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Abstract
Background: Acute kidney injury (AKI) is a disease that negatively affects patient 
prognosis and requires early diagnosis and treatment. Biomarkers that predict AKI are 
needed for early diagnosis of this disease.
Methods: We compared the AKI group and the non-AKI group in patients who were 
admitted to our critical care intensive care unit (ICU) and conducted a comparative 
study focusing on urinary neutrophil gelatinase-associated lipocalin (U-NGAL) and 
serum procalcitonin (PCT).
Results: Seventy-one out of 106 ICU inpatients were diagnosed with AKI in accord-
ance with the Kidney Disease: Improving Global Outcomes (KDIGO) criteria. Among 
the patients who were diagnosed with AKI stages 1 to 3, 94.4% of all patients reached 
the maximum stage by day 5 after admission. Comparing the non-AKI group and AKI 
stage 1 to 3 on days 1 to 3 after admission, U-NGAL and PCT levels in the stage 
3 group were significantly higher than those in the non-AKI group. Additionally, in 
receiver operating characteristic curve (ROC) analysis on days 1–3 after admission, 
U-NGAL and PCT levels can be used as biomarkers for the diagnosis of AKI, and in 
particular, AKI stage 3 can be predicted and diagnosed with high accuracy. U-NGAL 
and PCT levels were also significantly higher in AKI due to sepsis and acute pancrea-
titis and due to sepsis, respectively.
Conclusions: Measuring U-NGAL and PCT levels as biomarkers for AKI may further 
improve the accuracy of AKI diagnosis in critical care ICU.
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1  |  INTRODUC TION

Acute kidney injury (AKI) is a serious disease that is directly related 
to the patient's prognosis, and it has been reported that the mortality 
rate increases due to AKI complications.1 Therefore, early diagnosis 
and early treatment of AKI are necessary, and consensus definitions 
and classifications have become important. The Risk, Injury, Failure, 
Loss of kidney function and End stage of kidney disease (RIFLE) 
classification in 2004,2 the Acute Kidney Injury Network (AKIN) 
classification in 2007,3 and the Kidney Disease: Improving Global 
Outcomes (KDIGO) classification in 20124 have been reported. For 
AKI diagnostic criteria and staging, KDIGO clinical practice guide-
lines using changes in serum creatinine (Cr) and urine volume crite-
ria have been proposed. Because it was reported to take 24–48 h 
from kidney damage to an increase in serum Cr, it is difficult to use 
serum Cr alone as a marker for early diagnosis.5–7 In addition to renal 
damage, AKI that is not accompanied by factors such as dehydration 
or oliguria is clinically seen as a decrease in urine volume. Thus, a 
diagnosis of renal disorder accompanied by a rapid decrease in renal 
function such as AKI requires a diagnosis using a marker that reflects 
the renal disorder at an early stage. We divided intensive care unit 
(ICU) inpatients into an AKI group and a non-AKI group, and com-
pared urinary neutrophil gelatinase-associated lipocalin (U-NGAL) 
levels, serum procalcitonin (PCT) levels, and other clinical test re-
sults. In this study, we confirmed that U-NGAL and PCT levels were 
excellent AKI biomarkers. We also reported on the three diseases 
that cause AKI (acute pancreatitis, sepsis, and pneumonia).

