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Abstract 
Objective: Acute Kidney Injury (AKI) is a serious early complication that 
significantly increases the mortality rate in patients with acute pancreatitis 
(AP). AKI can improve with an early diagnosis and appropriate treatment 
protocols. We aimed to evaluate the role of IL-6, IL-18, NGAL, IL-1β, TNF-α, 
Cys-C and KIM-1 in serum and IL-18 in urine in the early detection of AKI 
in patients with AP. Materials and Methods: Fifty-six patients, who were 
diagnosed with AP and underwent standard treatment, between July 2011 
and December 2013, were included in the study. Patients were sampled for 
markers at admission and discharge, or when the patients died. Patients were 
grouped by presence or absence of AKI. Results: The mean age of the cases 
was 56.41 ± 20.23 (17 - 91), of which 21 (37.5%) of the cases were male and 35 
(62.5%) were female. AKI was detected in 13 (23.2%) patients. The Cys-C 
level was significantly higher in AKI patients (at hospitalization p < 0.01). 
Cys-C levels at hospitalization were significantly higher than discharge levels 
(p < 0.05). Serum KIM-1 level of patients with AKI was higher than the 
patients without AKI during admission (p < 0.05). There was a positive 
correlation between serum KIM-1 and creatinine, but a negative correation 
between GFR and spot urine amylase/creatinine ratio during AKI patients’ 
admission (respectively; p < 0.05, p < 0.05, p < 0.05). Conclusion: In this 
study, Cys-C and KIM-1 proved to be statistically significant to predict AKI 
in patients with AP. However further studies are required to support these 
conclusions. 
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1. Introduction 

Acute pancreatitis (AP) is a frequent clinical table with high morbidity and 
mortality rates, and can result in multiple organ dysfunction including acute 
kidney injury (AKI) [1] [2]. Acute pancreatitis-related mortality is usually due to 
systemic inflammatory response syndrome (SIRS) and organ failure in the first 
two weeks, sepsis and complications afterwards and varies between 12% - 47% 
according to clinical severity [3] [4]. Mortality rates are related to the AKI stage 
[5] [6] [7] [8] [9]. Early diagnosis and treatment of AKI are most important in 
preventing morbidity and mortality. The diagnosis of AKI is usually based on 
serum creatinine (SCr) levels; however, there are some diagnostic difficulties 
such as the late rise of the SCr level, sex, age and nutritional status. Therefore, 
some biomarkers are being studied for an earlier AKI diagnosis. Interleukin 
(IL)-1β, IL-6, IL-18, kidney injury molecule-1 (KIM-1), tumor necrosis factor 
(TNF)-α, serum cystatin C (CYS-C), and neutrophil gelatinase-related lipocalin 
(NGAL) showed the importance of different biomarkers in different patient 
populations [10]-[18]. 

In this study, we evaluated the efficacy of IL-1β, IL-6, IL-18, KIM-1, TNF-α, 
Cys-C, NGAL in serum and IL-18 in urine biomarkers in the early diagnosis of 
AKI in patients with AP. 

2. Material and Method 
2.1. Patients 

Fifty-six patients who were diagnosed with acute pancreatitis according to diag-
nostic criteria for acute pancreatitis in Practice Guidelines for Acute Pancreatitis 
in İnternal Medicine Clinic of Bağcılar Training and Research Hospital were in-
cluded in this study [19]. Among these patients, those with chronic kidney dis-
eases, those on a program of chronic hemodialysis or peritoneal dialysis, those 
with acute inflammation other than AP and patients refusing treatment for var-
ious reasons or refusing to participate in the study were excluded.  

The study was approved by the Bağcılar Training and Research Hospital 
Non-Invasive committee and was conducted between July 2011 and December 
2013. Informed consent was taken from the patients. Helsinki Declaration prin-
ciples were provided. The level of discharge SCr was accepted as the baseline 
level. The difference between admission SCr level and discharge level was eva-
luated according to Kidney Disease Improving Global Outcomes (KDIGO) cri-
teria and AKI was diagnosed. According to the KDIGO criteria, AKI was defined 
as at least 50% increase in serum creatinine level within seven days or as an in-
crease of 0.3 mg/dL (26.5 micromoles/L) or more within two days or as a urine 
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output <0.5 mL/kg/h for at least six or twelve hours or <0.3 ml/kg/h for twen-
ty-four hours [20]. It was confirmed that renal failure was intrinsic by parame-
ters such as imaging methods, biochemical analyses, fractionated sodium excre-
tion (FENA) and renal failure index. Blood and urine samples for IL-18, high sen-
sitive C reactive protein (hs-CRP), Cys-C, IL-6, IL-1β, TNF-α, KIM-1, NGAL, 
routine biochemistry, urine and complete blood count tests for AKI and AP 
were taken at admission and discharge from all patients. Patients were grouped 
by presence or absence of AKI. 

