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CHAPTER 45 

Acute Kidney Injury in Cirrhosis
Claire Francoz, Francois Durand, Yuri S. Genyk, and Mitra K. Nadim

OBJECTIVES
This chapter will:
1.	 Discuss the basis of pathophysiology of renal impairment 

in cirrhosis.
2.	 Describe the management of acute kidney injury (AKI) in 

cirrhosis, including treatment of hepatorenal syndrome.
3.	 Identify the indication for liver transplantation in the context 

of AKI: liver alone or simultaneous liver and kidney.

Acute kidney injury (AKI) is a common complication of 
end-stage liver disease and is one of the criteria that define 
acute-on-chronic liver failure.1 AKI has been reported to 
occur in up to 50% of hospitalized patients with cirrhosis2–4 
and is thought to be due to the combination of an impaired 
effective arterial blood volume secondary to arterial 
vasodilation, with increased intrarenal vasoconstriction and 
impaired renal autoregulation. AKI can be precipitated by 
factors that further impair circulatory status and reduce renal 
perfusion, such as gastrointestinal bleeding and bacterial 
infections.5–8 The development of AKI increases the risk 
of mortality,9 affects short and long-term mortality, and 
reduces kidney function after liver transplantation.10–12 
In liver transplant candidates, identification of the cause 
of AKI is crucial because hepatorenal syndrome type 1 
(HRS-1) is reversible after liver transplantation.10,13,14 Kidney 
biopsy is difficult to perform in this population because 
of coagulation abnormalities; therefore there is a need for 
noninvasive tools to accurately determine the cause of 
kidney dysfunction, to better assess the prognosis, to target 

therapy, and to determine the potential for reversibility. 
There is currently no specific blood or urine biomarker that 
can reliably identify the cause of AKI in cirrhotic patients. 
Traditional diagnostic criteria focused particular attention 
to hepatorenal syndrome (HRS)15 with criteria based on 
elevation in serum creatinine (SCr) > 1.5 mg/dL. However, 
the strict SCr cutoff and exclusion of other forms of AKI and 
chronic kidney disease (CKD) have led to new definitions 
that suggest a broader look at AKI in cirrhosis.16,17

PATHOPHYSIOLOGY OF ACUTE KIDNEY 
INJURY IN CIRRHOSIS

Several mechanisms contribute to the development of AKI 
in patients with cirrhosis, including circulatory changes, 
intrinsic kidney factors, and systemic inflammation (Fig. 
45.1).5,7 Cirrhosis is characterized by hyperkinetic state with 
splanchnic and systemic vasodilation. At the early stage, 
decreased systemic vascular resistance results in a mild 
reduction in mean arterial pressure, which is balanced by 
increased cardiac output that maintains adequate kidney 
perfusion. At this stage, glomerular filtration rate (GFR) is 
preserved. In more advanced stages, systemic vasodilation 
increases, leading to a state of decrease in effective blood 
volume that induces systemic vasoconstriction systems, 
namely renin-angiotensin-aldosterone system (RAAS), 
sympathetic nervous system (SNS), arginine vasopressin 
(AVP), and renal sodium and water retention. This stage is 
characterized by a switch from preserved to reduced kidney 



264    Section 10 / Clinical Syndromes and Acute Kidney Injury

clinical situations, hemodynamic changes are associated 
with systemic and/or renal inflammatory responses leading 
to microcirculatory changes and a significant reduction of 
perfused capillaries.

Even in the absence of overt bacterial infection, cirrhosis 
is characterized by a state of systemic inflammation, cor-
related to the severity of liver disease and portal hyperten-
sion.19 Translocation of bacteria and/or pathogen-associated 
molecular patterns (PAMPs) from the lumen of the gut to 
the bloodstream is probably the main mechanism leading 
to inflammation. Translocation induces a wide spectrum 
of genes encoding molecules responsible for inflammation 
via specific receptors called pattern recognition receptors 
(PRR).19 Proinflammatory mediators then may extend to 
the systemic circulation and peripheral organs leading to 
extrahepatic organ dysfunction, including the kidney. For 
instance, patients with bacterial translocation have increased 
levels of proinflammatory cytokines (tumor necrosis factor-α 
[TNF-α] and interleukin-6 [IL-6]) as well as increased levels 
of vasoactive factors (such as NO) as compared with patients 
without translocation.24,25 A substantial proportion of patients 
with HRS have bacterial infection as a precipitating factor 
and/or systemic inflammatory response syndrome (SIRS).26 
However, about 30% of patients with HRS have SIRS without 
documented bacterial infection.26