2  |  MATERIAL S AND METHODS

2.1  |  Study population and classification of acute 
kidney injury

An observational study was conducted in adult patients who were 
treated at the critical care ICU at Fukuoka University Hospital from 
April to October 2018. The subjects were 126 patients whose U-
NGAL and PCT levels were measured three times or more within 
7 days after entering the ICU. Seventeen cases of cardiopulmonary 
arrest and three cases of renal replacement therapy due to renal fail-
ure were excluded. AKI was defined as having occurred by 7 days 
after admission, and patients were classified into a non-AKI group 
(35 patients) and AKI group (71 patients) on the basis of the KDIGO 
diagnostic criteria. For a diagnosis of AKI, Cr and urine volume in ac-
cordance with the KDIGO clinical practice guidelines were used, and 
the basal Cr value was calculated using the Modification of Diet in 
Renal Disease (MDRD) formula.8,9 The AKI group was further clas-
sified into AKI stage 1 to 3 groups on the basis of the day of ICU 
admission. AKI stage was defined in accordance with KDIGO, as fol-
lows: Stage 1 was 1.5–1.9-times the reference serum Cr or an in-
crease of ≥0.3 mg/dl within 48 h, and urine volume <0.5 ml/kg/h for 
6–12 h; stage 2 was 2.0–2.9-times the reference serum Cr or urine 

volume <0.5 ml/kg/h over 12 h; and stage 3 was 3.0-times the refer-
ence serum Cr or an increase of ≥4.0 mg/dl, or urine volume <0.3 ml/
kg/h over 24 h. In the AKI group, the number of days that were re-
quired to reach the maximum stage of AKI was classified into three 
categories (1 to 2 days, 3 to 5 days, and 6 to 7 days), and the number 
of patients in each stage was compared.

For days 1–3 after ICU admission, U-NGAL, PCT, and serum Cr, 
C-reactive protein (CRP), blood urea nitrogen (UN), white blood cells 
(WBC), and lactic acid (LA) were compared between the non-AKI, 
AKI, and AKI stage 1–3 groups. Furthermore, for acute pancreatitis, 
sepsis, and pneumonia, U-NGAL and PCT were compared between 
the AKI and the non-AKI groups. Pneumonia was defined as not in-
cluded in sepsis in clinical diagnosis.

This study was approved by the Ethics Committee at Medical 
Sciences, Fukuoka University (2018M016).

2.2  |  Laboratory measurements

U-NGAL was measured using U-NGAL kit (Abbott Japan Co., Ltd.), 
UN was measured using a Pureauto S UN-L® kit (Sekisui Medical 
Co., Ltd.), Cr was measured using a Pureauto S CRE-N® kit (Sekisui 
Medical Co., Ltd.), CRP was measured using a CRP latex X2 kit (Denka 
Seiken Co., Ltd.), lactic acid (LA) was measured using Determiner 
LA kit (Hitachi Chemical Diagnostics Systems Co., Ltd.), and PCT 
was measured using a Elecsys® BRAHMS Procalcitonin kit (Roche 
Diagnostics K.K.). For the equipment that was used, U-NGAL was 
measured using the ARCHITECT i1000SR (Abbott Japan Co.); BUN, 
Cr, CRP, and LA were measured using the automatic analyzer TBA-
c16000 (Canon Medical Systems Co., Ltd.); PCT was measured using 
a Cobas 6000 (Roche Diagnostics K.K.); and WBCs were measured 
using a XN-1000 (Sysmex Co., Ltd.).

2.3  |  Statistical analysis

To compare the non-AKI and AKI groups, the Shapiro-Wilk test was 
used to confirm whether the data were normality distributed. The 
data did not follow a normal distribution, so the Mann-Whitney test 
was performed. The numerical values are presented as the median 
and the interquartile range. Additionally, when there were fewer than 
20 cases and the U comparison target was a ratio rather than a con-
tinuous variable, Fisher's exact test was performed. To compare AKI 
stages 1 to 3 and the non-AKI group, the Kruskal-Wallis (Steel multi-
ple comparison) test was performed because the data did not follow a 
normal distribution. The significance level was p < 0.05. The AKI diag-
nostic ability of U-NGAL, PCT, and Cr was evaluated using a receiver 
operating characteristic (ROC) analysis. The ROC curve was created 
by changing the cutoff value and plotting the true-positive rate on 
the vertical axis and the false-positive rate on the horizontal axis. AKI 
diagnostic ability was evaluated using the area under the curve (AUC) 
of the ROC (AUC-ROC). EZR (ver 1.41, Saitama Medical Center, Jichi 
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Medical University), which is a user interface of R (the R Foundation 
for Statistical Computing), was used for statistical analysis. The ROC 
curve was created using Prism 8 (GraphPad Software Inc.).

