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e PROJECT  Predictive Modeling of Patient Hospital Routes Based on Admission Data

e SCHEDULED START DATE FOR PROJECT 01/03/2025

e ERCPANELT  PE6 Computer Science and Informatics

e ERCPANEL 2(0PTIONAL) PE7 Systems and Communication Engineering
e SECTORT Salut
o SECTOR 2oPTionAL) TIC

See section on project characteristics and choose the type of research project based on the features of the

project. Co-funding type of financing ] Specific funding type of financing

e COMPANY NAME Hospital Sant Joan de Déu e TAXID CODE (CIF)
o LEGALREPRESENTATIVE OF COMPANY  Manel del Castillo Rey
e PROJECT MANAGER AT COMPANY Francesc Garcia Cuyas

e E-MAIL ADDRESS e TELEPHONE
e ADDRESS OF THE PLACE OF WORK WHERE THE PROJECT WILL BE PARTIALLY DEVELOPED
Pg. Sant Joan de Déu, 2
e POSTCODE 08950 e TOWN Esplugues de Llobregat o WEBSITE  www.sjdhospitalbarcelona.org/

e BRIEF COMPANY PRESENTATION

Hospital Sant Joan de Déu (HSJD) is a private non-profit institution and has been part of the Catalan and Spanish national public health system since
1973. Our hospital is dedicated to the comprehensive care of women, children and teenager, and has become one of the most specialized pediatric
centers in Europe, with special attention to rare and highly complex diseases. The HSJD provides a comprehensive, multidisciplinary approach to

health care from birth to 18 years of age.

With 150 years of history, the HSJD is now a modern maternal and child hospital, equipped with the latest technology and a reference center for
health care, combining basic general pediatrics with specialized care for all pediatric pathologies of tertiary level, covering a pediatric population of
350,000 children. The HSJD combines the most advanced clinical, scientific and technological advances with humanized assistance to patients and
their families. The HSJD has the National Accreditations of the Ministry of Health as a Reference Service (CSUR) for all of Spain in a wide range of
specialties and pathologies. The HSJD is a member of 21 European Reference Networks (ERNSs).
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Brief summary of the research project, indicating whether there are other participating organisations or centres. The information will help candidates decide
which allows candidates to decide whether the project is of interest to them. Not to exceed the space in the text box.

Introduction

In the healthcare industry, predicting patient trajectories through hospital systems can significantly enhance resource management, patient
outcomes, and overall hospital efficiency. As healthcare systems grow increasingly complex, understanding and anticipating patient movement
through different stages of care has become a crucial challenge. This thesis aims to develop predictive models that forecast a patient's route through
a hospital based on initial admission data. By leveraging both classical statistical methods and modern deep learning techniques, this research seeks
to create robust models capable of predicting patient pathways, associated costs, and administrative impact in real-time. While this approach will be
particularly beneficial for managing common diseases, it also presents a valuable opportunity for rare diseases, enabling more effective diagnostics
and personalized treatment pathways that can improve outcomes for these often-overlooked conditions.

Problem Statement and Goals

Hospitals often struggle to predict the exact path a patient will take through various departments, leading to inefficiencies in resource allocation,
staffing, and cost management. This unpredictability can result in suboptimal care and unnecessary expenses. The goal of this thesis is to address
this issue by developing a dual modeling approach that predicts the likely trajectory of a patient from admission to discharge or transfer. The models
will be trained using historical referral data and patient clinical information to forecast both the clinical and administrative pathways. In addition to
improving patient care, these predictions will facilitate better resource allocation and cost management within hospitals.

Multi-State Modeling Approach

The first modeling approach will focus on emergency admissions using a multi-state survival model to predict the sequence of transitions a patient
might undergo during their hospital stay. Multi-state models extend traditional survival analysis by allowing for transitions between multiple states,
such as admission, transfer to intensive care, surgery, recovery, and discharge. Techniques such as the Cox Proportional Hazards model with
time-dependent covariates, Markov models, and semi-Markov processes will be explored. These methods allow for the estimation of transition
probabilities between states over time, providing a dynamic prediction of the patient’s journey through the hospital.

