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Abstract
Background Acute kidney injury (AKI) heralds deterioration in patients with decompensated chronic liver disease (DCLD). 
Serum creatinine (sCr), a component of the model for end-stage liver disease-sodium (MELD-Na) prognostic score, has 
limitations in patients with DCLD. We evaluated the prognostic role of urine neutrophil gelatinase-associated lipocalin 
(NGAL) in DCLD and its ability to sub-type AKI.
Methods Total 147 consecutive patients hospitalized between June 2018 and June 2020 for complications of DCLD were 
evaluated. Urine NGAL was estimated and demographic, clinical and biochemical parameters recorded at baseline. Partici-
pants were followed up till the end of study period or mortality, whichever came earlier. Primary outcomes included all-cause 
mortality and time to death after index hospitalization. Secondary outcomes included the presence and type of AKI, need for 
intensive care unit (ICU) stay, length of ICU/hospital stay, in-hospital mortality, development of new-onset/recurrent AKI 
and recurrent hospitalization after index admission.
Results Urine NGAL was highest in acute tubular necrosis (ATN), lowest in pre-renal azotemia (PRA) and intermediate 
in hepatorenal syndrome (HRS-AKI). Urine NGAL (p = 0.0208) was superior to sCr (p = 0.0388) and inferior to fraction-
ated excretion of sodium (FENa) (p = 0.0013) in stratifying AKI. A cut-off of 203.9 ng/mL discriminated between HRS 
and PRA with sensitivity 77.8% and specificity 68.7%. Urine NGAL correlated with MELD-Na score, need for ICU stay, 
in-hospital mortality and mortality at three and six months. Two-year survival was significantly lower in patients with urine 
NGAL > 205 ng/mL. Addition of log-urine-NGAL score did not improve predictive performance of MELD-Na.
Conclusion Urine NGAL could identify AKI sub-types and correlated with short-term clinical outcomes, including mortality.
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Introduction

Acute kidney injury (AKI) is a frequently encountered com-
plication in patients with decompensated chronic liver dis-
ease (DCLD) with an estimated prevalence of 20% to 50% 
among hospitalized patients [1, 2]. AKI in DCLD has a 
wide spectrum ranging from pre-renal azotemia (PRA) to 
hepatorenal syndrome (HRS) and intrinsic AKI or acute 
tubular necrosis (ATN) [3]. The traditional concept of HRS 
as a purely ‘functional’ form of renal impairment was chal-
lenged by the advent of novel urinary biomarkers of AKI, 
which have connoted an additional ‘structural’ component 
to pathophysiology of HRS [4, 5]. The onset of AKI often 
heralds a downhill course in the natural history of decom-
pensated cirrhosis and its early diagnosis and management 
are imperative to improving clinical outcomes.

Serum creatinine (sCr), despite its limitations as a biomarker 
of AKI in DCLD, still forms the fulcrum on which all standard 
definitions of AKI and prognostic scores such as model for 
end-stage liver disease (MELD-Na) score for prioritization of 
patients on waitlist for liver transplant (LT) are based. Due to 
impaired liver function, muscle wasting, decreased creatinine 
synthesis and increased tubular secretion at advanced stages 
of cirrhosis, baseline creatinine production is lower in patients 
with cirrhosis in comparison with that of the non-cirrhotic pop-
ulation. Furthermore, the sCr value is confounded by factors 
such as body weight, race, age, sex, total body volume, drugs, 
muscle metabolism, protein intake and interference in its labo-
ratory assay by elevated bilirubin levels [6]. Another drawback 
in sCr is its inability to distinguish between AKI sub-types.

These lacunae in the currently available biochemical 
armamentarium for diagnosis and prognosis of AKI coupled 

with rising evidence of a ‘structural’ component of renal 
injury in HRS, have fuelled enthusiastic research in the 
field of novel biomarkers of AKI in DCLD [4, 5]. These 
biomarkers are small molecules (e.g. proteins or enzymes) 
that are released into the systemic circulation or urine as a 
result of changes in glomerular filtration rate, tubular cell 
injury or inflammatory cell infiltration [7]. Urine neutrophil 
gelatinase-associated lipocalin (NGAL) is one such promis-
ing tubular biomarker of AKI in DCLD, which has been the 
subject of extensive research in recent years [8–12]. While 
recent studies have primarily focused on exploring its role 
in the early identification of AKI and distinction between 
AKI sub-types, there is a dearth of literature analyzing its 
prognostic role in DCLD patients with or without AKI.

