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Introduction

This theme belongs to the context of research and development for the field of
university students learning/studies.

Medical students often, if not always, seek to learn through the diagnosis of clinical
cases because it is the best way to explore the acquired knowledge in a semi-applied
way. However, the only current way is to go to the hospital, read books and handouts or
use e-learning platforms. This will make the learning process harder and unorganized,
especially with the big number of sources, since students will search for learning
resources in different ways (books, e-learning platforms, etc). Thus, a place that
regroups the majority of the content that can be found in these resources is required. The
objective of this work is to develop an API [1] allowing in the first place the easy
sharing of clinical cases. In addition, this API can be extended to allow searching by
keywords or by semantic similarity in order to have more relevant results. The main
purpose of the proposed API is that it enables the user to find semantically similar
clinical cases to a provided query string. And thus, it helps the student search and locate

relevant information quickly and easily.
Dissertation organization

e In chapter 1, we present some state-of-the-art mobile applications, websites and
platforms available on the internet used by medical students for studying. Each
application is described concisely. To conclude the chapter, a comparison between
these applications’ features is made.

e Chapter 2 summarises what automated document classification and document
retrieval are. Also, we highlight the most popular machine learning methods related
to Information Retrieval. Particularly, we discuss word2vec which is the Deep
Learning algorithm that we use in order to obtain a semantic representation of the
clinical cases.

e In chapter 3, we will showcase our contribution to this work. First, we give the
conception of the API and an example client application that consumes our API.
Thereafter, we present the tools and technologies that were used during the
development. And at the end of the chapter, we explain how to use this APl (API

calls, etc).



To conclude this work, a general conclusion and some perspectives are given for

future optimizations.

10



11



Chapter I: State of the art
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1 Introduction

In this chapter, we will summarize a non-exhaustive list of the different available
applications used by medical students, starting with medical mobile applications and
after that medical websites then medical platforms and provide a comparative study
between their functionalities.

2 Mobile applications

2.1.Lecturio Medical Education

Lecturio Medical Education is an application that helps medical students and
medical practitioners to study in an effective way but also to prepare for their board
exams such as NBME, USMLE 1 & 2 CK, etc [2] [3].

The application provides many ways to learn, such as quizzes, video lectures that
can be later added to a custom playlist but also an integrated medical concept library
which summarizes different medical topics. Furthermore, the user can study on his own
pace by downloading slides on his smart phone and reading them in offline mode. This
application covers the medical part of the Lecturio platform which discussed under

Medical platforms section.

2.2.Prognosis : Your Diagnosis

Prognosis is designed to improve the diagnostic skills and decision making by
solving clinical case studies where each case is followed by a comprehensive discussion
of the diagnostic reasoning, as well as key learning takeaways [4] [5]. The interactive
clinical cases combined with a game-like design make learning new skills in short time

easy.

2.3.AB-QCM (Résidanat)
AB-QCM is an Android application that helps medical students prepare for their
externship and residency medical exams using MCQs. The student can have a general

overview of his progress [6].

The MCQs as well as the clinical cases are classified by subject and course which
allows the student to be more organized in his study. To get access to the whole content
(more than 50,000 MCQ and more than 20,000 clinical cases) included in this

application, an annual subscription is required.

13



3 Medical websites

3.1.ESPACE DES ETUDIANTS EN MEDECINE

The main objective of the site is to create a space for exchanging and sharing
knowledge in the medical field [7]. Medical students are allowed to share university
lectures, previous exams, practical courses, links to other medical applications or
websites and any educational materials. Some courses are only dedicated to study

clinical cases.

3.2.Medscape

Medscape is the leading online global destination for physicians and healthcare
professionals worldwide, offering the latest medical news and expert perspectives;
essential point-of-care drug and disease information; and relevant professional
education and CME [8].

The platform provides a large set of well detailed clinical cases simulations,
interactive diagnostic modules and MCQs to help the student improve his diagnostic
and decision making skills. A network called Medscape Consult [9] is available for the

members to share their knowledge or ask for help about a given case or topic.

3.3.MSD Manuals
The MSD Manuals is a medical information source covering thousands of topics in
all fields of medicine. They are offered as a free public service to health care

professionals and the general public [10].

The professional version [11] dedicated to healthcare professionals and medical
students has a rich, well explained content such as 3D models, figures and video
lectures but also quizzes, topics discussions, detailed case studies and other useful

resources.

3.4.PassMedicine

PassMedicine is a website dedicated to both students in the early years and finals of
medical studies as well as eligible doctors, to review subjects for their university exams
or prepare for high-stakes medical exams such as USMLE, UCAT, AKT and others
[12].
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With thousands of configurable questions in the form of SBA questions
accompanied by notes and explanations, and medical facts represented in the ANKI-
style spaced repetitions or in flashcard style, the user can study the way he wants. Also,
a histogram based on other candidates’ results is available for each user so he can see

his ranking and determine if he is ready to take his exam or not.

4 Medical platforms

4.1. AMBOSS
AMBOSS is a medical platform that provides powerful learning and clinical tools
for those pursuing a medical career, whether they are still students or they are already in

the field. It aims to empower all doctors to provide the best possible care [13] [14].

Among many tools, an extensive medical library of clinical articles covering all
systems. This library has a rich set of functionalities including the high yield mode that
helps getting info with the most high-yield in an article. The user can create custom
question bank sessions that are based on clinical case studies based on many criteria
such as difficulty, discipline and others. Afterwards, he can take these sessions in study
mode or in test mode where the latter adds time constraints to simulate a real exam.
Additionally, a performance analyzer which exploits the results of the user to give study

recommendations is available.

