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Abstract. Timely detection and prognosis of liver failure play an important 
role in improving treatment outcomes for patients with biliary obstruction. 
The study describes the use of optical biopsy methods to determine the 
functional state of the liver in patients with obstructive jaundice syndrome 
during and after antegrade biliary decompression. Fluorescence spectroscopy 
method allowed us to detect the patients suffering from severe liver failure 
during biliary drainage with high sensitivity, specificity, and accuracy (0.88, 
0.98, and 0.96) to provide emergency treatment by extracorporeal 
detoxification methods. Raman spectroscopy method was proposed to be used 
to obtain additional diagnostic information on the recovery of excretory 
function of the liver to determine the possibility of transition to the next stage 
of treatment of the underlying disease. The scheme of treatment and 
diagnostic algorithm is proposed, which shows the position of optical 
diagnostic methods in the standard treatment protocol of patients with 
obstructive jaundice of different etiology. © 2024 Journal of Biomedical 
Photonics & Engineering. 
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1 Introduction 

Diagnosis and treatment of hepatopancreaticoduodenal 

diseases complicated by biliary obstruction remain an 

urgent problem in medicine. The number of patients with 

obstructive jaundice (OJ) of various etiologies is 

increasing every year, mainly due to changes in lifestyle 

and diet. OJ is a syndrome that develops as a result of 

impaired bile outflow through the intrahepatic and 

extrahepatic biliary ducts to the duodenum [1]. Biliary 

obstruction can be caused by cholelithiasis, inflammatory 

processes, benign and malignant diseases of 

hepatopancreaticoduodenal organs. One of the key 

factors worsening the prognosis of patients with OJ 

syndrome is the development of liver disorders based on 

hepatocyte dysfunction. Disruption of bile flow leads to 

accumulation of bile acids, bilirubin, and other 

metabolites in the liver and systemic circulation, 

resulting in the development of liver failure (LF) [2–4]. 

Increasing hyperbilirubinemia and functional LF cause 

pathological disorders in the whole organism, including 

vital organs and systems such as brain, kidneys, 

intestines, immune system, and others. 

Surgical treatment in the presence of 

hyperbilirubinemia increases the risk of intra- and 

postoperative complications, so the treatment of patients 

with OJ syndrome is usually performed in two stages 

within the concept of preoperative biliary drainage [5]. In 

this approach, cholestasis is treated with minimally 

invasive procedures, followed by radical surgery after 

bilirubinemia resolves [6]. The placement of external, 

external-internal, or internal drainage systems is aimed at 
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early decompression of bile ducts, adequate, predictable, 

manageable and effective temporary or permanent biliary 

outflow and is the main way of temporary or definitive 

treatment of OJ, interruption of LF progression and 

prevention of complications development [7, 8]. 

However, LF may progress despite the drainage of the 

bile ducts in some clinical situations [9]. This is due to 

the fact that some patients have quite severe LF, and 

decompression procedures not only do not contribute to 

a rapid recovery, but actually aggravate the situation and 

require the use of extracorporeal hemocorrection 

methods or, in particularly severe cases, immediate 

intensive therapy for progressive LF. Thus, the success 

of treatment in patients with OJ syndrome depends 

significantly on the functional state of the liver [10, 11]. 

Clinical picture, common laboratory, and instrumental 

parameters of liver dysfunction developed due to OJ do 

not always correspond to the degree of liver damage, 

which requires further search for criteria to assess the 

severity of the condition of such patients [12]. 

As mentioned above, the development of biliary 

hypertension is one of the causes of impaired blood 

supply to the liver, resulting in damage to the membranes 

of hepatocytes and cholangiocytes. Accumulation of 

bilirubin and bile acids leads to inhibition of oxidative 

phosphorylation and antioxidant defenses of the liver, 

decrease of bioenergetic processes in mitochondria of 

hepatocytes [13]. As a result, significant impairment of 

oxygen utilization by cells is observed, which leads to 

pronounced tissue hypoxia of the liver. The degree and 

speed of pathological changes in liver tissue depend on 

the rate of increase in biliary hypertension, 

microcirculatory disturbance, tissue hypoxia, presence of 

inflammation in ducts and duration of disease [14]. It is 

also known that the composition of bile is closely related 

to the clinical severity, progression and prognosis of liver 

diseases, and its components can be reliable diagnostic 

and prognostic markers of the functional state of the 

organ [15–18]. 