Methods

Study setting, duration and design

This was a single-center, prospective, analytical study con-
ducted over a period of two years between June 2018 and 
June 2020 among 147 consecutive patients with DCLD, hos-
pitalized at the SRM Institutes for Medical Science (SIMS), 
a tertiary care hospital in Chennai, southern India. The diag-
nosis of chronic liver disease (CLD) was based on a com-
posite of clinical, biochemical, ultrasonographic, endoscopic 
and/or histological findings, with decompensation defined as 
the occurrence of jaundice, variceal bleed, ascites (uncom-
plicated, refractory or spontaneous bacterial peritonitis 
[SBP]), hepatic encephalopathy, renal dysfunction, non-SBP 
infections and hepatocellular carcinoma (HCC). Patients 

Bullet points of the study highlights

What is already known?
• Serum creatinine has limitations as a marker of acute kidney injury (AKI) in decompensated chronic liver 

disease (DCLD).
• Emerging evidence of an additional structural component in the pathophysiology of hepatorenal syndrome.
• Urine neutrophil gelatinase-associated lipocalin (NGAL) is a novel biomarker of AKI in DCLD with recent 

studies focusing primarily on its role in early identification and stratification of AKI into its sub-types.

What is new in this study?
• One of its kind prospective study which assessed the long-term prognostic impact of a single-time estimation 

of urine NGAL in hospitalized DCLD patients.
• Urine NGAL could stratify AKI into its sub-types and predict relevant short-term clinical outcomes, including 

mortality.

What are the future clinical and research implications of the study findings?
• Larger, well-designed, prospective studies focusing on prognostic role of such novel urinary biomarkers are 

needed to suggest their incorporation into routine diagnostic and management protocol of AKI in DCLD.
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with advanced chronic kidney disease (CKD) already on 
renal replacement therapy (RRT) in the form of peritoneal 
dialysis or hemodialysis and those with prior renal and/or 
liver transplant (LT), were excluded.

Data collection

Baseline demographic, clinical and routine laboratory data 
such as complete blood counts, renal function tests, liver bio-
chemistry and prothrombin time/international normalized ratio 
(INR) were recorded at the time of enrolment of patients into 
the study. Baseline sCr was defined as the nearest value esti-
mated within three months prior to index hospitalization. When 
no prior sCr value was available, the sCr level at admission 
was considered as baseline. Urine samples collected on index 
admission were additionally sent for estimation of fractionated 
excretion of sodium (urine FENa) and protein creatinine ratio 
(urine protein/creatinine ratio [PCR]) along with urine NGAL.

Urine NGAL estimation

Quantitative urine NGAL measurement was performed using 
a commercially available enzyme-linked immunosorbent 
assay (NGAL ELISA Kit, Cat. E1719Hu Bioassay Technol-
ogy Laboratory, Birmingham, UK). Estimations were carried 
out in duplicate following the manufacturer’s instructions and 
values were expressed as nanograms per milliliter [12].

Outcome assessment

Patients were assessed during index hospitalization for out-
comes such as need for intensive care unit (ICU) admission, 
duration of ICU stay, length of hospital stay (LOHS), presence, 
sub-type and stage of AKI and death during index hospitaliza-
tion. Patients who survived the period of index hospitalization 
were followed up telephonically or as outpatients as feasible 
until the end of the study period or up to mortality, whichever 
came earlier, and assessed for outcomes such as new-onset AKI 
(in patients who did not have AKI on index hospitalization), 
recurrence of AKI (in patients who had AKI on index hospi-
talization), number of recurrent hospitalizations and death dur-
ing the follow-up. Primary outcomes were defined as all-cause 
mortality and time to death after index hospitalization. All other 
outcome measures were treated as secondary outcomes.

