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Abstract

Background: Acute kidney injury (AKI) is known to increase mortality in hospitalized cirrhotic patients; therefore
early identification is utmost significance. There are only a few studies evaluating the cut-off level of urine
neutrophil gelatinase-associated lipocalin (UNGAL) for diagnosing AKI and its prognostic value in cirrhotic patients.
We aimed to determine the accuracy of uNGAL as a biomarker for early identification of AKl and to determine the
cut-off level of UNGAL for diagnosing AKl in hospitalized cirrhotic patients; and (2) to explore the association of
30-day liver-related mortality with uNGAL level.

Methods and Material: We prospectively enrolled cirrhotic patients admitted at the King Chulalongkorn Memorial
Hospital during May 1, 2011 to Dec 31, 2013. UNGAL levels were measured within 24 h after admission. Clinical and
laboratory data were obtained. Patients were followed up to 30 days.

Results: Of 137 cirrhotic hospitalized patients, 121 cirrhotic patients (88.3 %) with AKl-prone conditions were
included with mean age of 57.3 + 14.7 years. Thirty-five patients (29 %) developed AKI within 72 h of admission. The
causes of AKl were prerenal azotemia (68.6 %), acute tubular necrosis (25.7 %), hepatorenal syndrome (5.7 %),
respectively. The mean uNGAL level was significantly higher in the patients who developed AKI compared with
those who did not (290.6 +356.3 vs. 544 + 73.7 ng/mL; P=0.0001). The AUC of uNGAL for diagnosing AKI was 0.83
(95 % [Cl]: 0.76-0.91) with the optimal cut-off level of 56 ng/mL, providing 77.1 % sensitivity and 73.3 % specificity.
Fourteen percent of subjects died during the 30-day follow-up period. The mean uNGAL levels were significantly
higher in the mortality group. The AUC of uNGAL in predicting mortality was 0.75 (95 % [Cl]: 0.66-0.85), with a best
cut-off level of 72 ng/mL providing 70.6 % sensitivity and 69.2 % specificity. However, in multivariate logistic
regression analysis, UNGAL is not an independent factor for 30-day liver-related mortality prediction.

Conclusions: uUNGAL is a valid marker for the early detection of AKl in hospitalized cirrhotic patients with AKl-prone
conditions; however, its level could not independently predict 30-day liver-related mortality.
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Background

Patients with cirrhosis frequently require hospitalization.
Acute kidney injury (AKI) is a common complication
occurring up to 20 % in hospitalized cirrhotic individuals
[1] and associated with four-fold increased risk of mor-
tality [2]. In clinical practice, serum creatinine and urine
output are used as indicators of renal dysfunction, des-
pite their known limitations, especially in advanced cir-
rhotic group [3-5]. Serum creatinine does not only
reflect the renal dysfunction but also the degree of liver
dysfunction and malnutrition [4]. Moreover, the rising of
serum creatinine lags behind the onset of AKI at least
24 h, which limit its sensitivity and previous study found
that the severity of renal injury associated with mortality
in hospitalized cirrhotic patients so prompt diagnose and
provide early treatment are utmost significance [6, 7].

Urine neutrophil gelatinase-associated lipocalin (uUNGAL)
has emerged as a potential diagnostic biomarker for AKI. It
is a 25-kD polypeptide that is upregulated and secreted in
an early stage of AKI [8]. In experimental and clinical stud-
ies, uNGAL has been extensively investigated in range of
clinical settings [9-13]. Recent studies have focused on the
utility of this marker in cirrhotic patients. However, most
studies investigated in patients who had renal injury before
admission demonstrating that uNGAL could differentiate
between subtypes of renal injuries including acute tubular
necrosis (ATN), hepatorenal syndrome (HRS), and prerenal
azotemia (PRA) [14-16]. Only a few studies investigated
this marker for AKI that developed during admission as fol-
lows: Slack, A. . et al. demonstrated that uNGAL was sig-
nificantly higher in AKI versus non-AKI but their cohort
recruited only small number of samples [17]. The other
study (Belcher, J. M et al.) used this marker to differentiate
ATN versus others (HRA, PRA) [18]. However, there was
no study investigated the cut-off level of this marker for
diagnosing new-onset AKI during admission.

In term of prognostic value of uNGAL, only three
studies so far investigated about its mortality prediction
and demonstrated mix of results. Verna, E. C. et al
showed that uNGAL was an independent in-hospital
mortality predictor in patients who had renal injury
prior to admission [15]. Barreto, R. et al. showed that
uNGAL was an independent 3-month mortality predictor
in AKI with bacterial infection. In contrast, Gungor, G.
et al. demonstrated that uNGAL could not predict 90-day
mortality in cirrhotic patients with HRS [19]. Further
study is needed to verify this association in hospitalized
patients with new-onset AKI and focused on liver-related
mortality.

Therefore, we performed a cohort study of hospital-
ized adult cirrhotic patients with AKI-prone conditions.
We aimed: (1) to determine the accuracy of uNGAL as a
biomarker for the early identification of AKI and to de-
termine the cut-off level of uNGAL for diagnosing AKI
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in adult hospitalized cirrhotic patients; and (2) to ex-
plore the association of 30-day liver-related mortality
with uNGAL level.