Optical methods are characterized by high sensitivity 

to metabolic and biochemical changes in biological 

tissues and fluids [19–21]. One of the optical biopsy 

techniques widely used to monitor cellular and tissue 

metabolism in the liver parenchyma is fluorescence 

spectroscopy (FS) [22–26]. In previous work, we have 

shown that the use of deconvolution analysis of FS 

spectra allows us to identify the contribution of 

fluorophores reflecting changes in the liver of OJ 

patients [27]. Such fluorophores include NAD(P)H, 

flavins, bilirubin, vitamin A, protoporphyrins, and 

lipofuscin. Raman spectroscopy (RS) is widely used for 

highly sensitive physicochemical analysis of biological 

fluids [28]. Previously, we have shown that the 

determination of bilirubin concentration in bile obtained 

through the drainage catheter by RS allowed us to predict 

the recovery of excretory function of the liver and the 

dynamics of recovery of OJ patients after antegrade 

decompression of biliary tracts [29]. 

The aim of this work was to retrospectively study 

patients with OJ syndrome, different degrees of LF, and 

different dynamics of the postoperative period after 

antegrade biliary decompression, including the 

assessment of the functional state of the liver parenchyma 

by FS and bile composition by RS, as well as to develop 

a therapeutic and diagnostic algorithm including optical 

diagnostic methods in the standard protocol of treatment 

of OJ patients. 

2 Materials and Methods 

2.1 Object of Study 

The study included 40 patients (66 ± 13 years) with OJ 

syndrome of different etiology (malignant tumors of the 

hepatopancreaticoduodenal area – 30 patients, gallstone 

disease – 8 patients, pancreatic head cyst with 

compression of the common bile duct – 2 patients). All 

patients underwent external percutaneous transhepatic 

cholangiostomy. According to clinical and laboratory 

parameters (results of blood biochemical analysis – the 

level of bilirubin fractions, alkaline phosphatase (ALP), 

alanine transaminase (ALT), aspartate transaminase 

(AST), creatinine, urea and total protein) before biliary 

decompression and the results of dynamic follow-up after 

the procedure, the patients were retrospectively divided 

into groups with positive (n=33) and negative (n=7) 

dynamics of the course of the postoperative period. In 

addition, it was possible to obtain bile samples from the 

common bile duct of 3 other patients after surgery for 

cholelithiasis. These patients did not have OJ syndrome 

and had a drainage catheter placed, so they could be 

considered as a control group without violations of the 

functional state of the liver. All studies were conducted 

in accordance with the Declaration of Helsinki of 1964 

and its subsequent amendments and were approved by 

the local bioethics committee of Orel State University 

(Protocol № 28 dated 31.05.2023). All volunteers gave 

their informed consent for the study. 

Fluorescence spectra were recorded at 1 or 2 points in 

the liver parenchyma near the bile ducts after creating 

primary access to the biliary tree under ultrasound and 

X-ray control. The total amount of measured spectra used 

for further analysis included 40 measurements for the 

positive dynamics group and 8 measurements for the 

negative dynamics group. Bile sampling for the study of 

optical properties by RS was performed during antegrade 

decompression of the biliary system by puncture needle 

and then every 3 days through the cholangiostomy 

drainage catheter. Reference samples for the control 

group were obtained through the drainage catheter 5 days 

after surgery. 

2.2 Experimental Setup 

Fluorescence spectra were recorded using the FS channel 

of a specially designed optical biopsy device [27]. 

Autofluorescence was excited at wavelengths of 365 nm 

and 450 nm. Fluorescence spectra were recorded using a 

CCD spectrometer in the 350−1000 nm range after 

attenuation of backscattered radiation from the sources. 

The optical radiation was transmitted through a small 
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diameter 1 mm fiber optic probe. The exposure time for 

measuring a spectrum was 1.5 s. For each patient, 

5 fluorescence spectra were recorded at each wavelength 

at 1−2 study points and then averaged for further 

processing. 