Operational definitions

AKI—diagnosis, sub‑types and staging AKI in DCLD 
was defined as per the adapted Kidney Disease Improving 
Global Outcome/International Club of Ascites (KDIGO/
ICA) criteria [13–17]. Briefly, these were (i) acute increase 
in sCr of ≥ 0.3 mg/dL within 48 hours or (ii) increase in 
sCr by ≥ 50%, known or presumed to have occurred within 

the past seven  days from a stable baseline sCr within 
three months. AKI was categorized into four stages as per 
modified ICA criteria [13, 15, 17]:

Stage I—increase in sCr ≥ 0.3 mg/dL or ≥ 1.5 – twofold 
from baseline (stage IA—sCr < 1.5 mg/dL, stage IB—
sCr > 1.5 mg/dL)
Stage II—increase in sCr 2 – threefold from baseline
Stage III—increase in sCr > threefold from baseline 
or ≥ 4 mg/dL with an acute increase ≥ 0.3 mg/dL or ini-
tiation of RRT 

AKI was further classified into three sub-types — pre-renal 
azotemia, HRS-AKI and intrinsic AKI or ATN—based on 
standard criteria and as per adjudication by treating team com-
prising three consultant gastroenterologists [13–19]. Pre-renal 
azotemia was diagnosed when there was a history of exces-
sive fluid losses (i.e. excessive diuresis due to diuretic therapy 
with loss of body weight > 1 g/day or > 500 mg/day in patients 
with and without edema, respectively, or severe diarrhea) or 
bleeding (i.e. gastrointestinal bleeding as defined by hemate-
mesis and/or melena) within few days before onset of AKI. 
HRS-AKI was diagnosed according to ICA criteria consisting 
of (a) presence of cirrhosis and ascites, (b) no improvement 
in sCr after two consecutive days of diuretic withdrawal and 
plasma volume expansion with albumin (1 g/kg body weight 
up to a maximum of 100 g per day), (c) absence of shock, (d) 
exclusion of recent/recurrent use of nephrotoxic agents and (e) 
exclusion of parenchymal kidney disease (absence of proteinu-
ria (> 500 mg/day), absence of microhematuria (> 50 red blood 
cells per high-power field) and normal renal ultrasound [13, 14, 
17–19]. Intrinsic AKI or ATN was diagnosed when three of the 
four following criteria were met: (a) FENa > 2%, (b) urinary 
osmolality < 400 mOsm/L, (c) urinary sodium > 40 mEq/L, 
and (d) presence of shock or use of nephrotoxic drugs.

Sample size estimation

Based on assumptions of a prevalence of AKI in DCLD of 
40% as estimated from prior studies [1], a standard deviation 
of urine NGAL in the population of 100 ng/mL, and a differ-
ence of mean NGAL of 50 ng/mL between groups, with 80% 
study power and a type-I error of 5%, the required sample 
size was calculated as 133 patients with DCLD regardless 
of presence of AKI on index hospitalization.

Statistical analysis

Statistical analysis was performed using IBM Statistical Package 
for the Social Sciences (SPSS) (IBM, SPSS Inc., Chicago, USA) 
software version 20. Statistical significance was set at a two-tailed 
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p value of 0.05 for all analyzes. Biomarker values were expressed 
as median and interquartile ranges. Categorical variables were 
compared using Pearson’s Chi-square test. Kruskal–Wallis 
test was used to compare continuous variables. The area under 
receiver operating characteristic (AUROC) curves was used to 
assess the association between biomarkers and specific outcomes 
and to calculate optimum sensitive and specific cut-off values of 
urine NGAL for diagnosis of a specific outcome. Binary logis-
tic regression analysis was performed to determine the asso-
ciation between urine NGAL and clinical outcomes (AKI and 
mortality related). The optimum cut-off value of urine NGAL 
ascertained from the ROC curves was used for plotting survival 

analysis using the Kaplan–Meier curve. Logarithmic adjusted 
urine NGAL levels were added to the corresponding MELD-
Na score for plotting ROC curves to compare MELD-Na with 
composite MELD-Na-log urine NGAL score.

Ethics

The study protocol and consent forms were approved 
by the Institutional Ethics Committee of the SRM Insti-
tutes for Medical Science vide approval letter SIMS IEC/
Other/04/2018.

Fig. 1  Consort diagram. DCLD 
decompensated chronic liver 
disease, RRT   renal replacement 
therapy, LT liver transplant, 
NGAL neutrophil gelatinase-
associated lipocalin, AKI acute 
kidney injury, PRA pre-renal 
azotemia, HRS  hepatorenal 
syndrome, ATN acute tubular 
necrosis, ICU intensive care 
unit
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Table 1  Indication for 
hospitalization/complication of 
decompensated chronic liver 
disease

SBP spontaneous bacterial peritonitis, SSTI skin and soft tissue infection, UTI urinary tract infection, LRTI 
lower respiratory tract infection, HCC hepatocellular carcinoma, UGI upper gastrointestinal

