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Abstract — It is relevant to discover biomarkers enabling to 

predict critically ill patients’ survival. This study focused on 45 

patients, from which 22 deceased and 23 were discharged from an 

Intensive Care Unit (ICU). It was considered the serum molecular 

fingerprint, as acquired by Fourier Transform Infra-Red (FTIR) 

spectroscopy, obtained 3 days before the patients discharged or 

death at the ICU. It was possible to obtain ratios of bands of the 

sera spectra, statistically different between the two groups of 

patients. Furthermore, good Naïve Bayes models were developed 

based on the second derivative spectra enabling an Area Under 

the Receiver Operating Characteristic Curve (AUC-ROC) of 0.77. 

These promising outputs suggest further investigation with a 

larger cohort.  
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I. INTRODUCTION 

Due to the relevance of mortality prediction in critically ill 

patients, it is common practice at intensive care units (ICU) to 

use physiological scores, e.g., Acute Physiology and Chronic 

Health Evaluation (APACHE). However, these types of 

scorings don’t enable the prediction of individual patients’ 

outcomes, being mostly used for comparing groups of patients 

and ICUs [1].   

FTIR spectroscopy, associated to machine learning 

algorithms can represent an appealing method to discover 

sensitive and specific biomarkers for medical diagnosis and 

prognosis [2]. Indeed, this type of platforms, by capturing the 

whole molecular fingerprint of a defined biofluid, have been 

evaluated for diagnosis of diverse diseases [3]. In this work, the 

serum whole molecular fingerprint, as captured by FTIR-

spectroscopy was evaluated to discover serum biomarkers 

enabling survival prediction, 3 days before its occurrence at an 

ICU.    

II. MATERIALS AND METHODS  

A. Population 

A total of 45 patients admitted at the ICU of the Hospital de 

São José, in Lisbon, were considered, from which 22 died at 

the ICU. The present study is inserted in the PREMO project, 

approved by the Hospital Ethics Committee, Unidade Local de 

Saúde São José, with the informed consent obtained from each 

patient or their family members for data collection before 
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participation. The patients’ clinical information used was 

anonymized.All patients were critically ill patients with 

COVID-19 and were under invasive mechanical ventilation.  

B. Blood collection 

Peripheral blood was collected in a tube with no 

anticoagulant at the ICU, between 7 and 9 a.m., and maintained 

at−4ºC, between 2 to 4 hours, till centrifugation (3500 rpm for 

10min in a centrifuge Mikro220T, Hettich, Tuttlingen, 

Germany). Serum samples were maintained at −80ºC until 

further analysis. Samples were collected 3 days before patients’ 

death or discharge from the ICU. 

C. Serum whole molecular fingerprint acquisition 

Triplicates of 25µL of serum, pre-diluted at 1/10 in water, 

from each sample, were pipetted to a 96-well Si plate and 

subsequently dehydrated for about 3.5h in a desiccator under 

vacuum (Vacuubrand, ME2, Wertheim, Germany). Spectral 

data were collected using an FTIR spectrometer (Vertex70, 

Bruker) equipped with an HTS-XT (Bruker, Billerica, MA, 

USA) accessory. Each spectrum represented 64 coadded scans, 

with a 2cm−1 resolution, and was collected in transmission 

mode, between 400 and 4000 cm−1. The first well of the 96-well 

plate did not contain a sample and the corresponding spectra 

were acquired and used as the background, according to the 

HTS-XT manufacturer. 

D. Spectra pre-processing and processing 

Spectra with atmospheric correction were subsequently 

submitted to baseline correction and unit vector normalization 

or, in alternative, the second derivative spectra were obtained 

using a Savitzky–Golay filter, with a second-order polynomial 

over a 15-point window. The impact of spectra pre-processing 

was evaluated on a Principal Component analysis (PCA). The 

following predicting models were developed: PCA-Linear 

Discriminant Analysis (PCA-LDA), Support Vector Machines 

(SVM) and Naïve-Bayes models. A cross-validation method 

with 5 folds (80% training, 20% test size) were applied. Spectra 

pre-processing, PCA, PCA-LDA and SVM were conducted 

with the Unscrambler ® X 10.4 software (CAMO software AS, 

Oslo, Norway). The Naïve-Bayes model was conducted with 

the Mining Toolbox [4], version 3.36.2 (Bioinformatics Lab, 

University of Ljubljana, Ljubljana, Slovenia).  
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Univariate data analysis of spectral bands among the 

populations were conducted by the non-parametric Mann–

Whitney U test, with IBM SPSS Statistics software, version 27 

(IBM Corp., New York, USA). 

III. RESULTS AND DISCUSSION  

The two groups of patients (i.e., discharged or deceased), 

were not statistically different concerning variables such as age, 

gender and if under Extracorporeal Membrane Oxygenation 

(ECMO) (Table I). This increases the probability that the 

predictive model output isn’t due to possible confounding 

variables. 

 
TABLE I. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF THE 45 

PATIENTS, WITH THE P-VALUE OF THE STATISTICAL ANALYSIS COMPARING 

THESE TWO GROUPS. 