3  |  RESULTS

3.1  |  Comparison between non-AKI and AKI 
groups

One hundred six critical care ICU inpatients were divided into the fol-
lowing two groups: the non-AKI group (35 patients) and the AKI group 
(71 patients). Comparisons were made between the groups. As shown 
in Table 1, 56.3% were men and 43.7% were women in the AKI group, 
there was no difference in age, gender, body mass index, and basal Cr 
between the two groups. When compared by disease, the AKI group 
had four cases of acute pancreatitis, 18 cases of sepsis, and ten cases 
of pneumonia, and these three diseases accounted for 45.1% of the 
AKI group. There were nine deaths during hospitalization (9/71; 12.7%) 
in the AKI group and two in the non-AKI group (2/35; 5.7%), which was 
not significant difference between the two groups (Table 1).

3.2  |  Time required to reach KDIGO 
maximum stage

Figure  1  shows the number of patients with the AKI maximum 
stage in accordance with the KDIGO diagnostic criteria for each 

length of admission (1 to 2, 3 to 5, or 6 to 7 days). There were 43 
(60.0%) patients who reached the AKI maximum stage on days 1 
and 2, 24 (33.8%) patients on days 3 and 5, and four (5.6%) patients 
on days 6 to 7.

3.3  |  Comparison of the non-AKI group with the 
AKI group and AKI stage 1–3 groups

The non-AKI group and the AKI group were compared on days 1 to 
3 of hospitalization, and there was a significant difference between 
the U-NGAL, PCT, Cr, and UN for all 3 days (Table 2). Among the 
71 patients in the AKI group, there were 17, 32, and 22 in stages 
1, 2, and 3, respectively. When the non-AKI group was compared 
with the AKI stage 1 to 3 groups, U-NGAL was significantly differ-
ent in the AKI stage 3 group for all 3 days, it increased from 161.3 to 
375.4 ng/ml in the AKI stage 3 group, and it increased from 25.3 to 
39.9 ng/ml in the non-AKI group (Table 3 a–c). PCT showed a signifi-
cant difference in AKI stage 2 only on day 1 (p < 0.05) and was sig-
nificantly higher in the AKI stage 3 group than in the non-AKI group 
for 3 days (Table 3 a–c). Serum Cr was significantly different in all 
AKI stage 1–3 groups (p < 0.05) for all 3 days, increased from 0.91 to 
2.48 mg/dl in AKI 1–3 groups, and increased from 0.66 to 0.72 mg/dl 
in non-AKI groups (p < 0.005). U-NGAL and PCT showed high values 
at AKI stage 3, and U-NGAL showed a significantly higher value in 
the stage 3 group compared with the other two groups (p < 0.005), 
which was significantly different from that of the non-AKI group on 
days 2 and 3 (Table 3 a–c).

TA B L E  1 Clinical characteristics and prognosis of all patients, non-AKI patients, and AKI patients

Characteristics All patients non-AKI patients AKI patients
p-
value

n = 106 n = 35 n = 71

Male sex, n (%) 58 (54.7) 18 (51.4) 40 (56.3) 0.787

Age (years) 72 (63–80) 71 (65–79) 73 (63–80) 0.704

Body mass index (kg/m2) 21.7 (19.2–24.8) 20.7 (18.5–22.7) 22.2 (19.5–25.6) 0.073

Baseline serum creatinine (mg/dl) 0.80 (0.60–0.83) 0.79 (0.61–0.83) 0.80 (0.60–0.83) 0.901

Diseases, n (%)

Cerebrovascular disease 42 (39.6) 25 (71.4) 17 (23.9)

Pneumonia 12 (11.3) 2 (5.7) 10 (14.1)