Methods

Study design

This was a prospective study of adult cirrhotic patients
who admitted with AKI-prone conditions. All patients
had normal baseline serum creatinine within 3 months
prior to admission and were enrolled during May 1, 2011
to Dec 31, 2013 at tertiary-care, King Chulalongkorn
Memorial hospital. One hundred and thirty-seven patients
with cirrhosis, aged more than 18 years, were admitted
during the study period. Exclusion criteria were chronic
kidney disease, or previous liver or kidney transplantation.
The diagnosis of cirrhosis was based on a combination of
clinical, biochemical and imaging assessments (ultrasound/
computed tomography/magnetic resonance imaging) or
liver biopsy.

Clinical data included demographics, cause of cirrhosis,
Child-Pugh score, MELD score, use of vasoactive drug,
blood transfusion, and length of hospital stay, together with
laboratory data included liver function test, complete blood
count, coagulogram, and blood culture were collected
within 72 h after admission. Patients had urine collection
upon enrollment (within 24 h after admission) and at the
subsequent 24 h for uNGAL measurements. Blood samples
were drawn for serum creatinine upon enrollment and at
24, 48 and 72 h. Patients were prospectively followed up for
mortality assessments to 30 days. The mortality causes were
liver-related conditions including liver-related infection,
HRS, gastrointestinal bleeding, hepatic encephalopathy,
liver failure, and hepatocellular carcinoma.

This study was approved by the institutional review
board (IRB. number 357/55) of the Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand, and all par-
ticipants provided permission for their medical informa-
tion to be used for research purposes. Written informed
consent was obtained from all participants.

Operational definitions of AKI-prone conditions

1. Volume depletion, e.g., gastrointestinal (GI)
bleeding, GI fluid loss, over-diuresis, excessive fluid
loss in patients with ascites treated with diuretics,
large-volume paracentesis [1, 20-22].

2. Bacterial infections, such as spontaneous bacterial
peritonitis (SBP), pneumonia, urinary tract infection
(UTTI), skin and soft tissue infections, hepatobiliary
infection, spontaneous bacteremia as defined by
standard diagnostic criteria for each specific
infection.

3. Recent exposure to nephrotoxic agents,

e.g., NSAIDs, contrast agents.
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4. Acute decompensated cirrhosis, e.g., hepatic
encephalopathy, variceal bleeding, SBP and HRS.

Definitions of kidney disease

AKI was defined according to the Acute Kidney Injury
Network (AKIN) criteria as an increase in serum cre-
atinine > 0.3 mg/dL or 50 % from baseline within 48 h
[3]. Renal ultrasound was performed to exclude struc-
tural urinary tract obstruction. PRA was diagnosed in
patients who had history of volume depletion together
with urine sodium less than 20 mEq/L and a FeNa <1 %,
and return of serum creatinine to baseline after volume
replacement within several days. HRS was defined by the
current standard definition for cirrhosis [23]. ATN was
diagnosed in patients who had volume depletion or
nephrotoxic agent exposure together with urine sodium
more than 40 mEq/L and FeNa >2 % [24].

Measurement of uNGAL

Urine samples for uNGAL testing were immediately
centrifuged at 1500 rpm for 10 min, and the supernatant
was stored at -70 °C for batched analysis. UNGAL was
measured by chemiluminescent microparticle assay
using an ARCHITECT platform (Abbott Diagnostics
Inc., Abbott Park, IL, expressed as ng/mL).

Statistical analysis

Categorical data were reported as counts and percent-
ages and compared using Fisher’s exact test. Continuous
variables were expressed as the mean and standard devi-
ation (SD). Comparisons between groups were per-
formed by the independent samples ¢ test for the values
with normal distributions and by the Mann—Whitney
(Wilcoxon rank) test for the continuous variables
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without normal distributions. Normal distribution was
determined using the Kolmogorov—Smirnov test. The
chi-square test, Fisher’s exact test, and one-way repeated
measures analysis of variance (ANOVA) were used as
appropriate. All P-values were 2-sided, and P < 0.05 was
considered significant. The area under the curve (AUC)
for each receiver operating characteristic curve was used
to quantify the capacity of uNGAL to diagnose AKI and
predict the mortality. Receiver operating characteristic
(ROC) curves was performed to determine the optimal
cut-off values, sensitivity and specificity. To find the op-
timal threshold point from ROC curve, we used the
Youden index criterion. These cutoffs were used in
multivariate logistic regression modeling for mortality
prediction. Univariate and multivariate logistic regres-
sion models were used to evaluate the relationship be-
tween uNGAL and the mortality. SPSS for Mac (version
19.0; SPSS Inc., Chicago, IL, USA) was used for statis-
tical analysis.

Results

Baseline characteristics of patients

Of 137 cirrhotic patients who were admitted during the
study period, 121 cirrhotic patients (88.3 %) with AKI-
prone conditions were included (Fig. 1) and their base-
line clinical and laboratory data were detailed in Table 1.
The mean age of the patients was 57.3 + 14.7 years, and
62 % were male. Underlying etiologies of liver injury
were chronic hepatitis B/C (52.1 %), alcoholic cirrhosis
(26.4 %), cryptogenic cirrhosis (11.6 %), NASH (5.8 %),
and autoimmune hepatitis (4.1 %), respectively. The
MELD score was 14.9+5.7. Almost 80 % of patients
were Child-Pugh B and C. Baseline serum creatinine was
0.9 £ 0.3 mg/dL. Thirty-five cirrhotic patients (29 %)

137 cirrhotic patients (age> 18-year old) were admitted during
May 1, 2011 to Dec 31,2013 in
King Chulalongkorn Memorial Hospital

16 patients (11.7%)
were excluded due to the
presence of AKI on the
admission day

