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RESUMEN
En este articulo presentamos una revision de los modelos basados en Inteligencia

Artificial (1A), orientados a la prediccion de manifestaciones graves provocadas
por el virus SARS-COV2. El objetivo de esta revision fue evaluar los hallazgos
mas relevantes publicados entre 2020 y 2023, que puedan servir de base al
desarrollo de un modelo propio ajustado a las condiciones de nuestro pais,
caracterizadas por la ausencia de un modelo propio ajustado a la ausencia de una
base de datos de datos clinicos bien estructurada y con la presencia de estudios
radiologicos apoyados por imagenes de rayos X de torax (CXR) y tomografia
computarizada (CT). Realizamos una revision sistematica para resumir y evaluar
criticamente los estudios disponibles que han desarrollado modelos de
prondstico de COVID-19 basados en IA, que predicen resultados de salud, sobre
todo en modelos que utilizan como base las imagenes CXR y CT. Se realizaron
blsquedas en tres bases de datos bibliograficas, para identificar articulos
publicados sobre modelos de pronostico que predijeran resultados adversos en
pacientes adultos con COVID- 19, incluido el ingreso a la unidad de cuidados
Intensivos, la necesidad de ventilacion mecanica y la mortalidad.

El estudio demostré que los modelos basados en aprendizaje profundo, que
utilizan imagenes CXR o CT y su combinacion con datos clinicos no complejos,
pueden alcanzar un rendimiento significativo en la prediccion. Por ello, aqui
proponemos una estrategia para abordar este desafio, segun las condiciones de
nuestro pais, combinando la clasificacion del grado de gravedad de la afectacion
pulmonar en imagenes de CXR, datos clinicos de comorbilidades y datos
biograficos.

Palabras clave: COVID-19, modelos predictivos, Inteligencia Artificial, datos
clinicos, datos radiologicos.
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ABSTRACT
In this work we present a review of models based on Artificial Intelligence (Al)

aimed at predicting serious manifestations caused by the SARS-COV?2 virus.
The objective of this review was to evaluate the most relevant findings published
between 2020 and 2023 that can serve as a basis for the development of our own
model adjusted to the conditions of our country characterized by the absence of
a well-structured clinical database with the presence of radiological studies
based on chest x-ray (CXR) and computed tomography (CT) images. We
conducted a systematic review to summarize and critically evaluate available
studies that have developed Al-based COVID-19 prognostic models that predict
health outcomes, especially models based on CXR and CT images. Three
bibliographic databases were searched to identify published articles on
prognostic models predicting adverse outcomes in adult patients with COVID-
19, including intensive care unit admission, need for mechanical ventilation,
and mortality.

The study demonstrated that Deep Learning-based models using CXR or CT
images and their combination with non-complex clinical data can achieve
significant prediction performance. On this basis, in the work we propose a
strategy to address this challenge under the conditions of our country by
combining the classification of the degree of severity of lung involvement in
CXR images, clinical data on comorbidities and biographical data.

Keywords: COVID-19; Predictive models; Artificial intelligence; Evolution;
Clinical and radiological data.

INTRODUCTION

With the decrease in COVID-19 cases in our country due to the development of our own
vaccines and their massive application, as well as the health measures adopted, this disease
still remains a national concern. The Cuban Neuroscience Center (CNEURO), as part of a
project leaded by it and within the multidisciplinary scientific research program
"Biotechnology, Pharmaceut ica | Industry and Medical Technology" (put in place by the
Cuban government to respond to the CONVID19 pandemic), is developing a model based
on Al for the prognosis of patient evolutio n affected by the disease. CNEURO is also
Improving the use of available CXR images in the diagnosis, prognosis and monitoring of
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Covid-19 patients. This effort integrates specialists from the Cuban Society of Imaging,
MINSAP and two Cuban universities (Technological University of Havana and Central
University of Las Villas). The project includes the validation of artificial intelligence
protocols and algorithms for predicting the trajectory of COVID-19 disease by combining
patient health records (clinical data) and chest images (CXR, CT). Additionally, the timely
translation of Al-related research into clinically validated and appropriately regulated
systems that can be used in a real-life hospital environment.