Heart disease 10 (9.4) 4 (11.4) 6 (8.5)

Sepsis 20 (18.9) 2 (5.7) 18 (25.4)

Acute pancreatitis 4 (3.8) 0 (0) 4 (5.6)

Others 18 (17.0) 2 (5.7) 16 (22.5)

Outcome, n (%)

Discharge 95 (89.6) 33 (94.3) 62 (87.3) 0.332

Death 11 (10.4) 2 (5.7) 9 (12.7)

Note: Values are expressed as the median and interquartile range or number. We calculated the baseline serum creatinine using the Modification of 
Diet in Renal Disease (MDRD) equation.
Abbreviation: AKI; acute kidney injury.
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3.4  |  ROC analysis for the non-AKI group and AKI 
stage 1–3 groups

The AKI predictive ability of U-NGAL, PCT, and Cr was analyzed 
using ROC curve analysis. As shown in Figure 2, U-NGAL and PCT 
had a significant predictive ability for AKI stage 3 on day 2 of hospi-
talization. As shown in Table 4, the AUC-ROC of all AKI groups was 
0.671 to 0.723 for U-NGAL, 0.662 to 0.751 for PCT, and 0.798 to 
0.828 for Cr during days 1 to 3 after admission. The AUC-ROC of 
the AKI stage 3 group was significantly higher, with 0.752 to 0.917 
for U-NGAL and 0.760 to 0.848 for PCT. In particular, the U-NGAL 
AUC-ROC (0.837 to 0.917) on days 2 and 3 was as high as the Cr 
AUC-ROC (0.837 to 0.931) (p < 0.005; Table 4).

3.5  |  Comparison of U-NGAL and PCT in AKI group 
due to three diseases

The median AUC-ROC for AKI prediction in the three diseases 
(pneumonia, sepsis, and acute pancreatitis) was 0.841 to 0.878 
for U-NGAL and 0.808 to 0.848 for PCT, which were significantly 
higher for all three days (p < 0.005). In AKI due to the three dis-
eases, U-NGAL and PCT AUC-ROC were larger than those of all 
AKI (Table 4). Figure 3 a and b shows a comparison of U-NGAL and 
PCT in the AKI group and non-AKI group due to three diseases 
on days 1 and 3 after hospitalization. U-NGAL was significantly 
higher in sepsis and acute pancreatitis, and PCT was higher in 
sepsis.

F I G U R E  1 AKI stage and the day that the maximal KDIGO criteria stage was reached. AKI stage means the maximal stage within the first 
7 d after the patient was transferred to the ICU. AKI, acute kidney injury; ICU, intensive care unit; KIDGO, Kidney Disease: Improving Global 
Outcomes

TA B L E  2 Comparison of clinical markers for non-AKI and AKI patients from days 1–3 after admission.

Day 1 Day 2 Day 3

non-AKI AKI non-AKI AKI non-AKI AKI

U-NGAL (ng/ml) 30.9 (18.8–72.7) 81.7* (29.2–278.8) 25.3 (14.8–83.2) 103.5** 
(31.6–276.3)

39.9 (20.7–77.8) 111.1** (43.2–374.3)

PCT (ng/ml) 0.12 (0.04–0.29) 0.54** (0.12–5.00) 0.34 (0.16–0.84) 1.18* (0.22–7.48) 0.23 (0.11–0.85) 1.56** (0.26–4.94)

Cr (mg/dl) 0.72 (0.57–0.82) 1.13** (0.79–1.75) 0.68 (0.55–0.80) 1.08** (0.80–1.74) 0.66 (0.50–0.73) 1.10** (0.72–1.64)

UN (mg/dl) 17 (13–20) 25** (17–42) 16 (13–21) 28** (18–44) 16 (12–23) 33** (22–49)

CRP (mg/dl) 0.38 (0.12–2.37) 3.74* (0.35–16.56) 3.19 (1.24–14.60) 7.74* (2.97–20.83) 10.68 
(6.41–18.98)

