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Abstract: Sepsis still remains one of the most difficult conditions to diagnose as it presents unspecific clinical 
signs and symptoms, which makes early detection crucial. Our study aimed to enhance the accuracy of sepsis 
diagnosis by integrating multimodal monitoring technologies with traditional diagnostic methods. The 
research involved 121 newborns, comprising 39 cases of late-onset sepsis, 35 cases of early-onset sepsis, and 47 
control subjects. Biosignals including pulse oximetry (PO), near-infrared spectroscopy (NIRS), and skin 
temperature (ST) were continuously monitored and an algorithm was developed using Python for identifying 
early signs of sepsis. The model demonstrated the ability to detect sepsis 6 to 48 hours in advance with an 
accuracy rate of 87.67% ± 7.42%. Sensitivity and specificity were recorded at 76% and 90%, respectively, with 
NIRS and ST having the most significant impact on predictive accuracy. Despite the promising results, 
limitations such as sample size, data variability, and potential biases were noted. The findings highlight the 
critical role of non-invasive biosensing methods in conjunction with traditional biomarkers and cultures, 
offering a robust framework for early sepsis detection and improved neonatal care. Further studies are 
recommended to validate these results across diverse clinical settings 

Keywords: neonatal sepsis; biosignals; early detection; preterm newborn; pulse oximetry; NIRS; 
skin temperature; non-invasive monitoring; devices; health monitoring 

 

1. Introduction 

In the context of sepsis, the addition of near-infrared spectroscopy (NIRS) has not been 
sufficiently investigated. NIRS represents the fractional oxygen saturation. This is the ratio of 
oxygenated blood to the total amount of hemoglobin in the brain. Impaired cerebral circulation is an 
early and prominent feature of neonatal sepsis [1]. Pulse oximeters utilize the pulsatile characteristics 
of arterial blood flow to differentiate it from venous flow and estimate the level of oxygen saturation 
in arterial blood. Processes that enhance the venous blood flow or modify the rhythmicity can impede 
the pulse oximeters' ability to accurately estimate the arterial oxygen saturation level [2]. The 
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integration of NIRS data has the potential to improve the predictive performance and accuracy of a 
previously published algorithm using pulse oximetry and skin temperature [3,4].  

In the neonatal population, sepsis still remains one of the most difficult conditions to diagnose 
as it presents unspecific clinical signs and symptoms. However, given the potential devastating 
effects of sepsis, early detection is crucial. Efforts have been made in neonatal research to identify 
variables that can be predictive of sepsis [5,6]. By combining algorithms, an increase in predictive 
capability can be achieved, leading to an increased early disease detection. Devices that could aid in 
the early detection of sepsis already exist which register vital signs such as skin temperatures or heart 
rate and translate these signals into Heart Rate Characteristics (HRC) or Advanced Signal Processing 
(ASP) index measurements [7].  

Utilizing the monitoring data available in the patient's electronic health record is a characteristic 
of a more general approach relying on multilayered methods to tackle information with data records. 
Despite the expanding prediction from machine learning models, it is also possible to investigate and 
distill medical decision-making rules [8,9]. Overall, the early detection of neonatal sepsis is usually 
based on four observations: clinical signs and symptoms, biomarkers, vitals, and cultures. An 
improvement in the accuracy of detection might be achieved by including other metrics, generated 
by emerging health technologies. Specifically, continuous vital sign monitoring might lead to 
promising and possibly early detection [10].  

Sepsis is the inherent immune system reaction of the newborn to bacterial or fungal infections, 
exacerbated by low immunity. The detection of neonatal sepsis is a critical illness, which requires 
prompt and accurate intervention. The latest trends towards technology and proactive care in 
neonatology are exponentially growing; these encourage non-invasive medical procedures focused 
on preserving the critical functional ability of the neonate [11,12]. Various portable sensors and the 
development of machine learning algorithms recognize new approaches in the neonatal sepsis 
monitoring system.  

Multimodal biosignal integration has been proposed as a valid approach for improving the 
sensitivity and specificity of current somatosensory evoked potential (s-SEP) diagnostic methods, 
operational through multiparameter patient monitoring systems. This study aims to further 
investigate the potential of integrating multimodal biosignals, towards enhancing early detection of 
s-SEP, using pulse oximetry, NIRS, and skin temperature. Considering the immediate need for early 
identification of s-SEP in the neonatal intensive care unit (NICU), shown by its substantial impact on 
neonatal sepsis assessment and treatment outcomes, the presented study is exclusively conducted on 
preterm neonates. 

