
Clinical and M
olecular H

epatology 
Volum

e 28
   N

um
ber 1

   January   2022       (1-119)



pISSN 2287-2728      
eISSN 2287-285X

https://doi.org/10.3350/cmh.2021.0148
Clinical and Molecular Hepatology 2022;28:31-46Review

Corresponding author : Yeon Seok Seo
Department of Internal Medicine, Korea University College of Medicine, 
73 Goryeodae-ro, Seongbuk-gu, Seoul 02841, Korea
Tel: +82-2-920-6608, Fax: +82-2-953-1943
E-mail: drseo@korea.ac.kr
https://orcid.org/0000-0003-4171-6331

Abbreviations: 
ACLF, acute on chronic liver failure; AKI, acute kidney injury; AKIN, acute kidney 
injury network; ATN, acute tubular necrosis; AUC, area under curve; CKD, chronic 
kidney disease; Cr, creatinine; FENa, fractional excretion of filtered sodium; GFR, 
glomerular filtration rate; HRS, hepatorenal syndrome; IGFBP7, insulin like growth 
factor binding protein 7; IL, interleukin; KDIGO, Kidney Disease: Improving Global 
Outcomes; KIM-1, kidney injury molecule 1; L-FABP, liver-type fatty acid-binding 
protein; LT, liver transplantation; MDRD, modification of diet in renal disease; 
MELD, model for end-stage liver disease; NAG, N-acetyl-β-D-glucosaminidase; 
NGAL, neutrophil gelatinase-associated lipocalin; RIFLE, risk, injury, failure, loss, 
end-stage kidney disease; SLKT, simultaneous liver-kidney transplantation; TIMP-
2, tissue inhibitor of metalloproteinase-2; TLR-4, toll-like receptor 4

Received : May 29, 2021 /  Revised : Jul. 26, 2021 /  Accepted : Jul. 28, 2021
Editor: Salvatore Piano, University of Padova Faculty of Medicine and Surgery, 
Italy

Current knowledge about biomarkers of acute kidney 
injury in liver cirrhosis
Han Ah Lee1,2 and Yeon Seok Seo1

1Departments of Internal Medicine, Korea University College of Medicine, Seoul; 2Department of Internal Medicine, Sanggye Paik 
Hospital, Inje University College of Medicine, Seoul, Korea

Acute kidney injury (AKI) is common in advanced cirrhosis. Prerenal azotemia, hepatorenal syndrome, and acute tubular 
necrosis are the main causes of AKI in patients with cirrhosis. Evaluation of renal function and differentiation between 
functional and structural kidney injury are important issues in the management of cirrhosis. However, AKI in cirrhosis 
exists as a complex clinical spectrum rather than concrete clinical entity. Based on current evidence, changes in serum 
creatinine (Cr) levels remain the most appropriate standard for defining AKI in cirrhosis. However, serum Cr has a limited 
role in assessing renal function in this population. This review examines previous studies that investigated the ability 
of recent biomarkers for AKI in cirrhosis from the perspective of earlier and accurate diagnosis, classification of AKI 
phenotype, and prediction of clinical outcomes. Serum cystatin C and urine neutrophil gelatinase-associated lipocalin 
have been extensively studied in cirrhosis, and have facilitated improved diagnosis and prognosis prediction in patients 
with AKI. In addition, urine N-acetyl-β-D-glucosaminidase, interleukin 18, and kidney injury molecule 1 are other 
promising biomarkers for advanced cirrhosis. However, the clinical significance of these markers remains unclear because 
there are no cut-off values defining the normal range and differentiating phenotypes of AKI. In addition, AKI has been 
defined in terms of serum Cr, and renal biopsy—the gold standard—has not been carried out in most studies. Further 
discovery of innovate biomarkers and incorporation of various markers could improve the diagnosis and prognosis 
prediction of AKI, and will translate into meaningful improvements in patient outcomes. (Clin Mol Hepatol 2022;28:31-
46)
Keywords: Acute kidney injury; Liver cirrhosis; Cystatin C; Neutrophil gelatinase-associated lipocalin; N-acetyl-β-D-
glucosaminidase 
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INTRODUCTION

Renal dysfunction is a frequent and life-threatening complica-

tion of advanced cirrhosis.1-3 It has been established that acute 

kidney injury (AKI) directly correlates with the prognosis of pa-

tients with cirrhosis.4-7 Furthermore, a gradual increase in serum 

creatinine (Cr) was observed after the resolution of AKI, and the 

survival of patients with AKI was significantly reduced compared 

to that of patients without AKI.8 AKI in cirrhosis is not a single 

disease entity; rather, it consists of complex pathophysiology. 

Hepatorenal syndrome (HRS) is a characteristic feature of ad-

vanced cirrhosis; however, it is not the only cause of AKI in these 

patients.9,10 Accurate estimation of renal function is important for 

decision making including liver transplantation (LT). In addition, 

clearly differentiating the phenotype of AKI in cirrhosis is crucial, 

because the management of AKI is dictated by its cause.

One of the major limitations in managing patients with AKI and 

cirrhosis is insufficient ability of serum Cr to act as a kidney bio-

marker. Serum Cr usually overestimates the renal function in cir-

rhotic patients who have the high prevalence of sarcopenia.11 In 

addition, because Cr is a marker reflecting kidney filtration, not 

injury, it is not suitable for differentiating the AKI phenotype. 