2.2. Specimen 

Blood samples were taken in gel biochemistry tubes, centrifuged and separated 
into serum. Serum and urine samples were stored at −20˚C until the study day. 
Cys-C, hs-CRP, IL-1β, IL-6, IL-18, KIM-1, NGAL, TNF-α were studied in these 
samples. DRG Diagnostics (Marburg, Germany) brand immunometric ELISA 
kits were used for serum hs-CRP measurements, E-bioscience (San Diego, 
United States) for IL-18, Aviscera Bioscience (Santa Clara, United States) for 
KIM-1, NGAL and Cys-C, Assaypro for IL-1β, TNF-α and IL-6. Bio-Tek 
(Winooski, United States) ELX800 ELISA reader and Bio-Tek ELX50 washer 
were used for the study. 

2.3. Statistical Analysis 

Statistical Package for Social Sciences (SPSS) for Windows 15.0 program was 
used for analyzing results statistically. Kolmogorov-Smirnov test was used for 
normal distribution suitability of parameters. Student t test for normal distribu-
tion of the parameters between two groups of comparisons, Mann Whitney U 
test for comparison between two groups of parameters with no normal distribu-
tion for descriptive statistical methods (Mean, Standard deviation) as well as the 
comparison of quantitative data were used while evaluating the data. Paired 
sample t test was used for in-group comparisons of normal distribution parame-
ters, Wilcoxon sign test for in-group comparisons of parameters with no normal 
distribution. Fisher’s Exact Chi-Square test was used for the comparison of qua-
litative data. Logistic regression analysis was used to evaluate how one or more 
independent variables affect the dependent variable separately and together. 

Significance was evaluated at p < 0.05. 

3. Results 

The mean age of the cases was 56.41 ± 20.23 (17 - 91), of which 21 (37.5%) of the 
cases were male and 35 (62.5%) were female. Mean age was significantly higher 
in the AKI group than in non-AKI group (p < 0.05). AKI was developed in 13 
(23.2%) cases. Renal replacement therapy was needed in only one patient. We 
detected that AKI was at stage 1 in five patients according to KDIGO criteria, 
stage 2 in three patients and stage 3 in five patients. 

Serum parameters related with AP and AKI according to renal failure are 
shown in Table 1.  
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In the present study, patients diagnosed with AKI presented FENa and kidney 
failure index values above 1% and no signs of obstruction on the ultrasound stu-
dies suggesting AKI to be caused by intrinsic renal damage in all cases. 

The Cys-C levels at admission and discharge of patients with AKI were signif-
icantly higher than those without AKI (respectively; p < 0.05, p < 0.01). In cases 
with and without kidney injury, the decrease in discharge Cys-C levels relative to 
the admission Cys-C levels was significant (respectively; p < 0.05, p < 0.05). The 
serum NGAL and IL-6 levels at the discharge of patients with AKI were signifi-
cantly higher than without AKI (respectively; p < 0.05, p < 0.05). Although there 
was no significant change in the levels of serum IL-6 and TNF-α of patients with 
AKI, there was significant, respectively, decrease and increase in patients with-
out AKI (respectively; p < 0.01, p < 0.01). It was determined that there was sig-
nificant difference between the serum KIM-1 levels at admission of patients with 
and without AKI (respectively; p < 0.05, p < 0.05). The other results of serum 
and urine biomarkers are shown in Table 2.  

 
Table 1. Evaluation of levels of serum parameters of patients at Admission and Discharge 
according to presence or absence of kidney injury. 