14.80 (8.33–20.68)

WBC (103/ml) 11.4 (8.2–12.7) 13.0 (9.0–16.4) 9.1 (8.1–12.8) 12.5 (8.0–17.0) 9.2 (7.5–11.3) 11.0* (8.7–15.7)

LA (mg/dl) 17.1 (11.2–28.5) 19.8 (12.7–30.1) 9.7 (8.0–13.7) 12.7 (8.3–17.4) 8.7 (7.2–9.7) 10.0* (7.9–13.2)

urine volume 
(ml/kg/h)

ND ND 1.02 (0.83–1.95) 0.60** (0.40–1.11) 0.94 (0.75–1.42) 0.69** (0.45–0.99)

Note: The numbers are presented as the median value and the 25th–75th percentile.
Abbreviations: AKI, acute kidney injury; Cr, creatinine; CRP, C-reactive protein; LA, lactic acid; ND, not determined; PCT, procalcitonin; UN, blood 
urea nitrogen; U-NGAL, urinary neutrophil gelatinase-associated lipocalin; WBC, white blood cell.
*p < 0.05 vs. non-AKI; **p < 0.005 vs. non-AKI
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4  |  DISCUSSION

To diagnose a renal disorder accompanied by a rapid renal function 
decline, an AKI biomarker that reflects the renal disorder at an early 
stage is required. AKI biomarkers have been discovered and used 
in clinical practice, and studies that predict an early diagnosis and 
prognosis have been reported.10–13 In this study, we verified the 
usefulness of U-NGAL, PCT, and routine laboratory test results as 
AKI biomarkers in hospitalized adult ICU patients in the emergency 
department.

The medical history of patients in the non-AKI group and the 
AKI group showed that 56.3% were men and 43.7% were women in 
the AKI group, and there was no difference in age, gender, mortality 

rate, and basal Cr between the two groups. Three diseases (acute 
pancreatitis, sepsis, and pneumonia) that are thought to be accom-
panied by a systemic inflammatory response accounted for 45.1% of 
the AKI group. In particular, 18 of 20 patients with sepsis had AKI. 
The kidney is one of the organs that is most commonly affected by 
sepsis, and AKI is associated with sepsis in 47% of patients.14 AKI 
is a potentially fatal complication of sepsis, and it contributes to in-
creased morbidity and mortality. AKI is also associated with the de-
velopment of chronic kidney disease.15

An early diagnosis of AKI was considered to be important be-
cause 94.4% of the patients developed AKI by 5 days after admission 
to the ICU and reached the maximum AKI KDIGO stage in this study. 
In the comparison between the non-AKI group and the AKI group on 

TA B L E  3 Comparison of clinical markers between non-AKI patients and AKI stage 1–3 patients on days 1–3 after admission

(a) Day 1

non-AKI n=35 AKI stage 1 n=17 AK I stage 2 n=32 AKI stage 3 n = 22

U-NGAL (ng/ml) 30.9 (18.8–72.7) 55.2 (33.2–206.7) 63.7 (15.8–211.1) 161.3* (68.0–652.2)

PCT (ng/ml) 0.12 (0.04–0.29) 0.55 (0.08–15.60) 0.74* (0.11–4.02) 0.34* (0.30–5.54)

Cr (mg/dl) 0.72 (0.57–0.82) 1.12** (0.97–1.30) 1.07** (0.77–1.23) 2.20** (0.74–3.07)

UN (mg/dl) 17 (13–20) 25** (21–34) 20 (15–30) 40** (21–64)

CRP (mg/dl) 0.38 (0.12–2.37) 2.11 (0.26–15.50) 5.57 (0.12–18.58) 2.68* (1.01–12.02)

WBC (103/ml) 11.4 (8.2–12.7) 12.7 (8.9–16.4) 14.0* (9.5–18.4) 11.9 (7.3–15.6)