Infectious complications n (% of total)* Non-infectious complications n (% of total)

SBP 10 (7.19) HCC 16 (11.51)
Non-SBP 46 (33.09) UGI bleed 46 (33.09)

  • SSTI 13 (9.35) Fluid overload (ascites/edema/
hydrothorax)

65 (46.76)

  • UTI/urosepsis   5 (3.59) Hepatic encephalopathy 56 (40.28)
  • LRTI   7 (5.03) Others 15 (10.79)
  • Sepsis/bacteremia 21 (15.11)

Table 2  Baseline characteristics 
of patients stratified as per 
presence or absence of acute 
kidney injury at the time of 
index hospitalization

* p < 0.05, statistically significant difference
AKI acute kidney injury, CLD chronic liver disease, NAFLD non-alcoholic fatty liver disease, HCV hepati-
tis C virus, HBV hepatitis B virus, DILI drug-induced liver injury, NAGAL neutrophil gelatinase-associated 
lipocalin, MELD-Na model for end-stage liver disease-sodium, ICU intensive care unit, SBP spontaneous 
bacterial peritonitis, HCC hepatocellular carcinoma, UGI upper gastrointestinal, HE hepatic encephalopathy

Variable Sub-variable Total (n/mean) AKI p-value

No (n, %) Yes (n, %)

Age (mean) 57.01 54.55 60.59 0.02*
Sex Male 110 69 (62.7) 41 (37.3) 0.158

Female   29 14 (48.3) 15 (51.7)
Etiology of CLD Ethanol   55 32 (58.2) 23 (41.8) 0.819

Cryptogenic   37 23 (62.2) 14 (37.8)
NAFLD   19 12 (63.2) 7 (36.8)
HCV   13   7 (53.8) 6 (46.2)
HBV   12   6 (50) 6 (50)
DILI     2   2 (100) 0 (0)
Autoimmune     1   1 (100) 0 (0)

Child–Pugh grade A   22 20 (90.9) 2 (9.1) 0.001*
B   52 33 (63.5) 19 (36.5)
C   65 30 (46.2) 35 (53.8)

Urine NGAL (mean) 197 194.1 200.8 0.425
MELD-Na score (mean)   21.35   18.27   25.89 0.012*
Need for ICU   38   13 (34.2)   25 (65.8) 0.0001*
Duration of ICU stay (mean)     4.35     3.30     4.91 0.209
Length of hospital stay (mean)     7.11     5.08     6.66 0.012*
In-hospital mortality   12     2 (16.7%)   10 (83.3%) 0.001*
Infectious complications SBP   10     5 (50)     5 (50) 0.516

Non-SBP   46   19 (41.3)   27 (58.7)
Non-infectious complication HCC   16     8 (50)     8 (50) 0.4

UGI bleed   46   31 (67.4)   15 (32.6) 0.194
Fluid overload   65   32 (49.2)   33 (50.8) 0.018*
HE   56   30 (53.6)   26 (46.4) 0.225

Recurrent hospitalization (mean)     1.4     1.14     1.85 0.049*
Mortality   45   18 (40)   27 (60) 0.001*
Time to death in days (mean) 160.89 201.05 135.07 0.000*
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Results

Baseline characteristics

Of 147 patients hospitalized for various complications of 
DCLD during the study period, 139 were enrolled for final 
analysis after excluding eight patients who did not fulfill the 
inclusion criteria (Fig. 1). However, the specific enzyme-
linked immunoassay (ELISA) kits used for NGAL estima-
tion became unavailable soon after the onset of SARS-CoV-2 
pandemic, and hence, urine NGAL estimation was available 
only in the first 100 patients enrolled in the study. The mean 
age of the study cohort was 56.9 years and 79.1% were male. 
Underlying etiologies for CLD were ethanol (39.6%), cryp-
togenic cirrhosis (26.6%), non-alcoholic fatty liver disease 
(NAFLD) (13.7%), hepatitis C virus (HCV) (9.4%), hepati-
tis B virus (HBV) (8.6%), drug-induced liver injury (DILI) 
(1.4%) and autoimmune hepatitis (0.7%), respectively. As 
many as 56 patients (40.3%) had some form of AKI at index 
hospitalization. Among these, 30.3% were classified as PRA, 
46.4% as HRS-AKI and 23.2% as ATN. The median values 
for urine NGAL, urine protein:creatinine ratio (UPCR) and 
urine FENa were 208.1 ng/mL, 0.28 μg/g and 0.74%, respec-
tively. The median MELD-Na score on admission was 21.3. 
15.8% of patients belonged to Child–Pugh class A, 37.4% to 
class B and 46.8% to class C, respectively. The indications 
for hospitalization of the study cohort are listed in Table 1. A 
majority had an overlap of complications (both infectious and 