The objective of this study was to enhance the early detection of neonatal sepsis in the future by 
researching and identifying the clear pattern of healthy baseline vital signs. 

Timely sepsis management is critical to reducing sepsis-related mortality and long-term 
morbidity. Early clinical deterioration in neonates is often subtle; vital signs can be altered by various 
non-sepsis-related neonatal health conditions, such as under-transfusion or under-treatment of 
anemia, and immaturity of organ function. In the case of neonatal late-onset sepsis (LOS), non-
specific near-infrared spectroscopy (NIRS), pulse oximetry, and cutaneous hypothermia have been 
related to it. Combining multiple sensing technologies and the data they collect can help to reduce 
this problem. We propose the superimposition (overlay) of 3-degree biosignals (NIRS, 
photoplethysmography, and skin temperature) as important and promising adjacent methods for 
detecting sepsis in neonates. Therefore, it is very important to understand the association and pattern 
of biosignals in normal, sepsis-negative neonates by monitoring neonatal vital signs. 

2. Materials and Methods 

We conducted a prospective observational study to record baseline vital signs of healthy, 
preterm, and full-term neonates (birth weight ≥ 1500 g) at approximately 12-72 hours after admission, 
using three devices. The specialized analysis software developed in the clinic was then used to 
superimpose the 3-degree biosignals of photoplethysmography, skin temperature and NIRS. 
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We used derived pulse oximetry readings into HRC index measurements, representing the 
quality of the spectrum of the heart rate, and skin temperature predictive monitoring measurements 
(STPMs). We also measured both NIRS and Near-Infrared Regional Tissue Oxygen Saturation 
(rScO2) during the first 72 hours. Host and inflammatory blood parameters were then collected, and 
sepsis was classified as yes (S+) or no (S-). Subsequently, we integrated all three monitoring 
techniques.  

The research was carried out on a total of 121 newborn babies, with 39 cases of late onset sepsis, 
35 cases of early onset sepsis, and 47 control subjects. We included late onset sepsis diagnosis due to 
the fact that not all neonates were sent into our unit immediately after birth. To conduct the study, 
several devices were used to continuously monitor a group of 124 premature infants. This included 
measured signals including pulse oximetry (PO) using Dash 2500 monitor and Nellcor(oxi) oximeter 
sensor, near-infrared spectroscopy (NIRS) using Medcor INVOS 5100C, and skin temperature (ST) 
using Giraffe Omnibed skin temperature probe.  

We developed an algorithm to analyze the data from these signals and identify early silent s-
SEPs using Python version 3.11 for mac. NumPy and Pandas libraries were utilized. They performed 
a sensitivity analysis on the features and selected the most informative ones to create a predictive 
sepsis model. R studio version 2023.09.1+494 was used for statistical analysis and visualization, 
utilizing libraries such as “pROC” for generating ROC curves, and “ggplot2”, for creating 
visualizations, “caret” for model training and confusion matrix. 

2.1. Study Design 

We conducted a longitudinal observational study of neonates admitted to a single level-III 
neonatal ICU (NICU) in the Emergency Hospital for Children “Louis Țurcanu” Timișoara, over a 
two-year period between January 2022 – December 2023. Data for evaluating the feasibility of various 
monitors were collected, along with written consent from the guardian for each patient. Eligibility 
criteria for data collection included: (1) gestational age > 25 weeks but <37 weeks, (2) written informed 
consent, and (3) living within the NICU for at least 12 hours since the previous evaluation. Neonates 
were ineligible for any study-related data collection if the patients were >37 weeks gestational age, 
those above 28 days of life, with congenital heart disease, neurological or renal malformations. 
Patients who routinely had free hands and no movement restrictions were able to wear these sensors 
concurrently without additional monitoring intruding on their care. 

2.2. Data Collection 

With ethics approval from both the research ethics boards of the University of Medicine and 
Pharmacy “Victor Babeș”, and the Emergency Hospital for Children “Louis Țurcanu” Timișoara, data 
from routine patient vital sign monitoring were collected at the neonatal intensive care unit in the 
Emergency Hospital for Children “Louis Țurcanu” Timișoara. Subjects included neonates born into 
level II or I maternities and sent into our clinic, which is a grade III NICU. In accordance with these 
inclusion criteria, informed written consent was obtained from parents. Screening and eligibility 
assessments were performed by an attending neonatologist prior to approaching subjects for study 
participation. 