LA (mg/dl) 17.1 (11.2–28.5) 19.8 (12.7–32.8) 22.0 (12.6–28.7) 17.7 (13.7–27.5)

(b) Day 2

non-AKI n = 35 AKI stage 1 n = 17 AKI stage 2 n = 32 AKI stage 3 n = 22

U-NGAL (ng/ml) 25.3 (14.8–83.2) 61.0 (39.8–171.6) 81.6 (25.2–159.2) 296.2** 
(111.9–2683.3)

PCT (ng/ml) 0.34 (0.16–0.84) 0.33 (0.16–6.30) 1.72 (0.16–4.34) 1.46* (0.54–15.19)

Cr (mg/dl) 0.68 (0.55–0.80) 0.97** (0.80–1.14) 1.02** (0.77–1.51) 2.48** (1.07–2.73)

UN (mg/dl) 16 (13–21) 27** (18–36) 23* (17–41) 39** (28–62)

CRP (mg/dl) 3.19 (1.24–14.60) 7.72 (1.65–12.10) 7.64 (2.97–20.80) 7.80* (5.12–21.86)

WBC (103/ml) 9.1 (8.1–12.8) 11.6 (8.6–14.1) 13.1 (8.6–18.3) 11.8 (6.9–16.6)

LA (mg/dl) 9.7 (8.0–13.7) 9.0 (7.8–18.3) 13.4 (9.2–15.0) 13.5 (9.4–23.0)

(c) Day 3

non-AKI n = 35 AKI stage 1 n = 17 AKI stage 2 n = 32 AKI stage 3 n = 22

U-NGAL (ng/ml) 39.9 (20.7–77.8) 68.7 (37.1–141.9) 101.7 (26.4–131.3) 375.4** 
(138.9–1141.9)

PCT (ng/ml) 0.23 (0.11–0.85) 0.64 (0.23–5.63) 0.68 (0.20–2.17) 2.07** (1.18–21.63)

Cr (mg/dl) 0.66 (0.50–0.73) 0.91** (0.70–1.23) 1.02** (0.70–1.48) 2.05** (1.27–2.96)

UN (mg/dl) 16 (12–23) 29* (18–34) 30** (22–37) 47** (38–68)

CRP (mg/dl) 10.68 (6.41–18.98) 8.74 (7.62–19.27) 14.20 (9.85–19.09) 19.72* (10.04–27.67)

WBC (103/ml) 9.2 (7.5–11.3) 10.6 (9.1–12.2) 10.7 (8.1–14.6) 14.7* (9.7–17.3)

LA (mg/dl) 8.7 (7.2–9.7) 8.0 (6.7–10.8) 9.9 (8.4–12.0) 11.8 (9.4–16.0)

Note: The numbers are presented as the median value and 25th–75th percentile. Groups were compared by Kruskal-Wallis and Steel-adjusted Mann-
Whitney U tests.
Abbreviations: AKI, acute kidney injury; Cr, creatinine; CRP, C-reactive protein; LA, lactic acid; PCT, procalcitonin; UN, blood urea nitrogen; U-NGAL, 
urinary neutrophil gelatinase-associated lipocalin; WBC, white blood cell.
*p<0.05 vs. non-AKI; **p<0.005 vs. non-AKI
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days 1 to 3 after hospitalization, there was a significant difference 
in U-NGAL, PCT, and Cr for all 3 days (p < 0.05). In a comparison of 
these three markers between the non-AKI group and the AKI stage 
1 to 3 groups, all three markers in the AKI stage 3 group were sig-
nificantly higher than those of the non-AKI group on days 1 to 3. 
Additionally, PCT levels in the stage 2 group on day 1 and serum Cr 
in all stages on all 3 days were significantly higher than those in the 
non-AKI group. Because AKI was diagnosed on the basis of serum Cr 
levels using the KDIGO diagnostic criteria, it was expected that the 
serum Cr level was significantly higher in the AKI group in this study.