As previous results obtained in this research, there are several works published by
researchers of this project that have contributed to obtaining tools for the diagnosis and
evaluation of the disease. In Portal et al (2022), a model was presented to automatically
classify COVID-19 from CXR images. For this, the architecture of a resnet34 CNN was
used with input images of size 512 x 512 pixels. Furthermore, training of the networks was
limited to the internal regions of the lungs, using a segmented image and patch partitioning.
This model demonstrated together with human specialists its usefulness in the identification
of COVID-19 in clinical settings.

In Garea et al (2021a, 2021b, 2022, 2023), a model is presented and refined to estimate the
degree of lung involvement and its severity in CXR images in patients diagnosed with
COVID-19 in an advanced stage of the disease. The index Is obtained from a method that
combines image quality evaluation, digital image processing and deep learning for lung
region segmentation.

As another important result of this project, in February 2023, the health registration was
obtained by the Cuban regulatory authority (CECMED) of the Rx-COVID 19 system.
Automated and weighted multiplatform software to record chest X-ray and CT and facilitate
the diagnosis of COVID. -19. In this system, a significant amount of radiological data of
patients affected by COVID-19 in our country has been documented.

On this basis, the project proposes to move to a higher phase by developing a computational
tool for the prognosis of evolution towards adverse outcomes in adult patients with COVID-
19. The need to continue developing new technological capabilities for the evaluation of
patient follow - up has been identified in the face of resource limitations in the current Cuban
context to respond effectively to similar challenges in the future. This development aims at
a more integrative and interdisciplinary approach to prognostic evaluation protocols so that
patients admitted with COVID-19 have a better chance of survival and improve their health
status by optimizing protocols and treatments.

In this work we will carry out a systematic literature review (SLR) with the following
objectives:
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(1) Systematically review the models that have been developed to predict COVID-19
outcomes based on the use of RX, CT images and clinical data; (2) Analyze the most relevant
predictive models that are currently available; (3) Synthesize and extract useful results and
conclusions about the prediction models of COVID-19 outcomes that can serve as a basis
for the development of our own predictive model adjusted to the conditions of our country
(characterized by the absence of a well-known structured clinical database and with the
presence of radiological studies based on CXR and CT images given their low cost and the
portability of the existing equipment in healthcare centers).

The work is structured as follows. The "Methodology" Section provides a description of the
method of searching and selecting papers for this review and present various classifications
of the selected papers. In the "Results and Discussion" section present a detailed analysis of
the 6 significant selected works. On the basis of the analysis of the performance of the
studied methods we carried out a general discussion. Finally we offer the conclusions of the
work.

METHODOLOGY

To carry out this review study we used the SLR methodology. SLR is a methodology used
to evaluate studies through primary analyzes on published articles based on specific search
criteria. An SLR is performed based on previous similar studies through a systematic review
In national and international publication databases. The ultimate purpose of the SLR is to
summarize the studies conducted and identify advantages and limitations between previous
studies and current studies.

According to Okol1 (2015), SLR 1is “a systematic, explicit, detailed and repeatable approach
to i1dentifying, evaluating and analyzing the body of existing work carried out by researchers,
academics and practitioners”. On the other hand, Tranfield et al. (2003), considers SLR a
“fundamental scientific activity”. In Moher et al. (2009) a checklist of Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) was presented.

The research period for this study was from December 2020 to May 2023. This study was
conducted in 4 phases: (1) the development of literature search strategies, (2) the formulation
of inclusion and exclusion criteria, (3) quality evaluation, and (4) analysis and conclusion.

Research Questions

For the development of this documentary research, we stated a research question (RC) to
achieve a clear definition of the main topic. The motivation and frequently asked questions
of this study were as follows:

Motivation: Identify models based on artificial intelligence for the prediction of COVID-19
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outcomes and that use RX images, CT and clinical data or their combination.

RQ1: What factors support the prediction of COVID-19 outcomes based on artificial
Intelligence techniques?

