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ABSTRACT

Acute kidney injury (AKI) and chronic kidney disease (CKD) are common conditions among patients with
cirrhosis whose development is associated with increased morbidity and mortality. Recurrent episodes of AKI
within this population can ultimately lead to CKD, while patients with underlying CKD are in turn more
likely to experience AKI. Determining the etiology of kidney dysfunction in the setting of cirrhosis is often
challenging given the considerable limitations of currently available diagnostic tools. Ongoing research into
the role of novel serum and urine biomarkers may allow for more timely diagnosis and treatment of kidney
injury among patients with cirrhosis. This review provides an overview of kidney dysfunction in cirrhosis
with a focus on the role of these emerging biomarkers for diagnosis of AKI and CKD.
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Abbreviations: AKD: acute kidney disease; AKI: acute kidney injury; ATN: acute tubular necrosis; AVP:
arginine vasopressin; CKD: chronic kidney disease; CTP: Child-Turcotte-Pugh; eGFR: creatinine-based
estimation of GFR; FENa: fractional excretion of sodium; GFR: glomerular filtration rate; HRS: hepatorenal
syndrome; ICA: International Club of Ascites; IL: interleukin; KDIGO: Kidney Disease Improving Global
Outcomes; KIM: kidney injury molecule; L-FABP: liver-type fatty acid binding protein; MASH: metabolic
dysfunction-associated steatohepatitis; MCP-1: monocyte chemoattract protein-1; MELD: model for end-stage
liver disease; miRNA: microRNAs; NAG: N-acetyl-B-D-glucosaminidase; NGAL: neutrophil-gelatinase-
associated lipocalin; PAMP: circulating pathogen-associated molecular pattern; RRI: renal arterial resistive
index.

INTRODUCTION

Kidney dysfunction occurs
commonly among patients
with cirrhosis and is a feared
complication. For example, acute
kidney injury (AKI) is present at
admission or develops in about
20% of hospitalized patients.
Its development often portends
a grim prognosis, increasing
mortality seven-fold to 67% at
12 months [1]. Furthermore,
AKI and chronic kidney disease
(CKD) not only negatively
impact patient outcomes but are
also associated with increased
healthcare utilization and costs
within this vulnerable population
[2-4].

In fact, kidney dysfunction has been classified into two
categories: AKI and CKD. However, current consensus
guidelines also recognize an intermediate stage, acute kidney
disease (AKD), which bridges AKI and CKD. Patients with
persistent AKI lasting beyond 7 days but without established
CKD fall into this category. Growing evidence indicates that
AKD carries prognostic significance, predicting increased
risk of progression to CKD, recurrent AKI, and death [5, 6].
Early detection and prevention of kidney disease in cirrhotic
patients is therefore essential to optimizing patient outcomes.

PATHOPHYSIOLOGY OF KIDNEY
INJURY IN CIRRHOSIS

The pathophysiology of kidney injury in patients with
cirrhosis is complex, multifactorial, and involves the interplay
of circulatory, inflammatory, and cellular mechanisms.
Traditionally, hemodynamic alterations have been considered
the central driver — as cirrhosis progresses, it leads to clinically
significant portal hypertension and subsequent splanchnic
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vasodilation, resulting in decreased effective arterial volume
and compensatory activation of the renin-angiotensin-
aldosterone and sympathetic nervous systems and non-
osmotic release of vasopressin [7]. These pathways promote
renal vasoconstriction, sodium and water retention, and a
reduction in glomerular filtration rate (GFR). This cascade
of events commonly leads to the development of hepatorenal
syndrome (HRS), considered primarily a functional disorder
without intrinsic renal damage [8].

While a hyperdynamic circulation with increased cardiac
output and reduced systemic vascular resistance is characteristic
of cirrhosis, progression of disease leads to an impaired ability
to compensate for the aforementioned hemodynamic changes
[9], a condition referred to as cirrhotic cardiomyopathy
[10]. Affected patients have impaired cardiac contractility,
electrophysiological abnormalities, and impaired systolic and
diastolic dysfunction, which may further exacerbate renal
hypoperfusion and contribute to kidney injury [11, 12].

However, this hemodynamic model does not fully account
for the spectrum of kidney injury observed in cirrhosis.
Increasing evidence demonstrates that systemic inflammation,
endothelial dysfunction, and immune dysregulation also play
key roles. Portal hypertension increases intestinal permeability,
leading to bacterial translocation and the release of associated
products including endotoxins into the systemic circulation that
trigger an inflammatory cascade [13]. Circulating pathogen-
associated molecular patterns (PAMPs) and cytokines such
as tumor necrosis factor-alpha, interleukin (IL) 6, IL-1-beta,
and complement pathways activate systemic inflammation,
resulting in widespread endothelial activation and oxidative
stress [14, 15]. This inflammatory milieu results in renal
microcirculatory dysfunction, reduces capillary density, and
induces tubular cell dysfunction, rendering the kidneys more
vulnerable to additional insults [16].

Microvascular injury also plays a pivotal role. Endothelial
dysfunction leads to an imbalance between vasodilatory and
vasoconstrictive mediators within the renal microcirculation,
producing regional hypoxia, particularly in the outer medulla,
which is highly susceptible to ischemic injury. Repeated
episodes of reduced perfusion may transition functional
vasoconstriction into true structural damage, including
acute tubular injury. In addition, bile cast nephropathy
(also called cholemic nephropathy) has been recognized
as a cause of structural renal injury in patients with severe
hyperbilirubinemia. Toxic bile acid accumulation within
renal tubules promotes obstruction and direct cytotoxicity,
contributing to tubular injury and renal dysfunction [17].
Adrenal dysfunction, or “relative adrenal insufficiency”,
frequently occurs in advanced cirrhosis due to chronic
systemic inflammation and hypothalamic-pituitary-adrenal
axis dysregulation, further compromising vascular tone and
renal perfusion [18].

Finally, patients with cirrhosis are especially prone
to secondary renal insults, such as hypovolemia from
gastrointestinal bleeding or over-diuresis, nephrotoxic
drug exposure (e.g., nonsteroidal anti-inflammatory drugs,
aminoglycosides, or iodinated contrast), and infections, that
may precipitate acute tubular necrosis (ATN) superimposed
on baseline functional impairment [19]. Consequently, kidney
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injury in cirrhosis should be viewed as a dynamic process
along a continuum, where purely functional (hemodynamic)
derangements can evolve into structural and inflammatory
injury over time.

To summarize, kidney injury in cirrhosis results from
the interplay of hemodynamic dysfunction, systemic
inflammation, and structural tubular injury. Progressive
splanchnic vasodilation and neurohormonal activation
reduce effective arterial volume and drive functional renal
impairment, while bacterial translocation and cytokine
release promote endothelial dysfunction, microcirculatory
derangements, and oxidative stress. Recurrent hypoperfusion
and inflammatory injury ultimately transition function injury
(e.g., HRS), into structural damage such as ATN or bile cast
nephropathy. This continuum illustrates why differentiation
of AKI phenotypes is challenging and highlights the need for
biomarkers the reflect specific pathways of injury.

MANIFESTATIONS OF RENAL
IMPAIRMENT IN CIRRHOSIS

Renal dysfunction in cirrhosis can present along a
spectrum ranging from AKI to AKD to CKD. Recognition
of this continuum is important, as each stage carries distinct
implications for prognosis, management, and potential
reversibility.

Acute Kidney Injury

The International Club of Ascites (ICA) has redefined AKI
in cirrhosis to align with Kidney Disease Improving Global
Outcomes (KDIGO) criteria as an increase in serum creatinine
by 0.3 mg/dL within 48 hours or a 50% increase from baseline
within 3 months (Table I) [20]. This uses dynamic changes in
serum creatinine rather than fixed thresholds, allowing for even
small increases in creatinine to have prognostic significance.

AKI is commonly the result of prerenal, intrinsic renal,
and postrenal causes. Prerenal AKI related to intravascular
hypovolemia may be due to over-diuresis, diarrhea related to
lactulose therapy for hepatic encephalopathy, post-paracentesis
circulatory dysfunction, gastrointestinal bleeding, and poor
oral intake [21]. HRS-AKI is a specific type of prerenal AKI
that occurs in patients with cirrhosis with ascites and is
characterized by severe renal vasoconstriction in the absence
of hypovolemia or renal parenchymal abnormalities [22].
HRS type 1, which was defined in part by a doubling of serum
creatinine to > 2.5 mg/dL in less than 2 weeks, has now been
replaced by the newly defined HRS-AKI, enabling earlier
detection of renal dysfunction using the AKI definition above.
The diagnosis requires exclusion of other causes of renal
dysfunction such as acute tubular necrosis (ATN), prerenal
azotemia, or current/recent use of nephrotoxic agents.

Intrinsic renal diseases include a variety of etiologies such
as ATN, which occurs due to prolonged renal hypoperfusion.
ATN in cirrhosis frequently results from sepsis and exposure
to nephrotoxic medications or radiocontrast [23], is often
associated with significant morbidity and mortality, and may
require renal replacement therapy. Other etiologies of intrinsic
renal diseases may be related to patients’ comorbidities, such as
glomerulonephritis due to hepatitis B or C infections, diabetic
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nephropathy, or hypertensive nephrosclerosis [24]. Post-
renal causes, although less common, result from obstructive
secondary to nephrolithiasis or malignancy.

Acute Kidney Disease

Acute kidney disease refers to kidney dysfunction lasting
between 7 and 90 days and represents an intermediate
stage between AKI and CKD. In cirrhosis, AKD may result
from incomplete recovery from AKI, ongoing exposure
to nephrotoxic factors, or persistent hemodynamic and
inflammatory stress [5, 6]. Patients with AKD are at particularly
high risk for progression to CKD and for recurrent episodes of

decompensation. Despite its clinical importance, AKD remains
underrecognized in cirrhosis, and there is limited guidance on
monitoring and intervention.

Chronic Kidney Disease

Chronic kidney disease is increasingly observed among
patients with cirrhosis given the rising prevalence of commonly
encountered comorbidities such as diabetes and hypertension,
particularly in patients with metabolic dysfunction-associated
steatohepatitis (MASH) [28]. Chronic kidney disease is defined
by a reduction in estimated glomerular filtration rate to less
than 60 mL/min/1.73m? for more than three months (TableI).