Overall, there is a distinct need for reliable biomarkers that can 

precisely assess renal function and differentiate the phenotypes of 

AKI in cirrhosis. Novel kidney biomarkers have been evaluated for 

AKI and cirrhosis to improve both diagnosis and clinical outcomes 

of the affected patients. This review examines the role of the cur-

rent biomarkers in assessing renal function, predicting prognosis, 

and identifying the cause of kidney dysfunction.

DEFINITION AND PHENOTYPES OF AKI

AKI is a spectrum of clinical syndrome, including various precipi-

tating factors that cause either direct injury to the kidney (struc-

tural injury) or cause acute dysfunction (functional injury). Risk, 

injury, failure, loss, end-stage kidney disease (RIFLE), and acute 

kidney injury network (AKIN) classifications based on changes in 

Cr and urine output were useful in predicting the prognosis of pa-

tients with liver cirrhosis.6,12-17 In 2012, Kidney Disease: Improving 

Global Outcomes (KDIGO) proposed the new AKI definition; 1) in-

crease in serum Cr by ≥0.3 mg/dL within 48 hours; or 2) increase 

in serum Cr to ≥1.5-fold of baseline, which is known or presumed 

to have occurred within the prior 7 days; or 3) urine volume  

<0.5 mL/kg/hour for 6 hours.18 Several studies have validated this 

definition in hospitalized patients with cirrhosis.6,17,19,20 However, 

in cirrhosis, urine volume could decrease without renal dysfunc-

tion or increase with the administration of diuretics.21 Therefore, 

in 2015 International Club of Ascites consensus, AKI was defined 

using KDIGO serum Cr criteria, but urine volume was excluded 

from definition. A study with critically ill patients with cirrhosis 

showed that KDIGO criteria had higher predictability than RIFLE 

or AKIN criteria for assessing prognosis in these patients.22

AKI phenotypes are classified as prerenal, intrarenal, and 

postrenal in the general population. Patients with cirrhosis char-

acteristically develop a specific type of renal dysfunction, HRS.23 

Prerenal types represent approximately two-thirds of cases, 

whereas intrarenal AKI accounts for one-third of AKI cases, and 

postrenal AKI is rare in patients with cirrhosis.24 Reversible AKI in 

cirrhosis is predominantly a prerenal injury, which resolves with 

volume administration and discontinuation of diuretics. In con-

trast, HRS is characterized by its nonresponsiveness to volume ex-

pansion.4 HRS typically represents a continuum of disease, start-

AKI in cirrhosis
• Increase in SCr ≥0.3 mg/dL within 48 hours or
• A percentage increase SCr ≥50% form baseline which is 

known, or presumed, to have occurred within the prior 7 days

Functional damage
Serum creatinine
Serum cystatin

Structural damage
Markers of

tubular injury

Prerenal azotemia

Normal
pathology

HRS

Normal or mild
tubular injury

ATN

Mild to severe
tubular injury

Figure 1. Diagnostic approach of AKI in cirrhosis. When AKI is diag-
nosed, volume administration and removal of precipitating factors are 
needed. Resolution of AKI is defined as a decrease in serum creatinine 
level to within 0.3 mg/dL of baseline value. When AKI persists after vol-
ume challenge, HRS and ATN could be the cause of AKI. HRS is the func-
tional type of AKI, and are not expected to induce significant tubular 
damage, however, mild tubular injury could exist in HRS. In contrast, se-
vere tubular lesions are characteristic feature of ATN. Functional bio-
markers increase with severity of AKI, however, markers of structural 
damage appear in HRS and markedly increased in ATN. AKI, acute kidney 
injury; SCr, serum creatinine; HRS, hepatorenal syndrome; ATN, acute tu-
bular necrosis.
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ing with functional changes, followed by structural changes due 

to prolonged ischemic injury. Intrinsic AKI involves acute tubular 

necrosis (ATN), acute interstitial nephritis, acute glomerular and 

vasculitic renal diseases. ATN is a condition that causes a lack of 

oxygen and blood flow to the kidneys, leading to damaged tu-

bules. Proximal tubule is located in a vulnerable area exposed to 

hypoxic injury, and patchy areas of flattened tubular cells with en-

larged lumens and apical vacuolization are the characteristic fea-

tures of ATN. Renal tubules can also be injured with ischemia in-

duced by prolonged hypoperfusion. Diagnostic approach of AKI in 

cirrhosis are presented in Figure 1. Accurately assessing renal 

function and differentiating the phenotypes of AKI are crucial in 

managing patients with cirrhosis. Although there have been many 

efforts, still there are many challenges and needs for relevant re-

nal biomarkers for patients with cirrhosis.

Cirrhosis and portal hypertension

Inflammation hypothesis

Bacterial translocation

Inflammatory cytokines

Vasodilation hypothesis

Splanchinc vasodilation

Reduced effective arterial volume

Vasoconstrictive systems
activation of RAAS, SNS, AVP

Compensatory increased
cardiac output

Renal arterial vasoconstriction
Intra-renal inflammation

Intrarenal microvascular changes
Fail

Figure 2. Pathophysiology of hepatorenal syndrome. In advanced cirrhosis, both vasodilation and systemic inflammation contribute to development 
of hepatorenal syndrome. Although increased cardiac output and activated systemic vasoconstrictors induce compensatory response, decreased ef-
fective arterial volume eventually leads to renal arterial vasoconstriction. Bacterial translocation induces intrarenal inflammation, resulting renal hypo-
perfusion and intrarenal microvascular changes. As a result, imbalance between pro- and post-glomerular resistance develops, and renal microcircula-
tion affecting tubular and glomerular function is impaired, leading to decrease in glomerular filtration rate. RAAS, renin-angiotensin-aldosterone 
system; SNS, sympathetic nervous system; AVP, arginine vasopressin.
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PATHOPHYSIOLOGY OF HRS

