
World Journal of
Hepatology

ISSN 1948-5182 (online)

World J Hepatol  2024 November 27; 16(11): 1216-1364

Published by Baishideng Publishing Group Inc



WJH https://www.wjgnet.com I November 27, 2024 Volume 16 Issue 11

World Journal of 

HepatologyW J H
Contents Monthly Volume 16 Number 11 November 27, 2024

EDITORIAL

Rectal varices vs hemorrhoids-diagnosis and management1216

Majid Z, Yaseen T, Tasneem AA, Luck NH

Is 26S proteasome non-ATPase regulatory subunit 6 a potential molecular target for intrahepatic cholan-
giocarcinoma?

1219

Zhuang YZ, Tong LQ, Sun XY

REVIEW

Autoimmune hepatitis: Towards a personalized treatment1225

Costaguta A, Costaguta G, Álvarez F

MINIREVIEWS

Current status of drug therapy for alveolar echinococcosis1243

Jing QD, A JD, Liu LX, Fan HN

ORIGINAL ARTICLE

Case Control Study

Diagnostic value of tissue plasminogen activator-inhibitor complex in sepsis-induced liver injury: A single-
center retrospective case-control study

1255

Zhou Y, He LP, Qi YH, Huang Y, Hu BQ, Liu JL, Zeng QB, Song JC

Retrospective Cohort Study

Sensitivity of diagnosis of spontaneous bacterial peritonitis is higher with the automated cell count method1265

Acevedo-Haro JG, Mohamed W, Moodley P, Bendall O, Bennett K, Keelty N, Chan S, Waddy S, Hosking J, Thomas W, 
Tilley R

Observational Study

Overexpression of proteasome 26S subunit non-ATPase 6 protein and its clinicopathological significance in 
intrahepatic cholangiocarcinoma

1282

Tang ZQ, Tang YL, Qin K, Li Q, Chen G, Huang YB, Li JJ

Basic Study

Non-invasively differentiate non-alcoholic steatohepatitis by visualizing hepatic integrin αvβ3 expression 
with a targeted molecular imaging modality

1290

Huang XQ, Wu L, Xue CY, Rao CY, Fang QQ, Chen Y, Xie C, Rao SX, Chen SY, Li F

Development and validation of biomarkers related to anoikis in liver cirrhosis based on bioinformatics 
analysis

1306

Luo JY, Zheng S, Yang J, Ma C, Ma XY, Wang XX, Fu XN, Mao XZ



WJH https://www.wjgnet.com II November 27, 2024 Volume 16 Issue 11

World Journal of Hepatology
Contents

Monthly Volume 16 Number 11 November 27, 2024

SYSTEMATIC REVIEWS

Low level of hepatitis B viremia is associated with increased risk of hepatocellular carcinoma in 
compensated cirrhotic patients

1321

Lin WC, Lin K, Li MK, Liu X, Huang YF, Wang X, Wu B

META-ANALYSIS

Reliability of neutrophil gelatinase-associated lipocalin in detecting acute tubular necrosis in 
decompensated cirrhosis: Systematic review and meta-analysis

1331

Agrawal N, Louis-Jean S, Ladiwala Z, Adnani H, Kamal A, Karpman M, Fleisher AS, Singh S

CASE REPORT

Liver failure after Bacillus cereus food poisoning, an under-recognized entity: A case report1339

Chatelanat O, de Lorenzi-Tognon M, Spahr L, Cherkaoui A, Stephan R, Ongaro M, Kaiser L, Goossens N

Pituitary stalk interruption syndrome complicated with liver cirrhosis: A case report1348

Chang M, Wang SY, Zhang ZY, Hao HX, Li XG, Li JJ, Xie Y, Li MH

LETTER TO THE EDITOR

Rifaximin discontinuation during broad-spectrum antibiotic treatment in critically ill patients with hepatic 
encephalopathy

1356

Ridola L, Mari A

Elimination of hepatitis B as a public health threat: Addressing the challenge and taking action1361