Deep Learning Generative Modeling Approach

In parallel with the classical approach, a deep learning-based generative model will be developed to predict patient trajectories. This model will
utilize recurrent neural networks (RNNSs), such as Long Short-Term Memory (LSTM) networks or Gated Recurrent Units (GRUs), to capture temporal
dependencies in patient data. Additionally, Generative Adversarial Networks (GANS) or Variational Autoencoders (VAESs) could be employed to
generate potential future patient states and sequences. These models will be trained on sequences of patient data, learning to generate realistic
patient pathways that mirror those observed in the hospital. The generative models can potentially offer more flexibility and accuracy in capturing
complex patterns within the data.

Proposed Tasks and Timeline

1. Year 1: Literature Review and Data Collection and Curation. Conduct a literature review on healthcare modeling techniques, gather and anonymize
hospital data, preprocess and clean the data, and perform statistical analysis and power assessment.

2. Year 2: Model Development. Develop and validate a multi-state survival model, experiment with classical statistical techniques and deep learning
architectures, and compare their performance using metrics like accuracy, transition prediction precision, and computational efficiency.

3. Year 3: Model Integration and Evaluation. Integrate multi-state and deep learning models, evaluate them in real-time hospital settings, estimate
administrative and cost implications, deploy the final models via APIs under Docker, and write and defend the thesis discussing findings, limitations,
and future research.

This thesis will contribute to the fields of healthcare analytics and predictive modeling by providing a comprehensive framework for predicting patient
pathways and their associated costs, thereby offering valuable insights for hospital management and patient care optimization.
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6. CANDIDATE PROFILE

Description of both the minimum requirements and preferred characteristics, in terms of degrees held, languages and experience that will
be weighed favourably in assessing candidates. In all sections, requirements must be identified as minimum or preferred.

e DEGREE* (BACHELOR'S DEGREE OR EQUIVALENT (FOUR-YEAR UNDERGRADUATE DEGREE, ENGINEERING AND ARCHITECTURE) AND UNIVERSITY MASTER'S DEGREE)

Grau en Ciencia i Enginyeria de Dades, LLicenciat en ciéncies fisiques, llicenciat en matemetiques. Master en
Enginyeria Biomeédica, Master en intelligencia artifical

*Requirements for admission to a doctoral programme: See the requirements section corresponding to the questions most frequently
asked by doctoral students (FAQ) on the Industrial Doctorates Plan website.

o LANGUAGES o PROFESSIONAL EXPERIENCE OF INTEREST
Anglés Preferent experiéncia en recerca
e OTHER

Coneixement de python, R i unix.

CHARACTERISTICS OF THE INDUSTRIAL DOCTORATE PROJECTS

The essential element of the Industrial Doctorates Plan is the industrial doctorate project, that is, a strategic research project carried out at a company that allows
the doctoral student to further develop their research training in collaboration with a university, and which is the object of a doctoral thesis.

The Government of Catalonia provides two types of financial support to these projects, based on certain characteristics of project implementation:

o Industrial doctorate projects co-funded by the Government of Catalonia.
o Industrial doctorate projects with specific funding.

CHARACTERISTICS COMMON TO BOTH TYPES

o The doctoral thesis will be carried out within the framework of a collaboration agreement between the university (and, if necessary, a research centre] and
the company (more than one company may participate).

e The candidate will be given a thesis supervisor connected to the university or research centre and a project manager appointed by the company.

o The candidate will be selected jointly by the signatories of the collaboration agreement. However, the candidate must be accepted and admitted to the
doctoral programme of the corresponding university.

o The candidate must have an average mark of 6.5 or higher (scale of 1to 18 on his or their academic transcript, calculated based on all credits of
university studies that allow admission to a doctoral programme.

o The thesis supervisor must be part of an active recognised research group (SGR) of the Government of Catalonia or a researcher from the ICREA
programme or be a recipient of European Research Council (ERC) funding.

o The time dedicated by the doctoral student to the research projects will be divided between the company and the university.