The pathophysiology of HRS comprises several mechanisms, in-

cluding hemodynamic alteration, kidney factors, and systemic in-

flammation (Fig. 2).9,23 Hypoperfusion plays a major role in the 

development of HRS. In early-stage cirrhosis, splanchnic vasodila-

tation results in a decrease in effective arterial volume, and it is 

balanced by hyperdynamic cardiac compensation to maintain ad-

equate renal perfusion. In more advanced cirrhosis, the renin-an-

giotensin-aldosterone system, sympathetic nervous system, and 

arginine vasopressin are activated, leading to systemic vasocon-

striction and sodium and water retention in the kidney.2,8 At most 

of these stages, increased cardiac output fails to compensate, and 

this may contribute to a remarkable decrease in renal blood 

flow.25 Impaired end-organ perfusion promotes functional kidney 

injury and a decrease in glomerular filtration rate (GFR), although 

there is no or minimal parenchymal kidney damage.26 In addition, 

in response to changes in the systemic circulation, autoregulation 

of the renal blood flow by protective mediators could be impaired, 

further decreasing GFR.27

Recently, it has been recognized that HRS also involves systemic 

inflammation.28 Gut permeability is easily disrupted in patients 

with cirrhosis, resulting in bacterial translocation. This induces the 

upregulation of systemic inflammatory mediators, leading to com-

promised extrahepatic organ perfusion, including the kidney.28-32 

In patients with bacterial translocation, pathogen-associated mo-

lecular patterns, such as endotoxins and bacterial DNA, activates 

monocytes, which leads to the release of pro-inflammatory cyto-

kines such as tumor necrosis factor-alpha, interleukin (IL) 6, and 

IL-1 beta.33,34 In addition, increased vasoactive mediators, such as 

nitric oxide, were observed in these patients. In previous studies, 

these cytokines were associated with impaired renal function in 

patients with cirrhosis, as well as in those with acute-on-chronic 

liver failure (ACLF) and acute liver failure.35,36

It has been shown in both experimental and clinical studies that 

the renal tubular toll-like receptor 4 (TLR-4) is overexpressed fol-

lowing inflammatory insult in both experimental and clinical stud-

ies.37,38 Upregulation of TLR-4 is related to the development of tu-

bular cell damage, suggesting that structural changes in the 

kidney could also contribute to renal dysfunction in HRS. In an ex-

perimental study of rats with cirrhosis, tubular injury was ob-

served after the administration of a sublethal dose of lipopolysac-

charide, indicating that TLR-4 overexpression is likely a result of 

bacterial translocation.37 In patients with sepsis-associated AKI, 

systemic inflammation-induced tubular cell injury is characterized 

by vacuolar degeneration, loss of polarity, loss of tight junctions, 

apoptosis, dedifferentiation and cell cycle arrest.39,40 According to 

the results of recent studies, it has been suggested that structural 

damage could be combined in HRS, which is known to have pre-

dominant functional damage.

KIDNEY BIOMARKERS

With advances in proteomic platforms, several novel biomarkers 

of AKI have been discovered.41 These biomarkers are used in pre-

clinical models of drug development, for early recognition of 

nephrotoxicity.42 In clinical studies, kidney biomarkers have been 

Table 1. Characteristics of novel kidney biomarkers in cirrhosis

Biomarker Origin Class Testing
Time to 

expression
Limitation

Cystatin C All nucleated cells Function Serum 12–24 hours Increased in CKD

NGAL Loop of Henle and collecting ducts, 
leukocytes

Damage Urine/serum 1–12 hours Increased in CKD, infection, liver 
disease

NAG Proximal tubular cells Damage Urine 12 hours Increased in CKD, nephrotoxic agents

IL-18 Monocytes, macrophages, 
epithelial cells and dendritic cells

Damage Urine 1–12 hours Increased in inflammation

KIM-1 Proximal tubular cells Damage Urine 1–12 hours Increased in clear cell carcinoma

L-FABP Proximal tubular cells, hepatocytes Damage Urine 1–12 hours Increased in CKD, liver disease

[TIMP-2]·[IGFBP-7] Proximal tubular cells Stress Urine <12 hours Insufficient evidence in cirrhosis
Increased in clear cell carcinoma

CKD, chronic kidney disease; NGAL, neutrophil gelatinase-associated lipocalin; NAG, N-acetyl-β-D-glucosaminidase; IL, interleukin; KIM, kidney injury molecule; 
L-FABP, liver-type fatty acid-binding protein; TIMP, tissue inhibitor of metalloproteinase; IGFBP, insulin like growth factor binding protein.
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mainly assessed in intensive care unit patients and cardiac surgery 

populations, who have a high prevalence of AKI.43 The ability of 

innovate kidney biomarkers has been investigated from several 

perspectives. Large prospective studies have demonstrated multi-

ple biomarkers that can detect AKI earlier than could the previous 

markers.44,45 Timely identification of AKI using these markers al-

lows for the rapid management of and improved clinical outcomes 

in the affected populations. Several biomarkers are associated 

with the progression to a more severe stage of AKI, or long-term 

prognosis including the development of AKI, reversibility of renal 

impairment, and mortality.46-50 Lastly, some biomarkers were use-

ful in differentiating prerenal AKI from ATN, reducing unnecessary 

volume administration to those with fluid-unresponsive AKI.51,52 

Kidney markers in cirrhosis can be categorized into three groups: 

1) markers of kidney dysfunction; 2) tubular injury markers in-

crease with cellular damage, characterized by alteration in cell 

metabolism and expression of adhesion molecules; and 3) cell-cy-

cle arrest marker detects cellular stress, which is potentially re-

versible and may or may not develop cell damage (Table 1).53 The 

summary of studies regarding novel kidney biomarkers are pre-

sented in Figure 3 and Table 2.