The study of the spectral characteristics of bile by RS 

was performed using the setup described in Ref. [29]. 

The volume of sample placed in the measurement cuvette 

was 5 ml. For each sample, 3 Raman spectra were 

recorded and averaged. In order to obtain Raman spectra 

of bile with a high signal-to-noise ratio, an exposure time 

of 90 s was chosen based on preliminary experiments. To 

reduce the contribution of fluorescence intensity to the 

total signal and to avoid photobleaching of the sample, 

the power of the 785 nm laser source was set to 16.5 mW. 

2.3 Processing of Experimental Data 

The processing of the signals recorded by FS in the liver 

parenchyma was performed in several steps. The 

averaged fluorescence spectra were smoothed with the 

Savitzky-Golay filter to remove noise but not to affect the 

shape of the spectra. The smoothed spectra were 

normalized from 0 to 100. The next step involved a non-

linear deconvolution procedure based on the Levenberg-

Marquardt algorithm to calculate combinations of 

Gaussian curves reflecting the contribution of each 

fluorophore to the total signal obtained from the liver 

tissue. 

The fluorescence spectra were characterized by 

Gaussian curves related to the fluorescence of the 

following substances (Fig. 1(a, c)): collagen and elastin 

(curve 1), NAD(P)H (2) - reduced forms of 

nicotinamideneadenine dinucleotide (NADN) and 

nicotinamideneadenine dinucleotide phosphate 

(NADPH), free fatty acids (3), vitamin A (4), bilirubin 

(5, 7), flavins (6), lipofuscin (8), and porphyrins (9, 10). 

The number of curves, their central wavelengths and full 

width at half maximum values were initially selected 

from literature data on fluorophores of liver 

parenchyma [27] and then adjusted empirically to 

provide the best possible fit to the measured spectra. 

Parameters analyzed included peak heights and 

proportions of areas under Gaussian curves in the total 

area of the fluorescence spectra. 

 

  
(a) (b) 

  
(c) (d) 

Fig. 1 Fluorescence spectra parameters calculated for analyzing: (a) fluorophores curves for 365 nm excitation wavelength, 

(b) fluorophores curves for 450 nm excitation wavelength, (c) bands for calculating areas under 365 nm spectrum, 

(d) bands for calculating areas under 450 nm spectrum. 
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In addition, the areas under the spectral curves in 

different spectral bands were calculated to take into 

account the simultaneous contribution of fluorophores 

with overlapping fluorescence spectra (Fig. 1(b, d)), as 

well as the areas of the spectra before and after the 

average wavelength of maximum fluorescence intensity 

(425−515 and 515−700 nm for the 365 nm excitation 

channel; 500−535 and 535−700 nm for the 450 nm 

excitation channel). Statistical significance of differences 

between groups was tested using the non-parametric 

Mann-Whitney U test due to limited sample size and lack 

of confirmed normal distribution of results in all 

compared samples. 

The identified differences were used to select 

combinations of parameters promising for further 

development of a classifier to assess the functional state 

of the liver and identify severe LF in OJ patients. A linear 

discriminant analysis (LDA) approach was used to build 

a classification model and identify the features that best 

separate patients with OJ syndrome according to the 

expected positive or negative dynamics of the 

postoperative period after minimally invasive biliary 

drainage. 

 

 

(a) 

 

(b) 

 

(c) 

Fig. 2 Comparison of the parameters obtained by FS at 365 nm excitation: (a, b) percentage of the area under the Gaussian 

curves and their peaks heights for major liver tissue fluorophores, (c) areas under the spectra curve in different wavelength 

ranges. Statistically significant differences for *p < 0.05. 
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(a) 

 

(b) 

 

(c) 

Fig. 3 Comparison of the parameters obtained by FS at 450 nm excitation: (a, b) percentage of the area under the Gaussian 

curves and their peaks heights for major liver tissue fluorophores, (c) areas under the spectra curve in different wavelength 

ranges. Statistically significant differences for *p < 0.05. 

The result of LDA is the discriminant function, which 

should provide high sensitivity and specificity and an 

acceptable level of type 1 error (probability of a false 

negative result). The discriminant function is described 

by the following Eq.: 

𝑓(𝑥) = ∑ 𝑎𝑖𝑥𝑖
𝑛
1 + 𝑐,  

where X = (x1,…,xn) – vector of discriminant variables; 

a = (a1,…,an) – vector of discriminant function 

coefficients; n – number of variables; c – a constant term. 

