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Abstract  Aim of the research was to study diagnostic and prognostic values of blood NGAL, urine IL-18 in patients with 

septic shock. Background. Acute kidney injury is common in critically ill patients and is associated with increased morbidity, 

mortality and financial costs. Clinical signs and routine laboratory parameters such as urine output and serum creatinine are 

late signs of kidney injury. The study and implementation of new markers with high specificity in the early stages of kidney 

injury is a time requirement. Neutrophil gelatinase associated lipocalin (NGAL) and Interleukin 18 (IL-18) are such markers. 

Materials and methods. 103 patients (65 men and 38 women, mean age 65.3±8.8 years) were examined with a diagnosis of 

sepsis complicated by septic shock in the Department of ICU at the Republican Research Centre of Emergency Medicine for 

the period from 2019 to 2021. Acute kidney injury was diagnosed according to the criteria of Kidney Disease Improving 

Global Outcomes (KDIGO). The level of blood NGAL and urine IL-18 in patients was determined upon admission to the 

hospital and 12.36 hours after admission to the intensive care unit. According to the results of the biomarker analysis, all 

patients were divided into two groups: group 1 - positive biomarkers (BM+) and group 2 - negative biomarkers (BM-). This 

test system is based on the method of quantitative sandwich enzyme immunoassay. To analyze the predictive ability of 

NGAL and IL-18, we used Area Under Receiver Operating Characteristic Curve (AUROC) method of binary logistic 

regression and calculation. Results. Acute kidney injury was developed in those patients whose concentration of biomarkers 

was significantly higher than in patients with a low content of biomarkers: (NGAL 556 ng/ml (341;988) in compare with 124 

ng/ml (91,3:185.3) P <0.001 and IL-18 - 376 ng/ml (98,5:1280) than 23,8 ng/ml (9,7:101.7) P <0.001, respectively). A ROC 

analysis was performed to predict acute kidney injury. The AUROC for NGAL concentration was 0.81 (95% confidence 

interval (CI): 0.63–0.95) with a sensitivity of 72.7% and a specificity of 86.1%, IL-18 was 0.75 (95% CI: 0.52–0.93) with a 

sensitivity of 64.1% and a specificity of 87.4%. Conclusion. The level of NGAL and IL-18 is a highly specific marker of 

early detection of Acute kidney injury in critical patients with sepsis. 
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1. Introduction  

Acute kidney injury (AKI) is a polyetiological syndrome, 

which is a sudden decrease in kidney function for several 

days or weeks, causing the accumulation of nitrogenous 

compounds in the blood, with or without a decrease in 

diuresis. AKI is common in hospitalized patients and is 

associated with increased morbidity, mortality and financial 

costs. According to various authors, AKI occurs in 35-70% 

of patients in intensive care units (ICU) and is most often 

observed in patients with septic shock [1-2]. 

Currently, the diagnostics of AKI is determined according 

to the KDIGO guidelines based on changes in serum 

creatinine concentration or urine output, although their 

shortcomings are known in clinical practice [3]. The  

kidneys have a significant functional reserve and creatinine 

concentration at AKI can remain within  the normal range  
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until 50% of nephrons are lost [4]. Oliguria is an undoubted 

sign of severe kidney injury [5]. On the other hand, oliguria 

may be associated with some clinical conditions, such as 

prolonged fasting, hypovolemia, after major surgery and 

severe trauma [6]. Late diagnosis and treatment of AKI can 

lead to irreversible kidney injury. 

Currently, researches are underway to find more accurate 

markers of early diagnosis of AKI worldwide. The search for 

new AKI biomarkers would allow to diagnose pathology, the 

level of damage at the earliest possible time, and timely 

apply therapeutic and rehabilitation measures to prevent the 

development of chronic kidney disease (CKD) [7]. NGAL 

and IL-18 are highly specific biomarkers for early detection 

of AKI in patients in critical conditions. 

Several studies have shown that NGAL is formed in the 

kidneys after ischemic or nephrotoxic injury [8]. NGAL is 

elevated in the blood of patients with AKI within 2 hours  

and reaches a peak approximately 6 hours after AKI [9]. 

Maximum concentrations can be sustained within 5 days 

[10].  
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IL-18 is produced in urine by the epithelium of the 

proximal tubules under the influence of damaging factors 

[11]. Urinary IL-18 is an early predictive biomarker for AKI 

in the ICU [12]. The concentration of IL-18 is increased 

24-48 hours before AKI and its concentration is kept for 96 

hours. 

Aim of the research was to study diagnostic and 

prognostic values of blood NGAL, urine IL-18 in patients 

with septic shock.  

2. Material and Methods 

121 patients were admitted with a diagnosis of sepsis to 

the Intensive Care Unit of the Republican Research Center of 

Emergency Medicine for the period from 2019 to 2021. 103 

patients (65 males and 38 females) were included in this 

study. The mean age of the patients was 65.3±8.8 years.   