BIOMARKERS FOR THE ASSESSMENT OF KID-
NEY FUNCTION

Cr

Cr and Cr-based equations are the most widely used tools for 

estimating renal function in patients with liver cirrhosis. However, 

it is well established that serum Cr is not an accurate marker of 

renal dysfunction in cirrhosis.54-58 Serum Cr levels vary with sex 

and age.57 In some patients, the concentrations of serum Cr re-

main within normal limits, even in moderate to severe renal dys-

function, resulting in an overestimation of GFR.58-62 Cr is produced 

in the liver and stored in the muscle, thus, its serum concentration 

is intimately related to liver disease and the amount of muscle 

mass.56,58 In patients with hepatic dysfunction, the production of 

Markers of injury

NAG
IL-18
KIM-1
L-FABP

Markers of cell-cycle arrest

[TIMP-2]·[IGFBP-7]

Markers of filtration

Serum creatinine
Cystatin C

Markers of injury

NGAL

Proximal tubule
Distal tubule

Collecting duct

Loop of Henle

Glomerulus

Figure 3. Overview of kidney biomarkers. NAG, N-acetyl-β-D-
glucosaminidase; IL-18, interleukin 18; KIM-1, kidney injury molecule 1;  
L-FABP, liver-type fatty acid-binding protein; TIMP-2, tissue inhibitor 
of metalloproteinase-2; IGFBP7, insulin like growth factor binding 
protein 7; NGAL, neutrophil gelatinase-associated lipocalin.
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Table 2. Summary of studies regarding novel kidney biomarkers

Study Design Patient Biomarker Outcome Result

Yoo et al.11 
(2019)

Single center, 
prospective 

779 cirrhosis patients Cystatin C Correlation with 
51Cr-EDTA-mGFR

Cystatin C-eGFR (r=0.56)
MDRD-eGFR (r=0.46)

5-year survival Cystatin C-eGFR (AUC, 0.62)
MDRD-eGFR (AUC, 0.56), P<0.001

Development of 
AKI in 1 year

Cystatin C-eGFR (AUC, 0.71)
MDRD-eGFR (AUC, 0.65), P<0.001

Seo et al.75 
(2018)

15 hospitals, 
prospective

350 patients with 
cirrhotic ascites

Cystatin C 1 year mortality Cystatin C (AUC, 0.763)
Cr (AUC, 0.655), P=0.002

3 months mortality MELD (AUC, 0.853)
MELD-Cystatin C (AUC, 0.920), P=0.031

HRS development 
in 1 year

Cystatin C (AUC, 0.793)
Cr (AUC, 0.700), P=0.025

Markwardt  
et al.91 
(2017)

29 liver units, 
prospective

429 patients 
hospitalized 
for acute 
decompensation of 
cirrhosis (CANONIC 
study)

Cystatin C
Urine NGAL

Development of 
renal dysfunction

NGAL (OR, 1.6; 95% CI, 0.9–3.1) 
Cystatin C (OR, 9.4; 95% CI, 1.8–49.6)

HRS development Cystatin C (AUC, 0.71)

3 months mortality Cr (HR, 2.2), Cystatin C (HR, 3.1), NGAL (HR, 1.9)
All P<0.05 in multivariate study

Fagundes et 
al.135 (2012)

Single center, 
prospective

241 patients with 
cirrhosis

Urinary NGAL AKI phenotype 417 µg/gCr in ATN, 30 µg/gCr in prerenal azotemia, 
vs. 76 µg/gCr in HRS (P<0.001)

Kim et al.140 
(2020)

8 centers, 
prospective

328 patients with 
decompensated 
cirrhosis

Cystatin C
Urinary NAG
Urinary NGAL

AKI development Cystatin C (HR, 2.283; P<0.001; cut-off, 1.055 mg/L)
NAG (HR, 1.010; P=0.008; cut-off, 23.1 U/gCr)
NGAL (HR, 1.001; P=0.173) in multivariate analysis

Mortality Cystatin C (HR, 1.694; P=0.004)
NAG (HR, 0.999; P=0.794)
NGAL (HR, 1.000; P=0.223) in multivariate analysis

Jo et al.123 
(2019)

Single center, 
prospective

111 patients with 
decompensated 
cirrhosis

Cystatin C
Urine NGAL
[TIMP-2]· 

[IGFBP7]

AKI development Cystatin C (AUC, 0.593; cut-off, 1.22 mg/dL)
NGAL (AUC, 0.707; cut-off, 84.84 µg/gCr)
[TIMP-2]·[IGFBP7] (AUC, 0.536; cut-off, 0.11)

Mortality MELD-cystatin C (AUC, 0.827)
MELD (AUC, 0.737)

Belcher et 
al.105 (2014)

4 centers, 
prospective

188 patients with 
cirrhosis and AKI

Urine NGAL
IL-18
KIM-1
L-FABP

Differentiation of 
ATN

NGAL (AUC, 0.787; cut-off, 365 ng/mL)
IL-18 (AUC, 0.711; cut-off, 85 pg/mL)
KIM-1 (AUC, 0.639; cut-off, 15.4 ng/mL)
L-FABP (AUC, 0.688; cut-off, 25 ng/mL)