We analyzed the AUC-ROC values to confirm the usefulness of 
the AKI diagnostic ability of U-NGAL and PCT levels in the early 
stages of hospitalization. Thus, the U-NGAL and PCT values for days 
1 to 3 after hospitalization had a median AUC-ROC of 0.66 or higher, 
which was useful for making a diagnosis of AKI. In particular, the 
U-NGAL AUC-ROC on day 2 in the AKI stage 3 group was as high as 
0.837, which shows a high AKI diagnostic ability that is equivalent to 
that of serum Cr levels.

NGAL has been identified as a predictive biomarker for AKI. 
For example, studies in adults who developed AKI after cardiac 
surgery reported a significant increase in urine and/or plasma 
NGAL 1–3  h after surgery.7,16–19  Patients with acute ischemic 

stroke with AKI were also shown to have high urine and plasma 
NGAL levels.20 NGAL appears to be most sensitive and specific 
in homogeneous patient populations with temporally predictable 
forms of AKI. Published studies have also identified age as an 
effective modifier of NGAL’s performance as an AKI biomarker, 
with better predictive ability in children (overall AUC-ROC, 0.93) 
than in adults (AUC-ROC, 0.78).10 In studies of adult intensive care 
patients, plasma NGAL concentrations on admission were a very 
good to outstanding biomarker for the development of AKI within 
the next 2  days, with AUC-ROC ranging from 0.78 to 0.92.21,22 
However, in a more mixed population of all the critical care patient 
admissions, the U-NGAL on admission was only moderately pre-
dictive of AKI with an AUC-ROC of 0.71.23

NGAL measurements may be influenced by several coexisting 
variables such as chronic kidney disease, hypertension, systemic 
infections, inflammatory conditions, anemia, hypoxia, and malignan-
cies.24–28 In the critical care ICU, patients with septic AKI have the 
highest levels of both plasma and urine NGAL compared with those 
of patients with non-septic AKI, which can increase the heteroge-
neity of results.21,29,30 The variable performance of biomarkers such 
as NGAL in the critical care setting may also be because this pa-
tient population is extremely heterogeneous, and the etiology and 

F I G U R E  2 ROC curves of U-NGAL and PCT in AKI stages 1 to 3 on the 2nd day of ICU admission. **p < 0.005; AUC, area under the 
curve. AKI, acute kidney injury; ROC, receiver operating characteristics curve; U-NGAL, urinary neutrophil gelatinase-associated lipocalin; 
PCT, procalcitonin; ICU, intensive care unit; AUC, area under the curve
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timing of AKI is often unclear. A high proportion of patients may 
have already sustained AKI on admission to the ICU. Although sep-
sis accounts for a large part of AKI in the critical care ICU, other 
etiologies include exposure to nephrotoxins, hypotension, kidney 
ischemia, mechanical ventilation, and multi-organ disease. Each of 
these etiologies has a different intensity at different times and is 
associated with different injury mechanisms that may act syner-
gistically. Despite the many variables, a meta-analysis revealed an 
overall AUC-ROC of 0.73 to predict AKI when NGAL was mea-
sured within 6  h of clinical contact with critically ill patients, and 
AKI was defined as a >50% increase in serum Cr.31 The predictive 
performance of NGAL also depends on the definition of AKI that is 
used and on the severity of AKI. For example, the predictive value 
of plasma NGAL postcardiac surgery was higher for more severe AKI 
(increase in serum Cr >50%; mean AUC-ROC, 0.79) compared with 
less severe AKI (increase in serum Cr >25%; mean AUC-ROC, 0.65). 
Similarly, the discriminatory ability of NGAL for AKI increased with 

the increasing severity, as classified by the RIFLE criteria. Thus, the 
AUC-ROC improved progressively for discrimination of the R (0.72), 
I (0.79), and F (0.80) categories of AKI.32

During severe bacterial infections and sepsis, serum concentra-
tions of PCT, which are produced mainly in human peripheral blood 
mononuclear cells and modulated by bacterial lipopolysaccharides 
and sepsis-related cytokines,33 increase up to 1,000-fold.34 PCT has 
recently been suggested as a diagnostic marker of systemic bacterial 
infection and sepsis,35 which are the leading causes of AKI in criti-
cally ill patients.36–39 PCT may be an early biomarker of AKI because 
PCT increases 3–4 h after a systemic inflammatory response,40 but 
Cr increases 24–48 h after renal injury.