Toll-like receptor 4 (TLR4) is the main PPR that has been 
studied in this field. In an experimental model of cirrhosis, 
inflammatory insult induced by lipopolysaccharide resulted 
in increased expression of TLR4 in proximal renal tubules 

blood flow. At the most advanced stages of cirrhosis, renal 
vasoconstriction can no longer be balanced by increased 
cardiac output and renal blood flow markedly decreases.18 
In addition to changes in systemic hemodynamics, altera-
tions of intrarenal hemodynamics along with abnormal 
autoregulation of renal blood flow contribute to decreased 
GFR.8 Decreased cardiac output, characterizing the so-called 
“cirrhotic cardiomyopathy,” may contribute to decreased 
renal perfusion and altered GFR.18 However, circulatory 
changes associated with portal hypertension and kidney 
factors do not explain all the changes observed during HRS 
and other causes of AKI.

Recently, the concept of systemic inflammatory in multi-
organ disease has emerged and challenged the vasodilation 
theory.19 Sepsis is a common trigger of AKI in patients 
with cirrhosis. In patients without cirrhosis, hemodynamic 
changes and inflammatory response clearly are involved in 
the mechanisms leading to sepsis-associated AKI.20 In severe 
sepsis, AKI may develop in the absence of decreased renal 
blood flow.21–23 In patients with preserved renal blood flow, 
intrarenal microvascular changes resulting in decreased 
GFR may include an imbalance between preglomerular 
and postglomerular resistance (which corresponds to 
preglomerular and post glomerular vascular tone) as well 
as impaired renal microcirculation affecting tubular and 
glomerular function.23 Finally, it has been hypothesized 
that sepsis could lead to intrarenal redistribution of blood 
flow out of the cortex, thus inducing corticomedullary 
junction ischemia with subsequent tubular injury.23 In most 
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FIGURE 45.1  Mechanisms contributing to impaired kidney function in cirrhosis. Figure reproduction with permission. In end-stage liver 
disease, several factors contribute to increase susceptibility of the kidney to acute kidney injury (AKI). Vasodilation secondary to portal 
hypertension and systemic inflammation induced by gut bacterial translocation tend to induce renal arterial vasoconstriction because 
of the activation of vasoconstrictive systems in response to decreased effective blood volume. AVP, Arginine vasopressin; CKD, chronic 
kidney disease; IgA, immunoglobulin A; RAS, renin angiotensin system; SNS, sympathetic nervous system. 
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disease and is a key component in the Model for End-Stage 
Liver Disease (MELD) score, which is used to prioritize 
patients for liver transplantation.

DEFINITION OF ACUTE KIDNEY INJURY

The definition of AKI in cirrhosis has undergone significant 
changes over the past several years (Table 45.1). In 2010 
the Acute Dialysis Quality Initiative (ADQI) recommended 
adaptation of the Acute Kidney Injury Network (AKIN) 
criteria40 to define AKI in patients with cirrhosis instead 
of the traditional definition using a fixed SCr cutoff value 
of greater than 1.5 mg/dL.16 These recommendations also 
were endorsed by the International Club of Ascites (ICA).41 
These criteria were irrespective of the cause of AKI and 
as such, type 1 HRS was categorized as a specific type 
of AKI. In addition, the term hepatorenal disorders was 
proposed to encompass the full range of conditions in which 
liver and kidney disease coexist.16 Since then, the use of 
AKIN criteria in predicting mortality has been validated in 
numerous studies of hospitalized patients with cirrhosis, 
including those in the intensive care units (ICUs).2,9,42,43 
Recently, the definition of HRS and AKI in patients with 
cirrhosis was modified by the ICA.17 Although oliguria is 
not included in the current definition of AKI in patients 
with cirrhosis and has yet to be validated, urine output 
has been found to be a sensitive and early marker for 
AKI in ICU patients and to be associated with adverse  
outcomes.44–46

There remains some debate as to the most appropriate 
reference SCr to use to diagnose and stage AKI.47–49 The 
ICA recently suggested that a baseline SCr result within 
the previous 3 months should be used as the reference, if 
available, or if no baseline exists, then the admission SCr 
can be used as the reference.17 If more than one baseline 
value of SCr is available in the previous 3 months, a recent 
International Consensus Meeting recommended that the 
value closest to the event be used as the reference SCr.50

