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Abstract

Background: Endothelial dysfunction plays a central role in the pathophysiology of sepsis but is rarely assessed in routine clinical
practice. Carotid ultrasound is a widely available bedside tool; however, conventional analysis has limited sensitivity for detecting early
sepsis alterations. This pilot study evaluated the feasibility of applying radiomics to carotid ultrasound images combined with Artificial
Intelligence (AI) to predict mortality in patients with viral and bacterial sepsis.

Methods: Clinical data and carotid ultrasound images from critically ill patients admitted to the intensive care unit were prospectively
analyzed. Radiomic features were extracted from ultrasound images, and machine learning models were developed using clinical variables,
radiomic features, and their combination. Model performance was assessed using area under the receiver operating characteristic curve
(AUCQ), accuracy, sensitivity, precision, and F1-score.

Results: A total of 37 patients were included (mean age 61.3 = 14.6 years; 62.1% male), of whom 27 had viral sepsis due to COVID-19
and 10 had bacterial sepsis. Among the evaluated models, the Naive Bayes classifier showed the best performance when combining
clinical and radiomic data, achieving an AUC of 0.97, accuracy of 94%, sensitivity of 98%, and precision of 94%. The inclusion of
radiomic features increased model robustness by approximately 9% compared with the clinical model alone.

Conclusion: Radiomics applied to carotid ultrasound imaging is feasible and demonstrates high predictive performance for mortality in
patients with sepsis. The integration of radiomics and Al may enhance endothelial assessment and improve risk stratification in critically
ill patients.
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Introduction

Sepsis remains one of the leading causes of morbidity and mortality
worldwide and is characterized by a dysregulated systemic
inflammatory response that frequently progresses to multiorgan
failure. Despite advances in critical care, early identification of
patients at increased risk of adverse outcomes remains a major
clinical challenge [1-3]. Endothelial dysfunction plays a pivotal
role in sepsis pathophysiology, contributing to microvascular
injury, impaired tissue perfusion, and organ dysfunction.
Nevertheless, endothelial assessment is not routinely incorporated
into bedside evaluation [4-6]. During the COVID-19 pandemic,
growing evidence highlighted the relevance of endothelial injury
in critically ill patients, reinforcing the need for accessible
tools capable of detecting vascular alterations [4,5,7]. Carotid
ultrasound is a noninvasive, radiation-free, and widely available
imaging modality. Conventional B-mode ultrasound enables
assessment of the carotid Intima—Media Complex (IMC), a
recognized marker of vascular health. However, traditional visual
and morphometric analysis has limited ability to detect subtle or
early endothelial changes [6,8,9]. Radiomics has emerged as an
innovative approach that extracts high-dimensional quantitative
features from medical images, capturing texture and spatial
patterns beyond visual perception. When combined with artificial
intelligence, radiomics enables the development of predictive
models for clinical outcomes [10,11]. This pilot study aimed to
evaluate the feasibility of applying radiomics to carotid ultrasound
images, combined with Al-based modeling, to predict mortality in
patients with viral and bacterial sepsis admitted to the intensive
care unit.

Materials and Methods
Study Population

Patients admitted to the intensive care unit with a diagnosis of
sepsis were included. Between July 2020 and February 2021, 59
patients with severe COVID-19 underwent carotid ultrasound
during hospitalization. Of these, 27 had digitally stored images
suitable for radiomic analysis. Additionally, 10 patients with
nonviral (bacterial) sepsis admitted prospectively to the ICU
were included. The final cohort comprised 37 patients. The study
was approved by the institutional ethics committee (CAAE:
34736620.6.0000.8807), and informed consent was obtained from
patients or their legal representatives.

Clinical Data Collection

Clinical data were obtained from physical and electronic medical
records and included sex, age group, use of invasive mechanical
ventilation, clinical outcome (hospital discharge or death), and
comorbidities such as systemic arterial hypertension, diabetes
mellitus, chronic kidney disease, liver disease, and cancer.
Laboratory data included renal function parameters (urea and
creatinine) and inflammatory markers, including leukocyte count.

Ultrasound Image Acquisition

All carotid ultrasound examinations were performed at the bedside
using GE Logic ultrasound systems equipped with 12L-RS linear
transducers (General Electric®). Examinations were conducted by
three radiologists with 4-10 years of experience, with each patient
evaluated by at least two operators. Images were stored in DICOM
format. B-mode images were acquired in axial and longitudinal
planes. The carotid intima—media complex was evaluated on
the posterior wall of the common carotid artery in plaque-free
segments. IMC thickness was defined as the distance between the
lumen—intima and media—adventitia interfaces and classified as
thickened according to ELSA-Brasil criteria [12,13] (Figure 1).
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Figure 1: B-mode ultrasound image of the right carotid artery in the longitudinal direction of a study patient with severe Covid-19,
showing in A the thickening of the intima-media complex (arrowhead) and in B the delimitation of the region of interest (green marking).