RQ2: What methods and techniques do the models identify to predict COVID-19 outcomes?
Inclusion and exclusion criteria

Current search engines provide a high level of retrieval, which leads to a large number of
Irrelevant resources being retrieved. Therefore, to obtain effective results, we followed a
systematic search strategy. This stage of SLR examines the literature to find relevant
literature based on particular criteria. In this study, 3 inclusion and exclusion criteria were
adopted to identify relevant content and restrict irrelevant content. The first inclusion
criterion was the type of document: only published documents were included, excluding
manuscripts under review and unpublished ones. Domain (i.e., the topic area identified for
the study) was the second selection criterion; we then included papers containing predictive
models developed or used in the COVID-19 domain, while other papers were excluded. The
last selection criterion was the language in which the document was published. To avoid
confusion and complexity related to translation, only documents available in English were
Included, while documents in other languages were excluded (Table 1).

Table 1. Inclusion exclusion criteria

Criteria Inclusion Exclusion
Document type Published documents Under review, unpublished or upcoming
documents
Domain Predictive Al models of Other predictive models of COVID-19
COVID-19 outcomes Other predictive models of COVID-19

outcomes not based on Al

Language English Other than English

Databases and search strategies

The terms were searched in several databases (Google Scholar, Scopus, Publish or Perish
and Web of Science [Wo0S]). The search terms are as follows: predictive Al models, COVID-
19 outcomes, Coronavirus, SARS-CoV, SARS-CoV-2, healthcare, healthcare system,
survival model, healthcare. VVarious combinations of search terms were used to retrieve
resources in particular databases. Some of the search strings used are the following:
“Predictive Al models” and “COVID-

19 outcomes”; “COVID-19 RX and CT Datasets” and “Prediction Modeling”; “Predictive
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analysis” and “COVID-19 clinical data”.
After applying the inclusion and exclusion criteria, 574 documents of original articles and

16 relevant reviews were recovered. Therefore, a total of 590 documents went to the second
stage of scrutiny and quality evaluation (Table 2). The percentages of articles from various
databases in the initial, selection and acceptance stages of the document selection process

are illustrated.

Table 2. Document selection

Database Initial Screened Accepted
Google Scholar 366 17 8

Scopus 136 9 I

Web of Sciences 88 9 3

Total selected 590 35 18

In the initial phase, of the total number (i.e., 590 documents) of retrieved documents, Google
Scholar accounted for 62%, Scopus for 23%, and WoS for 15% (Figure 1A). After initial
screening, 35 papers were included for further consideration. During the selection phase,
48% of the initially included documents were retrieved from Google Scholar. Of the
remaining 52%, Scopus and WoS had a share of 26% each (Figure 1B). Of the total accepted
documents, 44% were retrieved from Google Scholar, 39% from Scopus, and 17% from

WoS (Figure 1C).

m Google Scholar ® Scopus ® Web of Sciences

D <

Figura. 1. Database's percentage (May 2023). (A) Document selection (initial). (B)
Document selection (screened). (C) Document selection (included). Document selection was

carried out based on selection criteria.

C
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A total of 16 relevant review articles published in the period 2020 to 2023 were detected
(Albahri, O. S. et al., 2020; Bansal, A. et al., 2020; Jalaber, C. et al., 2020; Kumar, A. et al.,
2020; Naude,W., 2020; Shi, F. et al., 2020; Swapnarekha, H. et al., 2020; Gallo Marin B. et
al., 2021; Mbunge, E. et al., 2021; Rahimi, I. et al., 2021; Rasheed, J. et al., 2021; Hassan,
A. et al., 2022; Jamshidi, M. B. et al., 2022; Almotairi, K. H. et al., 2023; Buttia, C. et al.,
2023; Heidarti, A. et al, 2023).

For the primary review of the 16 identified surveys we found 368 relevant papers based on
title and abstract. From them after an additional review, 166 were excluded en the initial
phase because they were not directly related to predictive models of disease evolution, but
rather to predictive models of evaluation of the development of the epidemic in different
countries or to the direct diagnosis of the disease, 202 paper were chosen for a more in-depth
analysis in the second phase, of which we finally chose 6 reports.

The rest of the initial selected 590 papers (388) 12 were selected in the second phase. All
selected papers are based on the use of chest clinical data alone, X-ray images (CXR) and/or
Tomography (TC) alone, or their combination with clinical data for the prediction of severe
manifestations and mortality from COVID-19.