Ma L, Xing HC



WJH https://www.wjgnet.com III November 27, 2024 Volume 16 Issue 11

World Journal of Hepatology
Contents

Monthly Volume 16 Number 11 November 27, 2024

ABOUT COVER

Editorial Board Member of World Journal of Hepatology, Farzin Roohvand, PhD, Professor, Senior Scientist, Virology 
Department, Pasteur Institute of Iran, Tehran 13164, Iran. farzin.roohvand3@gmail.com 

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World J Hepatol) is to provide scholars and readers from 
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and 
communicate their research findings online. 
    WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and 
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical 
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver 
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic 
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (ESCI), 
Scopus, Reference Citation Analysis, China Science and Technology Journal Database, and Superstar Journals 
Database. The 2024 Edition of Journal Citation Reports® cites the 2023 journal impact factor (JIF) for WJH as 2.5; JIF 
Quartile: Q3. The WJH’s CiteScore for 2023 is 4.1 and Scopus CiteScore rank 2023: Hepatology is 41/82.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yi-Xuan Cai; Production Department Director: Xiao-Mei Zheng; Cover Editor: Xiang Li.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Hepatology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5182 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 31, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Koo Jeong Kang https://www.wjgnet.com/bpg/gerinfo/208

EXECUTIVE ASSOCIATE EDITORS-IN-CHIEF POLICY OF CO-AUTHORS

Shuang-Suo Dang https://www.wjgnet.com/bpg/GerInfo/310

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5182/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

November 27, 2024 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https://www.f6publishing.com

PUBLISHING PARTNER PUBLISHING PARTNER's OFFICIAL WEBSITE

Department of Infectious Diseases, the Second Affiliated Hospital of Xi’an 
Jiaotong University

http://2yuan.xjtu.edu.cn/Html/Departments/Main/Index_21148.html

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/bpg/GerInfo/310
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
http://2yuan.xjtu.edu.cn/Html/Departments/Main/Index_21148.html
mailto:office@baishideng.com
https://www.wjgnet.com


WJH https://www.wjgnet.com 1331 November 27, 2024 Volume 16 Issue 11

World Journal of 

HepatologyW J H
Submit a Manuscript: https://www.f6publishing.com World J Hepatol 2024 November 27; 16(11): 1331-1338

DOI: 10.4254/wjh.v16.i11.1331 ISSN 1948-5182 (online)

META-ANALYSIS

Reliability of neutrophil gelatinase-associated lipocalin in detecting 
acute tubular necrosis in decompensated cirrhosis: Systematic 
review and meta-analysis

Nirav Agrawal, Scarlet Louis-Jean, Zoya Ladiwala, Harsha Adnani, Ayesha Kamal, Mitchell Karpman, Albert 
Steven Fleisher, Sanmeet Singh

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade B 
Novelty: Grade B 
Creativity or Innovation: Grade B 
Scientific Significance: Grade A

P-Reviewer: Zhou Z

Received: July 28, 2024 
Revised: September 1, 2024 
Accepted: October 8, 2024 
Published online: November 27, 
2024 
Processing time: 100 Days and 17.2 
Hours

Nirav Agrawal, Scarlet Louis-Jean, Zoya Ladiwala, Harsha Adnani, Ayesha Kamal, Department of 
Internal Medicine, Anne Arundel Medical Center, Annapolis, MD 21401, United States

Mitchell Karpman, Department of Biostatistics, Anne Arundel Medical Center, Annapolis, MD 
21401, United States

Albert Steven Fleisher, Sanmeet Singh, Department of Gastroenterology, Anne Arundel Medical 
Center, Annapolis, MD 21401, United States

Corresponding author: Nirav Agrawal, MBBS, MD, Researcher, Department of Internal 
Medicine, Anne Arundel Medical Center, 2001 Medical Parkway, Annapolis, MD 21401, 
United States. nirav1191@gmail.com

Abstract
BACKGROUND 
Acute kidney injury (AKI) in cirrhosis is common. The diagnosis of AKI in 
cirrhosis patients depends on clinical presentation and laboratory tests like serum 
creatinine. However, urine biomarkers could also be used to assess the type of 
AKI and the severity of the disease. We performed a systematic review with meta-
analysis to evaluate the association with urine neutrophil gelatinase-associated 
lipocalin (NGAL) marker in identifying acute tubular necrosis (ATN) in patients 
with cirrhosis.