The diagnostic criterion is a classification model as a 

discriminant function that allows us to classify the 

presence or absence of negative dynamics of the patient’s 

condition after biliary decompression. To develop the 

diagnostic criterion, we calculated the vector of 

discriminant function coefficients and its constant term 

for each combination of discriminant variables. To select 

the most appropriate criterion for this diagnostic task, the 

sensitivity (proportion of true positive cases of negative 

dynamics), specificity (proportion of true negative 

cases), and accuracy (proportion of correctly predicted 



E.V. Potapova et al.: Therapeutic and Diagnostic Algorithm for Patients with... doi: 10.18287/JBPE24.10.040304 

J of Biomedical Photonics & Eng 10(4) 2024   14 Oct 2024 © J-BPE 040304-6 

cases) were evaluated, as well as the area under the error 

curve (AUC). 

During RS spectra processing, the fluorescence 

background was removed by fitting the fluorescence 

spectrum using a polynomial approximation of the 

obtained data. The polynomial degree was set to 10 to 

provide the best possible fit according to the literature 

and empirical adjustments [30, 31]. The spectra were 

smoothed by the Savitsky-Golay filter with the following 

filter parameters: 15 number of sliding window points, 

3 polynomial degree. The part of the spectrum in the 

1000−1800 cm−1 range was analyzed. Detection of 

bilirubin was carried out in the following spectral bands: 

1258−1264 cm−1 and 1615−1620 cm−1 [32].  

All data processing was performed using OriginPro 

2021 software. 

3 Results  

Fig. 2 shows the results of the comparison of the 

calculated fluorescence parameters under excitation at 

365 nm for the two groups of patients analyzed. Despite 

the small number of patients who remained in the most 

severe condition after biliary decompression, changes in 

the curves and spectral areas reflecting the content of 

certain fluorophores were observed mainly in relation to 

bilirubin and lipofuscin. 

The data obtained at 450 nm (Fig. 3) were 

characterized by statistically significant differences in the 

areas of the spectrum for almost all bands, which may be 

due in part to the optical properties of bilirubin, which 

has a higher absorption at 450 nm. 

Table 1 shows the results of LDA for dividing the 

data into two groups (patients with positive and negative 

state dynamics after biliary decompression) for the pairs 

of discriminant variables with the highest sensitivity, 

specificity, and accuracy scores. 

In order to achieve the highest sensitivity, specificity, 

and accuracy for all the methods used, the discriminant 

function based on the values of the height of the Gaussian 

curve of lipofuscin in the 365 nm spectrum 𝐻𝑙𝑖𝑝𝑜𝑓𝑢𝑠𝑐𝑖𝑛
365 𝑛𝑚  

and the area of the 450 nm spectrum in the range of 

565−600 nm 𝐴565−600 𝑛𝑚
450 𝑛𝑚  was chosen as the most 

acceptable. As a result, the discriminant function of the 

classification model based on the combinations of 

parameters obtained by the FS method at 365 nm and 

450 nm wavelengths is as follows: 

𝑓(𝑥) = 0.28 ∙ 𝐻𝑙𝑖𝑝𝑜𝑓𝑢𝑠𝑐𝑖𝑛
365 𝑛𝑚 − 0.02 ∙ 𝐴565−600 𝑛𝑚

450 𝑛𝑚 + 48.33. (2) 

Table 1 Sensitivity and specificity values of the obtained discriminant functions. 