Quality Assessment and Coding

Quality evaluation of a phenomenon is conducted as a systematic way to avoid biases and
errors. 590 documents were chosen. Based on their titles, these documents were further
analyzed and 35 documents were screened. The content was scrutinized on the basis of the
title, abstract, introduction, and conclusion and 18 studies were finally selected for the
review. The distribute ion by year of publication of the selected papers is shown in Table 3.

Table 3. Distribution by year of publication of the elected report

Year References Outcomes Used data Model
2020 Bae, J. etal., Mechanic CXR Machine learning
2020 (1) ventilation (MV), (ML), Deep
mortality learning (DL)
Liang W. et MV, CXR, clinical and  Machine Learning
al.,2020 (2) mortality, ICU. ~ demographic data (ML)
Zhang B. etal.,, Severe Outcome CT, clinical data ML
2020 (3)
2021  HeolJetal, ICU Clinical data ML

2021 (4)
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Lieveld A. et ICU, Death, CT ML
al, 2021 (5) Hospitalization
Quiroz J. C. et Severity CT, clinical data ML
al., 2021 (6)
Tanboga I. et Mortality Clinical data ML
al., 2021 (7)
Ho T.etal., Respiratory failure CT, clinical data DL
2021 (8)
2022 Ortiz A. et al., Death CT, clinical data DL
2022 (9)
Duanmu, H. et Death CXR, clinical data DL
al., 2022 (10)
Gourdeau, D. MV CXR DL
et al., 2022
(11)
Matsumoto, T. Mortality and time CXR, clinical data DL
et al., 2022 to death at
(12) admission
2023  Olowolayemo Infection severity CXR DL
A.etal., (13)
Asteris et at. ICU Clinical data DL
(14)
Wendland. et mortality, ICU and Clinical data ML, DL
al. (15) MV
Verzellesi et al. (16) Mortality CT, clinical data ML, DL
Panagiotis et ICU Clinical data DL
al. (17)
Fuetal. (18) Severe Outcomes  CT, clinical data DL

As a first approximation to a taxonomic classification of the selected models, we simply took
the year of its publication (Table 3), then on this basis we carried out the analyzes of various
aspects that allowed us to reach conclusions about the nature of the models, the type of data
from which they are fed to make the predictions and the types of predictions they are capable
of making along with their effectiveness. In this sense we decided to make four large
groupings of the reviewed methods. In the following subsection we present the proposed
taxonomic divisions. The numbers in parentheses correspond to the index assigned to each

report in Table 3.
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Taxonomic classifications of the studied models

Taking into account the type of outcome prediction:

« Models that estimate the need for mechanical ventilation: (1), (8), (11), (15)

« Models that estimate the need for patient admission to the ICU: (2), (4), (5), (14), (15),
(17)

« Models that estimate the possibility of death of the patient: (5), (7), (9), (10), (12), (15),
(16)

« Models that estimate the possibility of patient evolution towards more severe forms of
the disease: (3), (6), (13).

By the number of predictive outputs:

« Simple models that predict only one condition: (1), (3), (4), (6), (7), (9), (10), (11), (13),
(16), (17)

« Combined models that predict two or more conditions: (2), (5), (8), (12), (14), (15)

By the type of data used in the prediction process:

« Models using only CXR images: (1), (11), (13)

« Models using only CT images: (5)

« Models using only clinical data: (4), (7), (14), (15), (17)

« Mixed models using CXR images and clinical data: (2), (10), (12)

« Mixed models using CT images and clinical data: (3), (6), (8), (9), (16)

By the nature of the algorithms used in the predictive process:

* Models based on classic machine learning algorithms: (2), (3), (4), (5), (6), (7)

« Models based on deep learning algorithms: (8), (9), (10), (11), (12), (13), (14)

« Mixed models that combine classic machine learning and deep learning algorithms: (1),
(15), (16).

RESULTS

For the development of this report, due the limited number of pages, we made a selection
of the 6 more representative papers for a deeper analysis in this work. Papers were chosen
under the criteria of the biggest impact factor of the publication. In the following section
we carry out a detailed analysis of the selected papers in terms of scope and results. The
order of the analyzed reports responds to the classification based on the nature of the
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algorithms used in the predictive process.