o The candidate will take part in training programmes in specific skills related to RDI project leadership, coordination and management; the transfer of
research results; new business development; and industrial and intellectual property, among other relevant subjects.

o The candidate will be given a yearly stipend (mobility fund), funded by the Government of Catalonia and accumulative for a maximum period of 3 years. Its
purpose is to enable attendance at workshops and conferences related to the research project as well as stays at other company offices, universities or
research centres outside Catalonia.

o Alltheses defended under the Industrial Doctorates Plan will receive an Industrial Doctorate with distinction. The participating companies and academic
directors will also receive acknowledgement for their participation in the Plan.
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1. APPLICANT DETAILS

o TAX/FOREIGNER
o NAME AND SURNAME ID NO. (NIF/NIE)
e ADDRESS OF HABITUAL RESIDENCE
e PQOSTCODE e TOWN e TELEPHONE
e E-MAIL ADDRESS

2. CANDIDATE PROFILE
e DEGREE* (BACHELOR'S DEGREE OR EQUIVALENT (FOUR-YEAR UNDERGRADUATE DEGREE, ENGINEERING AND ARCHITECTURE) AND UNIVERSITY MASTER'S DEGREE)

o NUMBER OF CREDITS OF o AVERAGE MARK OF THE
THE BACHELOR'S DEGREE OR EQUIVALENT ACADEMIC TRANSCRIPT
(SCALE of 1t0 10)

o NUMBER OF CREDITS OF o AVERAGE MARK OF THE
THE UNIVERSITY THE MASTER'S DEGREE ACADEMIC TRANSCRIPT

(SCALE of 1to 10)

o LANGUAGES. IF THE CANDIDATE HOLDS A CERTIFICATE OF PROFICIENCY,
THIS MUST BE INDICATED ALONG WITH THE DATE OF ISSUE. e PROFESSIONAL EXPERIENCE OF INTEREST

e OTHER INFORMATION OF INTEREST RELEVANT TO THE PROJECT
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3. MOTIVATION AND INTEREST IN THE PROJECT

Space in which candidates can describe their motivations and personal interest in the project, not to exceed the space in the text box.

PERSONAL DATA PROTECTION

By filling in this form, you hereby authorise and give your consent to the processing of your personal data in these terms:

The data subject will only provide personal data of third parties when it is strictly necessary to achieve the required purpose. If personal data of third parties is provided, the data subject guarantees that they have informed them of the processing of their data in the terms described. | Data
controller: AGAUR - CIF 0080117C - Passeig Lluis Companys, 23, 88010, Barcelona - Tel. 93 310 63 94 - lopd.agaur@gencat.cat | Data protection officer: agaur@dpo.microlabhard.es | Purpose: the purpose of collecting the data is to publicise the organisation's and the university or
research body's request to participate an industrial doctorate project, within the framework of the Industrial Doctorates Plan on the website of the Industrial Doctorates Program (https://doctoratsindustrials.gencat.cat/en), in order to send the applications of those interested in the project
proposal, in accordance with Regulation (EU) 2016/679 of the European Parliament and of the Council on the protection of personal data and with Organic Law 3/2018, of 5 December, on the Protection of Personal Data and guarantee of digital rights. | Legal Basis.: the performance of a
task carried out in the public interest, the exercise of official authority vested in the controller or the fulfilment of a legal obligation, or the consent of the data subject on request, with the possibility of withdrawing such consent at any time. | Data retention: your data will be kept as long as
it is needed to deal with the related call for applications, and, once this is closed, it will be retained in accordance with the time frames set out in the applicable file regulations. The data controller certifies that they have implemented the technical and organisational measures set out in
Regulation (EU) 2016/679, in order to guarantee the security and integrity of the personal data included in the files and avoid their alteration, loss or unauthorised access or treatment. | Rights: at any time, you may exercise your rights of access, rectification, erasure, opposition, restriction of
processing of your data, or the right to data portability. This must be done in writing, accompanied by a copy of the official document that identifies you, addressed to AGAUR or the Data Protection Officer. For any complaint about the processing, you also have the right to lodge a complaint
with the Catalan Data Protection Authority. | Recipients: company and university/research body developing the research project in order to assess the applications, Ministry of Research and Universities (REU) and Catalan University Service Consortium (CSUC), so they can be involved in and
advise on the selection of the organisations and candidates and coordinate and promote the programme together with AGAUR. Moreover, the data may be communicated to the company where they carry out their activities and to the university in order to select the candidate.

