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Abstract. This study investigated the diagnostic value of 
urinary interleukin-18 (uIL-18) in acute kidney injury (AKI) 
after cardiopulmonary bypass (CPB) in clinical practice. A 
total of 103 patients who underwent CPB were divided into 
the AKI group and non-AKI group according to the diagnostic 
criteria of AKI, and we collected the urine samples before 
and at 2, 4, 6, 8 and 12 h after CPB and the blood samples 
before and at 12, 24, 48 and 72 h after CPB for detection of the 
levels of uIL-18 and urinary neutrophil gelatinase-associated 
lipocalin (uNGAL) in urine samples and the levels of serum 
creatinine (Scr) in blood samples, respectively. With the results 
of detection, we measured the sensitivity and specificity of 
uIL-18 and uNGAL levels at 2 h after CPB in early diagnosis 
of AKI using the receiver operating characteristic  (ROC) 
curve and area under curve  (AUC). There were a total of 
22 patients (21.4%) with AKI. From 12 h after CPB, the level 
of Scr in the AKI group was significantly elevated, and this 
increasing trend lasted for 60 h; comparisons with the levels 
before CPB and in non-AKI group showed that the differences 
had statistical significance (P<0.05). In AKI group, uIL-18 
attained the peak level at 2 h after CPB, and the high level 
lasted for 10 h; comparisons with the levels before CPB and 
in non-AKI group showed that the differences had statistical 
significance (P<0.05); 2 h after CPB, the AUC was 90.48, and 
when the critical value was set as 1.6 µg/l, the sensitivity and 
specificity was 90.91 and 91.36%, respectively. Although there 
was a significant elevation in uNGAL level at 2 h after CPB in 
the AKI group, the level was dramatically decreased as soon 
as the peak level was attained at 4 h, and the high level only 
lasted for 8 h; difference between the level at 2 h after CPB 
and the level before CPB as well as that in the non-AKI group 
had statistical significance (P<0.05); at 2 h after CPB, the AUC 
was 83.25, and when the critical value was set as 100 µg/l, the 

sensitivity and specificity was, respectively 90.91 and 93.83%. 
The results indicated that after CPB, the level of uIL-18 shows 
a more promising diagnostic value in clinical practice than Scr 
and uNGAL in early diagnosis of AKI.

Introduction

Acute kidney injury (AKI) has been identified as an indepen-
dent risk factor for significant increase in incidence rate and 
the mortality rate after cardiopulmonary bypass (CPB) with 
a complicated pathogenesis, and also a common complica-
tion after CPB (1). Serum creatinine and urinary volume, 
as common and non-specific indicators in diagnosis and 
staging criteria of AKI, have shown poor sensitivity and are 
susceptible to the external factors, thereby decreasing their 
capabilities in precise reflection of the slight variations in 
renal function and delaying the accurate diagnosis of AKI 
in clinical practice  (2). Clinically, there remain no effec-
tive indicators for early prediction and diagnosis of AKI, 
thereby resulting in a particularly high incidence rate and 
mortality rate of AKI after CPB due to delayed efficient 
treatment methods. Thus, screening out the indicators for 
early diagnosis of AKI can significantly ameliorate the prog-
nosis of AKI patients through efficient treatment methods in 
advance and decrease in mortality rate (3). Study has shown 
that urinary interleukin-8  (uIL-8) and urinary neutrophil 
gelatinase‑associated lipocalin  (uNGAL) have promising 
sensitivity in early diagnosis of AKI after CPB  (4-8). In 
this study, we aimed to investigate the application value of 
uIL-18 and uNGAL in urine samples in early diagnosis of 
AKI after CPB through detecting the dynamic changes in 
levels of uIL-18 and uNGAL collected from the clinical data 
of patients.

Materials and methods

Subjects. A total of 103 patients who underwent CPB between 
March and October,  2014 were enrolled as subjects. The 
criteria for enrollment of subjects: i) patients without renal and 
hepatic dysfunction, tumors, or medication history of nephro-
toxic drugs before CPB; ii) patients without unstable vital signs 
before CPB; iii) patients conforming to the diagnostic criteria 
of AKI, i.e. the Scr level was >26.5 µM, or exceeded 50% of 
the baseline level of Scr (9). This study was approved by the 
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Ethics Committee of Zhengzhou No. 7 People's Hospital, and 
all patients or their family signed the informed consent.

