
ABSTRACT

Background/Aims: Neutrophil gelatinase-associated lipocalin (NGAL) is a protein that 
participates in a variety of complicated biological processes, including bacteriostasis, cell
proliferation and differentiation, and cellular death. Alkaline phosphatase (ALP) is a liver
enzyme that may be elevated in cirrhotic patients with acute kidney injury (AKI). This work
aimed to evaluate the viability of utilizing NGAL and ALP enzyme as indicators for the 
detection of AKI in decompensated cirrhotic individuals with a history of hepatitis C.
Materials and Methods: This was a prospective randomized clinical trial that enrolled 90
patients in intensive care units at a University Hospital. Patients were divided into 3 groups
critically ill cirrhotic patients with AKI, critically ill cirrhotic patients without AKI and a third
control group of critically ill without liver cirrhosis nor AKI. We assessed and compared
NGAL, ALP and other parameters in each group.
Results: Liver cirrhosis patients had higher baseline creatinine but within the normal range,
high ALT, AST, and NGAL while albumin levels were low significantly. Positive correlations
existed between creatinine, NGAL, Alkaline phosphatase and MELD score. NGAL's increase
had a stronger AKI association compared to baseline creatinine and albumin decrease.
Baseline NGAL proved a superior AKI prediction (AUC 0.98) than creatinine (AUC 0.8) with
also higher sensitivity and specificity. 
Conclusion: NGAL and ALP have demonstrated to possess great sensitivity and specificity
for AKI detection in critically ill cirrhotic patients helping in early starting of suitable therapy
for the patients.
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INTRODUCTIONINTRODUCTION

Chronic hepatitis C virus (HCV) infection is a major public health concern in
Egypt, with an estimate of over 170 million individuals worldwide. The 
occurrence of renal dysfunction is almost 40% more in HCV patients than in
HCV­uninfected patients. Mild to end­stage renal impairment, renal dysfunction
typically impacts the outcome and management of HCV infection (1).
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Patients with acute decompensated cirrhosis who
are hospitalized frequently develop acute kidney injury
(AKI) (2). The presence of AKI negatively impacts 
prognosis, as patients have a high 3­month mortality
rate after AKI up to 50%. Various factors, such as 
associated comorbidities, extent of liver failure, 
influence the mortality risk. AKI thought to be regarded
as a highly consequential outcome of cirrhosis, thereby
necessitating proactive measures to mitigate its delete­
rious effects on the morbidity and mortality rates (2).

Neutrophil gelatinase­associated lipocalin (NGAL)
serves as a dependable indicator of injury to the renal
tubules. In consequence of nephron injury, the renal
epithelium produces this protein. In a variety of 
circumstances, it is employed to diagnose acute renal
damage (3).

NGAL and interleukin­18 (IL­18) are likely to be valu­
able tools in distinguishing acute tubular necrosis (ATN)
from AKI. caused by hepatorenal syndrome (HRS),
according to several clinical investigations. In normal
conditions, kidney tubular cells produce small amounts
of NGAL and IL­18, but injured tubular cells show 
abundant expression of these proteins. ALP enzyme
may be elevated in some liver disease patients (4,5).

This research aimed to evaluate the viability of 
utilizing NGAL and ALP enzyme as indicators for the
detection of AKI and predict the survival in critically ill
decompensated cirrhotic individuals with a history of
hepatitis C.

MATERIALS AND METHODSMATERIALS AND METHODS

This was a prospective randomized clinical trial that
enrolled 90 patients in critical care units at a University
Hospital. We enrolled all the patients at their admission
to the hospital during the period from January 2022 to
January 2023.

Inclusion Criteria

Critically ill patients with post­HCV decompensated
liver cirrhosis with or without AKI and control critically
ill patients without cirrhosis nor AKI group.

Exclusion Criteria

Patients older than 80 years old, hepatocellular 
carcinoma beyond Milan criteria, extrahepatic malig­
nancies, major co­morbidities as chronic obstructive
pulmonary disease, patients requiring renal replace­
ment therapy, chronic kidney diseases, human 
immunodeficiency virus infection, previous liver or 

kidney transplantation, and chronic liver diseases due
to causes other than Hepatitis C. Also, we excluded all
patients who died during follow up. 