Table I. Mechanisms of action and injury and available studies of emerging biomarkers in diagnosing AKI and/or CKD in patients with cirrhosis

Biomarker Mechanism Mechanism of Injury AKI studies CKD studies
Cystatin C Cysteine protease inhibitor produced by all Tubular dysfunction Maiwall et al. [43] Maiwall et al. [26];
(serum) nucleated cells Gerbes et al. [42];
Gonzalez et al. [47]
NGAL Glycoprotein, repairs and regenerates damaged Proximal tubular damage  Belcher et al.[54]; Yap ~Gambino et al.
(urine) tissue etal. [55]; Barreto et [57]; Fagundes et
al. [56]; Gambino et al. [62]
Modulates inflammation, upregulated in renal al. [57]; Fagundes et
tubular injury al. [62]
IL-18 Proinflammatory cytokine, promotes Proximal tubular damage  Tsai et al. [67]; Swidnicka-
(urine) inflammation and apoptosis Belcher et al. [54] Siergiejko et al. [69]
Expressed in proximal tubules, released in urine
Kidney injury Glycoprotein, facilitates phagocytosis of dead cells  Tubular damage Belcher et al. [80]; Limited
molecule-1 Lei et al. [76]
(KIM-1) Upregulated in renal proximal tubular epithelial
(urine) cells following injury

Liver-type fatty acid
binding protein
(L-FABP) (urine)

Protein, intracellular transport and metabolism

Minimizes oxidative damage in hepatocytes, aids
in regeneration

Tubular damage Juanola et al. [83]

Eguchi et al. [84];
Kamijo-Tkemori et
al.[85]

N-acetyl-B-D-

glucosaminidase (NAG)

Lysosomal enzyme, predominantly found in
proximal tubular epithelial cells

Tubular damage Kim et al. [92];

Fagundes et al. [93];

Gines et al. [94]

(urine) Verna et al. [95]
High mobility group box DNA-binding protein, proinflammatory mediator ~ Inflammatory mediator Verna et al. [95] Limited
1 (HMGB1)
(serum)
Osteopontin Glycoprotein, Tubular damage Limited Limited
(serum) Mediates liver fibrosis

Mediates systemic inflammation

Prevents nephrocalcinosis, promotes regeneration

of kidney
Alpha-1-microglobulin  Glycoprotein with antioxidant properties, protect ~ Proximal tubular Limited Limited
(AIM) (urine) from oxidative damage dysfunction
Beta-2-microglobulin Protein, part of MHC class I molecules on kidney  Elevation in serum reflects Limited Limited
(B2M) (serum, urine) surface glomerular dysfunction

Elevation in urine reflects
tubular dysfunction

Monocyte Chemokine promoting monocyte and Inflammatory mediator, Gonzalez etal. [99];  Puchades et al.
chemoattractant macrophage recruitment, associated with tubular damage Martin-Llahi et al. [101]
protein-1 (MCP) inflammation and fibrosis [100]
(serum, urine)
Copeptin Precursor peptide of arginine vasopressin Surrogate marker Moreau et al. [105]; Limited
(serum) of vasoconstriction, Briiensing et al. [106];

sympathetic overdrive Stenvinkel et al. [107]

AKT: acute kidney injury; CKD: chronic kidney disease, MHC: major histocompatibility complex.
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Chronic kidney disease in cirrhosis can be categorized into
structural CKD, resulting from intrinsic kidney damage, and
functional CKD related to circulatory and neurohormonal
imbalances [29]. Cirrhotic patients with CKD have poorer
outcomes compared to those without, including increased
mortality, higher hospital readmission rates, and higher
rates of end stage renal disease (ESRD) and eventual need
for dialysis [25, 30]. This is a consequence of challenges
encountered in fluid management, drug tolerance, and the
need for simultaneous liver and kidney transplant in advanced
cases. Several studies have identified pre-liver transplant CKD
as a predictor of decreased patient and graft survival following
liver transplant [30, 31].

The connection between AKI and CKD in patients with
cirrhosis is multifaceted. Several studies have demonstrated
that episodes of AKI in patients with cirrhosis frequently
lead to the development of CKD. For example, Bassegoda et
al. [25] found that 25% of cirrhotic patients who sustained
an episode of AKI developed CKD within 3 months of
diagnosis, compared to 1% of cirrhotic patients without AKI.
Maiwall et al. [26] similarly showed that 33% of patients with
cirrhosis progressed to CKD, and that development of CKD
was associated with a higher mortality. Risk factors for CKD
identified in this study include the severity and frequency
of AKI episodes, elevated baseline creatinine levels, and
higher model for end-stage liver disease (MELD) scores. The
proposed pathophysiological mechanisms underlying this
relationship include persistent renal hypoperfusion, systemic
inflammation, and maladaptive repair processes such as the
failed differentiation of epithelial cells following renal ischemia
leading to tubulointerstitial fibrosis [27].

DIFFICULTIES IN DIAGNOSIS KIDNEY
DISEASE IN CIRRHOSIS

Accurate diagnosis of kidney dysfunction in cirrhosis
is challenging. For example, the presence of ascites and
edema may mask changes in body weight and complicate
assessment of fluid status. Additionally, serum creatinine is
often inaccurate in this patient population given reduced
hepatic synthesis of creatine, a precursor of creatinine [32];
increased tubular secretion of creatinine despite significant
kidney impairment [33]; falsely low results in the setting of
hyperbilirubinemia, which can interfere with assays used to
measure serum creatinine, and sarcopenia leading to decreased
muscle mass [34].

Fractional excretion of sodium (FENa) is commonly used
to differentiate between prerenal and intrinsic causes of renal
injury. However, in patients with cirrhosis, FENa <1% poorly
discriminates between HRS and non-HRS causes of AKI
[35]. Recent studies suggest that lowering the cutoft improves
its diagnostic utility: FENa < 0.5% may identify HRS, and
values < 0.2% appear highly specific, though overlap with
other etiologies remain [36]. Additionally, the use of diuretics,
common in cirrhotic patients, can further complicate the
interpretation of FENa as they increase urinary sodium
excretion. Fractional excretion of urea (FEUrea), while not
significantly affected by diuretic use, has a significant margin of
diagnostic error in distinguishing HRS from non-HRS causes
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of AKI due to the complex interplay of factors affected renal
function such as altered intravascular volume status, altered
sodium handling, and decreased hepatic creatine synthesis in
patients with cirrhosis [37].

While advanced methods such as the clearance of
exogenous markers (e.g., iohexol) and renal biopsy are more
accurate, they are not always feasible. For example, iohexol
is a reliable method for measuring glomerular filtration rate.
However, this assay involves multiple blood samples over an
extended period, and it may equilibrate between blood and
ascitic fluid, necessitating prolonged sampling times to ensure
accurate measurements [38]. Renal biopsy, the definitive
gold standard for diagnosing intrinsic renal diseases, is often
contraindicated in patients with cirrhosis due to coagulopathy,
thrombocytopenia and the risk of other complications such as
infection and arteriovenous fistula formation [39].

The absence of reliable biomarkers and the cumbersome
nature of more reliable methods of quantifying renal function
are barriers to accurate determination of the extent and etiology
of renal impairment in patients with cirrhosis. Fortunately, the
role of novel serum and urine biomarkers to enable accurate
diagnosis of renal dysfunction and timely treatment in this
vulnerable population is a robust area of ongoing investigation.

EMERGING BIOMARKERS IN ASSESSING
KIDNEY DISEASES IN CIRRHOSIS

Novel serum and urinary biomarkers may address
several unmet clinical needs in the management of kidney
dysfunction in cirrhosis. Specifically, these biomarkers have the
potential to predict the development of AKI in at risk-patients
with cirrhosis; facilitate differential diagnosis among AKI
phenotypes such as prerenal etiologies, HRS-AKI, and ATN;
predict reversibility of renal injury; guide treatment response,
particularly to vasoconstrictor therapy in HRS-AKI; predict
progression from AKI to AKD and CKD; identify overlapping
AKl in patients with established AKD or CKD; and predict the
need for renal replacement therapy. Addressing these questions
is critical to move beyond the limitations of traditional
functional markers to enable precision medicine approaches
in the care of patients with cirrhosis. Table I summarizes the
mechanisms of action, pathways of injury, and available studies
evaluating these emerging biomarkers. Table II outlines the
predictive, diagnostic, and prognostic value of each biomarker,
along with their respective limitations.

Below is a discussion of the more well-established and
extensively studied biomarkers, highlighting their clinical
relevance, current utility in practice, and the strength of
supporting evidence. These biomarkers have undergone more
rigorous validation across diverse patient populations and have
shown more consistent associations with renal outcomes in
cirrhosis, making them particularly important for both clinical
decision-making and future research.

Cystatin C

Cystatin Cis a 13 kDa cysteine protease inhibitor produced
by all nucleated cells that is freely filtered by the glomerulus
and reabsorbed in the proximal tubules, making it a reliable
marker for estimating GFR [40].
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Table II. Predictive, diagnostic and prognostic values of emerging biomarkers in assessing kidney disease in cirrhosis

Biomarker Predictive value Diagnostic value Prognostic value Limitations
Cystatin C Early AKI detection, Greater accuracy than Predicts AKI and mortality; ~ Affected by steroids, thyroid
independent of muscle  creatinine for GFR MELD-Cystatin improves dysfunction, malignancy; varies
mass estimation in low-muscle ~ mortality prediction by assay
mass populations
NGAL Predicts AKI type Differentiate ATN from Predicts CKD progression Elevated in systemic inflammation
(pre-renal, HRS, HRS and pre-renal AKI and mortality and infections;
ATN), mortality, Assay availability
and terlipressin and
albumin response
IL-18 Elevated in ischemic Differentiates ATN from Associated with worse short-  Elevated in systemic inflammation;
AKI HRS and functional injury  term survival does not distinguish between other
functional etiologies of AKI
KIM-1 Predicts structural Elevated in AKI, including  Predicts CKD progression Elevated in both early stages of
injury (ATN) ATN and HRS and mortality protection in AKI and chronically
elevated in CKD, may differentiate
poorly between ATN and HRS,
poor sensitivity and specificity
L-FABP Early AKI and CKD Elevated in AKI, Associated with progression  Elevated with liver dysfunction;
detection particularly ATN to liver failure, predict Does not distinguish between
mortality other functional etiologies of AKI
NAG Early tubular injury Useful in differentiating Predicts need for renal Nonspecific; influenced by
detection before GFR ATN from prerenal replacement therapy and urinary infection and systemic
changes azotemia, HRS in mortality in cirrhosis; predict inflammation; Limited in
decompensated cirrhosis mortality predicting survival and response to
terlipressin
HMGB-1 Emerging marker for Distinguishes functional Associated with severity of Preclinical phase; nonspecific
inflammation-related versus structural injury AKI, transition from AKI to
injury (ATN) CKD, and multiorgan failure
and mortality
Osteopontin Early tubular injury Associated with fibrosis Predicts CKD progression Not explicitly studied in patients
marker in AKI and renal inflammation and mortality with cirrhosis and CKD; elevated
in various fibrotic/inflammatory
diseases
AIM Early tubular Indicates proximal tubule ~ Potential predictor of CKD Preclinical evidence and limited
dysfunction injury and rapid progression; higher  data in cirrhosis
mortality rates
B2M Rises earlier than Marker of proximal Predicts CKD progression Not directly studied in the context
creatinine in AKI tubular dysfunction and cardiovascular of AKI in cirrhosis; elevated
outcomes; Associated with by systemic inflammation and
progression of cirrhosis and ~ malignancy; unstable in acidic
hepatocellular carcinoma urine
in patients with chronic
hepatitis C
MCP-1 Predicts AKI severity Elevated in structural Predicts CKD progression Elevated in systemic inflammation
and fibrosis kidney injury (ATN) and liver disease
Copeptin Predicts onset of AKI Elevated in HRS and Associated with infection- Non-specific; can be influenced by

and mortality

systemic inflammation

related AKI and mortality

cardiovascular health and infection

GFR: glomerular filtration rate; Cr: creatinine, MELD: model for end-stage liver disease; HRS: hepatorenal syndrome, ATN: acute tubular
necrosis. For the rest of abbreviations see Table L.