Variable 

Discharged 

(n=23 

patients) 

Deceased 

(n=22 

patients) 

p-value 

Age (years), 

(median/IQR) 
 61 (16) 67(15) 0.309# 

Gender 

(n/proportion) 

Female 10 (0.45) 8 (0.35) 
0.670* 

Male 12 (0.55) 15 (0.65) 

ECMO 

(n/proportion) 

No 20 (0.91) 23 (1.00) 
0.233+ 

Yes 2 (0.09) 0 (0.00) 
#Mann-Whitney U, *Students t-test, + Fishers exact test. 

 

Fig. 1A represents all serum spectra after baseline correction, 

while Fig. 1B represents the average of the serum spectra of the 

patients that were deceased or discharged from the ICU. These 

average spectra are very similar, and consequently the PCA 

score plot (Fig. 1C) did not enable a data pattern separation 

between the two groups of patients. 

Second derivative, by resolving spectral bands, increases the 

differences between the two groups of patients (Fig. 2A) 

improving the separation in the PCA score plot between the 

patient’s group (Fig. 2B). Despite that, a data pattern separation 

between the two groups of patients is not clear. 

The major bands pointed in the normalized baseline-corrected 

spectra and corresponding PCA loadings, were analyzed. From 

the 21 bands and 84 ratios of bands analyzed, 17 were 

statistically different (p<0.05) between the two groups of 

patients (Table II). The band ratio that was the most 

significantly different between the two groups, was between 

1321 cm-1 / 1244 cm-1, associated to lipids and phosphate 

groups, respectively. As expected, the same analysis based on 

the second derivative spectra, resulted in a much higher number 

of bands and ratios between bands (n=41), statistically 

different, between the two groups (Table III), mostly due to 

resolution of overlapped bands. The most significant ratios 

between bands of the second derivative spectra included, the 

Amide III (1400 cm-1), amide I and II (1657 and 1543 cm-1), 

esters of phospholipids (1744 cm-1), and the fingerprint region 

(660 cm-1).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Serum spectra after baseline correction and normalization, 

of patients, obtained 3 days before the patients were either 

discharged (blue) or deceased (red) from the ICU (A), and its 

corresponding averaged spectra (B) and PCA (C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Second derivative spectra of serum from patients 3 days 

before the patients were discharged (blue) or deceased (red) (A), and 

its PCA (B). 

 

B 

C 

B 

A 

A 

28th LISBON International Conference on Science, Engineering, Technology and Healthcare (SETH-24) Dec. 16-18, 2024 Lisbon (Portugal)

https://doi.org/10.17758/URUAE24.UR1224119 42



 
TABLE II. MEDIAN AND INTER-QUARTILE RANGE (IQR) OF BANDS OBTAINED 

FROM NORMALIZED AND BASELINE CORRECTED SPECTRA, AND THE P-VALUE 

WHEN COMPARING THESE BANDS BETWEEN THE PATIENT’S GROUPS THAT DIED 

OR WERE DISCHARGED FROM THE ICU. ONLY BANDS THAT PRESENTED P-

VALUE <0.05 ARE PRESENTED. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE III. MEDIAN AND INTER-QUARTILE RANGE (IQR) OF BANDS 

OBTAINED FROM SECOND DERIVATIVE SERUM SPECTRA, AND THE P-VALUE 

WHEN COMPARING THESE BANDS BETWEEN THE PATIENT’S GROUPS THAT 

WERE DISCHARGED OR DECEASED IN THE ICU. ONLY BANDS THAT PRESENTED 

P-VALUE <0.05 ARE PRESENTED. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Due to these promising results, it was also developed SVM, 

PCA-LDA and Naïve Bayes predicting models of the patients 

survival (Table IV). As expected, due to the modest-sized 

dataset, the Naïve Bayes (Table V) generated the highest 

accuracy (0.66), with an Area Under the Receiver Operating 

Characteristic Curve (AUC-ROC) of 0.77 for the second 

derivative spectra (Fig. 3). 

 
TABLE IV. ACCURACY OF THE DEVELOPED PREDICTING MODELS, ACCORDING 

TO THE SPECTRA PRE-PROCESSING METHOD. 

 

TABLE V. OUTPUTS OF THE NAÏVE BAYES PREDICTING MODEL, ACCORDING 

TO THE SPECTRA PRE-PROCESSING METHOD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. AUC-ROC for the Naïve Bayes model, based on the full 

dataset of 45 patients, for death prognosis, 3 days before its 

occurrence at an ICU. 

 

The present work points, therefore, that the serum molecular 

profile, captured the metabolic fingerprint associated to the 

patients’ pathophysiological status, including the survival 

prediction. Since the FTIR spectra of serum is acquired in a 

simple, economic, and rapid mode, the method presents the 

potential to be a cost-effective methodology to predict critically 

ill patients survival.  
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Preprocessing Method Others Accuracy 

BC+UVN 

SVM  0.46 

PCA+LDA 3 PCA’s 0.66 

NB  0.59 

2D 

SVM  0.46 

PCA+LDA 3 PCA’s 0.60 

NB  0.66 

Pre 

processing 
AUC Accuracy Precision Sensitivity Specificity 

BC+UN 0.61 0.59 0.60 0.65 0.52 

2D 0.77 0.66 0.70 0.61 0.71 
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