Parameters 

Variables 

Area, 

𝑨𝒃𝒊𝒍𝒊𝒓𝒖𝒃𝒊𝒏 𝟐
𝟑𝟔𝟓 𝒏𝒎  

Area, 

𝑨𝒃𝒊𝒍𝒊𝒓𝒖𝒃𝒊𝒏 𝟐
𝟑𝟔𝟓 𝒏𝒎  

Area, 

𝑨𝒃𝒊𝒍𝒊𝒓𝒖𝒃𝒊𝒏 𝟐
𝟑𝟔𝟓 𝒏𝒎  

Area, 

𝑨𝒍𝒊𝒑𝒐𝒇𝒖𝒔𝒄𝒊𝒏
𝟑𝟔𝟓 𝒏𝒎  

Height, 

𝑯𝒍𝒊𝒑𝒐𝒇𝒖𝒔𝒄𝒊𝒏
𝟑𝟔𝟓 𝒏𝒎  

Area, 

𝑨𝒃𝒊𝒍𝒊𝒓𝒖𝒃𝒊𝒏 𝟏+
𝒃𝒊𝒍𝒊𝒓𝒖𝒃𝒊𝒏 𝟐

𝟒𝟓𝟎 𝒏𝒎  
Area, 

𝑨𝟓𝟔𝟓−𝟔𝟎𝟎 𝒏𝒎
𝟒𝟓𝟎 𝒏𝒎  

Area, 

𝑨𝟓𝟑𝟓−𝟕𝟎𝟎 𝒏𝒎
𝟒𝟓𝟎 𝒏𝒎  

Area, 

𝑨𝟓𝟔𝟓−𝟔𝟎𝟎 𝒏𝒎
𝟒𝟓𝟎 𝒏𝒎  

Area, 

𝑨𝟓𝟔𝟓−𝟔𝟎𝟎 𝒏𝒎
𝟒𝟓𝟎 𝒏𝒎  

Sensitivity 0.88 0.88 0.88 0.88 0.88 

Specificity 0.95 0.98 0.95 0.95 0.98 

Accuracy 0.94 0.96 0.94 0.94 0.96 

AUC 0.94 0.97 0.96 0.99 0.99 

 

  

(a) (b) 

Fig. 4 LDA results: (a) scatter plot of selected parameter values, (b) ROC curve with 95% confidence interval to evaluate 

the performance of the classification model. 
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Fig. 5 Examples of Raman spectra of bile from patients 

without OJ syndrome, patients with negative and positive 

postoperative dynamics. 

 

(a) 

 

(b) 

Fig. 6 Results of RS of patients in dynamics during the 

treatment: (a) patients with positive postoperative 

dynamics, (b) patients with negative postoperative 

dynamics. 

Fig. 4 shows the LDA results as a scatter plot with a 

discriminant line dividing the experimental points into two 

groups. If the obtained experimental point lies above the 

discriminant line f, it is concluded that the patient will have 

positive dynamics of the state after biliary decompression, 

if the experimental point lies below the line f - that the 

patient will have negative dynamics in the postoperative 

period. Thus, we can conclude that the application of the 

FS method at 365 nm and 450 nm excitation wavelengths 

allows us to synthesize the decision rule for identifying 

patients with positive and negative dynamics of the state 

after biliary decompression with the probability of false 

negative results less than 0.2. 

Fig. 5 shows typical Raman spectra of the bile samples 

from the control group as an example of normal bilirubin 

levels, as well as examples of Raman spectra of patients 

with suppressed (negative dynamics of the postoperative 

period) and restored excretory function of the liver 

(positive dynamics of the postoperative period) after 

antegrade decompression of biliary tracts. The Raman 

bands of bilirubin are clearly distinguishable in the spectra, 

which are caused by the bending and stretching of the  

C-H bond in the 1260 cm−1 wave shift region, and are 

associated with the bending of the C=H bond in the 

five-membered carbocycle in the 1615 cm−1 wave shift 

region [33]. Bilirubin peaks were analyzed in the spectral 

bands 1258−1264 cm−1 and 1615−1620 cm−1. The 

maximum amplitude in the specified range was selected 

for each patient when processing the statistical data. 

Fig. 6 shows Raman spectra of bile from OJ patients 

with different dynamics of the pathological process in the 

liver.   

On the first day of the study, there was a great 

variation of data, which was associated with the different 

functional state of the liver of patients with OJ syndrome 

admitted to the hospital. Some patients had decreased 

secretory function due to biliary obstruction, while others 

had active production of bile in the lumen of biliary 

capillaries. There were also patients with initially normal 

excretory function of the liver, which correlated with 

their rather satisfactory condition according to blood 

biochemical analysis and general clinical evaluation of 

the patient’s condition by a doctor [29].  