AIM 
To assess the reliability of urine NGAL in the detection of ATN in patients with 
cirrhosis.

METHODS 
We systematically searched MEDLINE and PubMed using keywords including 
“urine biomarkers”, “NGAL”, “kidney dysfunction”, and “cirrhosis” to identify 
relevant studies. Data was screened and extracted. Included studies assessed 
hospitalized cirrhosis patients with AKI using the urine NGAL biomarker. We 
synthesized the data using diagnostic odds ratio (DOR), comparative and 
descriptive analyses, and Cochran Mantel-Haenszel (CMH) statistics to evaluate 
heterogeneity.

https://www.f6publishing.com
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RESULTS 
Three thousand seven hundred and one patients with cirrhosis were analyzed from a total of 21 cohort studies. The 
DOR of 14 of those studies [pooled DOR: 22.150, (95%CI: 17.58-27.89), P < 0.0001] demonstrated a significant 
association between urine NGAL levels and its identification of ATN. Following stratification by cirrhosis status, 
heterogeneity was analyzed and showed a significant non-zero correlation between NGAL and AKI (CMH statistic 
= 702.19, P < 0.0001).

CONCLUSION 
In patients with cirrhosis, the use of urine NGAL is a reliable biomarker for detecting ATN and identifying the 
etiology of AKI.

Key Words: Neutrophil gelatinase-associated lipocalin; Acute tubular necrosis; Acute kidney injury; Cirrhosis; Biomarker; 
Severe liver dysfunction

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The findings of this systematic review and meta-analysis supports that neutrophil gelatinase-associated lipocalin 
(NGAL) can reliably predict acute tubular necrosis (ATN) among patients with decompensated cirrhosis. 2. The pooled 
diagnostic odds ratio of 22.15 (95%CI: 17.58-27.89) from 14 studies indicates a strong correlation between high urinary 
NGAL levels and the presence of ATN in cirrhosis patients with acute kidney injury.

Citation: Agrawal N, Louis-Jean S, Ladiwala Z, Adnani H, Kamal A, Karpman M, Fleisher AS, Singh S. Reliability of neutrophil 
gelatinase-associated lipocalin in detecting acute tubular necrosis in decompensated cirrhosis: Systematic review and meta-analysis. 
World J Hepatol 2024; 16(11): 1331-1338
URL: https://www.wjgnet.com/1948-5182/full/v16/i11/1331.htm
DOI: https://dx.doi.org/10.4254/wjh.v16.i11.1331

INTRODUCTION
Renal dysfunction in cirrhosis is associated with higher morbidity and mortality rates, which has led to the need for early 
and reliable identification. The causes of renal dysfunction in cirrhosis is multifactorial, often propagated by processes 
such as hypovolemia, nephrotoxins, endotoxins, and hepatorenal syndrome (HRS)[1,2]. In patients with cirrhosis there 
are different classifications of renal dysfunction, which are categorized based on (1) acuity and (2) cause of the 
dysfunction, such as prerenal azotemia, HRS-acute kidney injury (AKI), intrinsic renal/parenchymal disease, and post-
renal disease[3].

Regardless of the precipitant, patients who do not have any improvement in renal dysfunction progress to HRS, which 
has a higher rate of mortality with reversibility only achieved through liver transplant[1,3]. Due to the tenuous nature of 
HRS, a stringent set of criteria, which has been reflected in the Model for End-Stage Liver Disease (MELD) score, has 
included serum creatinine[1]. Studies have shown that the sensitivity of serum creatinine levels in patients with cirrhosis 
were low[4]. Additionally, serum creatinine has not been shown to be a reliable identifier in tubulointerstitial or vascular 
damage, as eGFR, which it calculates, remains preserved in these pathological states. AKI in cirrhosis, due to its acuity, 
can be sans renal structural changes and consequently not associated with serum creatinine elevations[3,5]. Thus, serum 
creatinine is not a reliable biomarker to determine renal dysfunction in cirrhotic patients.