There are few comparative studies of the diagnostic ability of 
NGAL and PCT for AKI in adult critical care ICU patients. The U-
NGAL concentration was reported to potentially predict AKI in pa-
tients with sepsis in the emergency department.30 Siew et al. showed 
that U-NGAL diagnosed AKI with an AUC-ROC value of 0.64 to 

F I G U R E  3 (A) Comparison of U-NGAL between patients in the AKI subgroup and the non-AKI group. AKI subgroup means pneumonia, 
sepsis, and acute pancreatitis.*p < 0.05 vs. non-AKI; **, p < 0.005 vs. non-AKI. AKI, acute kidney injury; U-NGAL, urinary neutrophil 
gelatinase-associated lipocalin. (B) Comparison of PCT between patients with AKI subgroup and the non-AKI group. AKI subgroup means 
pneumonia and sepsis and acute pancreatitis. *p < 0.05 vs. non-AKI; **p < 0.005 vs. non-AKI. AKI, acute kidney injury; PCT, procalcitonin
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0.71.23 Chun et al. showed that serum PCT levels were significantly 
higher in patients with AKI than in those without AKI (p < 0.001).39 
Additionally, Nakamura et al. reported that the AUC-ROC value of 
PCT for an AKI diagnosis based on the RIFLE standard was 0.857 
or higher.41 Although the diagnostic criteria for AKI have changed, 
the above-mentioned reports show that U-NGAL and PCT are useful 
for AKI diagnosis with almost the same accuracy. In this study, U-
NGAL levels were higher in the acute pancreatitis and sepsis group 
and PCT levels were higher in the sepsis group when U-NGAL and 
PCT were compared for the three diseases (pneumonia, sepsis, and 
acute pancreatitis).

This study has some limitations. First, this is an observational 
study with a small number of patients at a single center. Second, pa-
tients whose U-NGAL and PCT levels were measured participated in 
this study. Third, the study began with ICU admission and the date of 
onset of the current disease was unknown. Fourth, this limitation is 
the use of the KDIGO classification based on elevated serum Cr lev-
els as the definition of AKI. The definition of AKI in published studies 
has been based largely on serum Cr increases, which raises the issue 
of using a flawed outcome variable to analyze the performance of 
a novel assay. Using AKI as defined by a change in serum Cr could 
cause inaccuracy in the biomarker assay due to either false negatives 
(true tubular injury but no significant change in serum Cr) or false 
positives (absence of true tubular injury, but an increase in serum Cr 
due to pre-renal causes or several other variables). Studies of bio-
markers such as NGAL or PCT for the diagnosis of AKI may have 
yielded different results had there been a true gold standard for AKI.

However, this study is considered to provide important data to 
show the AKI diagnostic potential of U-NGAL and PCT levels in clin-
ical practice.

In conclusion, U-NGAL and serum PCT levels have been shown 
to be useful in diagnosing AKI in critical care ICU patients. Because 
an AKI diagnosis that was defined by the KDIGO classification on 
the basis of serum Cr level fluctuations was made, it did not exceed 
the serum Cr levels, but U-NGAL and serum PCT showed sufficient 
AKI diagnostic ability.

In particular, the diagnostic ability of severe AKI at the early 
stage of hospitalization was equivalent to that of serum Cr for both 
U-NGAL and serum PCT. In addition, it was suggested that U-NGAL 
and serum PCT are useful for diagnosing AKI due to sepsis and 
pancreatitis.
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