Methods. We collected the urine samples before and at 2, 4, 6, 8 
and 12 h after CPB and the blood samples before and at 12, 24, 
48 and 72 h after CPB for centrifugation, and the supernatant 
was collected for detecting the levels of uIL-18 and uNGAL in 
urine samples and the levels of Scr in blood samples, in which 
the Scr level was measured with an Automatic Biochemistry 
Analyzer, while uNGAL and uIL-18 levels in urine by 
enzyme-linked immunosorbent assay (ELISA). The ELISA kit 
was purchased from R&D Systems (Minneapolis, MN, USA).

Statistical analysis. In this study, statistical analysis on experi-
ment data was performed by SPSS 19.0 software (NDtimes, 
Beijing, China). Data in normal distribution are presented as 
mean ± standard deviation (mean ± SD). For comparisons of 
data among groups and between different time-points, t-test 
and analysis of variance were carried out. Receiver operating 
characteristic (ROC) curve and area under curve (AUC) were 
used to evaluate the sensitivity and specificity of uIL-18 and 
uNGAL on AKI. P<0.05 suggested that the difference had 
statistical significance.

Results

Incidence rate of AKI. Among 103 patients who received the 
CPB, there were 22 patients (21.4%) with AKI, while remaining 

81 patients had no AKI, indicating that the incidence rate of 
AKI was 21.4%. Among those with AKI, there were 10 females 
and 12 males with an average age of 59±10.2 years, while in 
those with no AKI, there were 39 females and 42 males with 
an average age of 58±7.9 years. We found no statistically 
significant difference in comparisons of gender ratio and age 
between the two groups.

From 12 h after CPB, the level of Scr in the AKI group 
was significantly elevated, and this increasing trend lasted till 
72 h; comparisons with the levels before CPB and in non-AKI 
group showed that the differences were statistically significant 
(P<0.05). In the non-AKI group, there was no significant 
difference in comparison of Scr level before and after CPB, 
and the difference had no statistical significance (Table I).

Variations in level of uIL-18. In AKI group, uIL-18 attained the 
peak level at 2 h after CPB, and the high level lasted for 10 h, 
and comparisons with the levels before CPB and in non-AKI 
group showed that the differences had statistical significance 
(P<0.05); the level of uIL-18 after CPB in the non-AKI group 
was slightly higher than that before CPB, but the difference 
had no statistical significance (P>0.05) (Table II). To assess 
the diagnostic value of uIL-18 after CPB, the level of uIL-18 
at a certain time-point was adopted for statistical analysis and 
preparation of ROC curve. Since uIL-18 attained the peak 
level at 2 h after CPB, we selected this time-point to perform 
further study. At 2 h after CPB, the AUC of ROC curve of 
uIL-18 was 90.48, and when the critical value was set as 

Table I. Comparisons of Scr levels at different time-points in the non-AKI group and the AKI group (Umol/l, mean ± SD).

Time-point	 Non-AKI group	 AKI group	 P-value	 t-test	 P-value	 F-value

Before CPB	 62.34±11.37	 65.22±10.46	 0.2868	 1.071
At 2 h after CPB	 63.11±13.89	 67.78±13.55	 0.1629	 1.406	 0.244	 1.6781
At 12 h after CPB	 64.34±15.02	 85.48±22.47a,b	 P<0.05	 5.468	 P<0.05	 4.6147
At 24 h after CPB	 64.17±13.57	 118.29±34.63a,b	 P<0.05	 11.324	 P<0.05	 10.9608
At 48 h after CPB	 61.54±10.44	 124.61±38.61a,b	 P<0.05	 13.173	 P<0.05	 13.6250

aDifference between the AKI group and non-AKI group with statistical significance, P<0.05; bDifferences between the levels at different 
time-points and the level before surgery in the AKI group with statistical significance, P<0.05. Scr, serum creatinine; AKI, acute kidney injury; 
CPB, cardiopulmonary bypass.