Patients Groups

Patients were divided into 3 groups. Group I: Thirty
patients with critically ill post­HCV decompensated
liver cirrhosis with AKI. Group II: Thirty critically ill post­
HCV decompensated liver cirrhosis patients without
AKI. Group III: Thirty critically ill patients without cirrho­
sis nor AKI.

All patients at admission had not AKI, all investiga­
tions have been done at admission, cirrhotic critically ill
patients that did not develop AKI were enrolled to
Group I, cirrhotic critically ill patients who developed
AKI were enrolled to the second group. Critically ill
Patients with other ICU admission causes cardiac, 
neurological and surgical who did not develop AKI were
enrolled to the third group. Patients were followed up
clinical and laboratory for 3 weeks.

Methods

All patients were subjected at admission to ICU to
full history taking, clinical examination and laboratory
investigations (CBC, serum albumin, AST, ALT, ALP,
blood urea, serum creatinine, urine analysis) and serum
NGAL. NGAL was measured by ELISA and was 
withdrawn at 12 hours from hospital admission, at 48
hours from hospital admission and at 7 days after 
hospital admission. HCV diagnosis was confirmed by
electro­chemiluminescence immunoassay (ECLIA),
quantitative HCV RNA levels via real­time PCR. AKI in
patients were diagnosed according to KDIGO guidelines
in 2019.

Statistical Analysis 

Data analysis was conducted using SPSS version
28.0 from IBM Inc. Mean ± SD was used to present
quantitative data and number (%) for qualitative data
and data was compared using independent sample 
t­test or chi­square test when appropriate. Correlations
were evaluated using Pearson's correlation. Logistic
regression was utilized for the analysis of the correla­
tions between multiple variables and AKI. The cut­off
value of NGAL and baseline creatinine for AKI was
determined using ROC curve analysis. The level of 
statistical significance was established at a p value of
less than 0.05.
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Ethical Considerations 

The data that was obtained from participants was
confidential. No participant was identifiable by name in
any record or publication pertaining to this study.
Before participants were allowed to participate in this
study, the objectives, methodology, and risk assess­
ments were given to them. Each participant provided
written consent, and the Faculty of Medicine at
Menoufia University's ethics board gave its approval.

RESULTSRESULTS

No statistically significant distinctions were
observed between the groups in terms of age and sex.
Serum baseline creatinine, ALT, AST, ALP, and NGAL
were significantly higher in critically ill cirrhotic patients
with AKI compared to cirrhotic patients without AKI
and controls. Serum creatinine, ALT, AST, in addition to
MELD were also significantly higher in cirrhotic patients
with AKI compared to those without AKI. Albumin was
significantly lower in cirrhotic patients with or without
AKI compared to controls, and it was significantly lower
in cirrhotic patients with AKI compared to those 
without AKI. No statistically significant differences 
were observed in child Pugh category and presence of 
ascites between cirrhotic patients with or without AKI 
(table 1). 

Creatinine showed a significant positive correlation
with MELD score, ALP, albumin and NGAL. NGAL levels
positively correlated with MELD score, serum 
creatinine, ALT, AST, ALP, and albumin (table 2). 

Of the assessed factors, serum creatinine, NGAL,
ALP, and albumin were significant predictors of AKI in
critically ill cirrhotic patients. The increase in NGAL 
levels had a stronger significant association with AKI in
cirrhotic patients compared to the increase in baseline
creatinine, ALP and decrease in albumin as risk factors
for AKI (table 3). 

Baseline NGAL was better than baseline creatinine
and ALP and could be used as a predictor of AKI in liver
cirrhosis patients at level >105 with a sensitivity and
specificity of 93.3% and 96.7% respectively, and 
AUC 0.978 while ALP at >150 IU/L had a sensitivity,
specificity, and AUC of (90%, 86.7%, and 0.959) and 
creatinine at >0.7 had a sensitivity, specificity, and AUC
of (70%, 75%, and 0.727) (table 4, fig. 1).

DISCUSSIONDISCUSSION

Acute renal injuries are a common occurrence
among critically ill patients with decompensated 
chronic liver disease. These injuries may take on vari­
ous forms, ranging from pre­renal azotemia to HRS or
intrinsic AKI (6).