non-infectious etiology) at presentation. The mean duration 
of hospital stay was 5.5 days. As many as 30 patients required 
ICU stay during hospitalization and the median duration of 
ICU stay was 4.3 days. Twelve patients (8.6%) died during the 
index hospitalization. The remaining 127 patients were fol-
lowed until the end of the study period or mortality, whichever 
came earlier. The baseline characteristics of patients stratified 
by the presence or absence of AKI during index hospitaliza-
tion are shown in Table 2. Patients with AKI were more ill 
as compared to those without AKI with significantly higher 
mean Child–Pugh and MELD-Na scores, requirement of ICU 
care, in-hospital mortality, incidence of fluid overload, recur-
rent hospitalizations, overall mortality and a shorter mean time 
to death.

Discriminative value of urine NGAL

The median urine NGAL levels were highest in ATN 
(231.5 ng/mL), lowest in the PRA (163.3 ng/mL) and 
intermediate in HRS-AKI (212.4  ng/mL) (Table  3). 
Median sCr, urine FENa and UPCR also showed a similar 
trend. As shown in Fig. 2, urine NGAL was significantly 
different between PRA and HRS and between PRA and 
ATN, while both sCr and FENa were significantly different 
between PRA and ATN, but not between PRA and HRS. 
UPCR was unable to distinguish between AKI subtypes 
(p = 0.104). ROC curve analysis established that urine 
NGAL at a cut-off value of 203.9 ng/mL distinguished 

Table 3  Level of kidney 
function biomarkers across 
adjudicated categories of acute 
kidney injury

ns not significant or p ≥ 0.05
* p < 0.05, statistically significant
IQR interquartile range, PRA pre-renal azotemia, HRS hepatorenal syndrome, ATN hepatorenal syndrome, 
NGAL neutrophil gelatinase-associated lipocalin, sCr serum creatinine, FENa fractionated excretion of 
sodium, UPCR urine protein: creatinine ratio

Biomarker Type of acute kidney injury

(Median [IQR]) Significance

PRA HRS ATN p-value

Urine NGAL (ng/mL) 163.3
(113.4–213.4)

212.4
(202.2–241.7)

231.5
(210.8–256.4)

PRA vs. HRS: 0.017*
PRA vs. ATN: 0.045*
HRS vs. ATN: ns

sCr (mg/dL) 1.45
(1.1–1.84)

1.51
(1.32–2.4)

2.08
(1.24–5.04)

PRA vs. HRS: ns
PRA vs. ATN: 0.049*
HRS vs. ATN: ns

FENa (%) 0.27
(0.06–0.34)

0.80
(0.13–1.52)

3.31
(1.99–5.3)

PRA vs. HRS: ns
PRA vs. ATN: 

0.0006*
HRS vs. ATN: ns

UPCR 0.14
(0.13–0.61)

0.34
(0.17–0.96)

0.92
(0.38–1.55)

PRA vs. HRS: ns
PRA vs. ATN: ns
HRS vs. ATN: ns
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patients with HRS from those with PRA, with a sensitivity 
of 77.8% and specificity of 68.7% (AUC = 0.74, p = 0.016). 
On the contrary, urine NGAL did not significantly dis-
criminate HRS-AKI from ATN (AUC 0.62, p = 0.328).

Urine NGAL as a prognostic biomarker in index 
hospitalization

Twelve patients died during the index hospital admission. 
There was a significant correlation between baseline MELD-
Na and urine NGAL values (p = 0.005) (Fig.  3). Urine 

NGAL levels significantly correlated with in-hospital mor-
tality during the first admission (p = 0.04) and with need 
for ICU care (p = 0.014). However, it did not significantly 
correlate with length of hospital stay (p = 0.179) or length 
of ICU stay (p = 0.676).