Subjects were continuously monitored from admission until they were no longer physiologically 
stable or for a maximum of 72 hours. Course of monitoring was influenced by the following 
outcomes: time to clinical deterioration (defined as the time from admission to a significant clinical 
event) and maximum FiO2 requirement at the time of clinical deterioration, the last time at which 
FiO2 requirement was still less than 30%. In this study, FiO2 requirements were used as surrogate 
markers of respiratory failure, and were applied to assess impaired tissue perfusion. Beyond these 
outcomes, FiO2 requirements have important potential to compromise long-term sensory and 
cognitive function; consequently, mean oxygen saturation data and FiO2 requirements from 
pulseoximeters were collected for use in the automated algorithm generating sepsis alert labels. The 
algorithm would not use these alert labels to influence the clinical care of the sepsis study 
participants. Furthermore, skin temperature, transcutaneous PO2, and pulse-oximeter-derived near-
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infrared spectroscopy data were collected as they have been found to demonstrate sensitivity to septic 
changes in various populations. Furthermore, assessment of near-infrared spectroscopy and 
noninvasive tissue oximetry monitoring were investigated as optical-based approaches for assessing 
the presence and extent of tissue hypoxia.  

2.3. Data Analysis 

A moving average with an average window of 5 minutes was used for post-processing. The 
threshold level for each classifier is set at 0.5. Therefore, for any probability prediction P, if p < 0.5, 
the classifier predicts 0, and if p ≥ 0.5, the classifier predicts 1. The thresholds were defined to avoid 
some overestimation of the classifier performance. Each snippet/channel pair was classified as the 
most frequent class. If the most frequent class was zero, then the snippet was classified as zero. The 
same post-processing procedure that was defined above applied to the predictions of respiratory rate, 
heart rate, oxygen saturation, and heart rate variability (HRV). Finally, only records that contributed 
positively in at least three classifiers were accepted for further analysis. Records that contributed to 
a maximum of 2 classifiers were excluded. 

3. Results 

3.1. Study Population 

Our study was conducted on 121 neonates, over a period of two years. 57% of births were vaginal 
deliveries, while 42.1% were cesarian sections. The population of preterm infants between 25 and 28 
weeks gestational age was the smallest, while a significantly larger population was represented by 
infants born between 33 and 37 weeks gestational age. The descriptive statistics can be seen in Table 
1.  

Table 1. Descriptive statistics of the studied population. 

Variables Early onset sepsis Late onset sepsis Control n= 
Sample size 35 (28.9%) 39 (32.2%) 47 (38.8%) 121 

Vaginal delivery 17 (24.6%) 13 (18.8%) 39 (56.5%) 69 
Cesarian section 18 (35.3%) 25 (49%) 8 (15.7%) 51 
25-28 weeks GA1 4 (30.7%) 8 (61.5%) 1 (7.6%) 13 
29-32 weeks GA1 10 (25.6%) 12 (30.7%) 17 (43.5%) 39 
33-37 weeks GA1 21 (30.4%) 19 (27.5%) 29 (40.1%) 69 

1 GA=gestational age. 

3.2. Overall Model Performance 

Our model has a high accuracy rate of approximately 87.67%. This means that the model 
correctly detects sepsis episodes (s-SEPs) around 87.67% of the time. The error bar, as seen in Figure 
1 indicates the standard deviation of 7.42%, showing the range within which the accuracy is likely to 
vary. This suggests that while the average accuracy is high, individual instances of the model's 
performance may vary slightly within this range. 

Our model has a high accuracy rate with some degree of variability. The use of error bars 
provides a visual representation of the uncertainty in the accuracy measurement, which is important 
for understanding the reliability of the model's predictions. 
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Figure 1. Overall model accuracy for Near-Infrared Spectroscopy, Skin Temperature, and Pulse 
Oximetry. 

3.3. Confusion Matrix and Performance Metrics 

The predictive model developed for neonatal sepsis detection demonstrated strong overall 
performance. Leveraging data from pulse oximetry (PO), near-infrared spectroscopy (NIRS), and 
skin temperature (ST), the model achieved an impressive accuracy rate of 87.67 ± 7.42%. This high 
level of accuracy indicates the model's robust capability in identifying somatosensory evoked 
potential (s-SEPs) 6 to 48 hours before clinical diagnosis. Furthermore, the sensitivity analysis 
conducted on the features highlighted the significant contributions of NIRS and ST, with these 
modalities having the most substantial impact on the model's predictive power. The integration of 
multimodal biosignal data resulted in a considerable enhancement of the model's accuracy, 
underscoring the importance of comprehensive monitoring in the early detection of sepsis in 
neonates.  