We demonstrated that critically ill liver cirrhosis
patients with AKI had a significantly higher MELD score,
while significant differences were observed in the rest
of the assessed factors. In agreement with our study,
Yewale et al (6) demonstrated that participants with
AKI had substantially higher Child­Pugh and MELD
scores than patients without AKI with more occurrence
of death. Also, Mogawer et al (7) showed a significant
increase in MELD levels in the AKI patients. 

Cirrhotic patients with AKI Cirrhotic patients without AKI Control p value
(n =30) (n =30) (n =30)

Age 54.1 ± 8.6 53.3 ± 7.8 54.8 ± 6.9 0.7

Gender 0.87
Male 16 (53%) 15 (50%) 14 (47%)
Female 14 (47%) 15 (50%) 16 (53%)

Serum creatinine 0.8 ± 0.17 a 0.68 ± 0.07 b 0.65 ± 0.05 b <0.001*

ALT (u/l) 82.4 ± 8.5 a 68.4 ± 5.9 b 24.4 ± 6.7 c <0.001*

AST (u/l) 163.3 ± 10.9 a 121.5 ± 20.5 b 24.8 ± 8.3 c <0.001*

ALP (u/l) 222 ± 57.3 a 113 ± 35.8 b 92.6 ± 36.2 b <0.001*

Albumin (g/dl) 2.5 ± 0.97 a 2.89 ± 0.12 b 4.67 ± 0.19 c <0.001*

NGAL 134.6 ± 12.4 a 75.4 ± 8.1 b 19.4 ± 6.7 c <0.001*

MELD Score 16.5 ± 2.01 12.6 ± 1.49 - <0.001*

Child Pugh
A 9 (30%) 6 (20%) - 0.3
B 16 (54%) 14 (47%)
C 5(16%) 10 (33%)
Ascites 16 (54%) 23 (77%) - 0.05

Data is represented as mean ± SD or number (%), ALT: Alanine transaminase, AST: Aspartate transaminase, WBC: White blood cell,
NGAL: Neutrophil gelatinase-associated lipocalin.

Table 1 - Baseline data
of the studied groups
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We found significant differences in baseline bio­
chemical data, worse in critically ill liver cirrhosis
patients with AKI than those without AKI and control
group. There was a significant increase in serum base­
line creatinine, but within normal range, ALT, and AST
in cirrhotic patients with AKI, while albumin showed 
significant decrease. In agreement with our study,
Gomaa et al (8) found that when compared to controls,
SCr levels were considerably higher in those with renal
impairment. Also, Lee et al (9) comparing the groups,
the average SCr level was significantly different. Also,
Nassar et al (10) showed that as for lab data, the AKI
group had considerably greater levels of sCr and NGAL
than the non­AKI group. 

We showed a substantial difference in baseline
NGAL levels between critically ill liver cirrhosis patients
with AKI and those without AKI and the control group.
Consistent with our research, Yewale et al (6) demon­
strated that urine NGAL differed significantly amongst
the examined groups. In addition, Sahin et al (11)
showed that NGAL was considerably higher in the AKI
group as compared to patients with decompensated
cirrhosis and no AKI. Furthermore, Gomaa et al (8)
shown that the values obtained of NGAL differed 
significantly amongst all cirrhotic groups. AKI patients
had considerably greater levels of NGAL than liver 
cirrhosis patients without AKI as compared to those
without renal impairment. 

We demonstrated a positive correlation between
creatinine and MELD score, ALP, and NGAL. NGAL

demonstrated a positive association with MELD score,
serum creatinine, TB, DB, ALT, AST, and ALP, while
there was a negative correlation with platelets. In
agreement with our study, Yewale et al (6) have
demonstrated a significant association between the
baseline MELD score and the values of urine NGAL.
Also, Gomaa et al (8) demonstrated that significant
positive relationships were identified between NGAL
and renal function measures such as urea and creati­
nine. 

Cut off Sensitivity % Specificity% AUC Significance

NGAL >105 93.3% 96.7% 0.978 <0.001*

Creatinine >0.7 70% 75% 0.727 <0.001*

ALP >150 90% 86.7% 0.959 <0.001*

NGAL: Neutrophil gelatinase-associated lipocalin, AUC: Area under the curve.