CAUSE OF ACUTE KIDNEY INJURY

The most common cause of AKI in hospitalized patients 
with cirrhosis is prerenal AKI, accounting for approxi-
mately 68% of the cases.51,52 Prerenal causes are classified 
according to response to volume expansion. In patients 
who are volume-responsive, AKI can be the consequence 
of hypovolemia (gastrointestinal hemorrhage, aggressive 
diuresis, or diarrhea) or large volume paracentesis. Type 
1 HRS, by contrast, is defined by the absence of response 
to volume expansion and constitutes approximately 17% 
of cases of AKI in hospitalized patients with cirrhosis. 
Acute tubular necrosis (ATN) is the most common cause 
of intrarenal AKI and may be precipitated by sepsis, which 
is a common complication during advanced cirrhosis.52

Because of a better understanding of the pathophysiology 
of cirrhosis, new concepts challenge the classical view of 
AKI. For instance, it has been suggested that type 1 HRS 
does not exclude tubular lesions and that ATN may result 
from unrecognized and/or untreated prerenal failure with 
prolonged hypoperfusion leading to ischemic injury. In 
some patients, type 1 HRS and ATN may be a continuum 
rather than two distinct entities. In addition, in patients 
with decompensated cirrhosis and AKI corresponding to 
the definition of HRS, there are often precipitating factors 

and eventually, tubular cell injury.27 In experimental models, 
digestive decontamination reduces expression of TLR4 and 
protects against tubular damage.27 A similar overexpression 
of tubular TLR4 has been described in patients with cirrhosis 
and renal dysfunction.28 Interestingly, a subset of patients 
with a diagnosis of HRS showed overexpression of TLR4 
in tubular cells and evidence of tubular cell damage. These 
findings suggest that a diagnosis of HRS does not exclude 
some degree of structural changes.

Overall, the pathophysiology of AKI in decompensated 
cirrhosis is complex with various factors being involved, 
including hypovolemia, administration of nephrotoxic 
agents, infection, and/or SIRS that may precipitate renal 
hypoperfusion and intrarenal circulatory changes, which 
are a hallmark of cirrhosis-associated AKI, regardless of 
the cause.

ASSESSMENT OF KIDNEY FUNCTION

Evaluation of kidney function in patients with cirrhosis 
remains a critically important and challenging problem. 
Although SCr remains the most commonly used clinical 
index of kidney function, in the setting of cirrhosis, SCr 
tends to overestimate kidney function as a result of the 
combination of decreased creatine production by the liver, 
protein calorie malnutrition, muscle wasting, reduced 
physical activity and large volume of distribution in the 
setting of fluid overload.29 In patients with AKI, SCr can lag 
by days despite a decrease in GFR, especially in the setting 
of fluid overload.30,31 In addition, in patients with high serum 
bilirubin, SCr can be inaccurate if colorimetric-based Jaffe 
assays are used because bilirubin interferes with the color 
reaction, and thus enzymatic assays are preferred. Other 
indirect markers of kidney function, such as serum cystatin 
C, are costly and have not been shown to be superior to 
SCr in patients with cirrhosis.29,32

GFR is considered the best estimate of kidney function, 
although there is no universally accepted gold standard for 
measurement of GFR, especially in patients with cirrhosis. 
GFR measurement using isotopes and radiocontrast methods 
are confounded by changes in volume of distribution because 
of ascites and extracellular volume expansion and are not 
used routinely in clinical practice because of reasons of 
cost, convenience, and availability. GFR can be measured 
by creatinine clearance with timed urinary collection; 
however, in addition to inherent limitations related to 
incomplete urine collection, increased tubular secretions 
of creatinine may bias creatinine clearance as GFR declines 
in cirrhosis.33,34

The Modified Diet in Renal Disease 6 (MDRD-6) has been 
shown to be the most accurate creatinine-based equation 
in cirrhosis.34–36 Equations based on cystatin C, with or 
without SCr (i.e., CKD-EPI creatinine-cystatin C equation) 
may be superior to creatinine-based equation37,38; however, 
all equations tend to overestimate the true GFR. In addition, 
all the estimating equations for GFR were based on study 
populations with CKD with stable SCr. In a recent study 
in critically ill patients with AKI, estimating equations 
performed poorly when estimating GFR.39 Therefore, during 
non–steady-state conditions, using creatinine-based equa-
tions to estimate GFR can result in inaccurate assessment 
of kidney function.