Gradually, the patients of the first group showed 

normalization of Raman peaks in both studied bands 

(using the present configuration and operating modes of 

the diagnostic equipment) to the intensities of 

1300−1600 a.u. (the level of bilirubin peaks in bile of 

conditionally healthy volunteers [29]), which correlated 

with clinical and laboratory data of recovery of liver 

function and general condition of patients). 

The second group of patients showed signs of 

suppression of hepatic excretory function on the first day 

of the study. Three days later, it was found that the 

dynamics of changes in laboratory parameters in these 

patients indicated an unsatisfactory response of the liver 

parenchyma to antegrade biliary decompression, and it 

was necessary to add extracorporeal detoxification 

methods to the therapy. The patients were transferred to 

the intensive care unit. 
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Fig. 7 The scheme of therapeutic and diagnostic algorithm including optical diagnostic methods in the standard treatment 

protocol for OJ patients. 

Based on the retrospective study and established 

relationships between the course of postoperative period 

of OJ patients and optical characteristics of liver and bile, 

detected by optical diagnostic methods, a scheme of 

therapeutic and diagnostic algorithm was proposed, 

which shows the place of FS and RS in the standard 

treatment protocol for patients with OJ syndrome of 

various etiologies (Fig. 7). 

Patients with OJ syndrome underwent standard 

treatment according to the recommended protocol upon 

admission to the hospital. During the creation of the 

primary antegrade transhepatic access, fluorescence 

spectra are recorded and subsequently processed to 

calculate diagnostic parameters included in the 

discriminant function. Based on data analysis, 

conclusions are drawn about the expected course of 

postoperative period of patients and the necessity of 

adding extracorporeal methods of hemocorrection to the 

therapy. Then, during the postoperative period, bile is 

collected through a drainage catheter and its optical 

properties are analyzed by RS method. If the amplitude 

of bilirubin peaks in spectral bands 1258−1264 cm−1 and 

1615−1620 cm−1 is normalized to the values of 

1300−1600 a. u., it is possible, if necessary, to perform 

additional diagnostic procedures to determine the 

etiological factor of the development of OJ syndrome and 

to proceed to the next stage of treatment of the main 

disease (oncology, gallstone disease, cysts, etc.). 

4 Discussion 

The retrospective study allowed to find out the 

relationship between the optical characteristics of the 

liver and bile with the course of the postoperative period 

after antegrade biliary decompression.  

The assessment of the functional state of the liver 

using the FS method and the determination of the 

contributions of individual fluorophores demonstrate the 

possibility of obtaining new diagnostic information about 

changes in the structure and metabolic processes in the 

liver parenchyma. During the deconvolution analysis of 

the FS spectra, the highest values of fluorescence height 

were observed for the components characterizing 

fluorophores with emission spectra closest to the 

maximum of the whole spectrum, in particular vitamin A 

and bilirubin. A number of fluorophores, such as 

structural proteins and fatty acids, porphyrin derivatives 

(although increases were observed in some  

cases), made minor contributions to the spectra, but 

theirfluorescence could influence the area of individual 

segments that were also evaluated. Previous study has 

shown statistically significant changes in the 

fluorescence of NAD(P)H and flavins compared to 

results from patients without OJ, which is associated 

with significant impairment of hepatocyte function and 

development of hypoxia in OJ syndrome [27, 34]. 

The revealed changes did not show static significance 

among the groups of OJ patients, but there was 

a similar tendency of increase of their fluorescence 

contributions. It is known that with the increase of 

bilirubin content in liver tissues, oxidative 

phosphorylation and antioxidant defense disorders 

progress, and a decrease of bioenergetic processes in 

mitochondria of hepatocytes is observed, which is 

reflected in the obtained results [35].  
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The differences in the metabolic state are not as 