Unlike serum creatinine, the levels of cystatin C are not
significantly influenced by age, gender, muscle mass, diet
or hyperbilirubinemia; as such, it is particularly useful in
detecting early kidney injury and mild reductions in GFR
which may be missed by serum creatinine.

Creatinine-based estimation of GFR (eGFR) is often
inaccurate in patients with cirrhosis due to muscle wasting
and hyperbilirubinemia. Cystatin C has therefore been found
to be superior to creatinine for early and accurate detection of
AKI, which is crucial for timely intervention and management

[41, 42]. Additionally, studies have found that cystatin C
is an independent predictor of AKI and death in patients
with cirrhosis. MELD-Cystatin, a predictive model that
incorporated cystatin C, was able to significantly outperform
traditional MELD and Child-Turcotte-Pugh (CTP) scores in
predicting mortality [43].

As for the use of cystatin C as a biomarker in assessing
CKD in patients with cirrhosis, cystatin C has been found
to be more sensitive than creatinine in detecting moderately
impaired renal function, particularly in females or those with
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CTP class C cirrhosis [42]. Similarly, several studies found that
cystatin C-based equations had better performance in terms
of bias, precision, and accuracy compared to creatinine-based
equations in predicting renal function and survival in patients
with cirrhosis [44, 45]. Importantly, combined equations such
as the CKD-EPI creatinine-cystatin equation and cirrhosis-
specific formulas such as the Royal Free Hospital and GRAIL
equations perform comparably or better than CKD-EPI
cystatin C alone, making them particularly useful in this
population [46, 47].

While cystatin C appears to be a promising biomarker for
estimating GFR, it is important to acknowledge its several
limitations. Most notably, cystatin C levels can be affected by
factors unrelated to kidney function such as steroid therapy,
thyroid dysfunction, and malignancy [48, 49]. Additionally, the
measurement of cystatin C can be affected by different assay
methods, leading to variability in results. Finally, there is no
universally accepted cutoff value for cystatin C in patients with
cirrhosis, leading to inconsistencies in clinical interpretation
and application [50].

Neutrophil Gelatinase-associated Lipocalin

Neutrophil-gelatinase-associated lipocalin (NGAL) is a
25 kDa glycoprotein that belongs to the lipocalin family of
carrier proteins. It is primarily involved in iron sequestration,
antimicrobial defense, and renal protection [51]. As it is
constitutively expressed in neutrophils and various epithelial
cells, it plays a role in modulation of inflammation, particularly
in the kidneys where it acts as a growth and differentiation
factor for renal epithelial cells, potentially aiding in the repair
and regeneration of damaged tissue [52]. Its ability to bind
siderophore-iron complexes may also play a role in protecting
renal cells from oxidative stress and injury where it is rapidly
upregulated in response to renal tubular injury [53].

With respect to the role of NGAL in distinguishing between
etiologies of AKI in patients with cirrhosis, NGAL levels have
been shown to be lowest for prerenal causes, intermediate for
HRS, and significantly higher for ATN [54, 55]. These findings
may highlight the progression from absence of tubular injury
(prerenal) to worsening kidney vasoconstriction (HRS) to
significant ischemic injury (ATN). In addition to its role in
differentiating between etiologies of AKI in patients with
cirrhosis, NGAL has been utilized to predict outcomes in
patients with cirrhosis and AKI. Studies found that NGAL was
independently predictive of patients at risk for spontaneous
bacterial peritonitis, responsiveness to terlipressin and albumin
in patients with HRS-AKI, and in-hospital mortality [56-58].

The role of NGAL in CKD is less well-established. However,
several studies have found that serum and urinary NGAL levels
are inversely related to eGFR, indicating that higher NGAL
levels correlate with worse renal function [59]. NGAL is also
associated with certain CKD-related complications such as
anemia via its inhibitory effects on erythropoiesis [60], and
fluctuates in association with markers of inflammation, such
as C-reactive protein, indicating its role in the inflammatory
response and anemia in CKD patients [61]. Furthermore,
NGAL has been shown to predict progression to AKD and
CKD independently of other factors such as age in patients
with cirrhosis [57].
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Thus, while NGAL is a promising biomarker for AKI and
CKD, its use has several limitations including its elevation
due to systemic inflammation, infections, and other non-renal
factors common in patients with cirrhosis [62]. Furthermore,
while NGAL can help differentiate between types of AKI such
as prerenal azotemia, HRS, and ATN, the overlap in NGAL
levels among these conditions can complicate the interpretation
and ability to determine a definitive diagnosis. Finally, NGAL
assays are not widely available in clinical practice. The resulting
lack of standardized reference materials limits the clinical
utility and consistency of NGAL measurements [63].

Interleukin-18

Interleukin-18 is a proinflammatory cytokine that is
primarily expressed in the proximal tubules of the kidneys
and is released into the urine when these cells are damaged,
such as during ischemia-reperfusion injury or ATN [64].
Interleukin-18 contributes to renal impairment by promoting
inflammation and apoptosis, thereby enhancing the expression
of the Fas ligand on tubular epithelial cells, which is involved
in tubular apoptosis [65], and through the upregulation of
additional proinflammatory cytokines and chemokines [66].

In clinical settings, urinary IL-18 levels serve as a biomarker
for AKI, particularly in distinguishing ATN from other forms
of renal impairment in patients with cirrhosis. Studies have
demonstrated that urinary IL-18 levels are significantly higher
in patients with ATN compared to those with functional renal
injury or HRS [54, 67]. In addition to differentiating between
these etiologies, urinary IL-18 is predictive of short-term
mortality in patients with cirrhosis [68].

In the context of CKD, IL-18 is also elevated and contributes
to renal inflammation and tubulointerstitial fibrosis [66]. While
IL-18 has been studied in cirrhosis primarily in the context
of promoting systemic inflammation and decompensation
[69], elevated IL-18 levels are also associated with worse renal
outcomes and increased cardiovascular mortality in patients
with CKD [70]. However, IL-18 has its limitations; in a large
cohort of 1,439 critically ill adult patients, urinary IL-18
demonstrated limited predictive ability for AKI, initiation of
renal replacement therapy, and 90-day mortality, suggesting
limited utility as a standalone population in heterogeneous
critically ill populations [71].

Kidney Injury Molecule-1

Kidney Injury Molecule (KIM) 1, also known as
T-cell immunoglobulin and mucin domain-1 (TIM-
1), is a transmembrane glycoprotein that functions as a
phosphatidylserine receptor that facilitates the phagocytosis
of apoptotic and necrotic cells, helping to clear cellular
debris and reduce inflammation [72]. KIM-1 is markedly
upregulated in renal proximal tubular epithelial cells following
injury and released into the urine and blood, leading to the
transformation of injured tubular cells into phagocytes, thereby
reducing inflammation and promoting tissue repair [73]. This
phagocytic activity is crucial for mitigating the inflammatory
response and facilitating renal recovery following acute injury
[74].

In cirrhosis, KIM-1 has been studied both in AKI and CKD.
Urinary KIM-1 levels are significantly elevated in patients with



Biomarkers of kidney disease in cirrhosis

269

ATN compared to those with pre-renal azotemia and HRS,
suggesting its utility in distinguishing between structural and
functional causes of kidney injury [54]. Moreover, KIM-1 has
been shown to predict adverse outcomes in patients with AKI,
including progression to CKD and mortality [75]. Additionally,
KIM-1 has been shown to better correlate with different CPT
classes when compared to creatinine [76].

In CKD, persistent elevations in KIM-1 are associated with
ongoing tubulointerstitial inflammation and fibrosis, mediated
through the secretion of chemokines and cytokines by KIM-
1-expressing tubular cells that exacerbate the inflammatory
milieu and fibrotic processes [77]. Higher plasma KIM-1 levels
are associated with histopathologic severity and progression to
end stage renal disease [78]. Thus, KIM-1 appears to play a dual
role: protective in early AKI through clearance of apoptotic
cells, but maladaptive in CKD where chronic expression
perpetuates inflammation and cirrhosis.

There are several limitations to the use of KIM-1 as a
biomarker in patients with cirrhosis. Although one would
expect a tubular injury marker to effectively distinguish HRS (a
functional renal disorder) from ATN, most studies demonstrate
that KIM-1 performs poorly in this setting [79]. In patients with
cirrhosis, its diagnostic performance is consistently inferior to
other tubular injury markers such as NGAL and IL-18 [80].
Finally, there is data to suggest that the concentration of KIM-1
can be influenced by the severity of liver disease (as indicated by
CPT class), which may confound its interpretation in patients
with decompensated cirrhosis [76].

Liver-type Fatty Acid Binding Protein

Liver-type fatty acid binding protein (L-FABP), also known
as FABP1, is a cytosolic protein predominantly expressed in the
liver, but also found in the kidney and intestines [81]. It plays
an important role in the intracellular transport and metabolism
of long-chain fatty acids and other hydrophobic molecules.
Additionally, it acts as an endogenous cytoprotectant by
minimizing oxidative damage in hepatocytes and influencing
cell differentiation and proliferation during liver regeneration
following various kinds of injuries [82].

Because L-FABP is expressed in renal proximal tubular
epithelial cells, it is released into the urine in response to renal
insults and thus may be a promising biomarker for AKI in
patients with cirrhosis. Juanola et al. [83] found that urinary
L-FABP levels were elevated in patients with AKI, especially
those with ATN. Additionally, the authors found that L-FABP
may be a valuable prognostic marker as urinary L-FABP levels
were independently associated with the 3-month clinical course
in patients with decompensated cirrhosis, specifically the
development of acute-on-chronic liver failure, and mortality.

In the context of CKD in patients with cirrhosis, serum
L-FABP levels are elevated in patients with cirrhosis and
correlate with BUN, creatinine, and GFR [84]. The use of
urinary L-FABP in CKD was validated by Kamijo-Ikemori
et al. [85], showing that it is a reliable and rapid method for
assessing renal tubular damage and early detection of CKD.

However, the application of L-FABP as a biomarker for AKI
and CKD in patients with cirrhosis has certain limitations.
First, L-FABP is produced by both the liver and the kidneys,
and thus elevated levels of L-FABP may reflect liver dysfunction

rather than renal injury, complicating the interpretation
of results [86]. Additionally, urinary L-FABP levels may
be elevated independent of intrinsic kidney injury due to
conditions common in cirrhosis such as systemic inflammation
and oxidative stress [87].

N-Acetyl-B-D-Glucosaminidase (NAG)

N-acetyl-B-D-glucosaminidase (NAG) is a lysosomal
enzyme predominantly found in the proximal tubular epithelial
cells of the kidney that plays a crucial role in the degradation
of glycoproteins and glycolipids. Because it is a large molecular
weight protein, it is typically not filtered through the glomerulus,
and thus its presence in urine is indicative of proximal tubular
cell damage [88]. Clinically, urinary NAG is used as a non-
invasive marker to detect early tubular dysfunction before
significant changes in GFR occur and is particularly valuable in
monitoring nephrotoxicity from environmental substances and
medications like aminoglycosides [89]. Additionally, urinary
NAG levels correlate with disease severity and can be used to
monitor progression of conditions such as IgA nephropathy
and autosomal dominant polycystic kidney disease [90, 91].