Despite the many limitations of SCr, its widespread use 
and access makes it the most practical method of GFR 
assessment. In addition, SCr remains the basis of existing 
clinical definitions of AKI in patients with without kidney 
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TABLE 45.1 

Definition and Staging of Acute Kidney Injury

AKI 
DEFINITION DEFINITION OF BASELINE SERUM CREATININE

AKI STAGE
SERUM CREATININE CRITERIA

AKI STAGE
URINE OUTPUT CRITERIA

1 2 3 1 2 3

AKIN40 
(2007)

Increase SCr ≥ 
0.3 mg/dL 
within 48 
hours; or 
increase SCr 
≥1.5 × baseline 
within 48 hr; 
or UO 
<0.5 mL/kg/hr 
× 6 hrs

First SCr measured Increase 
≥0.3 mg/
dL within 
48 hr or 
≥1.5–2 × 
baseline

Increase 
2–3 × 
baseline

Increase 3 × 
baseline or 
SCr >4 mg/
dL with an 
acute rise 
>0.5 mg/dL 
or on RRT

<0.5 mL/
kg/hr × 
6–12 hr

<0.5 mL/
kg/hr × 
12 hr

<0.3 mL/
kg/hr × 
24 hr or 
anuria × 
12 hr

AKI in Cirrhosis
ADQI16 
(2010)

Increase SCr ≥ 
0.3 mg/dL 
within 48 hr; 
or increase SCr 
≥ 1.5 × baseline

HRS-1 is a 
specific form of 
AKI

Increase 
≥0.3 mg/
dL within 
48 hr or 
≥1.5–2 × 
baseline

Increase 
2–3 × 
baseline

Increase 3 × 
baseline or 
SCr > 
4 mg/dL 
with an 
acute rise 
>0.5 mg/dL 
or on RRT

- - -

ICA17 
(2015)

Increase SCr 
≥0.3 mg/dL 
within 48 
hours; or 
increase SCr 
≥50% from 
baseline which 
is known, or 
presumed, to 
have occurred 
within the 
prior 7 days

SCr within 3 
months can be 
used as baseline. 
In patients with 
more than one 
SCr value, value 
closest to hospital 
admission should 
be used. In 
patients without 
previous SCr, SCr 
on admission 
should be used.

Increase 
≥0.3 mg/
dL within 
48 hr or
≥1.5–2 × 
baseline

Increase 
2–3 × 
baseline

Increase 3× 
baseline or 
SCr > 
4 mg/dL 
with an 
acute rise 
>0.5 mg/dL 
or on RRT

- - -

ADQI, Acute dialysis quality initiative; AKI, acute kidney injury; AKIN, acute kidney injury network; ICA, international club of ascites; RRT, renal 
replacement therapy; SCr, serum creatinine; UO, urine output.

PREVENTION OF ACUTE KIDNEY INJURY

Prevention of AKI is a key issue in the management of 
patients with end-stage cirrhosis (Table 45.2).52,59 Drugs 
may exert a direct nephrotoxic effect by intrarenal blood 
flow impairment (e.g., nonsteroidal antiinflammatory drugs, 
renin–angiotensin–aldosterone system blockers), direct renal 
tubule toxicity (e.g., radiocontrast dye, aminoglycosides, 
vancomycin, amphotericin B), or by allergic interstitial 
injury (e.g., β-lactam antibiotics, diuretics). Changes in 
drug distribution because of volume overload and altered 
pharmacokinetics resulting from changes in renal and 
hepatic blood flow and function can affect the concentration 
and half-life of medications and their metabolites leading 
to nephrotoxicity. It has been suggested that cirrhosis may 
not be a predisposing factor for contrast media–induced 
nephropathy.60 However, contrast imaging should be per-
formed only when needed.

The prevention of infections and hypovolemia is crucial 
in the prevention of AKI. Spontaneous bacterial peritonitis 
(SBP) prophylaxis with daily antibiotics,61–63 intravenous 
albumin use in patients with64 or without65,66 SBP and in 
patients undergoing large volume paracentesis (>5 L),5 and 
prompt replacement of gastrointestinal blood loss along with 
antibiotic prophylaxis67–69 have been shown to decrease the 
incidence of AKI, specifically HRS.

of AKI, such as hypovolemia, infection, and/or SIRS that 
precipitate renal hypoperfusion.