Radiomic Analysis

Radiomic analysis was performed using 3D Slicer software (version 4.11.20210226). Regions of interest were manually delineated
along the carotid intima—media complex to ensure precise boundary definition. Radiomic features were extracted and exported in CSV
format. Histogram-based analysis was performed, and features were categorized into first-order statistics (pixel intensity distribution)
and second-order statistics (texture and spatial relationships) (Figure 2).

Figure 2: Stages of the study process.
Artificial Intelligence Model Development

Data preprocessing and model development were conducted using PyCaret version 3.0. Data cleaning, normalization, and merging were
performed using the Pandas framework. Exploratory data analysis included assessment of feature distributions and correlation analysis
with a 60% cutoff. The dataset was stratified and divided into 80% training and 20% testing sets. Class imbalance was addressed through
resampling of the minority class. Sixteen machine learning algorithms were evaluated using clinical variables alone, radiomic features
alone, and combined datasets. Dimensionality reduction, collinearity removal, and feature selection were performed using classical
methods and permutation importance. Model performance was assessed using AUC, accuracy, sensitivity, precision, recall, and F1-
score.
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Statistical Analysis

Categorical variables were expressed as absolute numbers and percentages, while continuous variables were presented as mean +
standard deviation. Model performance with and without the inclusion of radiomic features was compared to assess the incremental
value of radiomics in mortality prediction.

Results and Patient Characteristics

The cohort included 37 ICU patients with a mean age of 61.3 £ 14.6 years; 23 patients (62.1%) were male. Viral sepsis due to COVID-19
accounted for 27 cases (72.9%), while 10 patients (27.1%) had bacterial sepsis (Figure 3).

Figure 3: Clinical characteristics of the patients in the study.
Conventional Ultrasound Findings

On conventional analysis, 14 patients (37.8%) presented with IMC thickening, 13 (35.1%) showed irregularities of the inner arterial
wall, and 10 patients (27.1%) demonstrated no detectable alterations (Figure 4).

Figure 4: Carotid ultrasound of a patient from the study. In A, the intima-media complex without alterations and in B an example of a
patient with thickening and irregularities (arrowhead).
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Machine Learning Performance

Among the evaluated algorithms, the Naive Bayes classifier demonstrated the best performance when combining clinical and radiomic
data, achieving an accuracy of 94%, AUC of 0.97, sensitivity of 98%, precision of 94%, and F1-score of 0.96. The incorporation of
radiomic features improved model performance by approximately 9% compared with models based on clinical data alone (Table 1).

Table 1: Performance of machine learning models using clinical, radiomic, and combined datasets.

Discussion

This pilot study demonstrates the feasibility of applying radiomics
to carotid ultrasound imaging combined with artificial intelligence
to predict mortality in patients with sepsis. Although carotid
ultrasound is widely used due to its accessibility and safety, previous
studies have relied mainly on conventional IMC measurements
[4,14,15]. To our knowledge, this is the first study to apply radiomic
analysis of carotid ultrasound images for mortality prediction in
septic patients using machine learning models. The most frequent
conventional ultrasound findings were IMC thickening and
irregularity, which have been described in inflammatory conditions
such as vasculitis, HIV infection, and SARS-CoV-2 infection [16-
19]. Our previous investigations demonstrated an association
between these carotid alterations and mortality in patients with
severe COVID-19 [5]. The present study extends these findings
to bacterial sepsis, reinforcing the hypothesis that endothelial
injury represents a shared pathophysiological mechanism across
infectious etiologies. Among the evaluated algorithms, the Naive
Bayes classifier achieved the best performance, particularly when
radiomic features were combined with clinical data [20-22]. The
improvement in predictive accuracy highlights the added value
of radiomics in capturing subtle vascular alterations not detected
by conventional ultrasound analysis. This study has limitations,
including the small sample size and potential variability in the
inflammatory phase at the time of imaging. However, as a pilot
investigation, these findings provide a strong rationale for future
multicenter studies with larger cohorts and external validation.

Conclusion

This study demonstrates the feasibility of developing an Al-
based model for mortality prediction using radiomic features
extracted from carotid ultrasound images in patients with viral

and bacterial sepsis. The integration of radiomics and artificial
intelligence shows promise for improving endothelial assessment
and prognostic stratification in critically ill patients.
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