Table II. The levels of uIL-18 at different time-points in non-AKI group and AKI group (µg/l, mean ± SD).

Time-point	 Non-AKI group	 AKI group	 P-value	 t-test	 P-value	 F-value

Before CPB	 0.91±0.46	 0.98±0.32	 0.4123	 0.823
At 2 h after CPB	 0.95±0.51	 4.89±0.96a,b	 P<0.05	 18.508	 P<0.05	 9.0000
At 4 h after CPB	 1.13±0.79	 4.46±1.56a,b	 P<0.05	 13.849	 P<0.05	 23.7656
At 6 h after CPB	 1.05±0.74	 4.01±1.21a,b	 P<0.05	 14.330	 P<0.05	 14.2979
At 8 h after CPB	 1.19±0.67	 3.79±1.42a,b	 P<0.05	 12.286	 P<0.05	 19.6914
At 12 h after CPB	 1.22±0.74	 3.73±1.61a,b	 P<0.05	 10.586	 P<0.05	 25.3135

aDifference between the AKI group and non-AKI group with statistical significance, P<0.05; bDifferences between the levels at different time-
points and the level before surgery in the AKI group with statistical significance, P<0.05. uIL-18, urinary interleukin-18; AKI, acute kidney 
injury; CPB, cardiopulmonary bypass.
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1.6 µg/l, the sensitivity and specificity was 90.91 and 91.36%, 
where the uIL-18 level in most of the patients in the AKI group 
was >1.6 µg/l, but there were only 11 patients (11/81) in the 
non-AKI group with a level >1.6 µg/l (Table III and Fig. 1).

Variations in level of uNGAL. In the AKI group, a significant 
elevation in uNGAL level at 2 h after CPB followed by a rapid 
decrease was seen, and difference between the level at 2 h after 
CPB and the level before CPB as well as that in the non-AKI 
group had statistical significance (P<0.05). However, at 12 h 
after CPB, these differences had no statistical significance 
(P>0.05), and in the non-AKI group, there was no statisti-
cally significant difference in comparison to the uNGAL level 
before and after CPB (Table IV). To assess the diagnostic value 
of uNGAL level after CPB, the level of uNGAL at a certain 
time-point was adopted for statistical analysis and preparation 
of ROC curve. Since a significant elevation in uNGAL was 
attained at 2 h after CPB, which was not significantly different 
from the peak level attained at 4 h after CPB, we selected 
this time-point to perform further study. At 2 h after CPB, 
the AUC of ROC curve of uNGAL was 83.25, and when the 
critical value was set as 100 µg/l, the sensitivity and specificity, 
respectively, was 90.91 and 93.83%, where the uNGAL level in 
most of the patients (20/22) in the AKI group was >1.6 µg/l, 
but there were only 7 patients (7/81) in the non-AKI group with 
a level >100 µg/l (Table V and Fig. 2).

Discussion

Various factors affect the renal functions in surgeries, particu-
larly the CPB, which can induce severe complications, such 
as acute renal failure that has poor prognosis, and frequently 
leads to continuous increased incidence rates and mortality 
without immediate intervention and treatment  (10,11). 
Recently, AKI was put forward by the international nephrology 

communication for accurate prediction and early diagnosis 
and treatment; the attack of AKI without any effective inter-
vention and treatment will aggravate the kidney impairment, 
or even lead to death (12,13). Thus, early diagnosis of AKI is 
of great significance for prognosis of patients. So far, Scr has 
been used as a conventional indicator for detection of renal 
function, but the obvious increase in content of Scr is usually 
identified at 12 h after surgery; thus, Scr cannot timely reflect 
the impairment of kidney (14). Hence, it is prioritized to search 
for biological indicators for early diagnosis of AKI in clinical 
practice.