The prevalence of underlying CKD in patients with cir-
rhosis who develop AKI (“acute-on-chronic kidney disease”) 
is unknown. However, it can be reasonably assumed that 
patients with advanced cirrhosis frequently have chronic 
kidney changes resulting from comorbidities (e.g., diabetes 
and hypertension) and/or specific causes of CKD (e.g., 
IgA nephropathy, viral-induced glomerulopathy).53 The 
combination of acute and chronic kidney changes makes 
it even more difficult to predict reversibility in the absence 
of biopsy. Finally, evidence for close interconnections 
between AKI and CKD emerged recently in the general 
population.54 These interconnections are likely to exist in 
patients with cirrhosis. Patients with underlying CKD are 
at 10 times higher risk of developing AKI compared with 
patients without CKD.55 In parallel, the risk of developing 
CKD is higher in patients with severe or repeated episodes 
of AKI.54 The rate of CKD after one episode of AKI is as 
high as 8 per 100 patient-years.56 Maladaptive repair after 
tubule cell necrosis is one of the main mechanisms leading 
to progression from AKI to CKD.57,58 Because patients with 
end-stage cirrhosis are prone to develop repeated episodes of 
AKI as a consequence of events such as sepsis, hypovolemia, 
paracentesis-induced circulatory changes, and HRS, it can 
be suspected that these patients with repeated episodes AKI 
eventually develop irreversible chronic kidney changes.
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The finding of hematuria, proteinuria, and/or abnor-
malities of kidney morphology point toward the existence 
of underlying parenchymal kidney disease, and patients 
may develop AKI, including HRS, on the background of 
preexisting kidney disease.16 Parenchymal kidney disease 
requires confirmation by appropriate diagnostic tests, 
preferably including kidney biopsy, although this rarely 
is performed because of abnormal coagulation.

Volume expansion is the main step not only in the 
treatment but also in the differential diagnosis of the 
cause of AKI. The type of fluid needed for resuscitation 
should be tailored based on the cause of AKI. Patients with 
intravascular volume loss because of diarrhea or diuretics 
should be treated with crystalloids, whereas patients with 
gastrointestinal bleeding should be given packed red blood 
cells to maintain a hemoglobin value between 7 and 9 g/
dL.81 Patients without an obvious cause for hypovolemia 
should be given an initial trial of plasma expansion with 
20% to 25% albumin (1 g/kg up to a maximum of 100 g). 
Because patients with cirrhosis and AKI have reduced renal 
sodium and water excretion, caution should be used with 
the administration of crystalloids or albumin to avoid 
development of significant fluid retention. Patients in whom 
other causes of AKI have been ruled out should receive 
treatment for type 1 HRS with vasoconstrictors, which in 
combination with albumin constitute the main therapy for 
type 1 HRS.77,82

Absence of response to plasma volume expansion does 
not make it possible to distinguish type 1 HRS from ATN. 
Differentiation between the two entities is not currently 
possible, because this would require a kidney biopsy. 
Urine biomarkers, such as neutrophil gelatinase-associated 
lipocalin (NGAL), interleukin-18 (IL-18), and kidney injury 
molecule-1 (KIM-1) in addition to urine microalbuminuria 
or fractional excretion of sodium may be helpful in not 
only diagnosing AKI earlier and more accurately but also 
potentially shedding light on the cause of AKI (i.e., dif-
ferentiating ATN vs HRS).9,83–88 These tubular biomarkers 
potentially may help identify patients who are less likely to 
benefit from volume resuscitation and vasopressor therapy.

The initiation of renal replacement therapy (RRT) should 
be made on clinical grounds, including electrolyte distur-
bances (hyperkalemia, metabolic acidosis, hyponatremia not 

Similarly, it has been proposed that N-acetyl-cysteine 
may prevent HRS in patients with alcoholic hepatitis.70 
Although nonselective beta blockers are used to prevent 
gastrointestinal bleeding and improve survival, they 
have been shown to be associated with reduced survival 
in patients with refractory ascites.71,72 In these patients, 
beta blockers may be associated with more pronounced 
paracentesis-induced circulatory dysfunction and, possibly, 
AKI. In addition, because the reduction in cardiac output 
could precipitate AKI and decrease survival in patients 
with end-stage liver diseases, Baveno VI recommendations 
propose to stop beta blockers.73