obvious as in the case of comparison with the patients 

without OJ, which suggests the search for potential 

diagnostic criteria among a larger number of 

fluorophores, which are noted to be used to assess 

changes in the progression of pathologies. Thus, when 

analyzing the areas of the fluorophore curves and the 

areas allocated under the curves of the initial spectrum in 

a certain range, a significant contribution of lipofuscin 

was noted, but without statistically significant 

differences. Lipofuscin, which contributes significantly 

to the fluorescence spectra, is considered to be a pigment 

that accumulates as a result of aging [36, 37], but some 

researchers consider it to be a marker of pathological 

processes in the liver, the accumulation of which depends 

on the degree of these processes [38, 39]. Accordingly, 

the level of this pigment can also be used to assess the 

metabolic state of cells, like other well-known 

biomarkers NAD(P)H and flavins [40]. Similarly, the 

results show an increase in the average contribution of 

lipofuscin fluorescence in the 365 nm fluorescence 

spectra for a group of patients with negative 

postoperative dynamics, which is associated with more 

severe hepatocyte damage and consequently with LF as 

a result of prolonged progression of OJ. 

A decrease in the relative contribution of lipofuscin 

to the 450 nm fluorescence spectra may be due to an 

increase in the total contribution of bilirubin, despite a 

decrease in the contribution of the second peak of 

bilirubin fluorescence. Overall, the contribution of these 

fluorophores can be expected to cause statistically 

significant changes in the 450 nm fluorescence spectra 

and high accuracy rates when this parameter is used in 

various combinations of discriminant variables. 

The developed algorithm based on the calculated 

parameters of FS (the height of the Gaussian curve of 

lipofuscin in the 365 nm spectrum and the area of the 

450 nm spectrum in the range of 565−600 nm) showed 

high enough values of diagnostic effectiveness of the 

classifier: sensitivity 0.88, specificity 0.98, and accuracy 

0.96 in identifying a group of patients requiring urgent 

intensive care. 

The method of assessing the recovery of hepatic 

excretory function in patients with OJ syndrome by the 

intensity of Raman peaks of bilirubin is relatively simple 

and does not require any additional reagents. Based on 

the results obtained by RS, we can conclude that 

normalization of Raman peaks in both areas of the study 

(using the present configuration and operating modes of 

the diagnostic equipment) to intensities in the range of 

1300−1600 a. u. correlates with clinical and laboratory 

data on recovery of liver function and general clinical 

condition of patients. This parameter can be taken into 

account when deciding on the next stage of OJ treatment. 

The developed therapeutic and diagnostic algorithm 

considers the results of the application of two optical 

diagnostic methods and allows to develop individual 

treatment protocols for patients, taking into account the 

assessment of the functional state of the liver, determined 

by the optical characteristics of the liver parenchyma and 

bile. The developed approach may become the basis for 

improving the results of minimally invasive surgical 

procedures by identifying patients with severe LF and 

subjecting them to earlier intensive therapy, as well as by 

optimally determining the timing of transition to 

treatment of the patient’s underlying disease, for 

example, lithoextraction in the case of cholelithiasis or 

tumor removal in the case of oncological etiology. 

5 Conclusions 

Most surgeons prefer a stepwise approach to surgical 

tactics in the treatment algorithm for patients with OJ 

syndrome. Despite numerous data confirming the 

efficacy of antegrade decompression procedures in 

resolving OJ syndrome, the question of widespread use 

of this type of minimally invasive drainage procedure 

remains controversial. This is due to the fact that in some 

patients with OJ syndrome with high and prolonged 

hyperbilirubinemia, removal of the biliary obstruction 

does not lead to an overall improvement of the condition 

and LF progression occurs. 

The article proposes an approach for obtaining 

diagnostic information on the optical properties of the 

liver parenchyma and bile, which includes obtaining 

quantitative data on the contribution of fluorophores to 

the fluorescence spectra of liver tissues by decomposing 

the FS spectra using Gaussian curves and conducting 

studies on bile samples obtained during percutaneous 

transhepatic cholangiostomy and dynamically after 

biliary decompression in patients with OJ. The 

introduction of optical technologies into the standard 

algorithm for the treatment of patients with OJ syndrome 

of various etiologies will reduce the frequency of 

postoperative complications by identifying patients with 

severe LF, as well as predict the course of postoperative 

recovery of the functional state of the liver in order to 

plan the next stage of treatment. 

We assume that this study will form the basis for the 

development of a point-of-care technology to assess the 

functional status of the liver and, in the future, lead to a 

correction of the recommendations for minimally 

invasive procedures in the biliary tract. 
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