Verna et al.106 
(2012)

Single center, 
prospective

118 patients with 
cirrhosis

Urine NGAL Identifying AKI NGAL (AUC, 0.89)

Mortality or liver 
transplantation

NGAL (OR, 11.0; cut-off, 110 ng/mL)
Cr (OR, 1.58; cut-off, 1.5 mg/dL) in multivariate 

analysis

Ariza et al.108 
(2015)

Single center, 
prospective 
study

55 patients with acute 
decompensation of 
cirrhosis

Cystatin C
Urine NGAL
IL-18
KIM-1

Differentiation of 
ATN

Cystatin C (AUC, 0.762; cut-off, 44.5 µg/gCr)
NGAL (AUC, 0.957, cut-off, 294 µg/gCr)
IL-18 (AUC, 0.920; cut-off, 51 ng/gCr)
KIM-1 (AUC, 0.704; cut-off, 1.6 µg/gCr)

3 months mortality Cystatin C (AUC, 0.653)
NGAL (AUC, 0.876)
IL-18 (AUC, 0.651)
KIM-1 (AUC, 0.710)



37

Han Ah Lee, et al. 
Biomarkers of acute kidney injury in cirrhosis

http://www.e-cmh.org https://doi.org/10.3350/cmh.2021.0148

creatine, the precursor of serum Cr, is decreased, and tubular se-

cretion of Cr is increased. Sarcopenia, which is prevalent in pa-

tients with advanced cirrhosis, also contributes to low serum Cr 

levels. Therefore, serum Cr level is insufficient for the detection of 

early-stage renal dysfunction in patients with cirrhosis, which 

could delay the timely management of kidney injury.60,63

Inevitably, serum Cr level-derived equations (Cockcroft, modifi-

cation of diet in renal disease [MDRD]-4, and Chronic Kidney Dis-

ease Epidemiology Collaboration equations) tend to overestimate 

GFR in patients with cirrhosis.11,64-66 In addition, most serum Cr 

level-derived equations were developed in patients without cir-

rhosis, limiting its accuracy in cirrhosis.67-71 In a large cohort study, 

MDRD-estimated GFR was overestimated in 47% of patients with 

liver cirrhosis, compared to the measured GFR, and female sex, 

advanced cirrhosis, and decreased skeletal muscle mass were in-

dependent predictors of overestimation.11 Other studies have re-

ported that Cr-based equations overestimate renal function by 

30–50%, especially in patients with impaired liver function and 

low GFR.65-67,72

Conflicting data have been reported regarding the association 

between Cr levels and the prognosis of cirrhosis. In some studies, 

a statistical significance between Cr and survival was observed, 

however, serum Cr levels were not significantly associated with 

mortality and or the development of HRS in other studies.60,72-75 In 

addition, the observed mortality rate of patients with HRS was 

higher than that predicted by model for end-stage liver disease 

(MELD) or MELD sodium scores, which estimate renal function by 

serum Cr levels.76 Currently, GFR is estimated using the Cr-based 

MDRD-6 equation in simultaneous liver-kidney transplant guide-

lines. Unfortunately, the measured GFR was underestimated when 

the measured GFR was greater than 30 mL/min/1.73 m2 in pa-

tients with cirrhosis, which could result in unnecessary simultane-

ous liver-kidney transplantation (SLKT).77 In contrast, the overesti-

mation of the measured GFR could lead to increased mortality 

after LT.77,78

Cystatin C

Serum cystatin C has been investigated to improve the detec-

tion of reduced GFR.79 Cystatin C is a 13-kD endogenous cysteine 

proteinase inhibitor produced at a constant rate by all nucleated 

cells.80 Cystatin C is eliminated mainly by glomerular filtration, and 

is almost completely reabsorbed and catabolized in tubules.81 Se-

rum cystatin C is not affected by sex, hepatic function, or muscle 

mass.55,82-85 The kinetics of serum cystatin C are similar to those of 

Cr, with the serum concentration increasing 12–24 hours after the 

onset of AKI.86

The accuracy of cystatin C-based estimated GFR was compared 

with that of Cr-based estimated GFR. In a study of 779 patients 

with cirrhosis, cystatin C-based estimated GFR showed a better 

correlation with measured GFR than the MDRD-estimated GFR.11 

Other studies demonstrated that Cr-cystatin C combined GFR 

equations were more accurate than Cr-based equations in predict-

ing measured GFR in patients with cirrhosis, especially when the 

GFR was lower than 60 mL/min/1.73 m2 in both, the patients with 

and without ascites.87,88 In patients with normal range of serum 

Cr levels, cystatin C was the only independent predictor for the 

measured GFR.55

Study Design Patient Biomarker Outcome Result

Huelin et 
al.107 (2019)

Single center, 
prospective 
study

320 AKI patients 
hospitalized for 
decompensated 
cirrhosis

Urine NGAL
IL-18

Differentiation of 
ATN

NGAL at day 1 (AUC, 0.80; cut-off, 110 µg/gCr)
NGAL at day 3 (AUC, 0.87; cut-off, 220 µg/gCr)
IL-18 at day 1 (AUC, 0.70; cut-off, 23 pg/g)

AKI progression NGAL at day 3 (AUC, 0.75; cut-off, 280 µg/gCr)

Dialysis NGAL at day 3 (AUC, 0.77; cut-off, 173 µg/gCr)

Zhang et 
al.147 (2019)

Single center, 
prospective 
study

22 HRS patients and 
30 patients with 
cirrhosis and normal 
kidney function

[TIMP-2]· 
[IGFBP7]