Analysis and discussion of the selected methods

Models based on classic machine learning algorithms

In Zhang, B et al (2020), a study for the early detection of COVID-19 patients is carried
out, for which they developed and validated a nomogram to predict a poor outcome at 30
days in patients with COVID-19. The prediction model was developed on a primary cohort
consisting of 233 patients with laboratory-confirmed COVID-19, and data was collected
from January 3 to March 20, 2020. Significant prognostic factors for poor outcome were
iIdentified and integrated at 30 days to build the nomogram. The model underwent internal
validation and external validation with two separate cohorts of 110 and 118 cases,
respectively. The performance of the nomogram was evaluated with respect to its predictive
accuracy, discriminatory ability, and clinical utility. The model was externally validated in
two cohorts achieving an AUC of 0,946 and 0,878, sensitivity of 100 and 79 %, and
specificity of 76,5 and 83,8 %, respectively.

This study has some limitations. The retrospective nature of the sample may introduce
potential risks of bias in the data. The CT score is subjective with large intra- and inter-
observer variability obtained from the initial CT examination; CT-based radiomics or deep
learning and follow-up CT may provide further prognostic information. This model is not
applicable for patients with critical illness on admission, which may result in inclusion bias.
COVID-19 triage could lead to less severe cases having delayed testing, which would skew
the inclusion set to a more critical status; therefore, the performance of the model may be
overestimated. Finally, the identification of predictors depends on the features available,
the feature selection method used, and the sample size of the studies.

Models based on deep learning algorithms

In Ho. T et al. (2021), the authors developed deep learning models to rapidly identify high-
risk COVID-19 patients based on CT images and clinical data. To do this, data from 297
patients with COVID-19 from five hospitals in Daegu, South Korea were analyzed. A deep
learning model combining an artificial neural network for clinical data and a convolutional
neural network for 3D CT imaging data, was developed to classify these cases as high risk
of severe progression (i.e. , event) or low risk (i.e. no events). A total of 19 clinical features
from were concatenated with a 64- dimensional feature vector from the CT image. The
developed model achieved high classification performance using novel images of
coronavirus pneumonia lesions (ie, 93,9 % accuracy, 80,8 % sensitivity, 96,9 % specificity,
and 0,916 AUC) and lung segmentation images (ie, 94,3 % accuracy, 74,7 % sensitivity,
95,9 % specificity, and AUC score of 0,928) for event versus non-event groups. However,
the study has several limitations. First, it was a retrospectively designed study, where the
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size of the data set (ie the number of patients) was small. Furthermore, the number of
patients who progressed to the severe stage was relatively small. Therefore, the precision
and sensitivity of the CNN model were based on CT images that can be affected by variation
In unbalanced data sets. Second, only COVID-19 data was included in this study. However,
a true diagnostic model must contain the features to distinguish COVID-19 from other types
of pneumonia. Third, the authors compared their model with three typical 2D models that
were developed in a 3D domain. As these models were designed for 2D imaging, this
comparison did not present the alternatives for the same application domain. Therefore, 3D
context is important to differentiate between evented and eventless COVID-19 structures,
which requires the development of pretrained 3D models.

In Ortiz A. et al (2022), the authors evaluated the value of aggregated chest CT data for
COVID- 19 prognosis compared to clinical metadata. They developed a patient-level
algorithm to aggregate chest CT volume into a 2D representation that can be integrated with
clinical metadata to distinguish COVID-19 pneumonia from chest CT volumes of healthy
participants and participate ants with other viral pneumonia.

Furthermore, the authors present a multitask model for the joint segmentation of different
classes of lung lesions present in lungs infected with COVID-19 with the aim of extracting
highly relevant local features. From this they create prognostic models using the extracted
characteristics along with patient demographics, comparing the performance of the models
using different combinat ions of relevant data to predicting mortality. The overall objective
of this work was to enable automated extraction of relevant features from chest CT volumes
that can be incorporated with clinical data for risk stratification of COVID-19 patients. They
compared this multitask segmentation approach with combining feature-independent
volumetric CT classification feature maps with clinical metadata to predict mortality. For
the prediction task, the authors compared the performance of five different machine
learning models for predicting mortality in patients with COVID-109.