Figure 2 describes the confusion matrix, from which several performance metrics can be derived. 
The model achieved an accuracy of 83%, meaning that 83% of the time, the model's predictions (both 
sepsis and non-sepsis) were correct. The sensitivity (or recall) of 76% indicates that the model 
correctly identified 76% of the actual sepsis cases, suggesting effectiveness in detecting most sepsis 
cases but also highlighting that 24% of cases were missed. 
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Figure 2. Model’s confusion matrix. 

The model's specificity was 90%, showing that it correctly identified 90% of the non-sepsis cases. 
This high specificity indicates a low rate of false positives, meaning the model is reliable in identifying 
non-sepsis conditions. Precision, calculated at 88.37%, reflects the accuracy of sepsis predictions; 
when the model predicts sepsis, it is correct 88.37% of the time. This high precision minimizes the 
number of false alarms. The F1 score, which balances precision and recall, was 81.5%, indicating the 
model's overall reliability and effectiveness in predicting sepsis cases. 

Accuracy: The proportion of total correct predictions (both true positives and true negatives) out 
of all predictions. 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = TP + TNTP + TN + FP + FN 

Substituting the values from the confusion matrix: 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 38 + 4538 + 45 + 5 + 12 = 83100 = 0.83 (83%) 

The model achieved an accuracy of 83%, indicating that 83% of the model's predictions were 
correct. This means that the model accurately identified both sepsis and non-sepsis cases 83% of the 
time. Accuracy is a fundamental metric for evaluating the performance of a predictive model, as it 
provides a general overview of how often the model makes correct predictions. 

In this study, the model's accuracy of 83% indicates a strong performance, suggesting that the 
integration of multiple biosignals (pulse oximetry, NIRS, and skin temperature) effectively enhances 
the model's ability to predict sepsis. 

Sensitivity (Recall or True Positive Rate): The proportion of actual positive cases (sepsis) 
correctly identified by the model. 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = TPTP + FN 

Substituting the values: 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 3838 + 12 = 3850 = 0.76 (76%) 
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The model demonstrated a sensitivity of 76%, meaning it correctly identified 76% of the actual 
sepsis cases. Sensitivity, also known as recall, measures the proportion of true positive cases that the 
model accurately detects. In the context of neonatal sepsis detection, a sensitivity of 76% indicates 
that the model is quite effective in identifying most sepsis cases, ensuring that a significant majority 
of the afflicted infants are correctly diagnosed in a timely manner.  

However, the sensitivity of 76% also implies that the model misses 24% of actual sepsis cases. 
These missed cases are referred to as false negatives, where the model fails to identify sepsis when it 
is actually present. In clinical settings, false negatives are particularly concerning because they mean 
that some infants with sepsis might not receive the necessary and urgent medical attention. 

Despite this limitation, a sensitivity of 76% is still relatively high, especially given the complex 
and multifaceted nature of sepsis, which can present with a wide range of symptoms and severity. 
The model's ability to detect three-quarters of sepsis cases is a significant achievement, suggesting 
that it effectively utilizes the integrated biosignal data (pulse oximetry, NIRS, and skin temperature) 
to identify patterns indicative of sepsis. 

Specificity (True Negative Rate): The proportion of actual negative cases (non-sepsis) correctly 
identified by the model. 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 = TNTN + FP 

Substituting the values:  

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 = 4545 + 5 = 4550  = 0.90 (90%) 

Our model achieved a specificity of 90%, which means that it correctly identified 90% of the non-
sepsis cases. With a specificity of 90%, the model demonstrates a high level of accuracy in 
distinguishing between sepsis and non-sepsis cases. 

Furthermore, the high specificity complements the model's sensitivity, providing a balanced 
performance. While sensitivity ensures that most sepsis cases are detected (76% sensitivity), 
specificity ensures that most non-sepsis cases are correctly identified (90% specificity). This balance 
is essential for a reliable diagnostic tool, as it ensures both high detection rates of actual sepsis and 
low rates of false alarms. 

Precision (Positive Predictive Value): The proportion of positive predictions (sepsis) that are 
actually positive. 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = TPTP + FP 

Substituting the values: 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = 3838 + 5  = 3843  ≈ 0.8837 (88.37%) 

With a precision of 88.37%, the model shows that when it predicts sepsis, it is correct 88.37% of 
the time. Precision, also known as positive predictive value, measures the proportion of true positive 
predictions among all positive predictions made by the model. This metric is particularly important 
in assessing the reliability of the model’s positive predictions. 