Abdominal compartment syndrome (defined as increased 
intraabdominal pressure to >20 mm Hg), which could occur 
from tense ascites, may lead to AKI by increasing venous 
pressure.74 Improvement in renal function has been shown 
in these patients after paracentesis with albumin.75,76

EVALUATION AND MANAGEMENT OF ACUTE 
KIDNEY INJURY

Patients with cirrhosis may develop AKI resulting from 
many causes and should be suspected in the presence of 
increased SCr and/or decreased Urine output (UO) (Fig. 
45.2). The cause of AKI should be investigated quickly 
to prevent further worsening of AKI, because progression 
to advanced stage AKI has been associated with a higher 
mortality rate.9 The diagnosis of type 1 HRS is particularly 
important because early initiation of treatment increases the 
likelihood of HRS resolution and has been shown to improve 
survival.77 Vasoconstrictive agents such as terlipressin, which 
are detailed in another section, are the reference in the 
treatment of type 1 HRS with more than 50% experiencing 
response.78–80

Recently, algorithms have been developed to help with 
the evaluation and the management of AKI (Fig. 45.3).17,50,59 
Briefly, the general principles are (1) rapid diagnosis of AKI, 
(2) control of precipitating factors (withdrawal of nephrotoxic 
drugs, NSAIDs, and diuretics; treatment of infections), and 
(3) plasma volume expansion.

TABLE 45.2 

Prevention of Acute Kidney Injury in Patients With Cirrhosis

RISK FACTORS PREVENTIVE APPROACHES

Hepatorenal syndrome 
development

Judicious use of diuretics and lactulose to avoid dehydration
Antibiotic prophylaxis following GI bleedings
Albumin administration during large volume paracentesis (6 to 8 gm/L of ascitic fluid removed)
Spontaneous bacterial peritonitis (SBP) prophylaxis in patients with low-protein ascites
Early recognition and treatment of SBP with antibiotics and albumin at the dose of 1.5 g per kg of 
body weight at the time of diagnosis of SBP and 1 g per kg of body weight at the third day of 
treatment

Nephrotoxic medication 
exposure

Avoid nephrotoxic medications if possible
Appropriate drug dosing based on pharmacokinetics and close monitoring of drug toxicity and 
early recognition of drug-induced AKI and discontinuation of offending agent if possible

Use of lipid formulations of amphotericin B rather than conventional formulations of 
amphotericin B

Use of azole antifungal agents and/or the echinocandins rather than conventional amphotericin B, 
if equal therapeutic efficacy can be assumed

Radiocontrast exposure Consider alternative imaging methods or avoidance of intravenous (IV) contrast if possible
Use of low or isoosmolar agents with lowest volume possible
Use of N-acetylcysteine use in combination with IV hydration

Intraabdominal hypertension Paracentesis, with coadministration of albumin, in patients with tense ascites
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and, in those with a potential for reversibility, to predict 
to which extent renal function may improve after liver 
transplantation alone. The treatment of choice in patients 
with type 1 HRS is liver transplantation and, in theory, renal 
function is fully reversible after transplantation.10,13,78,94,95 
However, several reports have shown that mean SCr after 
liver transplantation is higher in patients transplanted for 
type 1 and type 2 HRS as compared with patients without 
HRS at transplantation.13,14,94

In patients with AKI, several consensus meeting have 
proposed criteria on the indications to perform simultane-
ous liver-kidney (SLK) transplantation rather than liver 
transplantation alone, based on a high probability of 
nonrenal recovery posttransplantation.96–98 However, neither 
center nor national guidelines predict kidney recovery 
with a high level of certainty10,95,99,100; therefore the current 
allocation system allows listing for SLK transplantation 
based on subjective clinical judgment. Therefore alternative 
criteria for predicting the reversibility or irreversibility of 
AKI after transplantation, such as biomarkers, clearly are 
needed to allow more accurate allocation of kidney grafts 
and avoid “futile” kidney transplantation in patients with 
a high potential for renal recovery.99

responding to medical management), oliguria with increasing 
volume overload, and diuretic intolerance/resistance. RRT 
may be required to prevent fluid accumulation and should 
be considered in patients if the daily fluid balance cannot 
be maintained as even or negative regardless of their urine 
output. The ideal timing for initiation of RRT has not been 
studied in patients with cirrhosis; however, recent data from 
AKI studies in critically ill patients without liver disease 
suggest that early RRT initiation89,90 and maintenance of 
negative fluid balance30,31,91–93 improves survival. In patients 
receiving RRT, continuous renal replacement therapy (CRRT) 
allows for the slower correction of serum sodium over time 
and provides greater cardiovascular stability compared with 
standard intermittent hemodialysis.