All patients were divided into two groups. Group I included 

56 patients with high levels of NGAL and IL-18 (BM+) 

biomarkers. Group II included 47 patients without 

biomarkers (BM-). The inclusion criteria for the study were 

as follows: the presence of diagnosed sepsis in the patient, as 

well as the availability of informed consent to participate in 

the study. The exclusion criteria were: age over 75 and under 

18 years of age, presence of chronic renal failure, condition 

after kidney transplantation, pregnancy, the patient’s stay in 

the ICU for less than 24 hours (Fig. 1). 

 

Figure 1.  Distribution of patients by groups 

AKI was diagnosed according to the KDIGO guidelines 

(2012) [13].  

The severity of the condition was estimated on the SOFA 

scale of 5-17 points (10.4±1.5 points) and on the APACHE II 

scale of 20-51 (25.7±2) points. Comparison between BM+ 

and BM- groups did not reveal statistically significant results 

in terms of demographic data (p>0.05). In all patients upon 

admission to the intensive care unit after surgery, after the 

elimination of the infectious focus, after 12, 36 hours, the 

content of NGAL and IL-18 was determined in ng/ml by 

enzyme immunoassay (Human Lipocalin-2/NGAL, (Human 

IL-18) (RD systems, DLCN20, USA)). Samples were diluted 

20 times. Blood and urine samples were subjected to 

centrifugation for 10 minutes at a speed of 2500 rpm. After 

that, the sample was frozen in a freezer at a temperature of 

-20C. This test is based on the sandwich ELISA method. 

Besides, serum creatinine, hourly urine output, glomerular 

filtration rate (GFR), urea, K+, blood lactate levels, and 

mean arterial pressure (MAP) were analyzed. Data on the 

dates and number of renal replacement therapy (RRT) were 

also analyzed. 

Diagnostics and treatment of patients were carried out in 

accordance with existing standards, modern domestic and 

foreign clinical guidelines [14].  

Statistical analysis of the obtained results was carried out 

using a specialized software package SPSS Statistics 28.0 

(IBM, USA). With an approximately normal distribution, 

data were presented as the arithmetic mean (M) and standard 

deviation (SD). When the distribution of parameters deviates 

from normal, the data were presented as a median (Me) and 

an interquartile range (IQR). The Mann–Whitney U-test  

was used to compare quantitative data. Fisher's exact test  

was used to compare qualitative data. ROC analysis was 

performed to assess the diagnostic value of NGAL and IL-18 

concentrations in the determination of AKI. AUC was 

calculated with an indication of 95% confidence interval (CI) 

for ROC analysis. The binary logistic regression method was 

used to analyze the probability of AKI occurrence depending 

on the increase of NGAL and IL-18. The differences were 

considered statistically significant at p<0.05. 

3. Results 

Demographic and clinical characteristics of patients are 

presented in table 1. 

There was no statistically significant difference between 

two groups in terms of patient age, gender distribution, and 

body mass index. According to the SAPS II, SOFA criteria, 

the levels of sCr and blood lactate were significantly higher 

in the BM+ group compared to the BM- group. In addition, 

the BM+ group had significantly lower mean arterial 

pressure values compared to the BM- group. Length of stay 

in the intensive care unit was significantly different between 

two groups: stays in the ICU were 3 times higher in the BM+ 

group in compare with BM- (p>0.05). Patients with a 

positive BM result had a 48.7% higher risk of developing 

AKI in compare with BM- (BM+68.7% vs. BM-20%) 

(p>0.05)). AKI was developed in 56 (54.3%) patients: 42 

patients from the Group I and 14 - from Group II. There was 

a need for renal replacement therapy in 8 patients with AKI: 

6 (10.8%) patients from the Group I and 2 (4.2%) patients 

from Group II (p>0.05). The optimal cut-off value of     

121 patients with sepsis in 

the ICU 

The exclusion 

criteria (n=18)  

Biomarkers 

results 

Collection of urine and 

serum samples 

Group I (n=56) Group- II (n=47) 
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the biomarker for our population was 456.2 ng/ml for 

uNGAL and 376.3 ng/ml for uIL-18. uNGAL and IL-18 

concentrations were significantly higher in patients with AKI 

uNGAL 456.2 ng/mL (IQR 241, 988.7) compared to patients 

without AKI: uNGAL 124 ng/mL (IQR 91.3, 185.3) 

(p<0.001), uIL-18 376.3 ng/ml (IQR 98.5, 1280.6) in 

compare with patients without AKI: uIL-18 23.8 ng/ml (IQR 

9.7, 101.7) (p<0.001). Using a binary logistic regression 

model, it was found that the chance of developing AKI at an 

NGAL concentration greater than 456.2 ng/ml was 5.4 times 

higher than that at an sNGAL concentration less than 456.2 

ng/ml; at a concentration of IL-18 greater than 376.3 ng/ml 

7.4 times exceeded that at a concentration of uNGAL less 

than 376.3 ng/ml. 