4.2.Lecturio

Lecturio is a medical learning platform meant to enable users to achieve the
mastery of medical/nursing concepts [15]. For medical students, Lecturio provides two
learning paths with pre-configured schedules: board exams for specific exams like
USMLE and subject exams that cover general medicine, pathology, pediatrics,

microbiology, neuroscience, etc.

No matter if the student enrolled in one of the paths or not, a set of videos with note
taking functionality accompanied by quizzes, spaced repetitions, articles from the
concept library are available in addition to a question bank of clinical cases with text
and video explanations. Among other useful tools we have the interactive 3D anatomy

models and the bookmatcher which helps finding relevant video lectures faster.

15



4.3.0smosis

Osmosis is a rich health education platform for students in the fields of medicine,
nursing, dentistry, pharmacy and other healthcare professions but also for those who are
not in the medical field, like patients [16]. The platform provides a library containing
2000+ videos covering a wide range of topics, in addition to flashcards powered by
spaced repetitions and case based questions including detailed explanations of correct

and incorrect answers written and reviewed by medical and health professionals [17].

The user can also build and share their custom playlists, flashcards, questions
quizzes and high-yield notes and also assemble a deck of previously built flashcards or
even create workspaces. Workspaces are used to store in an organized way quizzes,
flashcards, documents uploaded by the user and private notes and it is possible to invite
other peers to collaborate with them.

4.4.Radiopaedia

Radiopaedia is a rapidly growing open-edit educational radiology resource that has
been primarily compiled by radiologists and radiology trainees from across the world.
Its mission is to create the best radiology reference, and to make it available for free
[18].

The platform focuses mainly on articles and cases but it also offers courses and case
quizzes. Except from courses, all other resources can be shared. The user, following
certain guidelines and rules, can create his own articles, cases, cases playlists and
MCQs then share, edit or delete them. Cases created by the user can be linked to
existing articles. Furthermore, since it is an open edit platform, it is possible to edit
existing articles. The majority of Radiopaedia courses need to be purchased but
individuals in specific low or middle-income regions can apply for free access to these

courses.

4.5.Medmastery

Medmastery is a video based learning platform with the goal of helping medical
professionals improve their clinical skills. In addition to doctors, Medmastery can be
used by doctors in training, medical students, nurses, paramedics and other healthcare

providers [19].
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Plenty of courses are available with a content varying from mini/essentials to
masterclass. Each course is divided into chapters and is accompanied by downloadable
handbook(s). Each chapter of the course is presented by short videos and concluded by
a quiz to test the acquired knowledge of the user. Since the platform uses a case-based
approach [20], the user can practice with interactive quizzes and real world case

workshops.

The user can also read the proposed articles to build his skills and improve his
clinical decision making. Some of these articles are literature reviews while others are

tutorials or clinical guides.

Table 1.1: Comparison of features of mobile applications, websites and platforms

Authentic

ate to access caSs,zsre alég;gree
cases

Lecturio Medical Education Yes No No
Prognosis : Your Diagnosis Yes No No
AB-QCM (Résidanat) Partilly No No
ESPACE DES ETUDIANTS EN No Yes Yes
MEDECINE

Medscape Yes No Yes
MSD Manuals No No Yes
PassMedicine Yes No No
AMBOSS Yes No No
Lecturio Yes No No
Osmosis Yes No No
Radiopaedia No Yes Yes
Medmastery Yes No No

As we can see in Table 1.1 above, illustrating the features of the mobile

applications, websites and platforms we have mentioned. The majority of these sources

17



do not allow their users to share new cases. In addition, the users are invited to
authenticate to access certain existent cases and to make a paid subscription to get
access to the rest of the cases. Of course, a paid subscription is not possible for all

students.

5 Conclusion

In this chapter, we presented some of the most useful online resources available for
medical students. However, these resources are limited for multiple reasons.
Particularly, searching for similar clinical cases is either unavailable or minimal.
Furthermore, students are usually unable to share valuable clinical cases. In the next
chapter, we discuss machine learning algorithms useful for text summary that we will

use for our API to enable searching for clinical cases.
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Chapter Il: Automated document

classification and document retrieval
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1 Introduction

The automated process of document classification is used to aggregate documents
that are similar based on criteria such as date, topic, author, etc. by assigning them a
category, also known as label, to make their retrieval easier later. As an example,
classification can be accomplished using machine learning algorithms that can be
divided into four families: supervised, semi-supervised, unsupervised learning and
reinforcement learning. We are interested in supervised and unsupervised learning
algorithms and how they can be used to classify documents and measure similarity
between them. First, we give a brief explanation of supervised learning and

unsupervised learning. Then, we explain some machine learning algorithms.

2 Supervised Learning

Supervised learning is an approach of machine learning where the training of the
model is done via a labeled dataset (the inputs and the correct outputs are know
beforehand) [21]. The training datasets help the algorithm to adjust the parameters of
the model, known as weights, by calculating the difference between the output we get
from the algorithm and the expected result provided beforehand. Some common
algorithms relying on this approach are: neural networks, support vector machines

(SVM) and linear regression, etc.

3 Unsupervised Learning

In this approach, unlike supervised learning, an unlabelled dataset is passed to the
algorithm and the observations are grouped by the algorithm based on the structure of
the dataset [22]. Usually, the observations are classified based on some similarity
measurement such that observations belonging to the same category are close to each

other.