  

Acute Kidney Injury 

p Yes No 

Mean ± SD (Median) Mean ± SD (Median) 

Amylase  
(U/L) 

1Adm 1117 ± 842.72 (819.00) 1347.63 ± 1653.95 (954.00) 0.930 

1Disc 121.15 ± 77.58 (78.00) 98.37 ± 62.86 (82.00) 0.229 

2p 0.001** 0.001**  

Lipase  
(U/L) 

1Adm 2190.62 ± 1750.25 (1984.00) 1648.63 ± 1074.74 (1382.00) 0.290 

1Disc 109.50 ± 83.54 (94.00) 88.19 ± 67.39 (63.00) 0.438 

2p 0.001** 0.001**  

Urea  
(mg/dl) 

1Adm 179.43 ± 151.65 (142.00) 30.54 ± 9.28 (30.00) 0.001** 

1Disc 55.24 ± 34.34 (53.50) 27.95 ± 32.62 (23.50) 0.002** 

2p 0.005** 0.001**  

Creatinine 
(mg/dl) 

1Adm 5.10 ± 5.16 (3.36) 0.8 ± 0.21 (0.75) 0.001** 

1Disc 1.74 ± 1.56 (1.19) 0.74 ± 0.23 (0.73) 0.002** 

2p 0.007** 0.001**  

Sodium 
(mmol/L) 

3Adm 139.69 ± 10.26 139.26 ± 5.00 0.834 

3Disc 138.92 ± 3.23 139.86 ± 3.86 0.430 

4p 0.816 0.442  

Potassium 
(mmol/L) 

1Adm 4.81 ± 1.40 (4.48) 4.97 ± 5.19 (4.10) 0.137 

1Disc 4.09 ± 0.74 (3.90) 4.14 ± 0.77 (4.10) 0.907 

2p 0.049* 0.456  

1Mann Whitney U Test, 2Wilcoxon Sign Test, 3Student t test, 4Paired Sample t test **p < 0.01 Adm: 
Admission Disc: Discharge. 
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Table 2. Evaluation of levels of serum and urine markers of patients at Admission and 
Discharge according to presence or absence of kidney injury. 

Markers  

Acute Kidney Injury 

p Yes No 

Mean ± SD (Median) Mean ± SD (Median) 

+Cys-C (ng/ml) 

1Adm 2522.15 ± 1224.41 (2581.00) 1264.23 ± 600.21 (1239.00) 0.001** 

1Disc 1837.46 ± 1059.69 (1154.00) 1064.88 ± 455.42 (960.00) 0.034* 

2p 0.023* 0.034*  

+NGAL (ng/ml) 

1Adm 21.61 ± 5.95 (18.95) 20.36 ± 6.95 (19.98) 0.497 

1Disc 23.58 ± 17.98 (18.93) 21.05 ± 16.68 (14.96) 0.049* 

2p 0.701 0.078  

+KIM-1 (pg/ml) 

1Adm 2951.77 ± 3356.90 (1542.00) 2729.74 ± 4779.01 (1008.00) 0.034* 

1Disc 1622.08 ± 2239.57 (739.00) 1939.49 ± 4405.44 (448.00) 0.190 

2p 0.016* 0.001**  

+IL-18 (pg/ml) 

1Adm 788.38 ± 367.31 (624.00) 648.39 ± 333.02 (615.00) 0.269 

1Disc 481.92 ± 366.00 (380.00) 575.67 ± 398.65 (444.00) 0.322 

2p 0.055 0.234  

+IL-6 (pg/ml) 

1Adm 8.68 ± 13.91 (3.24) 10.08 ± 10.57 (5.24) 0.567 

1Disc 7.27 ± 7.25 (5.04) 6.59 ± 14.31 (3.36) 0.049* 

2p 0.972 0.007**  

+IL-1β (pg/ml) 

1Adm 1.35 ± 0.85 (1.08) 2.00 ± 3.46 (1.24) 0.522 

1Disc 1.06 ± 0.83 (0.64) 3.19 ± 7.90 (0.76) 0.661 

2p 0.023* 0.002**  

+TNF-α (pg/ml) 

1Adm 26.17 ± 46.48 (4.82) 43.60 ± 181.57 (6.02) 0.683 

1Disc 26.35 ± 30.09 (16.22) 50.52 ± 170.73 (14.91) 0.294 

2p 0.463 0.001**  

+hs-CRP (mg/L) 