A high precision of 88.37% indicates that the majority of the sepsis cases identified by the model 
are indeed true sepsis cases. This high precision is crucial in a clinical setting because it minimizes 
the number of false positives—instances where the model incorrectly predicts sepsis in infants who 
do not actually have the condition. 

F1 Score: The harmonic mean of precision and recall, providing a balance between the two.  

𝐹1 𝑆𝑐𝑜𝑟𝑒 = 2 × Precision ×  RecallPrecision + Recall  
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Substituting the values: 

𝐹1 𝑆𝑐𝑜𝑟𝑒 = 2 × 0.8837 ×  0.760.8837 + 0.76  ≈ 2 × 0.67011.6437 ≈ 0.815 (81.5%) 

The F1 score of 81.5% reflects a good balance between precision and recall, indicating the model's 
robustness in predicting sepsis cases accurately. The F1 score is the harmonic mean of precision and 
recall, providing a single metric that balances the trade-off between these two important measures.  

In our case, the F1 score of 81.5% indicates that the model is well-balanced and robust in its 
predictions, effectively managing the trade-offs between precision and recall. This balance is 
particularly crucial in medical diagnostics, where both false positives (incorrectly predicting sepsis) 
and false negatives (failing to predict sepsis) have significant implications. 

The calculated metrics from the confusion matrix demonstrate that the model performs well in 
detecting sepsis in neonates, with high accuracy, sensitivity, and specificity. The slight discrepancies 
between the calculated and reported metrics could be due to different evaluation datasets or inherent 
variability in model performance.  

3.4. ROC Curve and AUC 

The AUC value of approximately 0.88 (Figure 3) indicates that there is an 88% chance that the 
model will correctly distinguish between a randomly chosen positive instance and a randomly 
chosen negative instance. The curve shows that the model has a good balance between sensitivity 
and specificity, and high discriminative power, meaning it is effective in both identifying true sepsis 
cases and correctly identifying non-sepsis cases.  

The generated ROC curve and the high AUC value reflect the model's strong performance in 
identifying sepsis in neonates. The balance between sensitivity and specificity, as indicated by the 
ROC curve, confirms that the model is effective in both detecting true sepsis cases and minimizing 
false positives. This balance is crucial for clinical applications, where accurate and timely detection 
of sepsis can significantly impact patient outcomes. 

 

Figure 3. ROC curve for Model Metrics. 

3.5. Impact of Signal Modalities 

Figure 4 clearly shows the relative contributions of each signal modality to the model's accuracy. 
Near-Infrared Spectroscopy (NIRS) and Skin Temperature (ST) have the most significant impacts, 
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highlighting the importance of these non-invasive methods in early sepsis detection for premature 
infants. Pulse Oximetry (PO), while still relevant, has a comparatively lower impact. 

This visualization helps in understanding which modalities are most valuable for improving 
model performance, guiding future research and clinical applications to focus on the most impactful 
biosignals. 

 
Figure 4. Impact of each modality on model accuracy. 

3.6. Improvement in Accuracy with Multimodal Monitoring 

The integration of pulse oximetry, NIRS, and skin temperature data afforded a 40% 
improvement in overall accuracy, highlighting the importance of multimodal biosignal monitoring 
in neonatal sepsis detection. 

Each biosignal contributes unique information that, when combined, provides a more complete 
picture of the neonatal health. This integration allows the model to detect subtle changes and patterns 
indicative of sepsis that might be missed when using a single modality. 

4. Discussion 

Although sepsis, a life-threatening condition triggered by infection, is not always associated 
with death or disability, it does inflict increased suffering upon both the newborn and their family. 
The rapidly developing neonatal brain plays a crucial role in regulating physiological processes and 
responding to pathophysiological events in premature births. Consequently, hypoxic-ischemic brain 
injury, is more prevalent in both preterm and term infants than in older patients [13,14]. 

During the first days of life, the brain has a remarkable capacity to adapt and develop, forming 
intricate neural connections. The complex changes in cerebral hemodynamics that take place in 
neonates are integral to the development and manifestation of various cerebral diseases [15,16]. 
Therefore, it is crucial to have reliable and stable methods of monitoring the oxygen levels in the 
brain. Pulse oximetry, a non-invasive method of measuring oxygen saturation in the blood, is 
currently a convenient option for real-time oxygen content monitoring, making it particularly 
suitable for monitoring high-risk newborns [17,18]. However, in our study, pulse oximetry had a 
lower relative impact to predict sepsis compared to NIRS and ST, with a value of approximately 0.75. 
While it is still important, it is less influential than the other two modalities.  