One of the common and popular unsupervised learning algorithms is the K-means

algorithm. The clustering process using K-means is explained below:

At the beginning, the number of clusters is set to K with K roughly the number of
expected categories in the dataset. Afterwards, if we have N observations, there will be

K clusters and K cluster heads. To do so, the following steps are followed:

1. Choose the initial K cluster centers randomly.

20



2. Assign the observation to the cluster with the nearest cluster head based on the

Euclidean distance between the observation and the cluster head.
3. For each cluster, compute its gravity center and assign it as the new cluster head.
4. Repeat step 2 and 3

Steps 2 and 3 are repeated until no observation is assigned to a new cluster. If all
observations remain in the same cluster between the iteration x and the iteration x+1
(i.e. the centroids of iteration x and the centroids of iteration x+1 are the same) we
consider that the algorithm converged and the cluster heads given by the algorithm are
the model that will be used to determine the how to classify new observations. In
document retrieval, the cluster heads are subjects in the document dataset.

4 Machine learning algorithms

4.1. Term Frequency Inverse Document Frequency
TF-IDF is a technique of data modeling that computes a weight for each word

which indicates the importance of the word for a given document within a corpus [24].
Terminology:
® t:term (word)
e d : document (set of words)
e N : total number of documents in the corpus
e corpus : the complete document set

Term frequency: local frequency of the term. In other words, the count of the term

t in the document d.
e TF(t,d)=countoftind.

Inverse Document Frequency: it measures the rarity of the term in the document

set.

e DF(t) = count of documents containing t in the corpus.
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N
log 7)
e IDF(t) = DF(+1/ - inverse document frequency in the corpus.

By multiplying the TF(t, d) by IDF(t), we get the TF-IDF score represented below:

TF(t,d) x I DF(t)=count of t ind x Iog(L)
TF-IDF(t, d) = df(t)+1
The higher the TF-IDF(t, d) score, the more important t becomes in d. Otherwise, t
is less important in d. Another way of putting this is that a term t is important in a
document d if it is repeated a lot in that document d and rarely encountered elsewhere
in the corpus. Thus, words that appear with a high frequency in all documents of the
corpus are down-weighted. The model produced by TF-IDF is each term and its

importance in the document represented by a weight:
[{t1, tf-idf(t1, d1)}, {t2, tf-idf(t2, d1)}, ..., {ti, tf-idf(ti, d1)}]

Once the documents are represented by a vector of weights, to measure the
similarity between two documents d1 and d2 represented by the vectors v1 and v2
respectively, we compute the dot product of v1 and v2. Essentially, we get a scalar that
shows how similar two documents are. The higher the value of the dot product, the
more similar they are. In other words, there are terms in common that are important in

both documents.

4.2.Word2vec

Word2vec is a Deep Learning algorithm that takes a text corpus as input and gives
a vector representation for each word in the text corpus. The produced vector
representation is a semantic description of the word such that words that are similar
have a cosine similarity close to 1. Similarly, words that are semantically opposite to
each other have a cosine similarity close to -1. Compared to other word vector models,
such as one-hot-encoding, the word2vec representation relies on the word context and
produces a meaningful representation. First, the text corpus must have been pre-

processed before passing it as input to the algorithm. The pre-processing involves
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lowercasing words, removing punctuation marks such as commas, removing stop
1
words , etc.
For example, if we want to measure the similarity between two words w1l and w2
represented by 2 vectors v1 and v2, we will calculate the cosine of the angle between
the two vectors v1 and v2. The two words wl and w2 are more similar if the cosine of

the angle between v1 and v2 is higher.

Word2vec can utilise either of two model architectures proposed by Mikolov et al.

in [25] to produce a distributed representation of words:

e Continuous bag-of-words model: predicts the middle word based on
surrounding context words. This architecture is called a bag-of-words model as

the order of words in the context is not important [26].

e Continuous skip-gram model: Predicts, in the same sentence, words before and

after the current word [26].
These two models are illustrated in Figure 2.1.

INPUT PROJECTION OuUTPUT INPUT PROJECTION OuUTPUT

wi(t-2) wit-2)

SUM

\V

wit+1)

wi(t+2)

cBOwW Skip-gram
Figure 2.1: Graphical representation of the CBOW model and Skip-gram model

Note. From “Exploiting Similarities among Languages for Machine Translation,”
by MIKOLOV Tomas, LE Quoc V., and SUTSKEVER llya., 2013, arXiv preprint
arXiv:1309.4168, p.3 [27].

1
Common words that typically appear in any text are called stop words. They tell us little about
the data we have, so we remove them. E.g.: coffee or tea is fine for me-> coffee, tea, fine.
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4.3.GloVe

GloVe (Global Vectors) is a count-based unsupervised learning algorithm. It takes a
matrix of word-word co-occurrence as input and uses the non-zero entries to train and
give meaningful word representations as output. Each entry represents the co-

occurrence counts of a word with another word in a given context/corpus [28].

5 Conclusion

In this chapter, we review relevant machine learning algorithms that can be used for
text summary. We will particularly use word2vec? and clustering® for clinical case
retrieval in our implementation. In the next chapter, we proceed to document the

specific details of our implementation.

2 Because word2vec gives a semantic representation of the document that can be used to later to
retrieve similar documents
3 Because user queries and cases inserted by the user are not labelled/classified previously
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1 Introduction

After summarizing the machine learning algorithms relevant to our project, this
chapter presents and describes the APl we proposed in response to the problematic we
are interested in. First, we start with mentioning the requirements. Next, we present the
conception. After that, we pass to the implementation. Then, there is the API
explanation in addition to some screenshots of an example client application. In the
following sections, by doc or document, we generally refer to the clinical case or to its
description (according to the context). For example in the expression: “document

representation”, document refers to the description of the clinical case.