In patients with decompensated cirrhosis, urinary NAG
levels have been shown to rise in response to tubular damage
even before serum creatinine increases, offering the potential
for earlier detection of renal injury. Studies have demonstrated
that NAG may help differentiate structural (tubular) AKI from
functional forms such as HRS and prerenal azotemia [92].
Additionally, higher urinary NAG levels are independent
predictors of AKI development, need for renal replacement
therapy, and increased mortality in patients with cirrhosis,
suggesting its dual role in early detection and prognostication
in this patient population [93].

NAG has also shown utility in diagnosing CKD among
patients with cirrhosis. Persistent elevations in urinary NAG
may indicate subclinical tubular damage and help identify
patients at risk for progressive renal dysfunction, particularly
in the context of longstanding diuretic use, repeated episodes
of AKI, or comorbid conditions like diabetes and hypertension
[94]. However, while studies of NAG in cirrhosis primarily
focused on its role in detecting AKI, the findings are relevant
for CKD as both conditions involve renal tubular damage.

Despite its promise, there are important limitations
to the use of NAG in cirrhosis. First, NAG is a relatively
nonspecific marker, and its levels can be elevated in a range
of conditions including urinary tract infections, fever, and
systemic inflammation, common occurrences in patients
with advanced liver disease [95]. Additionally, urinary
dilution effects due to cirrhosis-associated volume changes
(e.g., ascites, hypoalbuminemia) may affect the accuracy of
NAG measurements. Its large molecular size also renders it
susceptible to variations in urinary flow rate and collection
technique, limiting reproducibility [96]. Finally, the role of
NAG is limited in predicting the survival and response to
terlipressin in patients with cirrhosis and HRS [97].

Monocyte Chemoattractant Protein-1

Monocyte chemoattract protein-1 (MCP-1), also known
as chemokine ligand 2 (CCL2) is a chemokine synthesized by
renal tubular cells, endothelial cells, and infiltrating leukocytes
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involved in the recruitment of monocyte and macrophages to
sites of tissue injury and inflammation. Once secreted, MCP-
1 binds to its receptor, CCR2, on monocytes and promotes
their migration into the kidney interstitium, contributing to
tubulointerstitial inflammation, tubular damage, and fibrosis
[98].

Clinical studies have demonstrated that urinary MCP-1
levels are elevated in patients with cirrhosis who develop
AKI due to structural causes, such as acute tubular necrosis
(ATN), compared to those with HRS or prerenal AKI. In a
prospective study of hospitalized patients with decompensated
cirrhosis, Gonzalez et al. [99] found that urinary MCP-1 levels
were significantly higher in patients with ATN compared
to those with HRS or normal kidney function. Elevated
MCP-1 was associated with higher levels of other structural
injury markers (e.g., NGAL, IL-18), supporting its role as a
noninvasive biomarker of tubular injury. Importantly, higher
urinary MCP-1 also predicted nonresponse to vasoconstrictor
therapy in HRS, suggesting it may help differentiate patients
with mixed injury phenotypes or early ATN superimposed
on HRS. Further supporting its prognostic utility, a study by
Martin-Llahi et al. [100] showed that increased urinary MCP-
1 levels were associated with worse short-term survival and
higher rates of renal replacement therapy in cirrhotic patients
with AKI, independent of serum creatinine levels.

In CKD, MCP-1 has been widely recognized as a marker
and mediator of progressive tubulointerstitial inflammation
and fibrosis. In patients with cirrhosis and concomitant CKD,
urinary and serum MCP-1 levels are elevated, reflecting chronic
immune activation and renal injury. A cross-sectional study
of cirrhotic outpatients by Puchades et al. [101] demonstrated
that urinary MCP-1 was independently associated with eGFR
decline and proteinuria, suggesting it may serve as a marker
of ongoing fibrotic processes even in the absence of acute
decompensation [101].

Despite its promise, MCP-1 has several limitations,
including a lack of specificity as MCP-1 levels can be elevated
in various conditions, including liver diseases, systemic
inflammatory states, and malignancies [102]. Additionally,
measurement of urinary MCP-1 is not yet standardized
in routine clinical labs and often requires ELISA-based
platforms, limiting its real-time utility. Finally, while useful in
distinguishing ATN from HRS, some overlap in MCP-1 levels
exists, particularly in patients with mixed injury patterns or
early-stage disease [103].

Copeptin

Copeptin is the C-terminal portion of the precursor
peptide of arginine vasopressin (AVP), a key effector in the
non-osmotic release of antidiuretic hormone in response to
arterial underfilling and systemic vasodilation — hallmark
features of advanced cirrhosis. Elevated copeptin levels indicate
activation of the hypothalamic-pituitary-adrenal axis and
correlate with vasoconstrictor tone, plasma renin activity, and
sympathetic overdrive [104]. Inflammatory cytokines such as
IL-6 and TNF-a also stimulate AVP release, linking copeptin
to systemic inflammation and bacterial translocation, both
of which contribute to renal dysfunction and spontaneous
bacterial peritonitis. However, unlike AVP, which is unstable
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and difficult to measure directly, copeptin is released in
equimolar amounts and is more stable in circulation, making
it a clinically accessible surrogate for vasopressin activity.

Several studies have demonstrated that copeptin levels are
significantly elevated in cirrhotic patients with AKI, particularly
in those with HRS or ATN, compared to those without kidney
injury. In a study by Moreau et al. [105], copeptin was markedly
increased in patients with AKI and systemic inflammation, and
its levels correlated with plasma renin and norepinephrine,
reflecting severe circulatory derangement. Briiensing et al.
[106] found that elevated copeptin levels were associated with
early AKI onset, poor response to albumin-vasoconstrictor
therapy, and worse survival in hospitalized cirrhotic patients.
Copeptin is also an independent predictor of SBP, even before
clinical signs appear. In a study by Stenvinkel et al. [107],
copeptin levels were significantly higher in patients with
culture-positive ascites and predicted infection-related AKI.

Although less studied than in AKI, copeptin is also
implicated in the progression of CKD in cirrhotic patients.
Chronic activation of the AVP axis contributes to renal
vasoconstriction, water retention, and impaired sodium
handling, promoting gradual renal dysfunction. In population-
based studies of CKD unrelated to liver disease, copeptin has
been associated with decline in eGFR and incident CKD [108].
In cirrhotic patients with stable but impaired renal function,
elevated copeptin may indicate persistent hemodynamic stress,
neurohormonal activation, and a higher risk of progression to
HRS or AKI during acute decompensation.

Despite its potential, the use of copeptin as a biomarker for
kidney injury has limitations. One significant limitation is its
lack of specificity. Copeptin levels can be elevated in various
conditions, including liver diseases, systemic inflammatory
states, and cardiovascular diseases, which can confound its
interpretation as a renal-specific marker [109]. Additionally,
factors such as age, gender, and hydration status can influence
copeptin levels, posing challenges for its clinical application.
Copeptin concentrations may rise early in decompensation but
plateau or decrease as organ failure progresses, complicating
serial interpretation in critically ill patients due to its non-linear
kinetics [110].

Biomarkers with Utility in Predicting CKD in Cirrhosis

While most biomarker studies in cirrhosis focus on acute
kidney injury, a consistent theme emerging across multiple
markers is their potential to stratify risk for chronic kidney
dysfunction. For many patients with cirrhosis, AKI represents
not an isolated event but a manifestation of underlying,
cumulative tubular stress and systemic inflammation.
Accordingly, several markers as above demonstrate promise in
predicting CKD and chronic tubular and interstitial damage.
Cystatin C remains the most validated marker for CKD in
cirrhosis, outperforming creatinine across multiple studies
and incorporated into CKD-EPI creatinine-cystatin equations
and liver-specific formulas such as the Royal Free and GRAIL
equations [46, 47].

Markers of tubular injury, including NGAL, KIM-1, L-FABP,
and NAG, have all been associated with persistent tubular
dysfunction and progressive eGFR decline in cirrhosis and non-
cirrhotic CKD populations. MCP-1, which reflects ongoing
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tubulointerstitial inflammation, has been independently linked
to eGFR decline and proteinuria in cirrhotic outpatients [101].
Taken together, these markers may identify cirrhotic patients
who are at highest risk of transitioning from recurrent AKI/
AKD to CKD, particularly those with metabolic comorbidities
or repeated decompensations.

DISCUSSION AND FUTURE DIRECTIONS

The interplay between cirrhosis and kidney disease presents
a multifaceted challenge with a profound impact on patient
outcomes and healthcare utilization. However, diagnosing
renal injury in cirrhosis is fraught with difficulties related to
the limitations of traditional biomarkers and the presence of
ascites and edema, which can obscure clinical assessments.
This underscores the urgent need for novel biomarkers to
improve the accuracy and timeliness of diagnosis. This review
provided a comprehensive overview of emerging biomarkers
for AKI, AKD, and CKD in assessing renal function, enhancing
diagnostic accuracy, and identifying optimal therapeutic
strategies in patients with cirrhosis.

Several biomarkers have shown utility in differentiating
functional (e.g., hepatorenal syndrome) from structural (e.g.,
acute tubular necrosis) causes of AKI, while others appear
more predictive of disease trajectory and response to therapy.
Copeptin, for example, reflects circulatory dysfunction and
systemic inflammation and has emerged as a promising
predictor of spontaneous bacterial peritonitis and AKI
onset. MCP-1 and high mobility group box 1 (HMGBI),
markers of immune activation, also appear to play key roles
in the inflammatory milieu associated with AKI in cirrhosis.
However, many of these biomarkers are primarily indicative
of tubular damage and are not intended for distinguishing
between functional etiologies of AKI such as prerenal azotemia
and HRS. Furthermore, clinical translation of these biomarkers
is hindered by a lack of standardization, limited validation
across diverse populations, and the influence of extra-renal
factors that can affect their specificity and interpretability.
Evaluated individually, each has demonstrated diagnostic
or prognostic promise. However, given the complex and
overlapping mechanisms of renal injury in cirrhosis, a
multi-marker strategy that integrates complementary signals
may better characterize disease trajectory and enhance risk
stratification. For example, studies evaluating combinations
such as NGAL and IL-18 [111], or cystatin C with tubular
injury markers, have demonstrated improved discrimination
between functional and structural AKI compared with
individual biomarkers alone [112]. Integrating markers of
tubular injury, inflammation, and hemodynamic stress into
composite panels may provide a more nuanced assessment of
renal injury phenotype and trajectory.

Notably, many of these biomarkers were originally validated
in the general population or non-cirrhotic CKD cohorts.
While some, such as NGAL and KIM-1, have undergone
more rigorous evaluation in cirrhosis, there remains a pressing
need for cirrhosis-specific biomarker panels that account
for the confounding effects of liver dysfunction, systemic
inflammation, and portosystemic shunting. In addition, most
studies have evaluated these biomarkers in the context of AKI,

with relatively less data on their role in CKD in cirrhosis, a gap
that limits our ability to identify at-risk patients during the
compensated phase of liver disease. Future clinical trials should
incorporate biomarker-guided strategies to inform enrollment,
stratification, and therapeutic decisions. For example, early
initiation of vasoconstrictors or albumin therapy in patients
with elevated biomarkers like NGAL, KIM-1, or copeptin could
improve outcomes if implemented prior to the appearance of
overt kidney injury by traditional measures. Similarly, trials
could explore whether biomarkers predict which patients
might benefit from early renal replacement therapy (RRT), thus
helping to refine timing and avoid unnecessary interventions.