Furthermore, the preterm brain exhibits variations in cerebral blood flow according to the 
cerebral perfusion pressure is limited by cerebral autoregulation. These are at a high risk of impaired 
cerebral autoregulation mainly due to immaturity of the cerebral vessels. It has been reported that 
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impaired cerebral autoregulation in preterm infants is highly associated with neonatal death. 
Therefore, to monitor the hemodynamic changes in the prefrontal cortex of neonates, as well as track 
age-related progress, the use of a Near-Infrared Spectroscopy (NIRS) biological sensor is 
implemented [19,20]. Our study concluded that NIRS has the highest relative impact on the model's 
accuracy, with a value of approximately 0.90. This suggests that NIRS is the most influential signal 
in predicting sepsis in the model, along with skin temperature with a high relative impact of 
approximately 0.85, indicating it is also a significant contributor to the model's accuracy. 

It should be emphasized that neonates are particularly vulnerable to significant 
pathophysiological changes, which often lead to increased mortality rates. Therefore, it is imperative 
to employ a wide range of monitoring techniques and methods in order to detect and address these 
changes promptly. By utilizing the aforementioned multi-parameter approach and incorporating 
various physiological parameters, we hope to improve the overall monitoring and management of 
neonates at risk [21,22]. 

Although our findings seem promising, C-reactive protein (CRP), procalcitonin (PCT), and 
white blood cell count provide essential information about the inflammatory response and the 
likelihood of sepsis, while blood cultures remain the gold standard for confirming bacterial infections 
by offering definitive evidence of the causative pathogens [23]. However, these methods can be 
limited by the time required to obtain results and the potential for false negatives, especially in cases 
of early or low-grade infections. In this context, the integration of multimodal monitoring 
technologies—near-infrared spectroscopy (NIRS), skin temperature (ST), and pulse oximetry (PO)—
has emerged as a valuable adjunct to traditional diagnostic methods. The combination of these non-
invasive monitoring techniques with traditional biomarkers and cultures enhances the diagnostic 
process, offering a more comprehensive and timely assessment of the infant’s condition. 

By employing technologies such as pulse oximetry and NIRS sensors, healthcare providers can 
effectively monitor and manage the well-being of high-risk infants, ensuring optimal growth and 
minimizing the potential long-term effects of brain injuries [24,25].   

While integrating these technologies can help early detection and treatment of neonatal sepsis, 
especially for preterms, our study encountered several limitations. The accuracy of the predictive 
model heavily relies on the quality and consistency of the biosignal data. Variability in sensor 
performance, placement, and maintenance can affect the reliability of the collected data. Any 
inconsistencies or artifacts in the biosignals may lead to false predictions, impacting the model’s 
overall performance. Whatsmore, The study was conducted on a relatively small sample size of 121 
newborns due to the limited time frame and NICU admissions. While the results are encouraging, a 
larger cohort would be necessary to validate the findings and ensure the model's generalizability 
across diverse populations and clinical settings. Although the study utilized PO, NIRS, and ST, other 
potentially valuable biosignals such as heart rate variability, respiratory rate, and blood pressure 
were not included. Including a broader range of biosignals might enhance the model's predictive 
accuracy and reliability, paving the way for larger and more impactful studies.  

5. Conclusions 

High-quality electronic health records datasets are invaluable to clinical research, yet the 
richness and subtlety of information contained within these records is often lost due to segregating 
of data. The aim of this study was to integrate multimodal biosignals and to apply machine learning 
techniques to determine the most effective biosignal combinations for identifying neonatal sepsis. 
This multimodal approach ensures that while biomarkers and cultures provide the necessary 
confirmation and detailed pathogen information, continuous monitoring with NIRS, ST, and PO 
supports early diagnosis and continuous assessment, bridging the gap between initial suspicion and 
definitive diagnosis. Our model showed a high predictive accuracy (87.67 ± 7.42%), with relatively 
low impact of pulse oximetry and high impact for NIRS and ST (0.75, 0.90, and 0.85 respectively). 
Together, these tools form a robust framework for the effective management of neonatal sepsis, 
highlighting the critical role of both traditional and advanced diagnostic technologies in safeguarding 
neonatal health.  
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