An emergence of new biomarkers is being used to differentiate structural and functional AKI in patients with cirrhosis
[3]. NGAL has been shown to be a highly sensitive biomarker for ischemic AKI and is noted to be a good predictor of 
mortality in declining renal function[6]. NGAL is released in the setting of renal regeneration following tubular damage, 
caused by prerenal azotemia, ischemia, nephrotoxic exposure, and sepsis. NGAL levels can be detected in plasma or 
urine within two hours of AKI onset with a peak concentration occurring within 6 hours. The degree of NGAL elevation 
is often reflective of the severity and duration of ischemia, which makes it a reliable marker for the detection of acute 
tubular necrosis (ATN)[6]. In this systematic review, we explore its utility in identifying ATN in patients with cirrhosis.

MATERIALS AND METHODS
Search strategy
A comprehensive search strategy was designed to identify relevant studies in the PubMed and MEDLINE databases. The 
following keywords were utilized to retrieve potentially eligible articles: ("Biomarker" OR "biomarkers" OR "biological 
marker" OR "biological markers") AND ("acute kidney injury" OR "renal injury" OR "kidney damage" OR "kidney 
dysfunction" OR "nephropathy" OR "kidney impairment") AND ("decompensated cirrhosis" OR "advanced cirrhosis" OR 

https://www.wjgnet.com/1948-5182/full/v16/i11/1331.htm
https://dx.doi.org/10.4254/wjh.v16.i11.1331
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"end-stage liver disease" OR "cirrhotic decompensation" OR "decompensated liver disease" OR "severe liver 
dysfunction"). The search was limited to articles written in English. Supplementary Table 1 discusses the PICO 
formulated for this study.

Study selection
The study selection involved a two-step screening process using the Covidence platform. Two independent reviewers 
were assigned to screen titles and abstracts of the identified studies based on the inclusion and exclusion criteria. The 
inclusion criteria encompassed studies involving patients aged 18 years and older with decompensated cirrhosis, and 
different types of biomarkers. The exclusion criteria involved animal studies and studies related to pregnancy.

In situations where conflicts in decision-making arose, a third reviewer was consulted to provide a consensus on the 
inclusion of the study. The final set of included studies underwent a full-text review to ensure alignment with the 
research objectives. This rigorous screening process aimed to minimize bias and ensure that only studies meeting the 
predefined criteria were included in the systematic review. Figure 1 shows the PRISMA flowchart depicting the process 
of study inclusion and exclusion.

Data extraction
Data were extracted from the selected studies using a standardized data extraction method. Two independent reviewers 
performed the data extraction process, and any discrepancies were resolved through discussion and consultation with a 
third reviewer when necessary. The extracted data were as follows; author(s) and year, study design, sample size, sex, 
biomarkers, and outcomes.

Data synthesis
In the process of data synthesis, we employed a multifaceted approach to comprehensively analyze the relationship 
between NGAL biomarker and kidney function in patients with decompensated cirrhosis. Descriptive analyses were 
conducted to provide a comprehensive overview of key study characteristics. Our findings were illustrated using forest 
plots to demonstrate effect sizes and confidence intervals from individual studies in the meta-analysis. Funnel plots were 
utilized to assess potential publication bias. This comprehensive synthesis was used to elucidate the intricate interplay of 
biomarkers and kidney function in this complex clinical context.