Additional tools may aid in the diagnosis of renal dysfunction
in patients with cirrhosis. While the aforementioned biomarkers
are all protein-based, microRNAs (miRNAs) are emerging
as valuable biomarkers for assessing renal impairment in
patients with cirrhosis. These are short, non-coding RNAs
that regulate gene expression post-transcriptionally through
repression of their target mRNAs [113]. Experimental studies
have shown that specific miRNAs are associated with the
epithelial-mesenchymal transition, a key factor that determines
fibrogenesis and progression to CKD [114]. Because miRNAs
are stable in biological fluids and can be detected in urine
and plasma, they may be reflective of underlying kidney
pathology. For example, miRNAs such as miRNA-21, miRNA-
34a, miRNA-122, and miRNA-885-5p have been studied in
patients with cirrhosis and are associated with complications of
cirrhosis [115]. Additionally, miRNAs have shown potential in
differentiating between ATN and HRS and also correlate with
decreased eGFR, indicating their potential role in diagnosing
AKIT and CKD in patients with cirrhosis [116].

Imaging may also be used to guide diagnosis and
management of renal impairment in cirrhosis. For example,
the renal arterial resistive index (RRI) is a sonographic index
used to quantify alterations in renal blood flow that may occur
with renal diseases such as urinary obstruction, renovascular
disease, and several types of intrinsic renal disorders [117]. RRI
has increasingly been elevated in the context of AKI. A study
by Boddi et al. [118] found that critically ill patients with AKI
demonstrated a significantly higher RRI, which is associated
with persistent AKI at discharge and higher mortality. The
RRI is also elevated in patients with cirrhosis and CKD,
correlating with severity of liver disease and the development
of complications such as ascites and portal hypertension [119].
In fact, a study by Umbro et al demonstrated that a higher RRI
in patients awaiting liver transplantation was associated with
higher MELD and MELD-Na scores, indicating more advanced
liver dysfunction and renal impairment [120]. Nevertheless,
further research into diagnostic modalities of renal impairment
in this patient population is necessary to ensure adequate and
timely treatment.

CONCLUSIONS

The accurate diagnosis of kidney injury in cirrhosis remains
a major unmet need in hepatology and nephrology. While
serum creatinine continues to be the cornerstone of current
definitions, it is inadequate in capturing the true burden
and nature of kidney injury in this population. Emerging
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biomarkers offer valuable insights into the pathophysiological
processes underlying kidney injury and hold potential for
earlier diagnosis, differentiation of injury subtypes, and
improved prognostication. However, before these markers can
be routinely integrated into clinical practice, further research
is needed to validate them in well-phenotyped, prospective
cohorts of cirrhotic patients, including those with stable
CKD and recurrent decompensation. Multi-marker panels,
incorporating biomarkers of tubular injury, inflammation,
immune activation, and hemodynamic stress, may ultimately
provide a more robust and individualized approach to renal
risk stratification.

Conflicts of interest: None to declare.

Authors’ contribution: E.R. conceived the study, designed the work,
acquired and interpreted the data, and drafted the manuscript. D.R.
contributed to the study design, prepared the tables, and critically
revised the manuscript for important intellectual content. X.Y.
and E.S. contributed to data interpretation and critically revised
the manuscript for important intellectual content. A.B.J. provided
supervision, contributed to study design and interpretation, and
critically revised the manuscript for important intellectual content.
All authors approved the final version to be published and agree to
be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

REFERENCES

1. Fede G, DAmico G, Arvaniti V, Tsochatzis E, Germani G, Georgiadis
D, et al. Renal failure and cirrhosis: a systematic review of mortality
and prognosis. ] Hepatol. 2012;56(4):810-818. do0i:10.1016/j.
jhep.2011.10.016

2. Patel A, Zhang C, Minacapelli CD, Gupta K, Catalano C, Li Y, et al.
Outcomes, mortality, and cost burden of acute kidney injury and
hepatorenal syndrome in patients with cirrhosis. ] Gastrointestin Liver
Dis. 2023;32(1):39-50. doi:10.15403/jgld-4618

3. Karagozian R, Bhardwaj G, Wakefield DB, Verna EC. Acute kidney
injury is associated with higher mortality and healthcare costs in
hospitalized patients with cirrhosis. Ann Hepatol. 2019;18(5):730-
735. doi:10.1016/j.a0hep.2019.03.011

4. Alshogran OY, Altawalbeh SM, Almestarihi EM. Acute kidney injury
development and impact on clinical and economic outcomes in
patients with cirrhosis: an observational cohort study over a 10-year
period. Eur ] Gastroenterol Hepatol. 2023;35(4):497-504. doi:10.1097/
MEG.0000000000002520

5. Tonon M, Rosi S, Gambino CG, Piano S, Calvino V, Romano A, et al.
Natural history of acute kidney disease in patients with cirrhosis. J
Hepatol. 2021;74(3):578-583. doi:10.1016/j.jhep.2020.08.037

6. Patidar KR, Ma AT, Juanola A, Barone A, Incicco S, Kulkarni AV, et al.
Global epidemiology of acute kidney injury in hospitalised patients with
decompensated cirrhosis: the International Club of Ascites GLOBAL
AKI prospective, multicentre, cohort study. Lancet Gastroenterol
Hepatol. 2025;10(5):418-430. doi:10.1016/S2468-1253(25)00006-8

7. Sola E, Ginés P. Challenges and management of liver cirrhosis:
pathophysiology of renal dysfunction in cirrhosis. Dig Dis.
2015;33(4):534-538. doi:10.1159/000375344

] Gastrointestin Liver Dis, June 2026 Vol. 35 No 2: 263-275

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Adebayo D, Wong F. Pathophysiology of hepatorenal
syndrome - acute kidney injury. Clin Gastroenterol Hepatol.
2023;21(10S):S1-S10. doi:10.1016/j.cgh.2023.04.034

Krag A, Bendtsen E, Burroughs AK, Moller S. The cardiorenal link in
advanced cirrhosis. Med Hypotheses. 2012;79(1):53-55. d0i:10.1016/j.
mehy.2012.03.032

Ruiz-del-Arbol L, Serradilla R. Cirrhotic cardiomyopathy. World
J Gastroenterol. 2015;21(41):11502-11521. doi:10.3748/wjg.v21.
i41.11502

Nazar A, Guevara M, Sitges M, Terra C, Sola E, Guigou C, et al.
Left ventricular function assessed by echocardiography in cirrhosis:
relationship to systemic hemodynamics and renal dysfunction. J
Hepatol. 2013;58(1):51-57. doi:10.1016/j.jhep.2012.08.027

Krag A, Bendtsen F, Henriksen JH, Moller S. Low cardiac output
predicts development of hepatorenal syndrome and survival in patients
with cirrhosis and ascites. Gut. 2010;59(1):105-110. doi:10.1136/
gut.2009.180570

Ponziani FR, Zocco MA, Cerrito L, Gasbarrini A, Pompili M. Bacterial
translocation in patients with liver cirrhosis: physiology, clinical
consequences, and practical implications. Expert Rev Gastroenterol
Hepatol. 2018;12(7):641-656. doi:10.1080/17474124.2018.1481747
Bernardi M, Moreau R, Angeli P, Schnabl B, Arroyo V. Mechanisms
of decompensation and organ failure in cirrhosis: from peripheral
arterial vasodilation to systemic inflammation hypothesis. ] Hepatol.
2015;63(5):1272-1284. doi:10.1016/j.jhep.2015.07.004

Solé C, Sola E, Huelin P, Carol M, Moreira R, Cereijo U, et
al. Characterization of inflammatory response in hepatorenal
syndrome: relationship with kidney outcome and survival. Liver Int.
2019;39(7):1246-1255. doi:10.1111/1iv.14037

Shah N, Dhar D, El Zahraa MF, Habtesion A, Davies NA, Jover-Cobos
M, etal. Prevention of acute kidney injury in a rodent model of cirrhosis
following selective gut decontamination is associated with reduced
renal TLR4 expression. ] Hepatol. 2012;56(5):1047-1053. doi:10.1016/j.
jhep.2011.11.024

Kanduri SR, Velez JCQ. Kidney dysfunction in the setting of liver
failure: core curriculum 2024. Am J Kidney Dis. 2024;83(3):386-
401. doi:10.1053/j.ajkd.2023.08.013

Karagiannis AK, Nakouti T, Pipili C, Cholongitas E. Adrenal
insufficiency in patients with decompensated cirrhosis. World ] Hepatol.
2015;7(8):1112-1124. doi:10.4254/wjh.v7.i8.1112

Malakar S, et al. Understanding acute kidney injury in cirrhosis. World
] Hepatol. 2025;17(5):104724. doi:10.1016/j.xxx

Wong F. The evolving concept of acute kidney injury in patients
with cirrhosis. Nat Rev Gastroenterol Hepatol. 2015;12(12):711-
719. doi:10.1038/nrgastro.2015.174

Gupta K, Bhurwal A, Law C, Ventre S, Minacapelli CD, Kabaria S, et
al. Acute kidney injury and hepatorenal syndrome in cirrhosis. World
J Gastroenterol. 2021;27(26):3984-4003. doi:10.3748/wjg.v27.i26.3984
Fagundes C, Ginés P. Hepatorenal syndrome: a severe, but treatable,
cause of kidney failure in cirrhosis. Am J Kidney Dis. 2012;59(6):874-
885. doi:10.1053/j.ajkd.2011.12.032

Chancharoenthana W, Leelahavanichkul A. Acute kidney injury
spectrum in patients with chronic liver disease: where do we stand?
World ] Gastroenterol. 2019;25(28):3684-3703. doi:10.3748/wjg.v25.
i28.3684

Mucino-Bermejo MJ. Mechanisms of kidney dysfunction in the
cirrhotic patient: non-hepatorenal acute-on-chronic kidney damage
considerations. Ann Hepatol. 2020;19(2):145-152. doi:10.1016/j.
aohep.2019.06.022


https://doi.org/10.1016/j.jhep.2011.10.016
https://doi.org/10.1016/j.jhep.2011.10.016
https://doi.org/10.15403/jgld-4618
https://doi.org/10.1016/j.aohep.2019.03.011
https://doi.org/10.1097/MEG.0000000000002520
https://doi.org/10.1097/MEG.0000000000002520
https://doi.org/10.1016/j.jhep.2020.08.037
https://doi.org/10.1016/S2468-1253(25)00006-8
https://doi.org/10.1159/000375344
https://doi.org/10.1016/j.cgh.2023.04.034
https://doi.org/10.1016/j.mehy.2012.03.032
https://doi.org/10.1016/j.mehy.2012.03.032
https://doi.org/10.3748/wjg.v21.i41.11502
https://doi.org/10.3748/wjg.v21.i41.11502
https://doi.org/10.1016/j.jhep.2012.08.027
https://doi.org/10.1136/gut.2009.180570
https://doi.org/10.1136/gut.2009.180570
https://doi.org/10.1080/17474124.2018.1481747
https://doi.org/10.1016/j.jhep.2015.07.004
https://doi.org/10.1111/liv.14037
https://doi.org/10.1016/j.jhep.2011.11.024
https://doi.org/10.1016/j.jhep.2011.11.024
https://doi.org/10.1053/j.ajkd.2023.08.013
https://doi.org/10.4254/wjh.v7.i8.1112
https://doi.org/10.1016/j.xxx
https://doi.org/10.1038/nrgastro.2015.174
https://doi.org/10.3748/wjg.v27.i26.3984
https://doi.org/10.1053/j.ajkd.2011.12.032
https://doi.org/10.3748/wjg.v25.i28.3684
https://doi.org/10.3748/wjg.v25.i28.3684
https://doi.org/10.1016/j.aohep.2019.06.022
https://doi.org/10.1016/j.aohep.2019.06.022