ﬂ:>

AKIl-prone conditions
*  volume depletion

Operational definitions of ‘
bacterial infection

121 cirrhotic patients with AKI-prone condition

baseline serum creatinine (serum Cr )

were included with normal

nephrotoxic agent
exposure
cirrhotic-related acute
decompensated
conditions

—

Categorized as AKI and non-AKI group by AKIN criteria:

-Increased serum Cr 2 0.3mg/dl or = 50% from baseline within 48 h
- Urine output < 0.5 ml/kg/hr more than 6 hrs

&N

‘ 86 cirrhotic patients (71%) ‘

developed AKI

35 cirrhotic patients (29%)
had no AKI

Fig. 1 The diagram of inclusion criteria of cirrhotic patients with AKl-prone condition
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Table 1 Patient characteristics at baseline categorized by the presence or absence of AKI
Variables Total No AKI AKI P
Mean + SD (n=121) (n=86) (n=35)
Age (years) 573+147 564+ 147 506+148 027
% Male 75 (62 %) 52 (60.5 %) 23 (65.7 %) 0.59
Cause of cirrhosis 0.74
-Chronic hepatitis B/C 63 (52.1 %) 44 (51.2 %) 19 (54.3 %)
-Alcohol 32 (264 %) 25 (29.1 %) 7 (20.0 %)
-NASH 7 (5.8 %) 4 (4.7 %) 3 (86 %)
-Cryptogenic 14 (11.6 %) 9 (10.5 %) 5(14.3 %)
-Autoimmune 5 (4.1 %) 4 (4.7 %) 129 %)
Child-Pugh 0.20
A 25 (20.7 %) 21 (244 %) 4 (114 %)
B 55 (45.5 %) 39 (45.3 %) 16 (45.7 %)
C 41 (339 %) 26 (30.2 %) 15 (42.9 %)
Ascites 68 (56.2 %) 43 (50.0 %) 25 (714 %) 0.03
MELD score 14957 143+59 164 +5.1 0.08
Serum creatinine 0.88+£0.29 0.83+£0.29 096 +0.28 0.05
TB (mg/dl) 47 £51 45+44 52+£66 049
DB (mg/dl) 34+43 32+£35 41£58 0.28
AST (U/L) 139.7 £2503 1299+ 2598 163.7 £ 22 0.50
- Median (IQR) 73 (43.5-127) 69.5 (44-119) 82 (35-185)
ALT (U/L) 784 £1745 7261682 92.9+190.38 0.56
- Median (IQR) 34 (24-53) 335 (24-52) (25-59)
ALP (U/L) 163+ 108 143+ 89 213+134 0.001
INR 151+077 151+087 153 +045 0.93
Albumin (g/dl) 285+0.86 29£09 27£06 023
Hemoglobin (g/dl) 107 £24 10.7+£22 106+29 0.87
WBC count (10°/uL) 9.86£6.2 96+6.1 104+66 0.53
Platelet (/10%uL) 128+ 121 1M1 +64 170+ 197 0.014

developed AKI within 72 h after admission. In compari-
son of AKI versus non-AKI subgroup, there was no sig-
nificant difference in baseline clinical data including
Child-Pugh score and MELD score except for higher
proportion of ascitic patients was observed in AKI group
(71.4 % versus 50.0 %, P=0.03). In term of laboratory
data, only ALP (212.9 +134.2 U/L versus 142.9 + 88.7 U/L,
P=0.001) and platelet (170.3 + 197.4/10%uL versus 111.3 +
63.8/10%uL) were significantly higher in AKI compared with
non-AKI group. Other markers were not significantly dif-
ferent between groups. Of 121 patients with AKI-prone
conditions, 64 (53 %) had bacterial infections which were
SBP in 16, bacteremia in 14, UTT in 11, hepatobiliary infec-
tion in 10, skin and soft tissue infection in 7, respiratory
tract infection in 6 cases, respectively (Table 2). The
remaining of 57 cirrhotic patients with AKI-prone
conditions (47 %) were hospitalized due to GI bleed-
ing (n=32; 264 %), acute decompensation from

hepatic encephalopathy (n=15; 12.4 %), hypovolemia
from diuretic overdose (n=6; 5 %) and hypovolemia
post abdominal paracentesis (7 =4; 3.3 %).

uNGAL and the diagnostic value

Our study measured uNGAL twice, first within 24 h after
admission (median uNGAL =41.2 ng/mL) then at the 24-h
interval (median uUNGAL = 48.4 ng/mL). The correlation of
both values was excellent (r=0.89, P<0.001). Therefore;
we used only the first measurement level to analyze its early
diagnostic utility.

For diagnosing AKI, the baseline uNGAL level upon ad-
mission was significantly higher in AKI than non-AKI sub-
group (290.6 +356.3 vs. 54.4+ 737 ng/mL; P =0.0001).
Previous study showed that uNGAL level might be in-
creased due to UTI [25, 26]. Our subjects were further cat-
egorized according to the presence or absence of UTI as
well as other bacterial infections. Patients with UTI (n = 11)
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Table 2 Indications of hospitalizations of 121 cirrhotic patients
and the cause of bacterial infections in 64 cirrhotic patients