RESULTS
Twenty-one cohort studies were included in the analysis. Of which, the data points of 3701 patients with cirrhosis were 
analyzed. The mean age of the participants was 54.49 ± 8.34 years. The majority of the participants, 2591 (76%), are male 
(3 studies excluded). The mean serum creatinine level is 1.45 ± 0.65 mg/dL (7 studies excluded). The mean international 
normalized ratio (INR) is 1.46 ± 0.41, (11 studies excluded). The mean MELD score is 19.04 ± 5.05, (1 study excluded; 
Supplementary Table 2). The diagnostic odds ratio (DOR) of 14 studies [pooled DOR: 22.150, (95%CI: 17.58-27.89), P < 
0.0001] demonstrated a significant association between urine NGAL levels and ATN, in comparison to other types of AKI 
(Figure 2). Following stratification by cirrhosis status, heterogeneity was analyzed and showed a significant non-zero 
correlation between NGAL and AKI (CMH statistic = 702.19, P < 0.0001), which is presented by a funnel plot in Figure 3. 
Furthermore, a forest plot demonstrating the area under the receiver operating characteristic curve (AUROC) for the 
urine NGAL marker predicting the diagnosis of AKI was performed (Figure 4A). The pooled estimate for AUROC was 
0.85 (95%CI: 0.78-0.92), 11 studies excluded. Table 1 presents data from 13 different studies, each reporting the event rate 
or sample size and the corresponding proportion (%) with 95%CI. The total combined event rate across all studies is 
34.38% (95%CI: 32.07%-36.75%), with a total sample size of 1623 participants. The forest plot (Figure 4B) shows the 
illustrative form of mortality in decompensated cirrhosis patients with AKI.

DISCUSSION
Renal dysfunction is a common phenomenon affecting approximately 30%-50% of patients with advanced cirrhosis, with 
the poorest outcomes observed among those with HRS and ATN[7]. In a multi-center case series conducted in the United 
States, of 2063 patients included in the analysis, 53% of individuals with ATN experienced mortality within 90 days, 
whereas those with HRS and pre-renal AKI had an associated 90-day mortality of 49% and 22%, respectively[7]. 
Considering the higher mortality rates in ATN, early identification of this process is crucial.

NGAL, a secretory protein derived from secondary granules of human neutrophils has been shown to predict outcome 
and severity of AKI with a high degree of accuracy and has notably had significant predictive and prognostic value in 
several disease processes[8,9]. The synthesis of NGAL is upregulated rapidly in ischemia-reperfusion-induced AKI, and 
its role is both renoprotective and regenerative[9]. It is completely reabsorbed by the proximal tubules, leading to reduced 
urinary levels. Its uptake by proximal tubular cells leads to reduced tubular damage, apoptosis, and increased cellular 
proliferation[9]. NGAL is also known to increase in cardiovascular diseases, cardiac surgery, sepsis, acute exacerbation of 
obstructive pulmonary diseases, and acute and chronic inflammatory states, such as sepsis, acute on chronic liver disease, 
and CKD[9,10]. These pathological states lead to the unpredictable release of NGAL from both hematopoietic and non-
hematopoietic stem cells, including the colon, trachea, lung, and renal epithelium.

https://f6publishing.blob.core.windows.net/82d71605-b1cf-4c4b-ae91-d6a290703388/99714-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/82d71605-b1cf-4c4b-ae91-d6a290703388/99714-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/82d71605-b1cf-4c4b-ae91-d6a290703388/99714-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/82d71605-b1cf-4c4b-ae91-d6a290703388/99714-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/82d71605-b1cf-4c4b-ae91-d6a290703388/99714-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/82d71605-b1cf-4c4b-ae91-d6a290703388/99714-supplementary-material.pdf
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Table 1 Meta-analysis of mortality among decompensated cirrhosis patients with acute kidney injury across different studies

Studies Event/ sample size Proportion (%) (95%CI)

Ariza et al[11], 2015 14/51 27.45 (15.89%-41.74%)

Gungor et al[16], 2014 28/64 43.75 (31.37%-56.72%)

Allegretti et al[17], 2021 71/213 33.33 (27.04%-40.10%)

Gambino et al[12], 2023 57/162 35.19 (27.86%-43.07%)

Huelin et al[18], 2019 62/199 31.16 (24.79%-38.09%)

Krishna Reddy et al[19], 2020 60/107 56.07 (46.15%-65.66%)

Napoleone et al[20], 2022 88/220 40.00 (33.47%-46.80%)

Udgirkar et al[13], 2020 28/94 29.79 (20.79%-40.10%)

Yewale et al[14], 2023 12/139 8.63 (4.54%-14.59%)

Belcher et al[21], 2014 39/188 20.74 (15.19%-27.25%)

Jiang et al[22], 2018 65/99 65.66 (55.44%-74.91%)

Jo et al[23], 2019 34/87 39.08 (28.79%-50.13%)

Total 558/1623 34.38 (32.07%-36.75%)

Figure 1  PRISMA flowchart detailing study selection.