2 Requirements

In this section, we will mention functional and non functional requirements.
2.1.Functional requirements

e Sign up.

e Signin.

o Search for clinical cases.

e Access clinical cases.

e Share new clinical cases.

e Manage clinical cases.

e Manage users (admin only).
2.2.Non functional requirements
e Performance.

o Availability.

o Usability.

3 Conception

In this section, we will use UML [29] diagrams such as use case diagram to present
the most important use cases of the actors interacting with the client application that
consumes the API. Moreover, we use sequence diagrams to illustrate the chronology of
some use cases and class diagram to give the classes participating in this system and the

relations between them.
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3.1.Use case diagram
As shown in Figure 3.1, there are three actors: User, Authorized user and Admin-
where Authorized user and Admin are actors with more privileges than the simple user

represented by the actor User.

1. User can:
e Sign up.
e Signin.

e Search case(s).
e Access case.
2. In addition to the use cases of User, Authorized user can:
e Share new case.
e Manage case (update or delete case).
3. In addition to the use cases of Authorized user, Admin can manage the users

accounts (update user account or delete user account).

In the use case diagram, by case, we mean clinical case. Furthermore, the use case
‘update user account’ of the actor Admin doesn’t mean that the admin can update every

setting in the account. It means that it can allow or deny the user to share new cases.

l clinical cases api

J manage case

<=Primary=>

Authorized user %/
o/ ———— " share new case i
.f"’
.ff'
.f"
-

ssincluder= e

Consfraint i

delete case
- ifUserusemame ==
. ClinicalCase sharedBy !
thenticate ) ge user
. account FAN
<includes> <=Primary>
|

Admin
delete user update user
account account

Description AN Description b

Y
\.
Y
',

<<Extend=> .
,

\.\ <<Extends>

M,
sedarch case(s) "
" — \'\

o

4

aCccess case

.| Accessing the case can authorize/
<<Primarys» be directlyfrom the home unauthorize userto
o -,- \ page or from the list share cases
returmned after performing
asearch

Figure 3.1: Use case diagram for the actors of the system
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3.2.Sequence diagrams

We are interested in representing the sequences for the major use cases:
authenticate, search case(s), access case and share new case respectively when using
the client application that consumes the API. As we can see in Figure 3.4 and Figure
3.6, the authentication is optional since the user will not edit any information related to

the case.

In Figure 3.2, the user will authenticate using his username and password. If the
inputs are invalid, an error message will be displayed. Otherwise, we will try to find the
user corresponding to the given inputs. If a user is found then we will return their
information and redirect them to the index view (“/” route). Else, an error message will

be returned and shown to the user.
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% user:User application :

[Authenticate with Google]

Authenficate with Google

[Authenticate with usemame/email, password]

click on "Sign in"

k 3

redirect to "/signin”

login{usemame/email, password)

k 3

checkinputiusemame/
:‘ email, password)

[valid inpuf] usemamelemail i
I
"| | indOne(usemamefemail, password
-
1
[user exisis]
return us er infos
return us er infos
redirect to index """
[user doesn't exis] return null
refum efror message
show ermor message
finvalid inpuf]
show ermor message

Figure 3.2 : Authenticate sequence diagram

The Google authentication process referenced by ‘“Authenticate with Google”

interaction use is explained in Figure 3.3.
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APl Google Authorization server : | |Guogle people AFI : | |database 1 |

Choose "Sign in with Google"

.

i J

redirect to "google.com”

accept required permissions
-

>
send access token and infos ‘

requestuser dob

k 4

verify access foken
and Google AFI key

sendresponse

store user data

k 4

SUCCEess

create session for the
user

F

redirect to the index "

Figure 3.3: Google Authentication sequence diagram

As shown in Figure 3.4, to search for specific case(s), the user should provide the
description of the case as input. Afterwards, while retrieving the existing clusters, the
description is pre-processed before we can use it to generate its vector representation by
calculating the average of the representations of the terms within the description. Then,
for each one of the clusters, we compute the cosine similarity between the cluster
head/centroid and the vector representation of the description. Next, we take the _id of
the cluster which is the closest to the description in terms of representations and use it to
retrieve the correspondent document(s) and return them to the user. If no similar

document(s) was/were found, an error message will be returned instead.
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[us er want to authenticate]

Authenticate

tvpe case description in search
form and validate

r =

POST to "/apifguery”

k4

clusters find()

retumn clusters found

preprocess(case description)

odr = veci_repi{case description)

.

[for each cluster] similarity =
cosine_simi{cdr,
cluster clusterHead)

similarities . pus h{s imilarity)

cid = "_id" of the cluster
with most similar head

-
-}

wrs=vectormepres entations find({
clusterld: cid})

[for v in ws]

ids_push(w.doc_id)

clinicalcases find{({_id: {8in: ids}}

[relevant results found]

retum search results

return search results

list s earch resulis

[else] return null

refurm ermor message '"no
related results were found”

show ermror message "no
related results were found”

Figure 3.4: Search case(s) sequence diagram

Figure 3.5 shows that to share a new case, user must authenticate first for two main

reasons.

e To check, when trying to share new cases, if he is authorized to do that or no.
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e To add the username to the new case information. This will help other users to
determine the credibility of the case.