Variables Total No AKI AKI
Number (%) (n=121) (n=286) (n=135)
1. Bacterial infections 64 (53) 41 (34) 23 (19)
- SBP® 16 (13.2) 10 (11.6) 6 (17.1)
- Bacteremia 14 (11.6) 7 (8.1) 7 (20)
- Urinary tract infection 119.0) 9 (105) 2(5.7)
- Hepatobiliary infection 10 (8.3) 7 (8.1) 3 (86)
- Skin and soft tissue infection 7 (5.8) 6 (7) 1(2.9)
- Respiratory tract infection 6 (5 2(23) 4(11.4)
2. No bacterial infections 57 (47) 45 (37.1) 12 (9.9)
- Gl bleeding 32 (264) 28 (23.1) 4 (0.03)
- Hepatic encephalopathy 15 (124) 7 (0.06) 8 (0.07)
- Diuretic overdose 6 (5) 6 (0.05) 0
- Post abdominal paracentesis 4 (3.3) 4 (0.03) 0

SBP*:Spontaneous bacterial peritonitis

had significantly higher uNGAL compared with non-UTI
(256.9+432.8 versus 109.3+1933 ng/mL, P=0.04),
whereas, patients with infections other than UTI (n =53)
did not have significant different of uNGAL level with non-
infection group (148.4 + 260.1 versus 102.8 + 196.4 ng/mL,
P=0.28). We excluded UTI patients and performed the
new analysis showing that uNGAL was still significantly
higher in AKI versus non-AKI group (252 +295.8 versus
48.2 + 64.3 ng/mL, P < 0.001) and similar as after excluding
all bacterial infections, AKI group still had significantly
higher uNGAL than non-AKI (130.5 + 97.2 versus 57.6 £
74.6 ng/mL, P =0.007). This finding was also observed in
previous study of cirrhotic patients (25). ROC curve
showed that uNGAL level could be used to diagnose AKI
in hospitalized cirrhotic patients with AKI-prone condi-
tions with the AUC of 0.83 (95 % confidence interval [CI]:
0.76-0.91, p < 0.001) as shown in Fig. 2. The optimal cut-
off value was 56 ng/mL providing 77.1 % sensitivity,
73.3 % specificity, 54 % positive predictive value (PPV),
88.7 % negative predictive value (NPV), respectively
(Table 3). After excluding those with UTI, uNGAL still
showed good diagnostic value for AKI (AUC =0.84,
95 % CI 0.77-0.92, P<0.001). In contrast, baseline
serum creatinine performed poorly in diagnosing of
AKI (AUC=0.58, P=0.4). In our study, there were
no patients with hepatocellular carcinoma or other re-
lated malignancies which might influence the uNGAL
level. In comparison of cirrhotic patients with cut-off
uNGAL of 56 ng/mL, we found that those patients
with uNGAL 256 ng/mL were significantly older, had
higher serum creatinine, higher proportion of AKI
and more number of death rate than those with
uNGAL <56 ng/mL (Table 3).
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For AKI-subtype differentiation, a total of 35 hospital-
ized cirrhotic patients who developed AKI, 24 (68.6 %)
were diagnosed with PRA, 2 (5.7 %) with HRS, and 9
(25.7 %) with ATN, respectively. The mean uNGAL level
was higher in the patients with ATN than in those with
HRS and prerenal azotemia, respectively (639.7 +532.2
vs. 241.0 £41.0 vs. 163.8 + 156.2 ng/mL, P =0.001). The
median uNGAL levels of the ATN and non-ATN groups
were 559 and 156 ng/mL, respectively (P = 0.005). At the
optimal uNGAL cut-off value of 136.8 ng/mL, a sensitiv-
ity and specificity of 88.9 % and 80.4 %, respectively, was
achieved for the diagnosis of ATN, with an AUC-ROC
of 0.91 (95 % CI: 0.83-0.98, P < 0.05) (Table 4).

uNGAL and the prognostic value

Seventeen patients (14 %) died during the 30-day follow-
up period. The 30-day mortality rate was significantly
higher in AKI group than those without AKI (31.4 % vs.
7.0 %, P < 0.05). The major causes of death were multiple
organ failures and sepsis. The mean uNGAL level was
significantly higher in the mortality group compared with
the survivor group (217.7 vs. 107.2 ng/mL, P =0.03). The
AUC (95 % CI) for uNGAL for predicting 30-day mortal-
ity was 0.75 (0.66—0.85, P=0.001), with a best cut-off
value of 72 ng/mL providing 70.6 % sensitivity and 69.2 %
specificity (Table 5).

We used univariate logistic regression analysis to
evaluate the association of age, clinical variables, labora-
tory values, and biomarkers with 30-day mortality. Age,
the use of vasopressor, positive blood culture, AKI and
uNGAL >72 ng/mL were significantly associated with
30-day mortality, whereas, bacterial infection, blood
transfusion, hypovolemia, length of hospital stay, ascites,
serum creatinine, Child-Pugh class C, and MELD score
were not. These variables with P < 0.2 in univariate logis-
tic regression model including age, presence of bacterial
infection, MELD score, hemoglobin level, length of hos-
pital stay, presence of AKI, uNGAL on admission, vaso-
pressor use and renal replacement therapy were added
into multivariate logistic regression analysis. We found
that uUNGAL was not the independent factor to predict
30-day mortality adjusting to other factors (Table 4).