Diagnosis of HRS 1.3±2.09 in HRS vs. 1.03±1.03 in control, P=0.55

Response to 
terlipressin

1.32±2.39 in response group vs. 0.81±1.05 in  
non-response group, P =0.56

Cr, creatinine; EDTA, ethylene-diamine-tetraacetic acid; mGFR, measured glomerular filtration rate; AKI, acute kidney injury; eGFR, estimated glomerular 
filtration rate; MDRD, modification of diet in renal disease; AUC, area under curve; HRS, hepatorenal syndrome; MELD, model for end-stage liver disease; 
NGAL, neutrophil gelatinase-associated lipocalin; OR, odds ratio; CI, confidence interval; HR, harzard ratio; ATN, acute tubular necrosis; NAG, N-acetyl-β-D-
glucosaminidase; TIMP-2, tissue inhibitor of metalloproteinase-2; IGFBP7, insulin like growth factor binding protein 7; IL-18, interleukin 18; KIM-1, kidney 
injury molecule 1; L-FABP, liver-type fatty acid-binding protein.

Table 2. Continued
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Cystatin C was more accurate than Cr for predicting outcomes 

of cirrhosis. In patients with cirrhosis, baseline cystatin C-based 

GFR (cut-off <55 mL/min/1.73 m2) was useful in the early recogni-

tion of AKI. In a prospective study of patients with cirrhosis, cys-

tatin C was better at predicting overall survival and the incidence 

of AKI than MDRD-estimated GFR.11 Other prospective study of 

531 patients with cirrhosis, cystatin C level but not serum Cr was 

an independent predictor of AKI development, an MELD-cystatin 

score accurately predicted the AKI development and mortality.89 

In patients with cirrhotic ascites, cystatin C was an independent 

predictor of mortality and the development of HRS, while Cr was 

not.75 Several studies have suggested that changes in cystatin C 

levels are associated with the development of AKI, however, these 

are insufficient for supporting the role of change in cystatin C lev-

el in defining AKI in cirrhosis.90,91

BIOMARKERS FOR DEFINING THE PHENOTYPE 
OF AKI

Identification of AKI phenotype is crucial for establishing a 

treatment strategy and improving clinical outcomes. Because a 

clear objective test for HRS is absent, 48 hours of empirical vol-

ume expansion is required for both a diagnostic and therapeutic 

challenges. AKI caused by HRS and ATN persists after volume ad-

ministration and requires appropriate management for each enti-

ty. However, differentiating HRS from ATN is challenging. The ma-

jor treatment for HRS is the administration of vasoconstrictors, 

which has been shown to improves the renal function in approxi-

mately 50% of the patients with HRS.92-94 However, short-term 

mortality of HRS remains very high, up to 90%, and LT is the only 

treatment that improves the long-term survival of patients with 

HRS.17,92,95 In contrast, treatment of the underlying cause is the 

main therapeutic strategy for ATN. A fluid-first treatment may de-

lay the initiation of vasoconstrictors in patients with HRS, or in-

duce volume overload in those with ATN, who are unlikely to re-

spond, resulting in a poor clinical outcome.96,97

The level or change in serum Cr cannot differentiate between 

functional and structural renal impairment.98 Fractional excretion 

of filtered sodium (FENa) is used to differentiate the phenotypes 

of AKI, characterized by FENa less than 1% in prerenal azotemia. 

However, low FENa can be observed in AKI subtypes other than 

the prerenal type because of activated water and sodium reten-

tion.23,99 In addition, FENa can be increased by diuretics, glycos-

uria or chronic adaptation.100 Proteinuria of over 1–2 g/day sug-

gests a glomerular injury; however, in patients with cirrhosis, 

serum protein concentration is decreased by impaired hepatic 

function and poor nutrition, leading to a lower amount of protein-

uria.18 Glomerular injury can be suspected in patients with pro-

teinuria of less than 0.5 g/day when their serum protein level is 

low. In addition, a poor correlation between conventional bio-

markers and kidney histology was observed in a previous study.101 

Because of the disappointing performance of the previous mark-

ers in assisting with the differentiation of HRS from ATN and other 

kidney diseases, there is a great need to identify markers specific 

to parenchymal kidney insult. Differentiating functional changes 

from structural changes could help differentiate between patients 

with a reversible disease and those with irreversible changes.

Tubular injury biomarkers

Tubular injury biomarkers have been shown to have the poten-

tial to differentiate HRS from ATN in patients with cirrhosis. Hy-

poxia leads to proximal tubule dysfunction, resulting in increased 

excretion of low-molecular-weight proteins into urine or serum. 

Since they are expressed only hours after kidney injury, they have 

suggested as the earliest markers of AKI.102-104 However, there are 

insufficient data to support their role as early detection markers 

of AKI in cirrhosis.

The levels of urinary tubular markers are different between AKI 

phenotypes, with the lowest levels observed in prerenal AKI, 

modest levels exhibited in HRS, and significantly higher levels 

found in ATN.105-110 The potential tubular injury biomarkers in cir-

rhosis are 1) neutrophil gelatinase-associated lipocalin (NGAL), 2) 

N-acetyl-β-D-glucosaminidase (NAG), 3) IL-18, 4) kidney injury 

molecule 1 (KIM-1), and 5) liver-type fatty acid-binding protein  

(L-FABP).