Ischemic reperfusion in kidney is a key factor inducing 
the attack of AKI after CPB for it can initiate the expression 
of IL-18, thereby resulting in the inflammatory responses in 
kidney and AKI (15). An ischemic AKI experiment has proved 
that damage to kidney tubules will give rise to massive release 
of IL-18 into the urine; thus, we can detect the content of IL-18 
using the urine sample (16); a clinical study confirmed that 
in patients with ischemia or late-onset transplantation rejec-
tion after kidney transplantation, a significant elevation is also 

Figure 2. Receiver operating characteristic (ROC) curve of urinary neu-
trophil gelatinase-associated lipocalin (uNGAL) in patients at 2 h after 
cardiopulmonary bypass (CPB). The area under curve (AUC) is 83.25, and 
when the critical value is 100 µg/l, the sensitivity and specificity is 90.91 and 
93.83%, respectively.

Figure 1. Receiver operating characteristic (ROC) curve of urinary inter-
leukin-18 (uIL-18) in patients at 2 h after cardiopulmonary bypass (CPB). 
The area under curve (AUC) is 90.48, and when the critical value is 1.6 µg/l, 
the sensitivity and specificity is 90.91 and 91.36%, respectively.

Table III. Distribution of uIL-18 concentrations in patients at 
2 h after CPB.

	 AKI	 non-AKI
	 -------------------------------	 ------------------------------
uIL-18 (µg/l)	 n	 Total	 n	 Total

>0.1	 0	 22	 8	 81
>0.6	 1	 22	 37	 73
>1.1	 1	 21	 25	 36
>1.6	 2	 20	 4	 11
>2.1	 1	 18	 2	 7
>2.6	 1	 17	 2	 5
>3.1	 0	 16	 2	 3
>3.6	 2	 16	 1	 1
>4.1	 5	 14	 0	 0
>4.6	 5	 9	 0	 0
>5.1	 4	 4	 0	 0
Total	 22		  81	

uIL-18, urinary interleukin-18; AKI, acute kidney injury; CPB, car-
diopulmonary bypass.
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identified in the content of uIL-18 (17,18). In addition, the AKI 
in patients will facilitate the generation of NGAL that can 
protect the renal tissues (19). Study has shown that the expres-
sion of NGAL is quite low in normal renal tissues, but under 
the kidney impairment, NGAL will be rapidly secreted by the 
epithelial cells of tubules to protect the integrity of tubules, 
which is usually accompanied by a quick increase in concen-
tration of NGAL in urine (6,20). Thus, uIL-18 or uNGAL may 
be a candidate for indicators in detection of AKI, and they 
have become a research hotspot.

In this study, the results showed that among 103 patients 
undergoing CPB, there were 22 patients with AKI after CPB, 
which coincide with a previous study (16). Compared with the 
levels before surgery and those in non-AKI group, a signifi-
cant elevation was identified at 12 h after CPB in patients of 
the AKI group, lasting till 72 h after CPB, and the differences 
had statistical significance (P<0.05), which is also consistent 
with previous studies, suggesting that this period is suitable 
for diagnosis of AKI using Scr (17). Among the AKI patients, 
maximal level of uIL-18 was attained at 2 h after CPB, and 
the high level lasted till 12 h; comparisons between the uIL-18 
level at this time-point and the level before CPB as well as that 
in the non-AKI group showed that the differences had statis-

tical significance (P<0.05). However, peak level of uNGAL 
was identified at 4 h after CPB, which could only be sustained 
for 8 h after CPB; the result is also coincident with previous  
reports (6,19). Shortly after CPB, a slight increase was seen 
in patients of the non-AKI group, which may be caused by 
the release of inflammatory factors (15). To provide better 
clinical service, we further confirmed the critical values of 
uIL-18 and uNGAL at 2 h after CPB with promising sensi-
tivity and specificity, and the results showed that when the 
critical values of uIL-18 and uNGAL were 1.6 and 100 µg/l, 
respectively, these indicators showed good sensitivity and 
specificity; besides, the AUC of ROC was, respectively, 90.48 
and 83.25, suggesting that the results are reliable. The result 
of this study also conforms to the reports of studies by other 
groups (18,20).

In conclusion, although rapid increases in uIL-18 and 
uNGAL levels were found in a short time in patients with 
AKI after CPB, the emergence of peak value in uIL-18 level 
after CPB is earlier than the uNGAL, and the high level of 
uIL-18 can be sustained for a long time. Thus, uIL-18 has a 
better clinical value for early diagnosis and intervention of the 
development and progression of AKI.
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