Discussion

This is the first prospective study investigate the cut-off
level of uNGAL for diagnosing new-onset AKI in hospi-
talized cirrhotic patients with AKI-prone conditions.
The data suggest that a single measurement within 24 h
after admission is able to diagnose AKI as we measured
twice 24-hour apart and showed good correlation. This
finding confirms the previous results that were estab-
lished in other patient settings with AKI that could be
conveniently applied in cirrhotic patients [12, 27].
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ROC Curve : uNGAL for diagnosis of AKI
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Fig. 2 ROC curve present the uNGAL to diagnose AKI in hospitalized cirrhotic patients

Our study design is different from former studies as
we investigated cirrhotic patients with normal baseline
serum creatinine who developed AKI during admission.
Those patients associated with AKI-prone conditions
that frequently finds in clinical practice. For diagnosing
AKI, our study observed the markedly higher uNGAL in
AKI patients compared with non-AKI, which was con-
sistent with previous study in cirrhotic patients [17]. As
UTI might affect higher uNGAL [25, 26], our study also
confirmed this finding after excluded both bacterial in-
fection and UTI subgroups and re-analysis the data.
uNGAL is a good biomarker for early diagnosis with
high AUC-ROC (0.83) with cut-off value of 56 ng/mL
providing a good sensitivity and specificity. This level
might be used for the early detection of AKI in hospital-
ized AKI-prone cirrhotic patients, for example, those
with bacterial infection, acute decompensated cirrhosis

or GI bleeding, which occurred frequently during admis-
sion. Previous studies validated cut-off level of uNGAL
in other settings including hematopoietic stem cell
transplantation, critically ill and after coronary angiog-
raphy, which were the high risks for AKI. Those studies’
cutoff provided good diagnostic efficacy and were super-
ior to other kidney biomarkers such as urinary kidney
injury molecule-1, liver-type fatty acid-binding protein
[28-30]. Our study extended these observations to spe-
cific group of cirrhotic patients. Former study showed
that the severity of renal injury in hospitalized cirrhotic
patients related with poor clinical outcome and early
treatment could provide better result. Therefore, it is
crucial to early detect AKI with effective marker in order
to provide early intervention [2, 6].

Cirrhotic patients might be complicated with HRS,
which is difficult to distinguish with ATN clinically [31].
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Table 3 Patient characteristics at baseline categorized by the uNGAL cut off level of 56 ng/mL

Variables Total uNGAL <56 ng/mL UNGAL 256 ng/mL P

% or mean = SD (n=121) (n=71;58.7 %) (n=50; 41.3 %)

Age (years) 573+147 547 +138 61.0+153 0.02*
% Male 75 (62 %) 46/71 (65 %) 29/50 (58 %) 045
Ascites 68 (56.2 %) 37/71 (52 %) 31/50 (62 %) 028
MELD score 149+57 146+62 154+50 044
Serum creatinine 0.88+0.29 0.82+0.27 0.97+032 0.006*
TB (mg/dl) 47+51 43+44 52+6.2 0.34
DB (mg/dl) 34+43 31+34 39+54 029
AST (U/L) 139.7 £250.3 148 + 283 128+ 196 0.66
ALT (U/L) 784+ 1745 74 +£180 84+ 168 0.76
ALP (U/L) 163.1+108.1 155+98 174+121 035
INR 151+0.77 14+03 1.7£1.1 0.12
Albumin (g/dl) 2.85+0.86 28+0.7 29+10 0.75
Hemoglobin (g/dl) 10.7£24 10.7£25 10.7£22 0.89
WBC count (10°/uL) 9.86£6.2 99+£6.1 98+6.3 0.94
Platelet (/10%uL) 128+ 121 113+66 146 + 169 0.16
Presence of bacterial infection (%) 64/121 (52.8 %) 34/71 (48 %) 30/50 (60 %) 0.19
Length of stay (days) 99+97 9.1+£96 11.0+£99 0.29
No AKI (%) 86/121 (71 %) 63/71 (89 %) 23/50 (46 %) 0.008*
Death (%) 17/121 (14 %) 5/71 (7 %) 12/50 (24 %) <0.0001*
*P < 0.05

HRS is characterized by marked renal vasoconstriction
with a consequence of reduced glomerular function with
preserved tubular function [32]. Therefore, uNGAL
level should not be high as this marker expresses in
renal tubule [33]. Our study confirmed that uNGAL
was significantly higher in ATN compared with non-
ATN and its level could differentiate ATN from other
subtypes with AUC of 0.91. This finding was consistent
with other previous studies [14, 16]. It is crucial to differ-
entiate between subtypes of AKI because of the difference
in management. HRS is treated with vasoconstrictor, albu-
min infusion and TIPS placement, whereas; ATN should
be treated with renal replacement therapy.

In term of the early predicting outcome of this marker,
there were few recent studies investigated in cirrhotic
patients showing that uNGAL was the independent fac-
tor to predict mortality in different settings [15, 34],
whereas the other study was not [19]. Our study found
that uNGAL was significantly higher in 30-day mortality

Table 4 The discriminative value of uUNGAL

group compared with survival group and performed well
in predicting the outcome with AUC value of 0.75. This
AUC was comparable to previous cohort [19]. However,
after adjusting to other factors in multivariate logistic re-
gression model, uUNGAL was not an independent factor
associated with the 30-day mortality. This finding dif-
fered from previous studies in cirrhotic patients and
might be contributed to the adjusting factors that we in-
cluded in the multivariate model and the more focus for
only liver-related mortality. The severity of Child-Pugh
grading did not significantly predict death in our study;
this finding may be explained that the major causes of
death in our cirrhotic patients were not liver failure. Pre-
vious study by Moreau R and colleagues showed that cir-
rhotic patients with acute on chronic liver failure
(ACLF) had 28-day mortality rate of 33.9 %[35] which
was similar to our study, reporting the 30-day mortality
rate of cirrhotic patients with AKI of 31.4 %. In addition,
the higher numbers of major organs failures was a good