Biomarkers of kidney disease in cirrhosis

273

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bassegoda O, Huelin P, Ariza X, Solé C, Juanola A, Gratac6s-Gines J,
et al. Development of chronic kidney disease after acute kidney injury
in patients with cirrhosis is common and impairs clinical outcomes. J
Hepatol. 2020;72(6):1132-1139. d0i:10.1016/j.jhep.2019.12.020
Maiwall R, Pasupuleti SSR, Bihari C, Rastogi A, Singh PK, Naik V, et
al. Incidence, risk factors, and outcomes of transition of acute kidney
injury to chronic kidney disease in cirrhosis: a prospective cohort study.
Hepatology. 2020;71(3):1009-1022. d0i:10.1002/hep.30859
Venkatachalam MA, Weinberg JM, Kriz W, Bidani AK. Failed
tubule recovery, AKI-CKD transition, and kidney disease
progression. ] Am Soc Nephrol. 2015;26(8):1765-1776. doi:10.1681/
ASN.2015010006

Kumar R, Priyadarshi RN, Anand U. Chronic renal dysfunction
in cirrhosis: a new frontier in hepatology. World J Gastroenterol.
2021;27(11):990-1005. doi:10.3748/wjg.v27.i111.990

Wong E Reddy KR, O‘Leary JG, Tandon P, Biggins SW, Garcia-Tsao G,
et al. Impact of chronic kidney disease on outcomes in cirrhosis. Liver
Transpl. 2019;25(6):870-880. doi:10.1002/1t.25454

Cullaro G, Verna EC, Lee BP, Lai JC. Chronic kidney disease in liver
transplant candidates: a rising burden impacting post-liver transplant
outcomes. Liver Transpl. 2020;26(4):498-506. doi:10.1002/1t.25694
Teo VXY, Heng RRY, Tay PWL, Ng CH, Tan DJH, Ong Y, et al. A meta-
analysis on the prevalence of chronic kidney disease in liver transplant
candidates and its associated risk factors and outcomes. Transpl Int.
2021;34(12):2515-2523. doi:10.1111/tri.14158

Carrier P, Debette-Gratien M, Essig M, Loustaud-Ratti V. Beyond serum
creatinine: which tools to evaluate renal function in cirrhotic patients?
Hepatol Res. 2018;48(10):771-779. doi:10.1111/hepr.13224

Sherman DS, Fish DN, Teitelbaum I. Assessing renal function
in cirrhotic patients: problems and pitfalls. Am ] Kidney Dis.
2003;41(2):269-278. doi:10.1053/ajkd.2003.50035

Roelofsen-de Beer RJAC, van Zelst BD, Vroling AB, de Rijke YB,
Ramakers C. When results matter: reliable creatinine concentrations
in hyperbilirubinemia patients. Clin Chem Lab Med. 2019;57(5):659-
667. doi:10.1515/cclm-2018-0959

Alsaad AA, Wadei HM. Fractional excretion of sodium in hepatorenal
syndrome: clinical and pathological correlation. World ] Hepatol.
2016;8(34):1497-1501. doi:10.4254/wjh.v8.i34.1497

Nadim MK, Kellum JA, Forni L, Francoz C, Asrani SK, Ostermann M,
et al. Acute kidney injury in patients with cirrhosis: ADQI and ICA
joint multidisciplinary consensus meeting. ] Hepatol. 2024;81(1):163-
183. doi:10.1016/j.jhep.2024.03.031

Decaux G, Prospert F, Namias B, Schlesser M, Soupart A. Raised
urea clearance in cirrhotic patients with high uric acid clearance is
related to low salt excretion. Gut. 1992;33(8):1105-1108. doi:10.1136/
gut.33.8.1105

Slack A, Tredger M, Brown N, Corcoran B, Moore K. Application of
an isocratic methanol-based HPLC method for the determination
of iohexol concentrations and glomerular filtration rate in
patients with cirrhosis. Ann Clin Biochem. 2014;51(Pt 1):80-
88. doi:10.1177/0004563213487715

Francoz C, Glotz D, Moreau R, Durand F. The evaluation of
renal function and disease in patients with cirrhosis. ] Hepatol.
2010552(4):605-613. doi:10.1016/j.jhep.2009.11.025

Bagshaw SM, Bellomo R. Cystatin C in acute kidney injury. Curr Opin
Crit Care. 2010;16(6):533-539. d0i:10.1097/MCC.0b013e32833e8412
Herget-Rosenthal S, Marggraf G, Hiising J, Goring E, Pietruck F, Janssen
O, etal. Early detection of acute renal failure by serum cystatin C. Kidney
Int. 2004;66(3):1115-1122. doi:10.1111/j.1523-1755.2004.00861.x

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Gerbes AL, Giilberg V, Bilzer M, Vogeser M. Evaluation of serum
cystatin C concentration as a marker of renal function in patients with
cirrhosis of the liver. Gut. 2002;50(1):106-110. doi:10.1136/gut.50.1.106
Maiwall R, Kumar A, Bhardwaj A, Kumar G, Bhadoria AS, Sarin SK.
Cystatin C predicts acute kidney injury and mortality in cirrhotics: a
prospective cohort study. Liver Int. 2018;38(4):654-664. doi:10.1111/
1iv.13600

Adachi M, Tanaka A, Aiso M, Takamori Y, Takikawa H. Benefit
of cystatin C in evaluation of renal function and prediction of
survival in patients with cirrhosis. Hepatol Res. 2015;45(13):1299-
1306. doi:10.1111/hepr.12508

Wang X, Xu W, Yao L, Jie Y, Gao Z, Fan Y. Association of cystatin Clevel
with all-cause mortality in patients with liver cirrhosis: a meta-analysis.
Curr Med Chem. 2024. d0i:10.2174/0109298673247263231123114043
Tejeda-Maldonado J, Nifio-Cruz JA, Cruz-Rivera C, Torre A, Aguirre-
Valadez J. Evaluation of the Royal Free Hospital cirrhosis glomerular
filtration rate formula in Hispanic patients with cirrhosis: an external
validation. Rev Invest Clin. 2019;71(3):195-203. doi:10.24875/
RIC.18002795

Gonzalez SA, Shankar N, Mehta A, Garcia-Saenz-de-Sicilia M,
Klintmalm GB, Trotter JF, et al. Prospective evaluation of cystatin
C in the assessment of kidney dysfunction and survival in liver
transplant candidates. Liver Transpl. 2025;31(5):571-583. doi:10.1097/
LVT.0000000000000492

Waulkan R, den Hollander ], Berghout A. Cystatin C: unsuited to use
as a marker of kidney function in the intensive care unit. Crit Care.
2005;9(5):531-532. doi:10.1186/cc3541

Page MK, Biiki J, Luppa P, Neumeier D. Clinical value of cystatin C
determination. Clin Chim Acta. 2000;297(1-2):67-72. do0i:10.1016/
$0009-8981(00)00234-5

Wu J, Wu Q, Wu M, Mao W. Serum cystatin C predicts mortality
in HBV-related decompensated cirrhosis. Biomed Res Int.
2019;2019:7272045. doi:10.1155/2019/7272045

Singer E, Marko L, Paragas N, Barasch J, Dragun D, Miiller DN, et al.
Neutrophil gelatinase-associated lipocalin: pathophysiology and clinical
applications. Acta Physiol (Oxf). 2013;207(4):663-672. doi:10.1111/
apha.12054

Bolignano D, Donato V, Coppolino G, Campo S, Buemi A, Lacquaniti
A, et al. Neutrophil gelatinase-associated lipocalin (NGAL) as a marker
of kidney damage. Am J Kidney Dis. 2008;52(3):595-605. doi:10.1053/j.
ajkd.2008.01.020

Xiao X, Yeoh BS, Vijay-Kumar M. Lipocalin 2: an emerging player in
iron homeostasis and inflammation. Annu Rev Nutr. 2017;37:103-
130. doi:10.1146/annurev-nutr-071816-064559

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;60:622-632.

Yap DYH, Seto WK, Fung J, Chok SH, Chan SC, Chan GCW, et al.
Serum and urinary biomarkers that predict hepatorenal syndrome in
patients with advanced cirrhosis. Dig Liver Dis. 2017;49:202-206.
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. ] Hepatol.
2014;61(1):35-42. d0i:10.1016/j.jhep.2014.02.023

Gambino C, Piano S, Stenico M, Tonon M, Brocca A, Calvino V, et al.
Diagnostic and prognostic performance of urinary neutrophil gelatinase-
associated lipocalin in patients with cirrhosis and acute kidney injury.
Hepatology. 2023;77(5):1630-1638. doi:10.1002/hep.32799

J Gastrointestin Liver Dis, June 2026 Vol. 35 No 2: 263-275


https://doi.org/10.1016/j.jhep.2019.12.020
https://doi.org/10.1002/hep.30859
https://doi.org/10.1681/ASN.2015010006
https://doi.org/10.1681/ASN.2015010006
https://doi.org/10.3748/wjg.v27.i11.990
https://doi.org/10.1002/lt.25454
https://doi.org/10.1002/lt.25694
https://doi.org/10.1111/tri.14158
https://doi.org/10.1111/hepr.13224
https://doi.org/10.1053/ajkd.2003.50035
https://doi.org/10.1515/cclm-2018-0959
https://doi.org/10.4254/wjh.v8.i34.1497
https://doi.org/10.1016/j.jhep.2024.03.031
https://doi.org/10.1136/gut.33.8.1105
https://doi.org/10.1136/gut.33.8.1105
https://doi.org/10.1177/0004563213487715
https://doi.org/10.1016/j.jhep.2009.11.025
https://doi.org/10.1097/MCC.0b013e32833e8412
https://doi.org/10.1111/j.1523-1755.2004.00861.x
https://doi.org/10.1136/gut.50.1.106
https://doi.org/10.1111/liv.13600
https://doi.org/10.1111/liv.13600
https://doi.org/10.1111/hepr.12508
https://doi.org/10.2174/0109298673247263231123114043
https://doi.org/10.24875/RIC.18002795
https://doi.org/10.24875/RIC.18002795
https://doi.org/10.1097/LVT.0000000000000492
https://doi.org/10.1097/LVT.0000000000000492
https://doi.org/10.1186/cc3541
https://doi.org/10.1016/S0009-8981(00)00234-5
https://doi.org/10.1016/S0009-8981(00)00234-5
https://doi.org/10.1155/2019/7272045
https://doi.org/10.1111/apha.12054
https://doi.org/10.1111/apha.12054
https://doi.org/10.1053/j.ajkd.2008.01.020
https://doi.org/10.1053/j.ajkd.2008.01.020
https://doi.org/10.1146/annurev-nutr-071816-064559
https://doi.org/10.1016/j.jhep.2014.02.023
https://doi.org/10.1002/hep.32799