Urine NGAL as a prognostic biomarker 
in the intermediate term

The mean duration of follow-up during the study period was 
9.69 months. As many as 48.2% of patients, who had AKI dur-
ing the index admission, had recurrence of AKI, while 25.3% 
of those who did not have AKI at index admission developed 
new-onset AKI during the follow-up period. Forty-five patients 
(32.4%) succumbed by the end of the study with a median time 
to death of 95 days. It was observed that an elevated baseline 
urine NGAL level (> 205 ng/mL) was associated with a signifi-
cantly reduced overall survival at two years (p = 0.04) (Fig. 4). 
Comparison of baseline parameters according to urine NGAL 
levels is depicted in Table 4. Binary logistic regression analysis 
for evaluation of the association between urine NGAL levels 
and mortality at different time frames showed that elevated 
baseline urine NGAL levels were specifically associated with a 
higher three and six-month mortality regardless of the presence 
of AKI diagnosed by standard sCr-based criteria (p = 0.025 and 
p = 0.015, respectively) (Table 5). The AUC for urine NGAL 
for predicting three-month mortality was 0.69 (p = 0.012), with 
a best cut-off value of 209.95 ng/mL providing 73.7% sen-
sitivity and 60.5% specificity. Similarly, AUC for predicting 

Fig. 2  Box and whisker plots 
for assessment of discrimina-
tive value of urinary biomark-
ers. Center line is median, 
box shows interquartile range, 
whiskers show the maximum 
and minimum. PRA  pre-renal 
azotemia, HRS hepatorenal 
syndrome, ATN acute tubu-
lar necrosis, uNGAL urine 
neutrophil gelatinase-associated 
lipocalin, FENa  fractionated 
excretion of sodium, UPCR 
urine protein:creatinine ratio, 
MELD  model for end-stage 
liver disease

Fig. 3  Logarithmic regression showing correlation between model for 
end-stage liver disease-sodium score and urine neutrophil gelatinase-
associated lipocalin *statistically significant (p < 0.05)
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six-month mortality was 0.67 (p = 0.011), with a best cut-off 
value of 206.87 ng/mL providing 69.2% sensitivity and 60.5% 
specificity. However, elevated urine NGAL levels did not show 
significant correlation with other secondary outcomes such as 
recurrent hospitalizations (p = 0.445), new-onset AKI (OR 
1.013, 95% CI 0.998–1.029) or recurrence of AKI (OR 1.011, 
95% CI 0.999–1.023). Finally, we analyzed whether addition 
of urine NGAL to MELD-Na could improve the predictive 
performance of the MELD-Na score and concluded that a 
composite MELD-Na-log-urine NGAL score did not perform 

significantly better than the universally accepted MELD-Na 
score (ΔROC = 0.003) (Fig. 5).

Discussion

Urinary biomarkers for early diagnosis of AKI such as 
NGAL, interleukin-18, kidney injury molecule (KIM), 
liver type fatty acid binding protein (L-FABP) and FENa 
have been scrutinized across multiple studies published 

Fig. 4  Kaplan–Meier sur-
vival analysis (urine NGAL 
(> or < 205 ng/mL) vs survival 
(in months)

Table 4  Comparison of baseline 
parameters according to urine 
neutrophil gelatinase-associated 
lipocalin levels. (cut-off 
level > 205 ng/mL as obtained 
from receiver operating 
characteristic curve analysis)

* p < 0.05, statistically significant
NGAL neutrophil gelatinaseassociated lipocalin, MELD-Na model for end-stage liver disease-sodium, 
ACLF acute-on-chronic liver failure, HCC hepatocellular carcinoma, UGI upper gastrointestinal, HE 
hepatic encephalopathy

Parameter Subtype Urine NGAL
 > 205 ng/mL

Urine NGAL
 ≤ 205 ng/mL

p-value

Child–Pugh grade A   6   9 0.046*
B 17 23
C 30 15

MELD-Na score (mean) 23.25 19.44 0.640
In-hospital mortality   9   2 0.042*
Non-infectious complication HCC   9   2 0.042*

UGI bleed 14 15 0.545
Fluid overload 31 25 0.594
HE 25 14 0.075

ACLF   8   3 0.165
Mortality 26 14 0.050
Time to death in days (mean) 182.92 150.5 0.067
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over the previous decade, albeit in the non-cirrhotic 
population [11]. A few studies have evaluated their role 
in early diagnosis/stratification of AKI into its sub-types 
in the ‘cirrhotic’ population and even fewer ones have 
explored the prognostic role of these urinary biomark-
ers [20–28]. Our study is one of the few prospective 
studies to have investigated both discriminant as well 
as prognostic function of urine NGAL in hospitalized 
DCLD patients.