After authenticating, if a user tries to share a new case and it is confirmed that he is
authorized to share, he will be redirected to another view where he will be invited to fill
and submit the clinical case information so that we store them in the database. Among
the submitted information, we have the clinical case description that will be pre-
processed before generating then storing its vector representation for a later use. The
addToCluster method describes the process of classifying the new case and that is by

measuring the similarity between cluster heads and the vector representation of the case.
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database

‘ % au : Authorized user ‘ application :

Authenticate
click on "Share new case”
o ensureAbleToShare{user)
[g—ens ureAbleToShare{user)
[user is not authorized to share] retum mes sage "only authorized
users can share cases”
show message "only authorized us ers
can share cases”
[elze]
redirect to "newcase”
redirect to "fnewcase” T
fill cas e infos in form inputs and submit |
checklnputs(case infos)
[valid inputs] ) i
case infos H
.
d=req.body.description
insertOne(case infos)
SUCCess J
preprocess(d)
d_rep=vect_rep(d)
vect_representations . inserOne(
d_rep)
SUCCess
addToCluster(_id of the new case)
-l
SUCCess
refurn success message
show success message i
[invalid inputs]
show error message

Figure 3.5: Share new case sequence diagram
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In Figure 3.6 we see that the user can directly access a case from the ones already
listed (in /cases view) or, make a search first if he is looking for a specific topic then

choose from search results a case to access using its _id.

[us er want to authenticate]

Authenticate

[_c_l_'i_oose from already listed cases]

choose the desired case

#L | GET "fcases/id”

k J

clinicalCas es indByd(id)

retumn result J

retumn res ult

dis play view with result | J i

[search Ic;ase{s a1

Search case(s)

choos e the desired case id

;l | GET "/apifcases/fid"”

e
e

clinicalCas es indByd(id)

retum result

retumn res ult

dis play view with result ”

Figure 3.6 : Access case sequence diagram
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3.3.Class diagram
The classes in Figure 3.7 describe the structure of the entities of the system and the

relations between these entities.

e A user, if he is an admin, can manage many users.

A user can access or search for case(s). Also, he can share new cases if he is

authorized to do that and manage the cases he shared.

o A clinical case has a vector representation which is actually the representation of
its description.

e The vector representation of a clinical case belongs to one cluster, while a
cluster may include many vector representations.

e A cluster* has one or many clinical cases as elements (Cluster.clusterElements

contains the _ids of the clinical cases belonging to the cluster).

Note:

e VectorRepresentation.doc_id corresponds to the _id of the clinical case.

User
+ _id: Objectld
+ fullname : string
+ dob : date
+ usemame : string
+ canShare : boolean
+ email : string

+ accountStatus : sting manage
P il date < <<Precondition=>
+ updatedAt : date “lif{Us eris Admin == frue)}

+ lastLogn : date 1
+ isAdmin : boolean

+ sharedCases : integer Smin
- salt - stnng
—| -hash : stiing
AuthorizedUser
searcn 1 1
access «=Pracondition=>
<=Pracondition=» {If (Useris authenficated and
{If (User is authenticated)} Userusemame ==
Desaription T E ClinicalCase.sharedBy)}
\lectorRepresentation.doc_id share
comesponds to the _id of the } manage
ClinicalCase L ClinicalCase
+ _id: Objectld
+ description : string
] * | + diagnosis : string
VectorRépresentation +age - integer
- - 3 + createdAt : date Cluster
+_id: Objectld : + updatedAt - date =
+ doc_id : Objectld + sharedBy : string + _id : Objectld
+ doc_representation : double [1..7] 1 1 + centroid : double [1..7]
+ cluster_id : Objectld + clusterElements : Objectld [1..7]
+ createdAt : date + createdAt : date
+ updatedAt : date 1.* 1| + updatedAt : date

Figure 3.7: Entities class diagram

4 In our case, a cluster represents the domain/specialization/subject to which a clinical case belongs.
E.g.: cardiology, paediatrics, etc.
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4 Implementation

4.1.Tools

Visual Studio Code: Visual Studio Code is a free, multiplatform and built on open
source code editor from Microsoft. In addition to the built-in support for JavaScript,
Typescript and Node.js, it supports other languages such as Python, PHP, etc [30].
Modelio Open Source: Modelio Open Source is a free, open source modeling
environment supporting many standards/languages like UML, SysML, SoaML, etc
[31]. It can be extended using modules whether they already exist or developed by
the user. The version we used in our work is 3.8.

MongoDB Compass: MongoDB Compass is the free, source-available and multi
platform MongoDB client used for managing MongoDB data [32].

MongoDB Atlas: MongoDB Atlas is a fully-managed cloud database that handles
all the complexity of deploying, managing, and healing deployments on the cloud
service provider of your choice (AWS, Azure, and GCP) [33].

Git: Git is a free and open source distributed version control system designed to
manage projects with speed and efficiency [34]. It is mainly used for source code
management in software development.

An important difference between Git and other VCSs is the way of storing data.
Every time you commit, or save the state of your project in Git, it basically takes a
picture of what all your files look like at that moment and stores a reference to that
snapshot [35].

Github: Github is a platform where developers and companies collaborate to build
and maintain software [36]. Users can manage their code on this platform via Git.
Anaconda: Anaconda Distribution is an open-source Python distribution platform

that makes Python/R packages management simple [37].

4.2.Frontend technologies:

HTML.: (for HyperText Markup Language) is a descriptive language to define
webpage structure [38]. The version we used is HTMLS5 and it is the latest version
of HTML.