274

Reznik et al.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Liu H, Zhu P, Nie C, Ye Q, Gao Y, Liu H, et al. The value of ascitic
neutrophil gelatinase-associated lipocalin in decompensated liver
cirrhosis with spontaneous bacterial peritonitis. J Clin Lab Anal.
2020;34(6):€23247. doi:10.1002/jcla.23247

Bolignano D, Lacquaniti A, Coppolino G, Donato V, Campo S,
Fazio MR, et al. Neutrophil gelatinase-associated lipocalin (NGAL)
and progression of chronic kidney disease. Clin ] Am Soc Nephrol.
2009;4(2):337-344. doi:10.2215/CJN.03530708

Choi JW, Fujii T, Fujii N. Elevated plasma neutrophil
gelatinase-associated lipocalin level as a risk factor for anemia
in patients with systemic inflammation. Biomed Res Int.
20165;2016:9195219. doi:10.1155/2016/9195219

Gu Z, Huang Y, Yang F, Tang S, Sun J, Chen T, et al. The application of
neutrophil gelatin-related lipid delivery protein in evaluation of renal
function, nutrition, anemia and inflammation in patients with CKD.
Nephrol Ther. 2021;17(1):35-41. doi:10.1016/j.nephro.2020.10.006
Fagundes C, Pépin 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):267-273. doi:10.1016/j.jhep.2012.03.015

Flamm SL, Wong F, Ahn J, Kamath PS. AGA clinical practice update on
the evaluation and management of acute kidney injury in patients with
cirrhosis: expert review. Clin Gastroenterol Hepatol. 2022;20(12):2707-
2716. doi:10.1016/j.cgh.2022.08.033

Wu H, Craft ML, Wang P, Wyburn KR, Chen G, Ma J, et al. IL-18
contributes to renal damage after ischemia-reperfusion. ] Am Soc
Nephrol. 2008;19(12):2331-2341. doi:10.1681/ASN.2008020170

Yano T, Nozaki Y, Kinoshita K, Hino S, Hirooka Y, Niki K, et al. The
pathological role of IL-18Ra in renal ischemia/reperfusion injury. Lab
Invest. 2015;95(1):78-91. doi:10.1038/labinvest.2014.120

Liang D, Liu HE, Yao CW, Liu HY, Huang-Fu CM, Chen XW, et al. Effects
of interleukin 18 on injury and activation of human proximal tubular
epithelial cells. Nephrology (Carlton). 2007;12(1):53-61. doi:10.1111/
j.1440-1797.2006.00737 x

Tsai MH, Chen YC, Yang CW, Jenq CC, Fang JT, Lien JM, et al.
Acute renal failure in cirrhotic patients with severe sepsis: value of
urinary interleukin-18. J Gastroenterol Hepatol. 2013;28(1):135-
141. doi:10.1111/j.1440-1746.2012.07288 x

Puthumana J, Ariza X, Belcher JM, Graupera I, Gines P, Parikh
CR. Urine interleukin 18 and lipocalin 2 are biomarkers of acute
tubular necrosis in patients with cirrhosis: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol. 2017;15(7):1003-1013.
e3. doi:10.1016/j.cgh.2016.11.035

Swidnicka-Siergiejko A, Wereszczynska-Siemiatkowska U,
Siemiatkowski A, Wasielica-Berger J, Janica J, Mroczko B, et al. The
imbalance of peripheral interleukin-18 and transforming growth
factor-f1 levels in patients with cirrhosis and esophageal varices.
Cytokine. 2019;113:440-445. doi:10.1016/j.cyt0.2018.10.024
Formanowicz D, Wanic-Kossowska M, Pawliczak E, Radom M,
Formanowicz P. Usefulness of serum interleukin-18 in predicting
cardiovascular mortality in patients with chronic kidney disease—systems
and clinical approach. Sci Rep. 2015;5:18332. doi:10.1038/srep18332
Nisula S, Yang R, Poukkanen M, Vaara ST, Kaukonen KM, Tallgren
M, et al. Predictive value of urine interleukin-18 in the evolution and
outcome of acute kidney injury in critically ill adult patients. Br J
Anaesth. 2015;114(3):460-468. doi:10.1093/bja/aeu382

Bailly V, Zhang Z, Meier W, Cate R, Sanicola M, Bonventre JV.

Shedding of kidney injury molecule-1, a putative adhesion protein

] Gastrointestin Liver Dis, June 2026 Vol. 35 No 2: 263-275

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

involved in renal regeneration. ] Biol Chem. 2002;277(42):39739-
39748. doi:10.1074/jbc.M200562200

Ichimura T, Bonventre JV, Bailly V, Wei H, Hession CA, Cate RL,
et al. Kidney injury molecule-1 (KIM-1), a putative epithelial cell
adhesion molecule containing a novel immunoglobulin domain, is
up-regulated in renal cells after injury. ] Biol Chem. 1998;273(7):4135-
4142. doi:10.1074/jbc.273.7.4135

Tutunea-Fatan E, Arumugarajah S, Suri RS, Edgar CR, Hon I, Dikeakos
JD, et al. Sensing dying cells in health and disease: the importance
of kidney injury molecule-1. ] Am Soc Nephrol. 2024;35(6):795-
808. doi:10.1681/ASN.0000000000000334

Xie Y, Wang Q, Wang C, Qi C, Ni Z, Mou S. High urinary excretion of
kidney injury molecule-1 predicts adverse outcomes in acute kidney
injury: a case control study. Crit Care. 2016;20(1):286. doi:10.1186/
$13054-016-1455-6

Lei L, Li LP, Zeng Z, Mu JX, Yang X, Zhou C, et al. Value of urinary
KIM-1 and NGAL combined with serum Cys C for predicting
acute kidney injury secondary to decompensated cirrhosis. Sci Rep.
2018;8:7962. doi:10.1038/s41598-018-26226-6

Tian L, Shao X, Xie Y, Wang Q, Che X, Zhang M, et al. Kidney injury
molecule-1 is elevated in nephropathy and mediates macrophage
activation via the MAPK signalling pathway. Cell Physiol Biochem.
2017;41(2):769-783. doi:10.1159/000458737

Schmidt IM, Srivastava A, Sabbisetti V, McMahon GM, He J, Chen
J, et al. Plasma kidney injury molecule 1 in CKD: findings from the
Boston Kidney Biopsy Cohort and CRIC studies. Am J Kidney Dis.
2022;79(2):231-243.el. doi:10.1053/j.ajkd.2021.05.013

Puthumana J, Thiessen-Philbrook H, Xu L, et al. Biomarkers of AKI
and mortality in patients with cirrhosis. Clin ] Am Soc Nephrol.
2017;12(10):1555-1563. doi:10.2215/CJN.01440217

Belcher JM, Garcia-Tsao G, Sanyal AJ, Thiessen-Philbrook H, Peixoto
AJ, Perazella MA, et al. Urinary biomarkers and progression of AKI
in patients with cirrhosis. Clin ] Am Soc Nephrol. 2014;9(11):1857-
1867. doi:10.2215/CJN.09430913

Wang G, Bonkovsky HL, de Lemos A, Burczynski FJ. Recent insights
into the biological functions of liver fatty acid binding protein 1. ] Lipid
Res. 2015;56(12):2238-2247. doi:10.1194/j1r.R056705

Antonenkov VD, Sormunen RT, Ohlmeier S, Amery L, Fransen M,
Mannaerts GP, et al. Localization of a portion of the liver isoform
of fatty-acid-binding protein (L-FABP) to peroxisomes. Biochem J.
2006;394(Pt 2):475-484. doi:10.1042/BJ20051058

Juanola A, Graupera I, Elia C, Piano S, Solé C, Carol M, et al. Urinary
L-FABP is a promising prognostic biomarker of ACLF and mortality
in patients with decompensated cirrhosis. ] Hepatol. 2022;76(1):107-
114. doi:10.1016/j.jhep.2021.08.031

Eguchi A, Hasegawa H, Iwasa M, Tamai Y, Ohata K, Oikawa T, et al.
Serum liver-type fatty acid-binding protein is a possible prognostic
factor in human chronic liver diseases from chronic hepatitis to
liver cirrhosis and hepatocellular carcinoma. Hepatol Commun.
2019;3(6):825-837. doi:10.1002/hep4.1350

Kamijo-Ikemori A, Sugaya T, Yoshida M, Hoshino S, Akatsu S,
Yamazaki S, et al. Clinical utility of urinary liver-type fatty acid binding
protein measured by latex-enhanced turbidimetric immunoassay
in chronic kidney disease. Clin Chem Lab Med. 2016;54(10):1645-
1654. doi:10.1515/cclm-2015-1084

Ichikawa D, et al. Liver-type fatty acid-binding protein as a new
biomarker for hepatocellular carcinoma. Cancer Res. 2010;70(5):1700-
1709. doi:10.1158/0008-5472.CAN-09-3607


https://doi.org/10.1002/jcla.23247
https://doi.org/10.2215/CJN.03530708
https://doi.org/10.1155/2016/9195219
https://doi.org/10.1016/j.nephro.2020.10.006
https://doi.org/10.1016/j.jhep.2012.03.015
https://doi.org/10.1016/j.cgh.2022.08.033
https://doi.org/10.1681/ASN.2008020170
https://doi.org/10.1038/labinvest.2014.120
https://doi.org/10.1111/j.1440-1797.2006.00737.x
https://doi.org/10.1111/j.1440-1797.2006.00737.x
https://doi.org/10.1111/j.1440-1746.2012.07288.x
https://doi.org/10.1016/j.cgh.2016.11.035
https://doi.org/10.1016/j.cyto.2018.10.024
https://doi.org/10.1038/srep18332
https://doi.org/10.1093/bja/aeu382
https://doi.org/10.1074/jbc.M200562200
https://doi.org/10.1074/jbc.273.7.4135
https://doi.org/10.1681/ASN.0000000000000334
https://doi.org/10.1186/s13054-016-1455-6
https://doi.org/10.1186/s13054-016-1455-6
https://doi.org/10.1038/s41598-018-26226-6
https://doi.org/10.1159/000458737
https://doi.org/10.1053/j.ajkd.2021.05.013
https://doi.org/10.2215/CJN.01440217
https://doi.org/10.2215/CJN.09430913
https://doi.org/10.1194/jlr.R056705
https://doi.org/10.1042/BJ20051058
https://doi.org/10.1016/j.jhep.2021.08.031
https://doi.org/10.1002/hep4.1350
https://doi.org/10.1515/cclm-2015-1084
https://doi.org/10.1158/0008-5472.CAN-09-3607

Biomarkers of kidney disease in cirrhosis

275

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Portilla D, et al. Liver fatty acid-binding protein (L-FABP) as a
biomarker of acute kidney injury. Am J Physiol Renal Physiol.
2008;294(4):F820-F829. doi:10.1152/ajprenal.00448.2007

Novak R, Salai G, Hrkac S, Vojtusek IK, Grgurevic L. Revisiting the
role of NAG across the continuum of kidney disease. Bioengineering
(Basel). 2023;10(4):444. doi:10.3390/bioengineering10040444
Kwiatkowska E, Domanski L, Bober J, Kloda K, Safranow K, Szymariska-
Pasternak J, et al. N-acetyl-beta-glucosaminidase urine activity as a
marker of early proximal tubule damage and a predictor of the long-term
function of the transplanted kidneys. Acta Biochim Pol. 2014;61(2):275-
280.