NGAL is a low-molecular-weight protein (25 kDa) produced by 

thick ascending and collecting ductal cells of kidney and cells of 

liver, lung, and gastrointestinal tract.111 In animal models, NGAL is 

highly expressed in the kidney and released into the urine after 

ischemic or nephrotoxic insults. Following ischemic insult, urine 

NGAL concentration increases within 2 hours.111 In addition, 

NGAL plays a role in the innate immune system through iron se-

questration.112,113 Although both serum and urine NGAL can be 

measured, the serum NGAL levels have not been widely studied.

NAG originates from the lysosome of proximal tubules; there-

fore, increased urinary NAG levels represent proximal tubule injury 

with loss of lysosomal integrity.114 Unlike NGAL, NAG has a large 

molecular weight (140 kDa) and is not filtered by the glomerulus; 
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therefore, its high urine levels are unlikely to originate from extra-

renal sources.115 In several studies, urine NAG was shown to be a 

sensitive marker of tubular injury.114,116-118

IL-18 is a pro-inflammatory cytokine that is highly expressed in 

proximal tubule. IL-18 is released into the urine after ischemic in-

jury to the proximal tubule, and its level is not confounded by uri-

nary infections, nephrotoxic AKI, and chronic kidney disease 

(CKD).108,119-121 In human studies, urinary IL-18 was useful in pre-

dicting the development of AKI and other clinical outcomes.122,123

KIM-1 is a transmembrane protein that is expressed in proximal 

tubule and is upregulated in response to ischemic kidney injury. 

Because urine KIM-1 is less affected by extrarenal confounders, 

its role in differentiation of ATN from non-tubular kidney injury 

was observed.124-126

L-FABP is a free fatty acid transporter, which is overexpressed in 

the proximal tubule, and which transports free fatty acids to the 

mitochondria or peroxisomes.127 In experimental studies, L-FABP 

has been observed to be upregulated and released into the urine 

in the presence of tubulointerstitial damage.128 Human studies 

have shown that urinary L-FABP could predict the AKI or sepsis 

complicated by AKI, and its level could be affected by infection or 

liver disease.129,130 In addition, urinary L-FABP levels are also in-

creased in patients with CKD, suggesting its role as an antioxidant 

and renoprotective substance.131

The role of tubular markers in the diagnosis of AKI

Several studies have shown that both serum and urine NGAL 

may be useful for the early diagnosis of AKI.45,132-134 Thereafter, di-

agnostic value of NGAL was investigated in patients with liver cir-

rhosis, demonstrating a higher urinary NGAL level in patients with 

AKI than in those without AKI.135 However, urinary NGAL levels 

also increase during other conditions, such as inflammatory dis-

ease, urinary tract infection, or CKD, limiting the diagnostic per-

formance of NGAL.136,137 In addition, it was shown that liver syn-

thesis of NGAL increases during sepsis; therefore, NGAL level 

could be confounded.138,139 In a recent multicenter prospective 

study of 328 patients with decompensated cirrhosis, urine NGAL 

levels were comparable between patients with and without 

AKI.140 Furthermore, when multiple kidney biomarkers were ana-

lyzed simultaneously, increased serum cystatin C and urine NAG 

levels at baseline were significant predictors of AKI development, 

while serum Cr and urine NGAL levels were not. When patients 

were divided in to three groups according to the serum cystatin C 

and urine NAG levels, the hazard ratios for development of AKI 

were 3.010 and 6.512 in the other groups, compared to low-risk 

group. To date, the clinical implications of urine NAG have not 

been fully investigated; therefore, further validation studies in pa-

tients at a higher risk of AKI are needed.

Differentiation of AKI phenotype with tubular 
markers 

Recently, NGAL and IL-18 helped identify the cause of AKI in 

patients with cirrhosis.105,106,135,141 It has been suggested that urine 

NGAL is significantly higher in patients with ATN than those with 

other causes, including HRS and prerenal AKI.105,135 In a study of 

112 patients with various phenotypes of AKI, urine NGAL showed 

the highest diagnostic performance in differentiating ATN from 

other causes (area under curve [AUC] of 0.79), compared to IL-18, 

KIM-1, and L-FABP.105 A meta-analysis suggested that urine NGAL 

and IL-18 could discriminate ATN from other AKI phenotypes with 

AUCs of 0.89 and 0.88, respectively.142 The role of KIM-1 in pa-

tients with cirrhosis and AKI has been investigated in few studies, 

and increased urine KIM-1 levels were observed in patients with 

ATN compared to those with other causes.105 However, in some 

studies, significant overlaps in urine NGAL, IL-18, and KIM-1 levels 

were observed between patients with HRS and those with 

ATN.106,135 In addition, various previous studies have defined ATN 

and other causes of AKI with clinical features, without histological 

confirmation, which could lead to a misclassification of the AKI 

phenotype. None of these biomarkers were specific to any part of 

the nephron. Many patients with AKI present oliguria or anuria, 

and urine collection from these patients may be impractical, pre-

cluding the measurement of urinary biomarkers. Therefore, the 

performance of these markers in differentiating AKI phenotypes in 

cirrhosis should be interpreted with caution.