Experimental results showed that the combination of features derived from chest CT
volumes improves the AUC performance to 0.80 from the 0.52 obtained using only clinical
patient data. Olowolayemo. A et al (2023) presented a model to determine the mortality of
an infected patient upon arrival at health facilities to determine whether or not admission to
Intensive care Is necessary. A CNN model based on the ResNet-18 architecture was trained
on CXRs of COVID-19 patients to estimate their mortality risk. Training of the proposed
model was performed using the Stony Brook University (SBU) dataset. The first stage of
the study used the IEEE8023 dataset, obtained from a public GitHub repository. The model
using the original unimputed data with class weight adjustment achieved the best
performance among the six compared models. This model was used in the presented study
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using the SBU data set. Subsequently, the first model, that is, the best model from the first
training phase, and the second model, that is, the model that was fitted on the SBU data set,
were compared using a test set created from a part of the SBU data set.

The result showed that the second model trained on the SBU dataset performed much better
In terms of accuracy, significantly outperforming the first model trained only on the
IEEE8023 dataset, with an accuracy of 86 %. This was despite the fact that chest
radiographs were not discriminated based on the duration of infection of the patients at the
time of the radiograph. The model also achieved a high recovery value of 81,5 % with a
false negative rate of 18,4 % on the test set.

The main limitation of this work is the number of CXR images used. The limited amount
of data, especially CXRs of non-surviving cases, forced them to use oversampling methods,
such as image augmentation, to increase the number of images in the minority class.
Mixed models that combine classic machine learning and deep learning algorithms

Bae J et al., (2020). The aim of this study was to predict mechanical ventilation requirement
and mortality using computational modeling of CXRs for COVID-19 patients. A total of
530 unidentified CXRs from 515 COVID-19 patients treated between March and August
2020 were analyzed. They trained and evaluated random forest (RF) machine learning
classifiers to predict mechanical ventilation requirement and mortality using radiomic
features extracted from patients’ CXRs and explored deep learning (DL) approaches to the
clinic.

The authors studied 143 radiomic features as those derived from the energy calculation. In
this study, the authors performed an exploratory analysis of these radiomic features to
determine their relative value in predicting clinical outcomes for patients with COVID-19.
For each radiomic feature, statistics including measures of median, skewness, standard
deviation, and kurtosis were calculated. These statistics and clinical factors, including
expert scores and patient age/sex, were used for the construction of the classifier.

The authors demonstrated that radiomic features can provide information about which
features of a patient's CXR are significant for making clinical predictions and may be more
Informative to a clinician than DL-only approaches. From the results achieved, it can be
seen that radiomic characteristics play an interesting role in predicting results for COVID-
19.

This work has some limitations. First, the study used reference CXRs that are likely to be
Inconsistent in the interval between COVID-19 infection and imaging. While this Is
representative of the clinical reality that patients receive baseline chest x-rays at different
time points in the course of their illness, future studies could build better time-to-event
prediction models using data with a distribution more uniform temporary, although in the
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context of the COVID-19 pandemic this Is not easy to achieve given the urgency and the
large number of cases to be evaluated. However, for the study of other respiratory
Infections, it could be taken into account.

It is also important to note that the two clinical outcomes studied in this paper are not
Independent or mutually exclusive; in general, a patient who requires mechanical
ventilation is more likely to succumb to his illness than one who does not. On the other
hand, the study took into account a limited number of clinical characteristics, so the
Inclusion of data on comorbidities such as a history of cancer, chronic obstructive
pulmonary disease, hypertension, etc., could improve the performance of the proposed
models. Finally, further validation would be needed to demonstrate the robustness of the
classification models in the broader context of treating COVID-19 and other respiratory
conditions at other hospitals and locations.

In Wendland. P. et al. (2023), the study was aimed to improve early risk stratification of
hospitalized Covid-19 patients by predicting in-hospital mortality, transfer to intensive care
unit (ICU) and mechanical ventilation from electronic health record data of the first 24 h
after admission.