CSS: (Cascading Style Sheets) is a declarative language that controls how webpages

look in the browser [39]. The version we used is CSS3 (current version of CSS).
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JavaScript: JavaScript is a client-side programming/scripting language used to
create dynamic webpages [40].

jQuery: jQuery is a fast and small JavaScript library. It helps writing clear and
simple JavaScript code and makes manipulating with HTML elements easier [41].
Sass: Sass is a stylesheet language that’s compiled to CSS. It uses some
programming ideas like conditions, loops, etc, all with CSS-compatible syntax. Sass

helps keep large stylesheets well-organized and makes their maintenance easy [42].

4.3.Backend technologies:

Node.js: is an open-source and multi-platform asynchronous event-driven
JavaScript runtime environment [43]. It is a popular tool for almost any kind of
projects especially microservices.

Express.js: Express is a minimal and flexible Node.js web application framework
that provides a robust set of features for web and mobile applications [44].

Pugjs: is a template engine heavily influenced by Haml [45] and implemented with
JavaScript for Node.js and browsers [46]. Pug code will be later compiled to HTML
code.

Passport: Passport is an authentication middleware for Node.js that can be
integrated in applications that use Express.js [47]. It offers a variety of
authentication strategies for a wide range of platforms, including social networks.
Mongoose: is a MongoDB ODM (object modeling tool) designed to work in an
asynchronous environment [48]. One of the powerful features of Mongoose is
schemas that make model abstraction so the user can deal with data as simple

objects.

4.4.0Other third party tools:

Google-translate: a Node.js library to consume Google Translate API and available
for free [49].

Word2vec-api: a simple web service providing a word embedding model [50]. This
API accepts models using other architectures and/or trained using other algorithms
such as GloVe.

Node-kmeans: an NPM package providing an implementation of the k-means

clustering algorithm [51].
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From the model choice perspective, we have used in our work a pre-trained model
from GloVe with a vocabulary size of 400,000 most frequent words and 50 dimensions
for each word vector. This model was trained using a combination of two corpora (6
billion tokens): the 2014 Wikipedia dump (1.6 billion tokens) and Gigaword5 (4.3
billion tokens).

5 System architecture

Database
Web API (Node.Js \Mon o
Client + Express.Js) g (MongoDB
ien
Atlas)
Mobile
Client
Desktop
Client
Word2vec- Translation API
API/Web api (Google-
i translate)
service

Figure 3.8 : System Architecture

6 API explanation

6.1.Routes
Table 3.1: API routes and their description

Route HTTP method(s) Description
/api/cases GET Get all the clinical cases
Japilcases/:id GET Get a Sp.ECIf.IC gllnlcal case
using its id
/api/query POST Search for clinical case(s)
/newcase POST Share a new clinical case
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The Table 3.1 shows the main routes of the API in addition to the HTTP methods
used to access each one of these and a brief description of their usage. Some additional

routes are represented in table below.

Table 3.2: Additional routes

Route HTTP method(s) Description
/ GET Basic route
/signin GET, POST Route to handle user sign in
Jsignup GET, POST Route to andle user sign
signout GET Route to handle user sign
out
lusers GET Get all users
Juser PUT, DELETE Route accessed when
updating or deleting a user
Route accessed when
Icase PUT, DELETE updating or deleting a clinical

case

7 API call examples
GET /api/cases/:id

Parameters: id of the clinical case.
Response type: “application/json”

Response example:
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2 "result": {

3 n_idw;

"description™:

14 "diagnosis":

18 "age": 45,
19 "createdAt":
20 "updatedAt":
"sharedBy":
"_w": 0

25 }

Figure 3.9: API response to GET /api/cases/:id request

GET /api/cases

cardico—-vasculaire;

"2022-06—-03T09:01:56
"2022-06—-03T09:01:56

"6299d12b04636639825e45c7",

(160

et

\r\nL'examen clinique retrou
1'auscultation associée a un

membres

1es

"Insuffisance cardiague globale

tade 4 basé

HTA, D

.3582",
.3582",

"redouane_18",

Response type: “application/json”

Response example:

40

ans, I ercholestérolémigque

1 d'une dyspnéee

galopirinODedémes des MI\

(3 g/1

tabagique

t gui s'aggrave
repos

sur:\r\nDyspnee

d

f

=]

(30 pagquets/années)

stade Ila ayant



2 "results": [

3 {
1 "_id": "6299262793dabeedff060250",
5 "description™: “une femme Aagée de 33 ans, se présente aux UMC pour
un érythéme noueux des membres inférieurs dans un cadre fébrile.’,
i "diagnosis": "Quel diagnostic probable évoguez-vous ?\r\n
B 1. Varicelle.\r\n
2. Infection r\n
10 3. Ulcere de
11 4. Erysipéle.l
12 5. Rougeole.)
13 Reéponses: 2.,
14 "age": 33,
15 "createdAt": "2022-06-02T21:56:56.7842Z",
16 "updatedAt": "2022-06-02T21:56:56.7842Z",
17 "sharedBy": "amines"
1 b
19 {
20 "_id"™: "6299289=93dabe6dff06027e",
23 "description™: "Un jeune patient de 30 ans, toxicomane présentant une
i ux productive chronique, céphalées fébriles évoluant depuis un mois
2 avec une opacité hétérogéne apicale droite.A 1'admission, 1'examen
24 clinigue retrouve une paralysie faciale périphérigue et un ptosis
gauche.
26 L'examen du LCR montre une pléioytose lymphocytaire avec
27 hypoglycorachie
28 et hyperalbuminorachie.’,
29 "diagnosis": "Quel est le diagnostic le plus probable ?\r\n
30 1. Une méningite listérienne.\r\n
il Z. Une méningite tuberculeuse.\r\n
32 3. Une méningite Arhn
33 4., Une méningite
34 5. Une méningite
35 Réponses: 2.7,
3 "age™: 30,
37 "createdAt": "2022-06-02T21:56:56.7842Z",
38 "updatedAt": "2022-06-02T21:56:56.784Z",
"sharedBy": "hicham"