Patient outcomes and tubular injury markers

Conflicting results have been reported regarding the association 

between tubular markers and the risk of mortality.105,106,119,139-141 In 

a meta-analysis of five studies, increased urine levels of IL-18 and 

NGAL identified patients at a higher risk of short-term mortality 

with an AUC of 0.76.142 In two studies investigating the perfor-

mance of multiple biomarkers, urine NGAL levels showed the best 

predictive performance in predicting mortality, compared with the 

urine IL-18, KIM-1, and L-FABP levels and serum cystatin C lev-

el.105,108 However, two recent prospective studies from South Ko-

rea, including patients with decompensated cirrhosis, showed 
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that urine NGAL level was not a significant predictor of mortality; 

rather, the cystatin C or MELD-cystatin C score were associated 

with survival outcomes.123,140 These discrepancies could be ex-

plained by the differences in the clinical characteristics of the pa-

tient population. Unlike previous studies that included a wide 

range of cirrhotic patients, the latter two studies only included 

patients with decompensated cirrhosis, to investigate the ability 

of the biomarkers appropriately in patients with a high prevalence 

of AKI. Another concern is that an increase in these biomarkers is 

not fully derived from kidneys. As mentioned above, infection or 

liver disease, the other critical factor of increased mortality, also 

increase the levels of renal biomarkers, especially NGAL and L-

FABP. Therefore, it is not clear whether the mortality in the previ-

ous studies was driven by AKI itself.

Predicting kidney outcomes in patients with AKI and cirrhosis is 

also of great concern. In a prospective study of European AKI co-

hort in which terlipressin was applied as a treatment algorithm, 

urine NGAL and IL-18 levels were measured serially.107 It was dem-

onstrated that a high urinary NGAL level on hospital day 3, mea-

sured after 48 hours of volume expansion, was the most signifi-

cant predictor of AKI progression; however, it was not related to 

the response to terlipressin. In another study, higher urinary 

NGAL, IL-18, KIM-1, and L-FABP levels were independently associ-

ated with the progression of AKI, with IL-18 performing best.105 

However, there are insufficient data to draw firm conclusions 

about their role in predicting kidney outcomes in patients with 

cirrhosis and AKI.

Biomarker for cell-cycle arrest

Tissue inhibitor of metalloproteinase-2 and insulin like growth 

factor binding protein 7 ([TIMP-2]·[IGFBP7]) is a recently discov-

ered cell-cycle arrest protein expressed in renal tubular cells dur-

ing cellular stress or injury. It was discovered through an unbiased 

proteomic screening in human AKI populations. TIMP-2 inhibits 

the activity of matrix metalloproteinase, affecting the regulation 

of the cell cycle, and binds to α3β1 integrin on the surface of en-

dothelial cells, inhibiting endothelial cell proliferation and angio-

genesis.143,144 IGFBP7 is a secreted protein that regulates the bio-

availability of IGFs through direct binding.145 The role of [TIMP-

2]·[IGFBP7] as a biomarker in AKI patients has been proposed 

because G1 cell cycle arrest is a known consequence of AKI.146 

Nephrocheck®, which detects TIMP-2 and IGFBP7, has been ap-

proved by the U.S. Food and Drug Administration as a potential 

biomarker for predicting clinical outcomes in patients with AKI. 

Although it was useful in predicting moderate to severe AKI with-

in 12 hours and clinical outcomes in critically ill patients, few 

studies described an unclear role of [TIMP-2]·[IGFBP7] in patients 

with cirrhosis.123,147

RENAL BIOMARKERS IN ACLF

In previous studies with patients with ACLF defined by both the 

Asia Pacific Association of the Study of Liver and the joint Europe-

an Association of Study of Liver/American Association of Study of 

Liver Disease criteria, the prevalence of kidney dysfunction was 

reported as 13.2–51.0%.35,148-150 Therefore, there is a distinct need 

for reliable renal biomarkers in patients with ACLF. Patients with 

ACLF have marked hyperbilirubinemia, resulting in low serum Cr 

level compared to the extent of residual renal function. A study 

showed that serum cystatin C level was useful in predicting renal 

impairment in patients with hepatitis-B virus related ACLF pa-

tients.151 Urine NGAL was shown as a useful biomarker for the di-

agnosis and prognosis prediction in patients with ACLF.152 In a 

study of patients with ACLF, urine NGAL and plasma soluble 

CD163 were independent predictors for 28-day mortality.153 In the 

diagnosis of AKI phenotype in ACLF, differentiating bacterial in-

fection-associated HRS from ATN, which is a continuum, is a chal-

lenging issue. However, data regarding the role of novel renal 

biomarkers for the differentiation of AKI phenotype in ACLF pa-

tients are lacking.154 

CONCLUSIONS

AKI has important prognostic implications in liver cirrhosis. It 

has been suggested that some consequences of AKI may not be 

fully recovered; rather, prolonged kidney vasoconstriction could 

induce tubular interstitial fibrosis and increase the risk of further 

AKI.155,156 Unlike other populations, cirrhosis is the only disease 

that has a specific therapy for AKI, terlipressin, which is approved 

for the treatment of HRS in various regions. Therefore, the accu-

rate evaluation of renal function and the determination of the AKI 

phenotype are important issues in the management of patients 

with AKI. Due to the complex pathophysiology and interaction 

between the liver and kidney, novel renal biomarkers have been 

adopted and evaluated. Although various markers have been 

shown to improve both diagnosis and prognosis prediction in pa-

tients with cirrhosis, a single biomarker is insufficient for having 
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an impact on clinical practice. In addition, renal biopsy, which is 

essential to identify the etiology of AKI, was not performed in a 

majority of the relevant previous studies. And the normal range of 

novel markers in cirrhosis has not been defined, limiting their clin-

ical use. Therefore, other novel biomarkers still need to be ex-

plored, and the incorporation of various biomarkers should be 

evaluated in future studies. The availability of these markers in 

cirrhosis will also help to further develop and improve the perfor-

mance of certain current treatment strategies, including the ad-

ministration of terlipressin and SLKT.
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