1Adm 19.96 ± 12.03 (23.82) 20.64 ± 12.60 (20.03) 0.778 

1Disc 6.31 ± 6.44 (4.57) 10.25 ± 7.15 (10.58) 0.061 

2p 0.011* 0.001**  

++IL-18 (pg/ml) 

1Adm 467.77 ± 111.99 (433.00) 530.09 ± 252.93 (449.00) 0.294 

1Disc 469.46 ± 223.06 (448.00) 548.84 ± 216.33 (495.00) 0.074 

2p 0.701 0.112  

1Mann Whitney U Test, 2Wilcoxon Sign Test, * p < 0.05 **p < 0.01 Adm: Admission Disc: Discharge. +serum 
markers ++urine marker. 

 
Both spot urine and 24-hours urine protein levels at the discharge of patients 

with AKI were significantly higher than without AKI (respectively; p < 0.05, p < 
0.05). In cases without AKI the decrease in discharge levels of spot and 24-hours 
urine protein relative to the admission levels of spot and 24-hours urine protein 
was significant (respectively; p < 0.05, p < 0.01). 
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Parameters between AKI and non-AKI groups at admission were examined at 
logistic regression analysis. As a result of univariate logistic regression analysis, 
risk factors affecting AKI were examined. As a result of these analyzes, Cys-C 
and IL-18 variables with p values below 0.25 were included in the multivariate 
logistic regression analysis. Considering the univariate regression analysis re-
sults, an increase in Cys-C value by one unit increases the risk of developing AKI 
by 1.002 times. As a result of multivariate logistic regression analysis, only Cys-C 
was found to be significant and remained in the model. Logistic regression anal-
ysis results are shown in Table 3 and Table 4. 

4. Discussion 

Acute pancreatitis, especially a moderate or severe form, is associated with mul-
tisystem complications. AP can increase rates of morbidity and mortality and 
complicated AP can result in higher rates. Early diagnosis of AKI which is the 
one of most common complications of AP, has significant impact on the rates of 
morbidity and mortality. The incidence of AKI is 15% in patients with AP. Mor-
tality rates can increase six folds when AKI is a complication [1] [2] [5] [6] [7] 
[8] [9] [21] [22]. The rise of SCr level in AKI may be delayed or affected by a 
number of factors including gender, age, coexisting disorder. For this reason 
new biomarkers are needed to diagnose AKI early. IL-6, IL-18, NGAL, IL-1β, 
TNF-α, Cys-C and KIM-1 have been promised in many previous studies. In the 
present study, we aimed to examine the role of these biomarkers, and observed 
that Cys-C and KIM-1 were more sensitive in the diagnosis of AKI compared to 
IL-6, IL-18, and NGAL. Additionally, the correlation of Cys-C and KIM-1 with 
conventional diagnostic criteria for the disease was significant.  

Although, IL-18, IL-6, IL-1β, TNF-α, NGAL have promising biomarkers in 
the diagnosis and surveillance of AKI, sepsis, malignancy, stroke and heart fail-
ure, we failed to demonstrate a significant result in our study. Liu et al., in their 
meta-analysis, have indicated that urine IL-18 levels are moderately predictive in 
determining AKI [12]. Hall et al. found significant associations between urinary 
NGAL, KIM-1, IL-18 levels and the progression of AKI and mortality rates in 
the hospital [23]. Haase et al. found no significant difference between patients 
with and without AKI during both intensive care unit (ICU) hospitalization and 
postoperative 24 hours in terms of urinary IL-18 levels [24]. 

Kim et al. found that plasma NGAL levels were significantly higher in patients 
with sepsis with AKI than in those without AKI [15]. Pickering and Endre found 
that an increase in the level of plasma NGAL was significant for detecting AKI in 
patients with both functional and structural AKI, with more significant in struc-
tural AKI [16]. Lin et al. found that APACHE III score, serum IL-18 and Cys-C 
levels on the first day of renal replacement therapy in patients with AKI, who 
were transferred to the ICU, were the independent predictors of mortality [18]. 
Tsigou et al. reported that NGAL, Cys-C, KIM-1, IL-18, and L-FABP were more 
effective for detecting AKI pior to elevation of the SCr level [25]. 
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Table 3. Logistic regression—when variables are modeled individually. 