40 b

"nbCases": 36

Figure 3.10: API response to GET /api/cases request
POST /api/query

Parameters: a description of the clinical case as input. Response type: “application/json”

Response example:
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"results": [
{
"_id": "62a27d53d70481f02164094fF",
"description": "“Madame B.S5 Aagée de 35 ans,

de 2 enfants, mariée depuis 10 ans,

enseignante,

mére

vient consulter seule pour

une anxiété majeure liée a des hallucinations.‘\r‘nActuellement

souffrant d'une asthénie gui la rendait incapable d'assurer ses

responsabilités maternelles depuis presgque un meois.Elle

est

cbhbsédeée par l1'idée d'une rechute ainsi gue des idées de

damnation.\r\nEn effet apreés ces deux accouchements une

instabilite

psyvchomotrice s'est installée nécessitant une hospitalisation

dans un service spécialisé avec rémission totale entre les

épisodes.hAujourd'hui elle présente une inteolérance a la

frustraticon.Elle ne supporte pas le moindre bruit.\r\nDe plus,

une indifférence a l'egard de sa famille et des idées de suicide

ainsi gue des hallucinaticns wisuelles.Une tentative de suicide

medicamenteuse lors du premier épisocde.L'examen Scmatigue est

sans particularité.
"diagnosis": "1.
tous les éléments suivants sauf:\r\n

1. Anxiété massive.\r\n

2. Anesthésie affective.\r\n

3. Irritabilité.\r\n

4. Anhédonie.\r\n

5. Incurabilité.\rin\r\n

Réponses: 4.\r\n\r\n2.

Le diagnostic le plus probable ce jour &tant: \r\n

1. Trouble psychotigque du post partum.\r\n

2. Troubkle dépressif majeur chronigque.\r\n

3. Troukle deépressif majeur seveére avec caractéristigue psychotigue.
4. Accés hypomaniagque.\r\n

5. Trouble dépressif majeur atypigue.’\r\n\ri\nRéponses:
"age": 35,

"sharedBy": "redouane_18",

"createdat": "2022-06-10T00:08:03.037z",

"updatedat": "2022-06—-10T00:08:03.038z2"

"_id": "62a27daed?70481£02164095£",

"description™: "Monsieur A.N a&gé de 23 ans s'

Absence de prise médicamenteuse ou toxigque.’,

L'examen psychiatrique de madame B.S retrouve

3.7,

est présenté seul

aux consultations psychiatriques
entrée au bureau de consultation
sans aucune raison puis au cours

demande sa raison pour &tre wvenu

sans rendez wvous et dés son
commence a rire puis a pleurer
de l'entretien, le médecin lui

au service de psychiatrie alors

le patient declare «

mon traitement car les oiseaux chantent tous

je suis wvenu aujourd'hui pour renouveler

les jours » et puis

tout & coup sans aucune raison ni explication il sort du bureau.

Monsieur A.N est suivi en psychiatrie depuis

4 ans pour une

schizophrénie mais ne prends pas correctement son traitement et

fait beauccup d'arréts thérapeutigues d'eol ses rechutes et

actuellement ne prend aucun traitement alocrs
Rispéridone / Risperdal a raiscn de 8 mg par
"diagnosis":
o
2
Sig
4.
So
Réponses:

“"age™: 23,
"createdat":
"updatedAt™:

"Que présente monsieur A.NZ\ri\n

Un néoclogisme.\r\n

Un paralcogisme.\rk\n

Un rationalisme morbide.\r\n

Une pensée désorganisée.\r\n

Un affect désorganisé.’\r\n\ri\n

3, 4, 5.7,
"sharedBy": "redouane 18",

"2022-06—10T00:09:34.1192",

"2022—-06—10T00:09:34._120z"

"nbCases™: 2

gu'il était sous

jour.",

Figure 3.11: API response to POST /api/query request
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8 Client web application
This application’ screenshots (From Figure 3.12 to Figure 3.17) show a usage

example of the API

CLINICAL CASE API

How to use

Search

Results

Search Demo

Figure 3.12 : Application home page
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\‘ Logoipsum

Un gargon agé de 12 ans s'est rendu a I'hépital en raison d'une hématurie macro...

121 Shared By: admin939

Age

i aucun événement déclencheur ne peut étre identifié chez un patient souffrant...

Age: 721 Sh admings

Mr B.A, 45 ans, hypercholestérolémique (3 g/l), hypertendu (160/90 mm Hg) et...

A Shared By: admin9%9

Une fermme de 35 ans, est atteinte d'un rétrécissement mitral en arythmie comp...

¢ hicham_mader

Mr B. 71 ans vous consulte pour ses douleurs thoraciques. Depuis 20 jours ce d'e...

Age

Home

Cases

Un homme dgé de 80 ans s'est présenté au service des urgences parce qu'il ne p...