Urine NGAL trends across various AKI sub-types in our 
study (i.e. highest in ATN, intermediate in HRS and lowest 
in PRA) were similar to those demonstrated in prior stud-
ies on a similar cohort by Verna et al., Ahmed et al. and 
Fagundes et al. [22–24]. In our patients, urine NGAL per-
formed reasonably well (AUC = 0.74) in distinguishing HRS 
from PRA unlike other previously published studies; with an 
exception to a recent study by Udgirkar et al. [29]. The abil-
ity of urine NGAL to differentiate HRS from ATN seemed to 

Table 5  Binary logistic regression of biomarkers for prediction of mortality-related outcomes

Odds ratios, confidence intervals, and significance value are shown at each time point
OR odds ratio, NGAL neutrophil gelatinase-associated lipocalin, sCr serum creatinine, FENa fractionated excretion of sodium, UPCR urine pro-
tein: creatinine ratio, MELD-Na model for end-stage liver disease-sodium
* p < 0.05, statistically significant

Biomarker Mortality-related outcomes

OR (95% confidence interval), p-value

3 months 6 months 1 year End of study period

Urine NGAL (ng/mL) 0.988 (0.977–0.998) 0.025* 0.988 (0.978–0.998) 0.015* 0.003 (0.985–1.001) 0.098 1.007 (0.999–1.015) 0.071
sCr (mg/dL) 1.704 (1.155–2.513) 0.007* 1.397 (0.977–1.999) 0.067 1.302 (0.919–1.845) 0.137 1.341 (0.945–1.903) 0.1
FENa (%) 1.054 (0.902–1.386) 0.705 1.008 (0.780–1.304) 0.950 0.996 (0.781–1.27) 0.973 0.972 (0.763–1.240) 0.82
UPCR 1.746 (0.956–3.191) 0.07 1.566 (0.876–2.798) 0.13 1.752 (0.962–3.189) 0.067 2.031 (1.064–3.878) 0.032*

MELD-Na 1.203 (1.109–1.304) 0.000* 1.133 (1.069–1.202) 0.000* 1.125 (1.066–1.188) 0.000* 1.105 (1.051–1.162) 0.000*

Fig. 5  Area under the receiver 
operating curve for urine 
NGAL, MELD-Na, and MELD-
Na-log uNGAL score. NGAL 
neutrophil gelatinase-associated 
lipocalin, MELD-Na model for 
end-stage liver disease-sodium, 
uNGAL urine neutrophil 
gelatinase-associated lipocalin
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be inferior to that of FENa. However, this could be because 
FENa is already included in the pre-specified definition for 
diagnosis of PRA (FENa < 1%) and ATN (FENa > 2%).

The traditional definition of HRS emphasizes an exclu-
sively ‘functional’ nature of renal impairment [4, 5]. Recent 
studies have challenged this dogma and vouch for the con-
tribution of sepsis and an additional ‘structural’ component 
to the pathogenesis of HRS [4, 5, 18, 19, 30–33]. Urine 
NGAL being a marker of tubular injury is thus expected to 
be elevated to a higher extent in HRS as compared to PRA, 
which, mechanistically, is a pure ‘functional’ form of renal 
impairment [22, 24]. This biological plausibility was further 
confirmed by our investigations.

Urine NGAL levels in patients with AKI were not sig-
nificantly higher than in those without AKI. This was 
because a reduction in urine NGAL in PRA neutralized the 
rise in urine NGAL in the other two AKI groups. Further, 
studies have shown that urine NGAL is an early marker of 
kidney injury and that DCLD patients with elevated urine 
NGAL and normal sCr on admission have AKI-prone 
conditions and a higher likelihood of developing AKI in 
the course of time [26, 34, 35]. Another factor for the 
high urine NGAL in some DCLD patients without AKI 
could be the presence of bacterial infections in 40.4% of 
our patients. Barreto et al. have reported that urine NGAL 
levels were significantly elevated in DCLD patients with 
bacterial infections, regardless of presence or absence of 
AKI [21].