UNGAL (hng/mL) AUC 95 % Cl P Cut-off ng/mL Sensitivity (%) Specificity (%) LR+ LR-
AKI vs non-AKI 0.83 0.76-0.91 <0.001 56 771 733 2.85 0.32
ATN vs non-ATN 091 0.83-0.98 <0.001 136.8 889 804 4.54 0.14
30-day mortality vs survival group 0.75 0.66-0.85 0.001 72 706 69.2 2.29 042
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Table 5 Univariate and multivariate logistic regression analysis
demonstrating the relationship of 30-day mortality with other
variables

Univariate Multivariate
OR (95 % Cl) P OR (95 % Cl) P
Age 1.05 (1.01-1.1) 0.01 1.05 (1.00-1.1) 0.05*

Bacterial infection 0.12 (0.14-1.27) 042
0.20 (0.06-0.64) 0.007
0.76 (0.27-2.2) 0.60
0.86 (0.31-2.4) 0.77
0.28 (0.1-0.82) 0.02
1.04 (0.99-1.08)  0.08
066 (0.23-1.92) 045
0.16 (0.06-0.49) 0.001
Serum creatinine 203 (038-10.79) 041
uNGAL >72 ng/mL  0.23 (0.08-0.68)  0.008
Child-Pugh class C ~ 1.08 (0.37-3.15) 0.90
MELD** score 1.05 (0.97-1.15) 0.24
*P <0.05, MELD**:Model for End stage Liver Disease, AKI**:Acute kidney injury

Vasopressor 043 (0.10-1.85) 0.26
Blood transfusion
Hypovolemia
Blood culture 0.52 (0.15-1.83) 031
Length of stay
Ascites

AKP**

0.28 (0.08-1.02)  0.05%

063 (0.17-231) 049

predictor of higher mortality rate in cirrhotic patients
with ACLF [35]. Recent study showed that the precipi-
tating factors from hepatic or extrahepatic causes may
influence on the difference of ACLF clinical course and
prognosis [36].

There were some limitations in our study. First, AKI
was diagnosed by AKIN criteria that based on serum
creatinine, which is underestimated in cirrhotic patients
and might be inaccurate. However, serum creatinine is
the marker that is the most widely used in clinical prac-
tice. Second, our study contained a relatively small sam-
ple size of AKI, especially the HRS subgroup, which
might limit the interpretation of the differentiation be-
tween subtypes of AKI. Third, our study did not meas-
ure other renal biomarkers for comparison of the
efficacy with uNGAL. Finally, our study lacks of the val-
idation cohort which needs to test in the future.

Conclusion

Our prospective study indicates that uNGAL is a valid
marker for the early detection of AKI in cirrhotic pa-
tients with AKI-prone conditions. With a cut-off value
of 56 ng/mL, it provides an AUC of 0.83, with a sensitiv-
ity and specificity of 77.1 and 73.3 %, respectively. In
addition, its level can differentiate between ATN and
non-ATN subtype. However, this marker did not inde-
pendently predict 30-day liver-related mortality.

Abbreviations

AKI: Acute kidney injury; AKIN: Acute kidney injury network; ATN: Acute
tubular necrosis; AUC: Area under the curve; GI: Gastrointestinal;

HRS: Hepatorenal syndrome; MELD: Model for end-stage liver disease;
PRA: Prerenal azotemia; ROC: Receiver operating characteristic;

Page 8 of 9

SBP: Spontaneous bacterial peritonitis; SD: Standard deviation; uNGAL: Urine
neutrophil gelatinase-associated lipocalin; UTI: Urinary tract infection;
vs: Versus.

Competing interests
The authors declare that they have no competing interests including
financial competing interests and non-financial competing interests.

Authors’ contributions

ST developed the study concept and design, analyzed and interpreted the
data and edited the manuscript. SS, AW and VJ analyzed, interpreted the
data and drafted the manuscript. KT performed the UNGAL diagnostic test
and critically revised the manuscript. PK and PT suggested the study concept
and critically revised the manuscript. All authors read and approved the final
manuscript.

Acknowledgment

This research study was supported by the grant from the
Ratchadaphiseksomphot Endowment Fund of Chulalongkorn University
(RES560530155) and Research Unit of Hepatitis and Liver Cancer,
Chulalongkorn University, Bangkok, Thailand.

Author details

'Division of Gastroenterology, Department of Medicine, Faculty of Medicine,
and King Chulalongkorn Memorial Hospital, Chulalongkorn University, Rama4
Road, Pathumwan District, Bangkok 10330, Thailand. “Division of Nephrology,
Department of Medicine, Faculty of Medicine, and King Chulalongkorn
Memorial Hospital, Chulalongkorn University, Bangkok 10330, Thailand.
3Department of Biochemistry, Faculty of Medicine, and King Chulalongkorn
Memorial Hospital, Chulalongkorn University, Bangkok 10330, Thailand.

Received: 16 June 2015 Accepted: 8 October 2015
Published online: 16 October 2015

References

1. Garcia-Tsao G, Parikh CR, Viola A. Acute kidney injury in cirrhosis.
Hepatology. 2008,48(6):2064-77. PubMed Epub 2008/11/13. eng.

2. du Cheyron D, Bouchet B, Parienti JJ, Ramakers M, Charbonneau P. The
attributable mortality of acute renal failure in critically ill patients with liver
cirrhosis. Intensive Care Med. 2005;31(12):1693-9. PubMed Epub 2005/10/26.

3. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al.
Acute Kidney Injury Network: report of an initiative to improve outcomes in
acute kidney injury. Crit Care. 2007;11(2):R31. PubMed Pubmed Central
PMCID: 2206446. Epub 2007/03/03.

4. Proulx NL, Akbari A, Garg AX, Rostom A, Jaffey J, Clark HD, et al. Measured
creatinine clearance from timed urine collections substantially overestimates
glomerular filtration rate in patients with liver cirrhosis: a systematic review
and individual patient meta-analysis. Nephrol Dial Transplant.
2005;20(8):1617-22. PubMed Epub 2005/04/28. eng.

5. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P. Acute dialysis quality
initiative w. Acute renal failure - definition, outcome measures, animal
models, fluid therapy and information technology needs: the second
international consensus conference of the Acute Dialysis Quality Initiative
(ADQY) group. Crit Care. 2004;8(4):R204-12. PubMed Pubmed Central PMCID:
522841. Epub 2004/08/18.

6. D'Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic
indicators of survival in cirrhosis: a systematic review of 118 studies.

J Hepatol. 2006;44(1):217-31. PubMed Epub 2005/11/22. eng.

7. Haase M, Bellomo R, Devarajan P, Schlattmann P, Haase-Fielitz A, Group NM-al,
et al. Accuracy of neutrophil gelatinase-associated lipocalin (NGAL) in diagnosis
and prognosis in acute kidney injury: a systematic review and meta-analysis.
Am J Kidney Dis. 2009;54(6):1012-24. PubMed Epub 2009/10/24.

8. Mishra J, Ma Q, Prada A, Mitsnefes M, Zahedi K, Yang J, et al. Identification
of neutrophil gelatinase-associated lipocalin as a novel early urinary
biomarker for ischemic renal injury. J Am Soc Nephrol. 2003;14(10):2534-43.
PubMed Epub 2003/09/30. eng.

9. Parikh CR, Jani A, Mishra J, Ma Q, Kelly C, Barasch J, et al. Urine NGAL and
IL-18 are predictive biomarkers for delayed graft function following kidney
transplantation. Am J Transplant. 2006;6(7):1639-45.

PubMed Epub 2006/07/11. eng.



Treeprasertsuk et al. BMIC Gastroenterology (2015) 15:140

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wagener G, Jan M, Kim M, Mori K, Barasch JM, Sladen RN, et al. Association
between increases in urinary neutrophil gelatinase-associated lipocalin and
acute renal dysfunction after adult cardiac surgery. Anesthesiology.
2006;105(3):485-91. PubMed Epub 2006/08/26. eng.

Bennett M, Dent CL, Ma Q, Dastrala S, Grenier F, Workman R, et al. Urine
NGAL predicts severity of acute kidney injury after cardiac surgery: a
prospective study. Clin J Am Soc Nephrol. 2008;3(3):665-73. PubMed
Pubmed Central PMCID: PMC2386703. Epub 2008/03/14. eng.

Nickolas TL, O'Rourke MJ, Yang J, Sise ME, Canetta PA, Barasch N, et al.
Sensitivity and specificity of a single emergency department measurement
of urinary neutrophil gelatinase-associated lipocalin for diagnosing acute
kidney injury. Ann Intern Med. 2008;148(11):810-9. PubMed Pubmed Central
PMCID: PMC2909852. Epub 2008/06/04. eng.

Siew ED, Ware LB, Gebretsadik T, Shintani A, Moons KG, Wickersham N, et al.
Urine neutrophil gelatinase-associated lipocalin moderately predicts acute
kidney injury in critically ill adults. J Am Soc Nephrol. 2009;20(8):1823-32.
PubMed Pubmed Central PMCID: PMC2723988. Epub 2009/07/25. eng.
Fagundes C, Pepin MN, Guevara M, Barreto R, Casals G, Sola E, et al. Urinary
neutrophil gelatinase-associated lipocalin as biomarker in the differential
diagnosis of impairment of kidney function in cirrhosis. J Hepatol.
2012;57(2):267-73. PubMed Epub 2012/04/24. eng.

Verna EC, Brown RS, Farrand E, Pichardo EM, Forster CS, Sola-Del Valle
DA, et al. Urinary neutrophil gelatinase-associated lipocalin predicts
mortality and identifies acute kidney injury in cirrhosis. Dig Dis Sci.
2012,57(9):2362-70. PubMed Pubmed Central PMCID: 3979299. Epub
2012/05/09.

Ahmed QA, El Sayed FS, Emad H, Mohamed E, Ahmed B, Heba P, et al.
Urinary biomarkers of acute kidney injury in patients with liver cirrhosis.
Med Arch. 2014;68(2):132-6. PubMed Epub 2014/06/19.

Slack AJ, McPhail MJ, Ostermann M, Bruce M, Sherwood R, Musto R, et al.
Predicting the development of acute kidney injury in liver cirrhosis—an
analysis of glomerular filtration rate, proteinuria and kidney injury
biomarkers. Aliment Pharmacol Ther. 2013;37(10):989-97. PubMed Pubmed
Central PMCID: 3761189. Epub 2013/04/13.

Belcher JM, Sanyal AJ, Peixoto AJ, Perazella MA, Lim J, Thiessen-Philbrook H,
et al. Kidney biomarkers and differential diagnosis of patients with cirrhosis
and acute kidney injury. Hepatology. 2014;60(2):622-32. PubMed Pubmed
Central PMCID: 4065642. Epub 2014/01/01.