Date and signature of the interested party

For Further information:
doctorats.industrials.recerca@gencat.cat | doctoratsindustrials.gencat.cat

Application procedure:

Send electronically a signed copy of the form to the Industrial Doctorates Plan, e-mail address: doctorats.industrials.recerca@gencat.cat
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In the healthcare industry, predicting patient trajectories through hospital systems can significantly enhance resource management, patient outcomes, and overall hospital efficiency. As healthcare systems grow increasingly complex, understanding and anticipating patient movement through different stages of care has become a crucial challenge. This thesis aims to develop predictive models that forecast a patient's route through a hospital based on initial admission data. By leveraging both classical statistical methods and modern deep learning techniques, this research seeks to create robust models capable of predicting patient pathways, associated costs, and administrative impact in real-time. While this approach will be particularly beneficial for managing common diseases, it also presents a valuable opportunity for rare diseases, enabling more effective diagnostics and personalized treatment pathways that can improve outcomes for these often-overlooked conditions.

Problem Statement and Goals
Hospitals often struggle to predict the exact path a patient will take through various departments, leading to inefficiencies in resource allocation, staffing, and cost management. This unpredictability can result in suboptimal care and unnecessary expenses. The goal of this thesis is to address this issue by developing a dual modeling approach that predicts the likely trajectory of a patient from admission to discharge or transfer. The models will be trained using historical referral data and patient clinical information to forecast both the clinical and administrative pathways. In addition to improving patient care, these predictions will facilitate better resource allocation and cost management within hospitals.

Multi-State Modeling Approach
The first modeling approach will focus on emergency admissions using a multi-state survival model to predict the sequence of transitions a patient might undergo during their hospital stay. Multi-state models extend traditional survival analysis by allowing for transitions between multiple states, such as admission, transfer to intensive care, surgery, recovery, and discharge. Techniques such as the Cox Proportional Hazards model with time-dependent covariates, Markov models, and semi-Markov processes will be explored. These methods allow for the estimation of transition probabilities between states over time, providing a dynamic prediction of the patient’s journey through the hospital.

Deep Learning Generative Modeling Approach
In parallel with the classical approach, a deep learning-based generative model will be developed to predict patient trajectories. This model will utilize recurrent neural networks (RNNs), such as Long Short-Term Memory (LSTM) networks or Gated Recurrent Units (GRUs), to capture temporal dependencies in patient data. Additionally, Generative Adversarial Networks (GANs) or Variational Autoencoders (VAEs) could be employed to generate potential future patient states and sequences. These models will be trained on sequences of patient data, learning to generate realistic patient pathways that mirror those observed in the hospital. The generative models can potentially offer more flexibility and accuracy in capturing complex patterns within the data.

Proposed Tasks and Timeline

1. Year 1: Literature Review and Data Collection and Curation. Conduct a literature review on healthcare modeling techniques, gather and anonymize hospital data, preprocess and clean the data, and perform statistical analysis and power assessment.
2. Year 2: Model Development. Develop and validate a multi-state survival model, experiment with classical statistical techniques and deep learning architectures, and compare their performance using metrics like accuracy, transition prediction precision, and computational efficiency.
3. Year 3: Model Integration and Evaluation. Integrate multi-state and deep learning models, evaluate them in real-time hospital settings, estimate administrative and cost implications, deploy the final models via APIs under Docker, and write and defend the thesis discussing findings, limitations, and future research.
This thesis will contribute to the fields of healthcare analytics and predictive modeling by providing a comprehensive framework for predicting patient pathways and their associated costs, thereby offering valuable insights for hospital management and patient care optimization.
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