Independent  
Variables 

β S.E. p value OR 
95% Confidence Interval 

Lower Bound Upper Bound 

++IL-18 −0.002 0.002 0.405 0.998 0.994 1.003 

+Cys-C 0.002 0.001 0.001 1.002 1.001 1.002 

+NGAL 0.028 0.047 0.556 1.028 0.938 1.127 

+KIM-1 0.001 0.001 0.883 1.001 0.998 1.003 

+IL-18 0.001 0.001 0.201 1.001 0.999 1.003 

+IL-6 −0.012 0.030 0.695 0.988 0.931 1.049 

+IL-1β −0.134 0.229 0.558 0.874 0.558 1.370 

+TNF-α −0.001 0.003 0.736 0.999 0.994 1.004 

+hs-CRP −0.004 0.026 0.862 0.996 0.946 1.047 

β: Beta coefficient, S.E.: Standard error of mean, OR: Odds Ratio +serum markers, ++urine marker. 
 

Table 4. Multivariable logistic regression—when variables are modeled together. 

Independent  
Variables 

β S.E. p value OR 
%95 Confidence Interval 

Lower Bound Upper Bound 

Constant −4.856 1.377 <0.001 0.008 - - 

+Cys-C 0.002 0.001 0.001 1.002 1.001 1.003 

+IL-18 0.001 0.001 0.300 1.001 0.999 1.003 

β: Beta coefficient, S.E.: Standard error of mean, OR: Odds Ratio +serum markers. 
 

Cys-C is an extracellular cysteine protease inhibitor, which is filtered from the 
glomeruli and reabsorbed from the proximal tubules. In contrast to SCr, blood 
levels are not affected by factors such as age, gender, muscle mass and race [17]. 
Cys-C has been recognized as an early predictor of AKI and an independent in-
dicator of mortality [26] [27] [28]. KIM-1 is a type-1 cell membrane protein 
produced in proximal tubular epithelial cells that increases in AKI, fibrosis, renal 
cell carcinoma, and polycystic kidney disease. Two systematic reviews have re-
ported that KIM-1 is a novel biomarker that is effective in diagnosing AKI with-
in 24 hours of kidney injury, especially in ischemic acute tubular necrosis [29] 
[30]. In critically ill patients, the use of Cys-C for the prediction of AKI was in-
vestigated after cardiac surgery, nephrotoxic drugs, and renal transplantation, 
and has been shown that serum Cys-C and KIM-1 may be more useful in early 
detection of AKI compared to IL-18, IL-1β, IL-6, TNF-α, NGAL and hs-CRP in 
patients with AP [27]. Aydogdu et al. showed that plasma and urine Cys-C were 
good markers for early recognition of sepsis-associated AKI. However, several 
studies in adults have shown that sepsis has no effect on plasma or urine levels of 
Cys-C [31] [32]. Despite extensive analysis, the application of KIM-1 in the early 
diagnosis of AKI still needs to be verified and thoroughly investigated because of 
the heterogeneous patient population, less clinical trial and limited different de-
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tection time in a relatively limited number of patient groups.  
The present study has some potential drawbacks. First, the sample number in 

our study was relatively low which may affect the significance of the results. We 
collected samples only at admission and discharge. Serial measurement of bio-
markers may provide more valuable data. We do not know baseline SCr levels; 
we accepted baseline serum creatinine values as acute pancreatitis was healed. As 
the present study has not included post discharge clinical follow-up, continued 
kidney function recovery may have led to lower post discharge creatinine 
clearance values eventually reaching the basal creatinine clearance values which 
were not available at the patients’ admission. Therefore, in the diagnosis of AKI 
in patients with AP, the diagnostic value of KIM-1 and Cys-C needs to be veri-
fied with studies to be conducted with a larger sample.  

5. Conclusion 

Many urines and serum markers are being evaluated due to inadequate early de-
tection of serum creatinine in AKI. Among these, serum NGAL and Cys-C are 
the most studied. In our study, Cys-C and KIM-1 appear to be helpful in the 
early diagnosis of AKI in patients with acute pancreatitis. However, it seems that 
there is a need for large-scale and long-term studies to obtain clearer data.  
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