NGAL is synthesized in three different molecular forms, a 25k-Da monomer, 45-kDa disulfide-linked homodimer, and 
a 135-kDa heterodimer[9]. The kidney is known to secrete monomeric NGAL during states of stress, such as urinary tract 
infections and AKI, with the heterodimeric form having low concentrations in AKI. Additionally, performance in 
critically ill or septic patients showed low overall diagnostic accuracy[9]. The liver has also been associated with 
elevations in blood NGAL levels with patients with hepatocellular carcinoma and chronic liver disease demonstrating 
greater elevations and higher mortality rates. Conversely, the presence or absence of cirrhosis did not indicate a 
difference in NGAL levels[10]. Nevertheless, the performance of NGAL has been shown to increase with the severity of 
AKI, although recent studies demonstrate an AUROC of < 0.70 in predicting progression to severe AKI[9].

Of the 21 studies included in this analysis, 14 showed NGAL was statistically significant in the identification of ATN 
over other types of AKI. The mean NGAL value for detecting ATN was 672.12 ug/g (95%CI: 636.22-708.02). The mean 
cutoff NGAL value was 279.11 ug/g (95%CI: 260.60-297.61). However, there weren’t enough data points among all the 
studies to calculate a true positive or negative predictive value. Additionally, the bivariate nature of the conventional 
expressions of the test performances, threshold differences, and heterogeneity among the studies made simple pooling of 
the data inappropriate for an overall analysis. Thus, a pooled DOR was conducted, indicating a non-zero slope of 22.15, 
(95%CI: 17.58-27.89, P < 0.0001), which suggests NGAL had a high ATN predictability.
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Figure 2 Forest plot showing the association between the urine neutrophil gelatinase-associated lipocalin biomarker and acute tubular 
necrosis in hospitalized patients with cirrhosis. OR: Odds ratio; lcl: Lower confidence limit; ucl: Upper confidence limit; prob: Probability.

Figure 3  Funnel plot demonstrating the publication bias among the included studies.

The mean AUROC for 13 of the studies that assessed AKI predictability of NGAL was 0.85 (95%CI: 0.83-0.86), with a 
mean of 0.88 (95%CI: 0.86-0.90) seen among 7 studies that assessed the ability of NGAL to detect ATN. Two of the studies 
did not assess AUROC, and one study analyzed the role of NGAL in HRS. Analysis of the progression to severe AKI 
could not be determined from the available data points, although Ariza et al[11] and Gambino et al[12], reported NGAL 
values of 437 ug/g (range 92–2515) and 1269 (range 282–2782) in AKI stage 3, respectively, suggesting higher levels of 
NGAL in these two studies were associated with higher AKI severity.

There was a 34.38% mortality rate among the total of 1623 participants included in the overall analysis. The NGAL 
values associated with mortality ranged from 159 to 717.17 ug/g, whereas the proportion of living participants had a 
range of 38 to 331.65 ug/g. This indicated that higher levels of NGAL were associated with a greater likelihood of 
mortality, although only four studies assessed 90-day mortality rates, whereas two focused on 30-day mortality. The 
highest mean NGAL value associated with 30-day mortality was 717.17 ± 494.26 ug/g, with a 6.5 positive likelihood ratio 
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Figure 4 Forest plots demonstrating the neutrophil gelatinase-associated lipocalin predictiveness and mortality in decompensated 
cirrhosis patient with acute kidney injury. A: Forest plot showing the area under the curve for urine neutrophil gelatinase-associated lipocalin predictiveness 
of acute kidney injury in decompensated cirrhosis patients. The pooled estimate demonstrates the cumulative result of all the studies combined; B: Forest plot of the 
meta-analysis of mortality among decompensated cirrhosis patients with acute kidney injury across different studies. The lower diamond in the graph demonstrates 
the cumulative result of all the studies combined.

and zero negative likelihood ratio, as reported by Udgirkar et al[13]. There were limited studies evaluating the role of 
NGAL in HRS. In our analysis, Yewale et al[14] was the only study that assessed this relationship. The authors reported 
an AUROC of 0.74, with a statistically non-significant sensitivity of 77.8% and specificity of 68.7% (P = 0.016).

