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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]. 
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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.

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 

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/1.73m2 for more than three months (Table I). 

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 
(serum)

Cysteine protease inhibitor produced by all 
nucleated cells

Tubular dysfunction Maiwall et al. [43] Maiwall et al. [26]; 
Gerbes et al. [42]; 
Gonzalez et al. [47]

NGAL
(urine)

Glycoprotein, repairs and regenerates damaged 
tissue 

Modulates inflammation, upregulated in renal 
tubular injury

Proximal tubular damage Belcher et al.[54]; Yap 
et al. [55]; Barreto et 
al. [56]; Gambino et 
al. [57]; Fagundes et 
al. [62]

Gambino et al. 
[57]; Fagundes et 
al. [62]

IL-18
(urine)

Proinflammatory cytokine, promotes 
inflammation and apoptosis

Expressed in proximal tubules, released in urine

Proximal tubular damage Tsai et al. [67]; 
Belcher et al. [54]

Swidnicka-
Siergiejko et al. [69]

Kidney injury 
molecule-1
(KIM-1)
(urine)

Glycoprotein, facilitates phagocytosis of dead cells

Upregulated in renal proximal tubular epithelial 
cells following injury

Tubular damage Belcher et al. [80]; 
Lei et al. [76]

Limited

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-Ikemori et 
al.[85]

N-acetyl-B-D-
glucosaminidase (NAG)
(urine)

Lysosomal enzyme, predominantly found in 
proximal tubular epithelial cells

Tubular damage Kim et al. [92]; 
Fagundes et al. [93]; 
Verna et al. [95]

Gines et al. [94]

High mobility group box 
1 (HMGB1)
(serum)

DNA-binding protein, proinflammatory mediator Inflammatory mediator Verna et al. [95] Limited

Osteopontin
(serum)

Glycoprotein, 
Mediates liver fibrosis
 
Mediates systemic inflammation

Prevents nephrocalcinosis, promotes regeneration 
of kidney

Tubular damage Limited Limited

Alpha-1-microglobulin 
(A1M) (urine)

Glycoprotein with antioxidant properties, protect 
from oxidative damage

Proximal tubular 
dysfunction

Limited Limited

Beta-2-microglobulin 
(B2M) (serum, urine)

Protein, part of MHC class I molecules on kidney 
surface

Elevation in serum reflects 
glomerular dysfunction

Elevation in urine reflects 
tubular dysfunction

Limited Limited

Monocyte 
chemoattractant 
protein-1 (MCP)
(serum, urine)

Chemokine promoting monocyte and 
macrophage recruitment, associated with 
inflammation and fibrosis

Inflammatory mediator, 
tubular damage

Gonzalez et al. [99]; 
Martin-Llahi et al. 
[100]

Puchades et al. 
[101]

Copeptin
(serum)

Precursor peptide of arginine vasopressin Surrogate marker 
of vasoconstriction, 
sympathetic overdrive

Moreau et al. [105]; 
Brüensing et al. [106]; 
Stenvinkel et al. [107]

Limited

AKI: 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 cutoff 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 

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 
AKI 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 C is 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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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 

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, 
independent of muscle 
mass

Greater accuracy than 
creatinine for GFR 
estimation in low-muscle 
mass populations

Predicts AKI and mortality; 
MELD-Cystatin improves 
mortality prediction

Affected by steroids, thyroid 
dysfunction, malignancy; varies 
by assay

NGAL Predicts AKI type 
(pre-renal, HRS, 
ATN), mortality, 
and terlipressin and 
albumin response

Differentiate ATN from 
HRS and pre-renal AKI

Predicts CKD progression 
and mortality

Elevated in systemic inflammation 
and infections;
Assay availability

IL-18 Elevated in ischemic 
AKI

Differentiates ATN from 
HRS and functional injury

Associated with worse short-
term survival

Elevated in systemic inflammation; 
does not distinguish between other 
functional etiologies of AKI

KIM-1 Predicts structural 
injury (ATN)

Elevated in AKI, including 
ATN and HRS

Predicts CKD progression 
and mortality

Elevated in both early stages of 
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 
detection

Elevated in AKI, 
particularly ATN

Associated with progression 
to liver failure, predict 
mortality

Elevated with liver dysfunction; 
Does not distinguish between 
other functional etiologies of AKI

NAG Early tubular injury 
detection before GFR 
changes

Useful in differentiating 
ATN from prerenal 
azotemia, HRS in 
decompensated cirrhosis

Predicts need for renal 
replacement therapy and 
mortality in cirrhosis; predict 
mortality

Nonspecific; influenced by 
urinary infection and systemic 
inflammation; Limited in 
predicting survival and response to 
terlipressin

HMGB-1 Emerging marker for 
inflammation-related 
injury

Distinguishes functional 
versus structural injury 
(ATN)

Associated with severity of 
AKI, transition from AKI to 
CKD, and multiorgan failure 
and mortality

Preclinical phase; nonspecific

Osteopontin Early tubular injury 
marker in AKI

Associated with fibrosis 
and renal inflammation

Predicts CKD progression 
and mortality

Not explicitly studied in patients 
with cirrhosis and CKD; elevated 
in various fibrotic/inflammatory 
diseases

A1M Early tubular 
dysfunction

Indicates proximal tubule 
injury

Potential predictor of CKD 
and rapid progression; higher 
mortality rates

Preclinical evidence and limited 
data in cirrhosis

B2M Rises earlier than 
creatinine in AKI

Marker of proximal 
tubular dysfunction

Predicts CKD progression 
and cardiovascular 
outcomes; Associated with 
progression of cirrhosis and 
hepatocellular carcinoma 
in patients with chronic 
hepatitis C

Not directly studied in the context 
of AKI in cirrhosis; elevated 
by systemic inflammation and 
malignancy; unstable in acidic 
urine

MCP-1 Predicts AKI severity 
and fibrosis

Elevated in structural 
kidney injury (ATN)

Predicts CKD progression Elevated in systemic inflammation 
and liver disease

Copeptin Predicts onset of AKI 
and mortality

Elevated in HRS and 
systemic inflammation

Associated with infection-
related AKI and mortality

Non-specific; can be influenced by 
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 I.
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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]. 

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 
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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, González 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-α 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 

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. Brüensing 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 (HMGB1), 
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 
AKI 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 



272� Reznik et al.

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

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.
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