58
ad

Monsieur. D, 77 ans, se présente aux urgences pour une dyspnée sifflante. Il a p...

ge: 77| Shared By: admind99

Vous dtes appelé auprés d'un malade en état de choc, avec une auscultation pul...

Age 301 Shred By el

Chez un patient 4gé de 65 ans dont I'auscultation cardiaque était normale deux ...

hared B

Mr DF, 23 ans, consulte pour des adénopathies cervicales et axillaires (asymétri...

Figure 3.13 : Cases list

\\ Logoipsum

Name Email
Admin Admin A

Adiin

Admin Admin Adenin@adn

Hicham Madani Hicham madan@gmal com
Pubhse

Mohammed Ghorari MoharnimedGhomari@gri i corn
Fublisher

Mahammedi Abdelghani 70003 @rely frefoxcon

Larbi Marwane Marv e crBgmall.com
Fublisher

Berraho Walld Wislic@gmail com
Member

Abdelghani Mahammedi 24

Mermbe:

Home

Usernare

Adnind%
Hieham madhri
MeiGhornai
dixdoZs
[p——
wialid

Adelghini-

-

Cases

New Case  Users
Can Share  Account Status  Created At UpdateDelete
s Active l
g At l
s Acte w2 [ .
W ke i
¥ K w2 [ .
o owe www § )
o Active .
el Ne W
Next

Figure 3.14 : Users list
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\\Logoipsum Home Cases New Case Users

Share New Qinical Case

\\

Logoipsum

Age

Description

#
Diagnosis

Figure 3.15 : Share new case view

Home Cases

Description

In gargon

antécédents de traumatisme,

symptémes similaires de

Les observations cliniques sont
1. Le pati

t présente une douleur aigué au niv

2. Les ur

€levées lors de son admission & I'hépital présentent une hématurie et proté

urie microscopique:

hograp

& duplex supplémentaire pré

nte une vitesse d'écoulement presque six fois plus &

ée dans la partie

cantre 1.4 mm ; norme < 4.2:1 ou de < 3.7 1),

Ces résultats dém

trent un syndr

tte, Selon les a

de casse-no

HES

tte est un di ostic diff

sur la prévalence & 'heure actuelle. L'incide

tiel rare de['hém

urie ma

souvent diagnostiquée de maniére prolongée. |l n'e: de se pronon

t plus élevée au

aatal

adulte moyen

ce rapide et le dé
tingue du syndrome postér

veloppement des corps vertebrauxa |a puberts

emblent favoriser un angle aortomésentérique aigu. Ce syndrome classique de casse-noisette

eur, trés rare, dans lequel Il y une ¢

mpression de

ne rénale entre |

et le corps ver

bral. Cependant, les symptomes sont identiques

s classiques d'hématurie macroscopique et microscapique, les douleurs au niveau du flanc et/a
4 un syndrome de cong

duplex ne sont pas clairs, une angiographie par résonance magnétique peut également étre

es symptome:

nduire & une varic

testiculaire ou,

ade avanc

stion pelvienne, en particulier cl ésultats d'une chographie

n spontanée est élevé enfants et les patients présen

ant des symptomes mineurs doivent recevoir un traitem

Les enfants do
ode

au moins 24 mois, du fait que leur taux de maturation s

pontanée est supérieur

Shared By admin999

Figure 3.16 : Clinical case details view
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~
G sign up with Google

Already Have An Account? Sign In

OR

Password Show password

Figure 3.17 : Sign up view

9 Conclusion

In this final chapter, we present our APl and its UML diagrams. The initial
objectives of our API are met in addition to the benefit of using word2vec for a
semantic representation of the clinical cases. Although our use of word2vec is
simplistic, it enables the application to run fast while requiring less processing power.
However, it is possible to have a more meaningful semantic representation and hence,

more accurate query results.
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General conclusion

Today, it is becoming increasingly common to use APIs since they can be exploited

by the majority of applications (web, mobile, and even desktop apps).

As part of this work, we developed an API that enables users (often medical
professionals or students) to browse previously created clinical cases or search through
them by providing a description that will be processed and then used by the API to
search either by keywords or by semantic similarity to retrieve the most relevant results.
Furthermore, authorized users can share new cases through the web application we have

proposed.
As a perspective, we would like to improve this solution by:
e Enhance the search system to get more relevant results.

e Add another authentication mechanism (use access token strategy) in case we
decide to change the sharing policy (for example, give all users the right to

share).
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Abstract:

It is common for medical students to learn by practice and this is largely achieved
by diagnosing clinical cases. In this work, we present the development of an educational
API that enables users to browse, search and share clinical cases. Moreover, the
proposed API uses word2vec which is a Deep Learning model for semantic word
embedding alongside the clustering algorithm k-means. By doing so, we enable the user

to search for clinical cases similar to a given query string.
Keywords: API, online sharing of clinical cases, Deep Learning, clustering, k-means
Résumé:

Il est courant que les étudiants en médecine apprennent par la pratique et cela est
largement réalisé en diagnostiquant des cas cliniques. Dans ce travail, nous présentons
le développement d'une API éducative qui permet aux utilisateurs de parcourir,
rechercher et partager des cas cliniques. De plus, I'API proposée utilise word2vec qui
est un modele Deep Learning pour l'intégration sémantique des mots aux cOtés de
l'algorithme de clustering k-means. Ainsi, nous permettons a l'utilisateur de rechercher

des cas cliniques similaires a une chaine de requéte donnée.

Mots-clés: API, partage en ligne de cas cliniques, Apprentissage Approfondie,

clustering, k-means
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