Table 4 - ROC curve analysis to predict the
power of baseline NGAL in AKI diagnosis

Table 2 - Pearson correlation between creatinine, NGAL, and the studied
parameters

Creatinine NGAL

MELD score 0.522 (< 0.001) 0.705 (< 0.001)

Serum creatinine - 0.336 (0.009)

ALT (u/l) 0.226 (0.082) 0.669 (< 0.001)

AST (u/l) -0.209 (0.109) 0.756 (< 0.001)

ALP 0.311 (0.015) 0.784 (< 0.001)

Albumin (g/dl) -0.317 (0.014) -0.832 (< 0.001)

NGAL 0.336 (0.009) -

Data is represented as r (p value). TB: Total bilirubin, DB: Direct bilirubin,
ALT: Alanine transaminase, AST: Aspartate transaminase, ALP: Alkaline 
phosphatase, WBC: White blood cell, NGAL: Neutrophil gelatinase-associated
lipocalin. Data are analyzed using Pearson correlation.

Table 3 - Logistic regression analysis to predict associations of different
variables with AKI in cirrhotic patients

Variables B OR (95% CI) p value

Child Pugh B 0.12 1.124 (0.40 – 3.12) 0.823

Child Pugh C 0.13 1.25 (0.61 – 4.1) 0.91

Ascites 0.95 2.595 (0.56 – 11.89) 0.219

Creatinine 0.96 2.599 (1.62 – 4.16) <0.001

NGAL 2.7 5.67 (2.14 – 250.8) 0.03

ALP 0.05 1.06 (1.03 – 1.08) <0.001

Albumin -33.2 1.2 (1 – 3.71) 0.04

MELD 0.06 0.945 (0.06 - 6.8) 1

OR: Odds ratio, CI Confidence interval, NGAL: Neutrophil gelatinase-
associated lipocalin, ALP: Alkaline phosphatase, MELD: Model for End-
Stage Liver Disease.

Figure 1 - Ability of NGAL, creatinine and ALP to predict AKI
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We showed that an increase of NGAL was signifi­
cantly associated with AKI in cirrhotic patients than an
increase of baseline creatinine, ALP and decrease of
albumin and are considered significant contributors to
AKI in cirrhotic patients. In agreement with our study,
Mohan et al (12) showed that NGAL was a predictive
factor of persistent AKI at day 3. Also, Lee et al (9)
showed that NGAL level was also a predictor of AKI. 

We showed that baseline NGAL was better than
baseline creatinine and ALP and as a predictor of AKI in
liver cirrhosis patients at a cut­off of >105, it had a 
sensitivity of 93.3%, specificity of 96.7%, and AUC 0.978
while creatinine at cut­off >0.7 had less sensitivity of
70%, specificity of 75% and AUC 0.727, and ALP at 
cut­off >150 had a sensitivity of 90%, specificity of
86.7%, and AUC of 0.959.

In agreement with our study, Mohan et al (12)
found that the NGAL threshold value that best predict­
ed AKI was 110 g/g creatinine. Also, Sahin et al (11)
demonstrated that with an AUC of 0.984, NGAL might
be employed to determine AKI in hospitalized cirrhotic
patients with AKI with a 91.4% sensitivity and 94.3%
specificity at levels ≥ 50 ng/mL. In addition, Jo et al (13)
showed that The AUC for NGAL in urine was 0.707. The
cut­off threshold for NGAL in urine was 84.8 g/gCr. On
the other hand, in Mahfouz et al. study, AUC of 0.64
was observed, along with a sensitivity of 40% and a
specificity of 84%. Multiple cutoffs have been proposed
for NGAL mostly as a result of discrepancies in research
design, condition severity, group numbers, definitions
of renal dysfunction, and techniques of data process­
ing. In addition, analyst differences, and the precision
of ELISA kits can all impact test findings (14).

CONCLUSIONCONCLUSION

NGAL has demonstrated to possess great sensitivity
and specificity in AKI detection in critically ill cirrhotic
patients resulting in early sensible judgments regarding
starting suitable therapy to the patients. Also, elevation
of alkaline phosphatase is associated significantly with
AKI occurrence in cirrhotic patients in ICU.
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