ROC analysis was performed to predict AKI. AUROC  

for NGAL concentration after 12 hours was 0.81 (95% 

CI:0.63–0.95) with sensitivity of 72.7% and specificity of 

86.1%; IL-18 after 12 hours was 0.77 (95% CI:0.52–0.93) 

with sensitivity of 69.5% and specificity of 87.4% (Fig. 2). 

In septic patients with AKI, statistically significant 

correlations were found between the concentration of 

biomarkers with urea (r=-0.342), creatinine (r=-0.342), age 

(r=-0.342), and the volume of diuresis (r=-0.37 p>0.05). 

Table 1.  Characteristics of patients (n=103)  

 BM+ (n=56) BM- (n=47) р 

Age, years (M±SD) 62.5+6.6 55.9+6.1 Р>0.05 

BMI, kg/m2 (M±SD) 29.8+2.37 27.4+1.59 Р>0.05 

Males % 56.5% 52.4% Р>0.05 

APACHE II score 28.3+1.6 22.9+1.4 Р>0.05 

SOFA score 11.8+1.97 8.5+0.42 Р<0.05 

GFR, ml/min/1,73 m2 88.3+14.5 100.8+19.2 Р>0.05 

sCr at admission to ICU, mmol/l 1.1±0.09 0.8+0.11 Р>0.05 

sCr after 36 hours, mmol/l 1.3+0.17 0.96±0.08  

sCr at discharge from ICU, mmol/l 1.12±0.11 1.2±0.13  

Diuresis, ml 0.81±0.06 0.97±0.11 P>0.05 

Blood lactate, mmol/l 5.09±1.1 2.17±0.66 Р>0.05 

К+ mmol/l 3.1+0.41 3.7+0.5 Р>0.05 

MAP, mmHg 34.3±3.8 45.6±4.02 p<0.05 

RRT (number) 5.5+0.89 2.1+0.34 p<0.05 

Staying in ICU 7.9+1.6 4.2+0.97 p<0.05 

Note: The data are presented in the form of М+SD. BMI- body mass index, GFR - glomerular 

filtration rate, MAP - mean arterial pressure, RRT - renal replacement therapy 

 

Figure 2.  ROC Curve for sNGAL and uIL-18 after 12 hours 
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4. Discussion 

Biomarkers are one of the most informative indicators  

for the early diagnostics of AKI in patients with sepsis. An 

increase in its concentration in the urine indicates a high risk 

of developing AKI. Our study showed that AKI patients with 

such urinary biomarker level had a longer ICU stay than 

patients without AKI. Zdziechowska and other researchers 

found that high levels of uNGAL and uIL-18 were observed 

in patients with AKI (234-438 ng/mL at various points) [15]. 

Recently, some studies have confirmed that uNGAL and 

uIL-18 are good prognostic and diagnostic biomarkers of 

AKI [16]. Kashani et al found that more severe renal 

complications, chronic renal dysfunction, higher risk of 

needing RRT, and higher mortality were seen in patients 

with high biomarkers than those with low levels. According 

to our data, severe renal complications and the need for RRT 

were observed in patients with high levels of biomarkers. 

According to some studies, a high concentration of BM is 

associated with an increase in the duration of stay in the 

intensive care unit [17]. Duration of stay in the intensive care 

unit was 3 times higher in patients with high levels of the 

biomarkers.  

ROC analysis was performed to predict AKI. AUROC  

for uNGAL concentration after 36 hours was 0.81 (95% 

CI:0.63–0.95) with sensitivity of 72.7% and specificity of 

86.1%, IL-18 after 36 hours was 0.77 (95% CI:0.52–0.93) 

with sensitivity of 69.5% and specificity of 87.4%. 

According to our data, statistically significant correlations 

between urea (r=-0.342), creatinine (r=-0.342), age and 

volume of diuresis (r=-0.37 p>0.05) were found in patients 

with a high level of biomarkers. According to some studies, 

there were significant correlations between the concentration 

of uNGAL in the blood, the duration of stay in the ICU 

(r=0.86; p<0.05) and urine volume (r=-0.52; p>0.05) in 

septic patients [18-19]. 

5. Conclusions 

Based on our observations, it can be concluded that the 

determination of uNGAL and uIL-18 has prognostic and 

diagnostic significance in the early detection of AKI in septic 

patients.  

An increase in the concentration of NGAL and uIL- at 

normal creatinine levels indicates a subclinical AKI.  

High values of biomarkers in urine have a direct 

relationship in the development of AKI.  

The level of uNGAL and ul- in urine can be used as an 

early biomarker of AKI to make a decision on timely 

targeted therapy before the development of irreversible 

kidney injury. 
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