Gungor G, Ataseven H, Demir A, Solak Y, Gaipov A, Biyik M, et al. Neutrophil
gelatinase-associated lipocalin in prediction of mortality in patients with
hepatorenal syndrome: a prospective observational study. Liver Int.
2014;34(1):49-57. PubMed Epub 2013/06/27.

Hampel H, Bynum GD, Zamora E, El-Serag HB. Risk factors for the
development of renal dysfunction in hospitalized patients with cirrhosis. Am
J Gastroenterol. 2001;96(7):2206-10. PubMed Epub 2001/07/27. eng.

Gines P, Schrier RW. Renal failure in cirrhosis. N Engl J Med.
2009;361(13):1279-90. PubMed Epub 2009/09/25. eng.

Martin-Llahi M, Guevara M, Torre A, Fagundes C, Restuccia T, Gilabert R,

et al. Prognostic importance of the cause of renal failure in patients with
cirrhosis. Gastroenterology. 2011;140(2):488-96 e4. PubMed Epub 2010/08/
05. eng.

Salerno F, Gerbes A, Gines P, Wong F, Arroyo V. Diagnosis, prevention and
treatment of hepatorenal syndrome in cirrhosis. Postgrad Med J.
2008;84(998):662-70. PubMed Epub 2009/02/10.

Gill N, Nally Jr JV, Fatica RA. Renal failure secondary to acute tubular
necrosis: epidemiology, diagnosis, and management. Chest.
2005;128(4):2847-63. PubMed Epub 2005/10/21.

Yilmaz A, Sevketoglu E, Gedikbasi A, Karyagar S, Kiyak A, Mulazimoglu M,

et al. Early prediction of urinary tract infection with urinary neutrophil
gelatinase associated lipocalin. Pediatr Nephrol. 2009;24(12):2387-92.
PubMed Epub 2009/08/04.

Decavele AS, Dhondt L, De Buyzere ML, Delanghe JR. Increased urinary
neutrophil gelatinase associated lipocalin in urinary tract infections and
leukocyturia. Clin Chem Lab Med. 2011;49(6):999-1003. PubMed Epub 2011/
03/12.

Ronco C. N-GAL: diagnosing AKI as soon as possible. Crit Care.
2007;11(6):173. PubMed Pubmed Central PMCID: 2246201. Epub 2007/11/16.
Torregrosa |, Montoliu C, Urios A, Andres-Costa MJ, Gimenez-Garzo C, Juan |,
et al. Urinary KIM-1, NGAL and L-FABP for the diagnosis of AKI in patients
with acute coronary syndrome or heart failure undergoing coronary
angiography. Heart and Vessels. 2014. PubMed Epub 2014/07/06.

29.

30.

32.

33.

34.

35.

36.

Page 9 of 9

Taghizadeh-Ghehi M, Sarayani A, Ashouri A, Ataei S, Moslehi A, Hadjibabaie
M. Urine neutrophil gelatinase associated lipocalin as an early marker of
acute kidney injury in hematopoietic stem cell transplantation patients.
Renal Fail. 2015. May 6:1-5. PubMed Epub 2015/05/07.

Zwiers AJ, de Wildt SN, van Rosmalen J, de Rijke YB, Buijs EA, Tibboel D,

et al. Urinary neutrophil gelatinase-associated lipocalin identifies critically ill
young children with acute kidney injury following intensive care admission:
a prospective cohort study. Crit Care. 2015;19(1):181. PubMed Pubmed
Central PMCID: 4422047. Epub 2015/04/22.

Salerno F, Gerbes A, Gines P, Wong F, Arroyo V. Diagnosis, prevention and
treatment of hepatorenal syndrome in cirrhosis. Gut. 2007;56(9):1310-8.
PubMed Pubmed Central PMCID: PMC1954971. Epub 2007/03/29. eng.
Angeli P, Merkel C. Pathogenesis and management of hepatorenal
syndrome in patients with cirrhosis. J Hepatol. 200848 Suppl 1:593-103.
PubMed Epub 2008/02/29.

Schmidt-Ott KM. Neutrophil gelatinase-associated lipocalin as a biomarker
of acute kidney injury-where do we stand today? Nephrol Dial Transplant.
2011;26(3):762-4. PubMed Epub 2011/02/12.

Barreto R, Elia C, Sola E, Moreira R, Ariza X, Rodriguez E, et al. Urinary
neutrophil gelatinase-associated lipocalin predicts kidney outcome and
death in patients with cirrhosis and bacterial infections. J Hepatol.
2014;61(1):35-42. PubMed Epub 2014/03/13.

Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al. Acute-
on-chronic liver failure is a distinct syndrome that develops in patients
with acute decompensation of cirrhosis. Gastroenterology.
2013;144(7):1426-37. 37 e1-9. PubMed Epub 2013/03/12. eng.

Shi'Y, Yang Y, Hu Y, Wu W, Yang Q, Zheng M, et al. Acute-on-chronic
liver failure precipitated by hepatic injury is distinct from that
precipitated by extrahepatic insults. Hepatology. 2015;62(1):232-42.
PubMed Epub 2015/03/25. eng.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central

J




	Abstract
	Background
	Methods and Material
	Results
	Conclusions

	Background
	Methods
	Study design
	Operational definitions of AKI-prone conditions
	Definitions of kidney disease
	Measurement of uNGAL
	Statistical analysis

	Results
	Baseline characteristics of patients
	uNGAL and the diagnostic value
	uNGAL and the prognostic value

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgment
	Author details
	References



