. Moreover, the colours of the rows determine the
type of risk of the patient. The red rows mean that the patient has a high risk
which is determined based on risk factors and guidelines from the risk assessment.
Clicking a row leads to overview of the patient.

Figure 4.1: Patient list view mock-up.

4.2.2 Overview view

The overview ( gure 4.2) contains the personal data, genetics data and a timeline
of the patient's events. Also, the pencil icons let the user edit or add new data,
opening a new window to add the data. Each component in the view is:
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» Genetics It contains the names of the genes. By clicking the information
symbol an overlay will be displayed with the information of the genes. It will
be divided into gene name, clinical signi cance, variant and condition. GNU
Health has been helpful to have an initial idea of the design.

» Clinical synopsis The diagnosis of the patient, added by a doctor. The back-
ground of the text can be in different colours depending on the risk of the
patient.

» General data It includes the available data that can be used to identify the
patient such as the name, age, identi cation numbers of the patient (hospital
IDs, DNI, ...), phone number, email and more.

» Biometrics: It includes physical characteristics of the patient such as gender,
weight, blood type, etc.

» Family: It includes the available names and ids of the mother, father and chil-
dren of the patient. Also, it is marked if they are carrier.

Figure 4.2: Overview view mock-up.

4.2.3 Edition views
Moreover, the pencil buttons of the overview lead to an overlay to edit or add new

data. An example is marked in magenta where after clicking the pencil icon next
to biometrics, the next overlay in gure 4.3 can be seen.

11



Figure 4.3: Biometrics overlay mock-up.

Also, at gure 8.5a we can see the overlay that is displayed on top of the overview
to add or edit data of the patient. Also, there would be an eye button to check if the
identi cation number of the patient exists. At gure 8.6a we can see the genetics
overlay. In here the user can add new genes by checking if they already exist in
the database. Then, if they exist, they will be added to the table with relevant
characteristics. Those are variant, clinical signi cance and condition. Moreover,
the list of genes shows only the name. If the user wants to see more information,
he can click the red button next to the name to see it. Then, the display of 8.5b is
shown. Finally, there are the timeline events ( gure 8.6b). The user has to click
one of the plus buttons next to the names of the events. Then, the user can create
a new event. He would have to add the date of the event, the doctor involved, the
description, the type of event and optionally the clinician could upload les.

4.2.4 Risk assessment view

This view is useful for monitoring the risks of the patient. At the left ( gure 8.7a

) it contains decision tree forms to obtain a qualitative decision about which could
be the best treatments for the patient and which are the best actions to take. The
decision tree (4.4) will be done automatically until there is not enough evidence
to follow a certain path. This functionality could be achieved by using prediction
models. Also, there will be a diagram representing the guideline that will show the
current decisions taken, thus the path chosen. Moreover, at the right ( gure 8.7b)
there are also risk calculators for predicting the probability of suffering a type
of disease and for giving the probability of having a certain risk. The calculator
(‘gure 8.8) can be automatically completed if the data is available.

12



Figure 4.4: Risk assessment view. At the left completed decision-tree form. At
the middle decision tree guideline with the path marked in blue. At the right the
calculator.

425 Timeline view

In addition, the timeline ( gure 4.5) shows the events of the patient during time,
offering a visual clue of the patient's condition. They are also divided into type of
events. In the timeline view the events can be seen in more detail. The events have
been designed in this manner because it was important to distinguish between
facts that happen just one time, like a visit or an intervention and events that
can last during a certain period of time such as diseases or genetic mutations.
In addition, clicking an event the description and attached les of this event are
shown at the bottom (. gure 8.9a). Also, by selecting a le, a preview of it can be
seen (.gure8.9b). The events are the following:

» Diagnosis This event contains the events related to diseases and genetic muta-
tions. The diseases are classi ed into chronic and acute. Chronic diseases have
a large duration, they can last for years. Acute diseases only last for a short
period of time.

» Treatment: Is divided into interventions, devices and medication. The inter-
ventions include surgeries and procedures. Devices contains medical devices
that can be implanted in the patient. Once implanted they can have a chronic
duration. Lastly, we have medication, this event shows the medicaments and
drugs that the patient was prescribed.

13



» Contacts This event displays the visits the patient had and will have, including
the doctor that treated him, the date and a description of the visit. The contacts
are important because after them, the doctor creates a treatment for the patient,
if necessary.

« Administrative : This event can include the consent or not of the patient to
certain treatments, such as genetic testing.

Figure 4.5: Timeline view mock-up 1.

4.2.6 Family tree views
Then, there is the family tree part, which has two main views. The rstone ( gure

4.6) is the view for building the tree, at the right there is a form ( gure 8.10a) to
construct the tree.
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Figure 4.6: Family tree edition view mock-up.

Also, the clinician will probably be interviewing a patient while creating the fam-

ily tree, therefore the form has been adapted so that it is easy and fast to complete.
At the top left of the view we have the legends ( gure 8.10b) . The leftmost is
the legend of pedigree symbols for knowing the meaning of the most common
symbols in the family tree. Then, the rightmost legend is the genetic legend, this
legend is used for showing the clinical signi cance of a gene variant. Normally,
the name of the gene is written in a colour that represents it, for example a gene
with red font means that is pathogenic. Once the tree is constructed, the clinician
can click the 'done’ button of the right top to go to the navigation view.

The second view ( gure 4.7) is dedicated to navigate through the tree. This view
shows the genetics, demographics and diagnosis of the proband. The genetics
section has a list of the genes related to the individual. For each gene there is a
drop-down that can be opened to see more details. In the navigation, the user can
click a relative of the initial patient part of the family tree to see his information at
the left. In this way, the clinician can compare the health conditions of the family
members vs the initial patient.

15



Figure 4.7: Family tree navigation view mock-up.