For model development they conducted an observational retrospective cohort study using
electronic health record data from a hospital of medium level of care located in the federal
state of Rhineland-Palatinate in the west of Germany initially collected for billing purposes.
In the study were included 520 patients with a positive RT-PCR for SARS-CoV- 2
Identified admitted to the hospital from March 2020 until December 2021.

For the model development and prior to any preprocessing steps authors performed a
random train- test split using 80 % of the data as training set and 20 % as test set. They
defined three Covid-19 associated endpoints:

1. Death during hospital stay, short “in-hospital mortality” 2. Admission to intensive care
unit (ICU), short “transfer to the ICU” 3. Necessity for mechanical ventilation (al OPS
beginning with “8—-71%), short “mechanical ventilation™

In the experiment authors compared three supervised classifiers: Logistic regression (LR),
Random forest (RF) and XGBoost. To select predictive features for each of these three
model classes they employed 5-fold cross validation. For LR they performed forward-
backward selection. For the random forest classifier and the XGBoost classifier they used
the mean feature importance as a criterion for feature selection and in addition also trained
these tree based classifiers using the same features as identified for the LR models. Further,
for RF and XGBoost they performed a hyperparameter optimization on the training set. The
model (including selected features) with the highest receiver operator characteristics area
under the curve (ROC-AUC) averaged over the cross validation folds from the training data
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set was selected as the final model for the respective endpoint.

As result, the machine learning model predicts in-hospital mortality (AUC = 0,918),
transfer to ICU (AUC = 0,821) and the need for mechanical ventilation (AUC = 0,654)
from a few laboratory data of the first 24 h after admission. Models based on dichotomous
features indicating whether a laboratory value exceeds or falls below a threshold perform
nearly as good as models based on numerical features. Authors devise completely data-
driven and interpretable machine-learning models for the prediction of in-hospital
mortality, transfer to ICU and mechanical ventilation for hospitalized Covid-19 patients
within 24 h after admission. Numerical values of CRP and blood sugar and dichotomous
Indicators for increased partial thromboplastin time (PTT) and gluta mic oxaloacetic
transaminase (GOT) were amongst the best predictors.

The study only included patients admitted to hospitals from the beginning of the pandemic
until the end of 2021. Due to the rapidly changing epidemiological circumstances of the
pandemic the authors were not able to test the generalizability of the proposed models to a
population, where the Omicron mutation is the dominating virus mutation. From 2020 until
December 2021 the Wildtype, Alpha, Beta and Delta mutations were the dominating Covid-
19 variants in Germany. The study do not included vital parameters, pre-existing
comorbidities and vaccination. The cohort of 520 patients is relatively small. Further, the
studied data was imbalanced, because only 50 to 90 patients with poor outcomes were
observed for each respective endpoint.

Performance of the studied models

Given the conditions in which the COVID-19 pandemic develops, the studied models have
been tested on a wide variety of conditions in terms of number of patients, availability,
completeness, diversity and quality of images and clinical data, character of the study,
ethnic and age diversity of the patients participating in the studies, balance of the classes
taken into account for the training of the predictive models. This great diversity does not
allow for a comparison based on equal performance conditions. However, we have made a
summary of the results that they offer in terms of the most common metrics used in the
studied reports. Table 4 offers a summary of these results for each of the studied models.
From the table it is possible to observe that the models that achieve the best performance in
their respective evaluations do not depend on the type of outcome they predict, however
they have a high dependence on the type of data with which they work. The models with
the best results are those that use clinical data and CT images and their combination. On
the other hand, models that combine CXR images and clinical data have shown acceptable
performance.

Regarding the type of model, there is no clear differentiation between models based on
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classical methods of machine learning and those based on deep learning, however
everything seems to indicate that in the case of machine learning algorithms, those based
on regression have offered more accurate results.