Our study results established an NGAL cut-off value 
(> 203.9 ng/mL) to distinguish HRS from PRA. A diag-
nosis of HRS mandates additional use of vasopressin 
analogues as opposed to volume expansion alone for 
management of PRA [5, 13, 17, 36]. Thus, routine use of 
urine NGAL may aid in earlier diagnosis of HRS, thereby 
allowing timely use of vasopressin analogues. In addition, 
it may also avoid wrongful wastage of resources in the 
management of PRA by restricting usage of vasopressin 
analogues to HRS-AKI. However, our results failed to pro-
vide an accurate cut-off value to distinguish HRS from 
ATN with good specificity and sensitivity. Currently, urine 
FENa and urine microscopy for casts are used to identify 
ATN in patients with DCLD [37, 38]. Further studies are 
needed to ascertain whether refining urine NGAL will help 
to accurately identify intrinsic AKI/ATN and distinguish it 
from HRS. This may help in refining patient management 
as the ATN sub-type responds neither to volume expansion 
with albumin nor to vasoconstrictor medication.

Urine NGAL levels generally correlated with mark-
ers of severity of liver disease such as MELD-Na score and 
Child–Pugh class and it assisted in short-term prognosis, as it 
correlated with need for ICU care and with in-hospital mortal-
ity. Previously, Belcher et al. have shown that baseline urine 
NGAL, along with a plethora of other urinary biomarkers viz 

IL-18, KIM-1, L-FABP and albuminuria, independently pre-
dicted AKI progression and in-hospital mortality after adjust-
ing for confounding variables such as MELD score [20]. A 
study by Huelin et al. found urine NGAL values on day three of 
hospitalization and independently predicted 28-day mortality 
and progression of AKI [39]. Urine NGAL levels in the present 
study could neither predict recurrence of hospitalization nor 
development of new-onset/recurrent AKI during the follow-up 
period. Our study results established cut-off values for urine 
NGAL in predicting mortality at three and six months from the 
time of estimation. These findings are consonant with results 
of a previous study by Ariza et al., which concluded that lower 
levels of urine NGAL and urine albumin significantly predicted 
survival at three months regardless of presence or absence of 
acute-on-chronic liver failure (ACLF) [28]. Our study reported 
that urine NGAL < 205 ng/mL predicted survival at the end 
of the study period, i.e. 24 months, regardless of presence 
or absence of AKI on index hospitalization. The long-term 
prognostic impact of a single baseline value of urine NGAL 
has not been assessed prior to our study. Lastly, our investiga-
tions concluded that a composite MELD-Na-log-urine NGAL 
score did not significantly perform better than the MELD-Na 
score (Δ ROC = 0.003), contrary to a report by Lu et al. (Δ 
ROC = 0.163) [40].

This study had several limitations. Due to logistic issues, 
urine NGAL could not be estimated in a proportion of patients 
enrolled in the study. This happened due to lack of availability 
of the specific analytical kit that was used to analyze the ini-
tial 100 samples. The index hospitalization event, when urine 
NGAL was estimated, did not necessarily correspond to first 
instance of decompensation of CLD requiring hospitalization 
for each of the study participants. Our study design author-
ized for enrollment of a diverse cohort of DCLD patients at 
different stages in the natural history of their disease. This 
could have been a potential confounding factor influencing 
urine NGAL levels and their correlation with survival. Despite 
recruitment of a significant number of patients with AKI, the 
number of patients across AKI subtypes differed significantly. 
We did not serially monitor NGAL levels in our patients, and 
the role of urine NGAL in the prediction of AKI progression 
or development of nosocomial AKI during index hospitaliza-
tion was not elucidated.

In summary, our study investigated the role of a single-
point estimation of urine NGAL during hospitalization for 
any infectious or/and non-infectious complication of DLCD, 
in the stratification of AKI into its sub-types and predic-
tion of short-term as well as long-term, clinically relevant 
outcomes. Median urine NGAL levels were found to differ 
across AKI sub-types. However, an optimal cut-off value 
that could stratify AKI into its sub-types could only be ascer-
tained for differentiating HRS from PRA (> 203.9 ng/mL). 
Urine NGAL performed well in predicting need for ICU 
stay and in-hospital mortality during index hospitalization 
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and mortality at three and six months after discharge. Sur-
vival at the end of the study period (24 months) was signifi-
cantly lower in patients with elevated urine NGAL levels 
(> 205 ng/mL). Urine NGAL did not significantly add to 
the prognostic value of the MELD-Na score. Future research 
with a clutch of biomarkers that includes NGAL may well 
further refine the diagnostic and management algorithm of 
AKI in DCLD.
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