4.3 Use case and activity diagrams

The use case diagram shows the actions that the users can do in the app and a
general view of the steps to perform the possible tasks. Also, | have added two
activity diagrams of the family tree views to show the process of creating and
navigating.

4.3.1 Use case diagram

The gure 8.11 shows the functional requirements of the program and the interac-
tions with the different actors of the system. To enter the app the user needs to be
registered and for that another actor, the system administrator, needs to create an
account to the user. Then, the user can perform the use cases of editing or adding
new data, creating or editing a pedigree tree, navigating the tree, visualizing the
timeline, adding events to the timeline, checking the risk assessment, etc.

4.3.2 Activity diagram 1: Family tree construction

Figure 8.12 shows the steps to construct and save a family tree.

4.3.3 Activity diagram 2: Family tree navigation

In gure 8.13 we can see the steps to navigate through the pedigree tree.
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5. SOFTWARE DEVELOPMENT

Although the design of the interface required some months, | could also design
the architecture of the entire software and implement a basic application to cre-
ate pedigree trees. The program language used to do the basic implementation
was JavaScript, in combination with Node.js for server-side and for client-side
React.js in combination with other libraries. | had to acquire new knowledge
regarding Node.js, React.js and its functionality, which has been interesting and
practical for implementing this software. It is important to mention that this is a
proposal of how the implementation could be done and other options in combina-
tion (or not) with this one could also be considered in the future.

5.1 Image Analysis Platform

The Image Analysis Platform (IAP) is a cloud-based platform for clinicians that
is currently being developed at IDIBAPS, by the TransCOR group. Itis used to
perform segmentations and extract measurements from different types of ultra-
sound (US) images. This platform has been helpful as a support for having an
internal structure of the basic project and for the creation of the GUI.

5.2 CardioScreener architecture proposal

The design proposal of the system can be seen in gure 5.1 which comes from the
basic implementation in which | had been working. In the future it could be used
as base design and further advanced. At the client-side, the GUI is displayed by
React.js. Also, in the case of the family tree, there is a component that uses d3.js
to create the trees graphically. The events made by the user are managed by Re-
act.js which answers updating the view. Then, at the server-side Node.js controls
the requests from the client-side to obtain data from the database. The client-side
cannot access the MongoDB database to do modi cations. The database is con-
nected through a REST API connection that it will be explained with more detail

in the incoming sections.

Figure 5.1: Architecture design proposal of CardioScreener.
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5.3 Front-end development

This section focuses on the creation of the GUI and the tools involved.

5.3.1 React.s

As mentioned previously, the application is coded in React.js [18]. This is a
framework of JavaScript that can mix html code and JavaScript code. Then, when
compiled, it creates an interface that can be opened in the browser. | have not
programmed in React.js before but | found it very practical because in the past |
had to manually create the html le and using React.js it is not necessary.

5.3.2 d3.js

The pedigree trees were graphically implemented with d3.js [19] library. This
stands for Data-Driven-Documents. | found this library in the TFG [5] mentioned

in the state of the art and after doing a bit of research | ended up using d3.js
because it is free-source, the code was easier to understand than others and it has
some examples of graphical trees that | could use.

5.4 Back-end development

This section is going to focus on the organization of the client-side requests, the
APIs connections for accessing the database and the characteristics of the main
datasets acquired.

5.4.1 Node.js

Node.js is a Javascript runtime environment that during the past years, it has been
very popular because the programmers can code in Javascript the front-end and
also the back-end when using it [20]. The whole application has been imple-
mented on top of Node.js that gives the basic structure to manage HTTP and API
calls as well as to handle Javascript frameworks like React.js.

5.4.2 MongoDB

The datasets have been stored in a MongoDB database. This database is a NoSQL
database that is document-oriented [21]. In comparison with SQL databases, it
offers more exibility in terms of how the data is stored and the type. Instead

of storing the data into tables with rows and columns with the same datatype, in
MongoDB everything is stored into collections which contain documents. These
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documents are BSON les that the apps can open in JSON format. In the case of
the datasets that | used | have created a local database to add the patient's dataset
and later on the genetics dataset. Both datasets used are inside a local MongoDB
database where they are represented as collections. This means that each patient
inside the patient's collection is a document and it has its own identi er.

5.4.3 FastAPIl+uvicorn

FastAPI is a Python web framework that can be used to create REST API connec-
tions [22]. My co-supervisors, Josa Prats, recommended me to use this Python
framework to connect the data from my local MongoDB database to the IAP. |
could create a Python script that uses FastAPI to manage the methods and a uvi-
corn [23] web server to serve and load the data. The Python script allows to open
my MongoDB database, obtain the collection of the patients and create a post
method to send data to the server, thus obtaining an API to link the data with the
application. Then, from my project | could set a post method to receive the data
through the API port.

5.4.4 Datasets
Patient dataset

At the beginning of the project, | searched a dataset that had links between rel-
atives so that it would be easier to work later on. This dataset comes from the
paper [24] where each individual, here considered as patients, have a unique ID.
It contains useful data such as the gender, age, ID number of their parents and it
also has family number ID for each patient.

Genetic dataset

In the mock ups it was explained that the pedigree tree has to be able to show
genetic information. In addition, it is also necessary to have a search tab to nd
genetic data. Therefore, | had to search a genetic dataset or ontology. During the
search | found GNU Health and its genetics view. This has helped me to solve
some doubts about how to organize well this type of data. Also, the meetings
with Bart were important to choose the correct dataset for this project. Finally,
the dataset that | found was the one in alliancegenome.org. It contains a large
number of genes with a description of them and other type of data.

Database structure proposal

The nal database proposal is composed of several collections. In gure 5.2,
we can see the collections and the structure of their documents. The choice of
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