Table 4. Summary of performance results of the studied models

F%ﬁt. Used data Model type AUC Sensiblity. Specifity. Accuracy. (%) c- score
table3

(1) CXR ML +DL 0.794 0.722 0.732

(2) CXR, clinical ML 0.880 - -

(3) CT, clinical ML 0.912 0.895 0.8015

(4) Clinical ML 0.895 - -

(5) CT ML 0.916 0.808 0.969

(6) CT, clinical ML 0.910 0.894 0.872

(7) Clinical ML 0.950 0.764 0.919

(8) CT, clinical DL 0.942

9) CT, clinical DL 0.800

(10) CXR, clinical DL 0.870

(11) CXR DL 0.743 - - -
(12) CXR, clinical DL - - - - 0.75
(13) CXR DL - - - 86

(14) Clinical DL - 0.935 - 95.97

(15) Clinical ML+ DL 0.797

(16) CT, clinical ML+ DL 0.864 - - -

(17) Clinical DL - - 93.55 95.97

(18) CT, clinical DL 0.880

Regarding the limitations of the models studied, in the vast majority of them they are related
to the size of the training, validation and test sets, the imbalance of the samples of each
class used in the training and the origin of the samples taken in one or a limited number of
hospital institutions. Another limitation is related to the time of the pandemic in which the
samples were taken, where most of them were considered in the first 2 years (2020, 2021)
when the highest peaks of patients were recorded and more lethal strains of the disease
(Alpha, Beta and Delta mutations).

None of the analyzed studies takes into account the post-vaccination scenario and its
Influence on the decrease in lethality, as well as the predominance of the more transmissible
but less lethal variants of the Omicron strain.

General discussion

Based on the results of the study carried out, we have been able to determine that predictive
models based on clinical data and their combination with CT or CXR images can achieve
significant performance in the evolutionary prediction of the state of severity of the disease,
death or the need for specialized treatments such as mechanical ventilation, hospital
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admission or ICU. The trend that is observed is the development of models based on Deep
learning, however from the analysis developed we see that the methods based on regression
have had a good performance.

The development of a predictive model under the conditions of Cuba would be In
accordance with the availability of CXR images and non-standardized clinical data. The
development of an investigation in this sense could be aimed at obtaining a prediction
model for severe manifestations from COVID-19 by combining the classification of the
degree of severity of lung involvement on CXR images, clinical data on comorbidities, and
biographical data. The model would be developed based on the use of deep neural networks
and taking as a starting point the developments achieved so far by our research team in the
evaluation of the level of severity of lung involvement in CXR Images by means of
classification (Garea et al., 2021a, 2021b, 2022, 2023). The inclusion of radiomic features
for the evaluation of the index of involvement of the pulmonary region could lead to an
Increase In the accuracy of the prediction of the degree of severity caused by the disease.
As a baseline for comparison, we could then first take the work presented in Bae J. et al.
(2020), where it would be convenient to implement the extraction of radiomic features, and
their combination in the last three experimental schemes presented by the authors (P3, P4
and P5) with CNN deep learning models. Another method that can be taken as a baseline
for comparison would be those presented in Olowolayemo, A. et al. (2023) based on deep
learning.

ACKNOWLEDGEMENT

The VLIR-UQOS has partially financed this research under the South Initiative: Toward
Precision Medicine for the Prediction of Treatment Response to Covid-19 in Cuba
(COVID-19 PROMPT).

CONCLUSIONS

In this work, a review study was presented with the objective of evaluating the most relevant
findings published between 2020 and 2023 that could serve as a basis for the development
of an own model adjusted to the conditions of Cuba.

As part of the methodology applied to the study, 18 relevant articles were identified, whose
analysis demonstrated that predictive models based on clinical data and their combination
with CT or CXR images can achieve significant performance in the evolutionary prediction
of COVID-19 outcomes as death or the need for specialized treatments such as mechanical
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ventilation, hospital admission or ICU.

The development of an investigation in this sense could be aimed at obtaining a prediction
model for severe manifestations from COVID-19 by combining the classification of the
degree of severity of lung involvement on CXR images, clinical data on comorbidities, and
biographical data.

As the main insufficiencies of the reviewed articles, it was found that the models that
achieve the best performance in their respective evaluations do not depend on the type of
outcome they predict, however they have a high dependence on the type of data with which
they work.

The development of an investigation in this sense could be aimed at obtaining a prediction
model for severe manifestations from COVID-19 by combining the classification of the
degree of severity of lung involvement on CXR images, clinical data on comorbidities, and
biographical data.

The model would be developed based on the use of deep neural networks and taking as a
starting point the developments achieved in the evaluation of the level of severity of lung
Involvement in CXR images by means of classification.
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