Liu X, Gong S, Ning Y, Li Y, Zhou H, He L, et al. Urinary N-acetyl-
beta-D-glucosaminidase levels predict immunoglobulin A nephropathy
remission status. BMC Nephrol. 2023;24(1):208. doi:10.1186/s12882-
023-03262-7

Park HC, Hwang JH, Kang AY, Ro H, Kim MG, An JN, et al. Urinary
N-acetyl-B-D glucosaminidase as a surrogate marker for renal function
in autosomal dominant polycystic kidney disease: 1 year prospective
cohort study. BMC Nephrol. 2012;13:93. doi:10.1186/1471-2369-13-93
Kim TH, Lee HA, Seo YS, Lee YR, Yim SY, Lee YS, et al. Assessment
and prediction of acute kidney injury in patients with decompensated
cirrhosis with serum cystatin C and urine N-acetyl-p-D-glucosaminidase.
] Gastroenterol Hepatol. 2019;34(1):234-240. doi:10.1111/jgh.14387
Fagundes C, Barreto R, Guevara M, et al. A modified acute
kidney injury classification for diagnosis and risk stratification of
impairment of kidney function in cirrhosis. ] Hepatol. 2012;57(4):753-
759. doi:10.1016/j.jhep.2012.06.012

Gines P, Schrier RW. Renal failure in cirrhosis. N Engl ] Med.
2011;361:1279-1290. doi:10.1056/NEJMra0809139

Verna EC, Brown RS, Farrand E, et al. Urinary biomarkers of kidney
injury in patients with cirrhosis and AKI. Hepatology. 2012;56(4):1235-
1243. doi:10.1002/hep.25714

Nickolas TL, Schmidt-Ott KM, Canetta P, et al. Diagnostic and
prognostic stratification in the emergency department using urinary
biomarkers of nephron damage. ] Am Soc Nephrol. 2012;23(1):31-
38. doi:10.1681/ASN.2010111113

Yoo JJ, Kwon JH, Kim YS, Nam SW, Park JW, Kim HY, et al. The role
of urinary N-acetyl-p-D-glucosaminidase in cirrhotic patients with
acute kidney injury: multicenter, prospective cohort study. J Clin Med.
2021;10(19):4328. doi:10.3390/jcm 10194328

Wada T, Makino H. Inflammation and the pathogenesis of chronic
kidney disease. Med Electron Microsc. 2013;36:37-49. doi:10.1007/
500795-003-0236-9

Gonzilez E, Monclou E, Guevara M, et al. Urinary NGAL, IL-18, KIM-
1, and MCP-1 levels for the differential diagnosis of AKI in cirrhosis.
Hepatology. 2013;57(3):1283-1292. doi:10.1002/hep.26133
Martin-Llahi M, Guevara M, Torre A, et al. Prognostic value of urinary
neutrophil gelatinase-associated lipocalin in cirrhotic patients with AKI.
Hepatology. 2011;53(2):564-572. doi:10.1002/hep.24030

Puchades MJ, Gonzalez C, Gallego J, et al. Urinary MCP-1 correlates
with renal function and fibrosis in cirrhosis. Liver Int. 2019;39(1):112-
120. doi:10.1111/1iv.13934

Queck A, Bode H, Uschner FE, et al. Systemic MCP-1 levels derive
mainly from injured liver and are associated with complications in
cirrhosis. Front Immunol. 2020;11:354. doi:10.3389/fimmu.2020.00354
Fisher NC, Neil DA, Williams A, Adams DH. Serum concentrations and
peripheral secretion of the beta chemokines monocyte chemoattractant
protein 1 and macrophage inflammatory protein lalpha in alcoholic
liver disease. Gut. 1999;45(3):416-420. doi:10.1136/gut.45.3.416

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Fisher C, Vrtis M, Hinkle PM. Copeptin as a surrogate marker for
vasopressin secretion in stress and disease. Clin Endocrinol (Oxf).
2009;70(3):343-349. doi:10.1111/j.1365-2265.2008.03308.x

Moreau R, Jalan R, Gines P, et al. Acute-on-chronic liver failure is a
distinct syndrome that develops in patients with acute decompensation
of cirrhosis. Gastroenterology. 2010;140(6):1420-1430. doi:10.1053/j.
gastro.2010.01.042

Briiensing J, Reuter S, Konrad M, et al. Copeptin in patients with
cirrhosis and acute kidney injury: diagnostic and prognostic relevance.
Liver Int. 2015;35(9):2156-2165. doi:10.1111/1iv.12835

Stenvinkel P, Carrero JJ, Axelsson J, et al. Emerging biomarkers for
evaluating cardiovascular risk in the chronic kidney disease patient:
how do new pieces fit into the uremic puzzle? Clin ] Am Soc Nephrol.
2011;6(3):503-515. doi:10.2215/CJN.07490810

Enhorning S, Hedblad B, Nilsson PM, et al. Copeptin is an independent
predictor of diabetic heart disease and kidney dysfunction. Nephrol
Dial Transplant. 2015;30(3):479-486. doi:10.1093/ndt/gfu312

Kerbert AJ, Verbeke L, Chiang FW, et al. Copeptin as an indicator of
hemodynamic derangement and prognosis in liver cirrhosis. PLoS One.
2015;10(9):e0138264. doi:10.1371/journal.pone.0138264

Choy KW, Wijeratne N, Chiang C, Don-Wauchope A. Copeptin as a
surrogate marker for arginine vasopressin: analytical insights, current
utility, and emerging applications. Crit Rev Clin Lab Sci. 2025;62(1):24-
44. doi:10.1080/10408363.2024.2383899

Qasem AA, Farag SE, Hamed E, Emara M, Bihery A, Pasha H. Urinary
biomarkers of acute kidney injury in patients with liver cirrhosis. ISRN
Nephrol. 2014;2014:376795. doi:10.1155/2014/376795

LeiL, LiLP, Zeng Z, et al. Value of urinary KIM-1 and NGAL combined
with serum Cys C for predicting acute kidney injury secondary to
decompensated cirrhosis. Sci Rep. 2018;8:7962. doi:10.1038/s41598-
018-26226-6

O'Brien ], Hayder H, Zayed Y, Peng C. Overview of microRNA
biogenesis, mechanisms of actions, and circulation. Front Endocrinol
(Lausanne). 2018;9:402. doi:10.3389/fend0.2018.00402

Gluba-Sagr A, Franczyk B, Rysz-Goérzynska M, Lawinski ], Rysz J.
The role of miRNA in renal fibrosis leading to chronic kidney disease.
Biomedicines. 2023;11(9):2358. d0i:10.3390/biomedicines11092358
Amaral AED, Rode MP, Cisilotto J, Silva TED, Fischer ], Matiollo C,
et al. MicroRNA profiles in serum samples from patients with stable
cirrhosis and miRNA-21 as a predictor of transplant-free survival.
Pharmacol Res. 2018;134:179-192. doi:10.1016/j.phrs.2018.06.019
Muralidharan J, Ramezani A, Hubal M, Knoblach S, Shrivastav S,
Karandish S, et al. Extracellular microRNA signature in chronic kidney
disease. Am J Physiol Renal Physiol. 2017;312(6):F982-F991. doi:10.1152/
ajprenal.00569.2016

Tublin ME, Bude RO, Platt JE. The resistive index in renal Doppler
sonography: where do we stand? AJR Am J Roentgenol. 2003;180(4):885-
892.

Boddi M, Bonizzoli M, Chiostri M, Begliomini D, Molinaro A, Tadini
Buoninsegni L, et al. Renal resistive index and mortality in critical
patients with acute kidney injury. Eur J Clin Invest. 2016;46(3):242-
251. doi:10.1111/eci.12590

Aydogdu S, Akil I, Akil T, Kabasakal C, Killi R, Mir S. Renal resistive
indexes and some renal functions in liver cirrhotic children. Pediatr
Int. 2004;46(1):67-71. doi:10.1111/j.1442-200X.2004.01826.x

Umbro I, Tinti E Fiacco E, Zavatto A, Piselli P, Di Natale V, et al. Resistive
index and MELD-Na: nephrologic monitoring in cirrhotic patients
awaiting liver transplantation. Transplant Proc. 2013;45(7):2676-
2679. doi:10.1016/j.transproceed.2013.07.040

J Gastrointestin Liver Dis, June 2026 Vol. 35 No 2: 263-275


https://doi.org/10.1152/ajprenal.00448.2007
https://doi.org/10.3390/bioengineering10040444
https://doi.org/10.1186/s12882-023-03262-7
https://doi.org/10.1186/s12882-023-03262-7
https://doi.org/10.1186/1471-2369-13-93
https://doi.org/10.1111/jgh.14387
https://doi.org/10.1016/j.jhep.2012.06.012
https://doi.org/10.1056/NEJMra0809139
https://doi.org/10.1002/hep.25714
https://doi.org/10.1681/ASN.2010111113
https://doi.org/10.3390/jcm10194328
https://doi.org/10.1007/s00795-003-0236-9
https://doi.org/10.1007/s00795-003-0236-9
https://doi.org/10.1002/hep.26133
https://doi.org/10.1002/hep.24030
https://doi.org/10.1111/liv.13934
https://doi.org/10.3389/fimmu.2020.00354
https://doi.org/10.1136/gut.45.3.416
https://doi.org/10.1111/j.1365-2265.2008.03308.x
https://doi.org/10.1053/j.gastro.2010.01.042
https://doi.org/10.1053/j.gastro.2010.01.042
https://doi.org/10.1111/liv.12835
https://doi.org/10.2215/CJN.07490810
https://doi.org/10.1093/ndt/gfu312
https://doi.org/10.1371/journal.pone.0138264
https://doi.org/10.1080/10408363.2024.2383899
https://doi.org/10.1155/2014/376795
https://doi.org/10.1038/s41598-018-26226-6
https://doi.org/10.1038/s41598-018-26226-6
https://doi.org/10.3389/fendo.2018.00402
https://doi.org/10.3390/biomedicines11092358
https://doi.org/10.1016/j.phrs.2018.06.019
https://doi.org/10.1152/ajprenal.00569.2016
https://doi.org/10.1152/ajprenal.00569.2016
https://doi.org/10.1111/eci.12590
https://doi.org/10.1111/j.1442-200X.2004.01826.x
https://doi.org/10.1016/j.transproceed.2013.07.040