The mean MELD score was 19.04 ± 5.05, with highly variable scores appreciated among the included studies. MELD 
score is an independent predictor of mortality, that is calculated by using the following biomarkers: serum bilirubin 
(mg/dL), INR, and serum creatinine (mg/dL)[15]. The MELD scores from the analyzed studies showed statistical 
significance between the MELD score range and the occurrence of AKI. The χ2 test yielded a χ2 statistic of 89.04, with a 
degree of freedom of 3 (P < 0.0001) suggesting a positive association with higher MELD scores and worsening AKI. 
However, considering MELD is not calculated using NGAL levels, it is unclear the degree to which the biomarker could 
affect the MELD score and overall mortality prediction, especially as NGAL levels may not be expressed in patients with 
cirrhosis. Conversely, the causes of cirrhosis, such as alcohol, hepatitis B virus, hepatitis C virus, metabolic dysfunction-
associated steatotic liver disease, cryptogenic, or autoimmune causes in AKI and NGAL detection were not explored in 
the included studies.

In this systematic review and meta-analysis, the study purpose was to identify the reliability of NGAL in recognizing 
renal dysfunction in patients with decompensated cirrhosis, and its role as a predictor for mortality within the same 
subset of patients. Through our literature review, the majority of studies that involved NGAL in renal dysfunction 
focused mainly on AKI or ATN. Due to the higher mortality outcomes in ATN and larger abundance of data, analysis of 
the predictability and reliability of NGAL in ATN was pursued as the primary focus. Based on the study inclusion 
criteria, 7 studies were excluded due to lack of data availability to do the analysis, which in turn reduced confounding 
variables in the analysis of NGAL. Overall, this limited the evaluation of the predictability and performance of the 
biomarker in patients with comorbidities associated with NGAL elevation.

Considering the assays needed to differentiate between monomeric and heterodimeric forms of NGAL might differ 
depending on institutional resources, interpretation of NGAL may be variable and difficult to interpret. Its overall utility 
may be questionable in septic or critically ill patients. Additionally, the data on HRS also remains to be further elucidated, 
but this may prove to be difficult as the management standard of the condition follows an algorithm that seeks HRS 
identification as a diagnosis of exclusion. Further exploration in understanding NGAL in HRS-AKI and HRS-CKD is 
needed. Nevertheless, a significant association exists with urine NGAL levels and the presence of ATN in patients with 
cirrhosis.

Our analysis revealed significant heterogeneity among the included studies, particularly in terms of NGAL assay 
techniques, patient populations, and definitions of AKI and ATN. Various methods were used to measure urine NGAL 
levels, including enzyme-linked immunosorbent assay (ELISA), chemiluminescent immunoassay, and other 
immunoassay techniques. These differences in assay methods can lead to variability in NGAL measurements, potentially 
affecting the interpretation and comparability of results across studies.

To address this limitation, future research should focus on standardizing NGAL detection techniques. We recommend 
utilizing consistent methods, such as a specific type of ELISA or chemiluminescent immunoassay, to reduce variability 
between studies. Additionally, adopting universally recognized standards for defining AKI and ATN, such as the Kidney 
Disease Improving Global Outcomes criteria, would enhance the comparability and clinical applicability of findings.

CONCLUSION
Due to the increased morbidity and mortality associated with renal dysfunction in patients with decompensated cirrhosis, 
early identification is crucial in mobilizing early management strategies. The standard use of serum creatinine 
underpredicts renal dysfunction in cirrhosis due to preserved eGFR and parenchymal structure, as is the case with ATN 
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and HRS. The findings of this systematic review and meta-analysis supports that NGAL can reliably predict ATN among 
patients with decompensated cirrhosis.
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