ACUTE KIDNEY INJURY IN CANDIDATES FOR 
LIVER TRANSPLANTATION

The important issues in candidates for liver transplanta-
tion are to predict reversibility of impaired renal function 
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an increase in excreted low molecular weight proteins into 
urine. The most promising biomarkers of tubular injury in 
AKI are (1) NGAL, (2) IL-18, and (3) KIM-1.

NGAL is a small protein (25 KDa) produced by several 
organs including kidney, lung, stomach, and colon.103 In 
animal models, NGAL expression is increased markedly 
in the kidneys and released in urine after ischemic or 
nephrotoxic insults. Urinary concentration increases very 
rapidly (within 2 hours) after ischemia.103,104 Human studies 
have shown that NGAL measurement in either urine or 
serum may be useful to detect AKI at an early stage in 
numerous clinical situations (sepsis, septic shock, contrast-
induced nephropathy, cardiac surgery, polytrauma, and 
hypothermia).105–111 In addition, NGAL may be useful in 
monitoring some kidney diseases such as delayed kidney 
graft function,112,113 kidney allograft rejection,114 lupus 
nephritis,115 and IgA nephropathy.116 Recently, it has been 
suggested that NGAL may help identify the cause of AKI 
in patients with liver disease, especially in differentiating 
ATN from HRS.56,85–87 In average, urinary NGAL is higher 

BIOMARKERS

In the general population, conventional tools used to diagnose 
and determine the cause of AKI include SCr, UO, fractional 
excretion of sodium or urea, and proteinuria. However, all 
of these tools have limitations, especially in patients with 
advanced cirrhosis. In addition, neither absolute values nor 
changes in SCr help differentiate functional impairment 
from structural changes. In candidates for liver transplanta-
tion, it has been shown that there is a poor correlation 
between conventional markers and biopsy findings.53,101 
In the last decade, several innovative biomarkers of AKI 
have been assessed in patients with cirrhosis.102 Markers 
of acute tubular injury have been the most extensively 
studied because they typically reflect the earliest markers 
of ischemia-related events. Within the kidney, the proximal 
tubule is located in an area that is especially exposed to 
hypoxic injury after hypoperfusion. Whatever the cause, 
hypoxia leads to proximal tubule dysfunction, resulting in 
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FIGURE 45.3  Algorithm for management of acute kidney injury (AKI). AIN, Acute interstitial nephritis; ATN, acute tubular necrosis; BPH, 
benign prostatic hypertrophy; FeNa, fractional excretion of sodium; GN, glomerulonephritis; HRS, hepatorenal syndrome. 
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Activation of TLRs may play a role in interstitial fibrosis, 
renal involvement in systemic immune disorders, and more 
generally in AKI.133 In AKI, irrespective of the initial trigger 
that leads to tubular cell injury, necrotic tubular cells 
release potential TLR ligands, which could activate other 
tubular cells or resident immune cells in the kidney.133 High 
levels of urinary TLR-4 have been found in patients with 
cirrhosis and AKI.28 Further studies clearly are needed to 
determine if urinary TLR-4 could help determine the cause  
of AKI.

Overall, several urinary or plasma biomarkers may 
help to (1) recognize impaired renal function at an earlier 
stage as compared with SCr, (2) identify the mechanisms 
involved in AKI and (3) improve prognostication. However, 
all the studies comparing ATN to other causes of AKI have 
been performed without histologic confirmation of ATN, 
which is a potential source of bias. All of these markers 
are increased in tubular injury, but none of them is specific 
of any part of the nephron. In addition, overlap between 
groups still represents a limitation. Sequential assessment 
and/or combinations of biomarkers should be tested because 
it could help determine the AKI and also predict the  
outcome.

Key Points

1.	 In patients with end stage liver disease, renal 
vasoconstriction resulting from several factors 
including portal hypertension, gut bacterial trans-
location and systemic inflammation represent a 
predisposing factor for AKI.

2.	 Underlying CKD resulting from associated comor-
bidities, the prevalence of which is unknown, 
eventually increases the risk for AKI.

3.	 The impact of prolonged kidney vasoconstriction 
is not elucidated clearly but may induce tubular 
interstitial fibrosis and CKD and further increases 
the risk of AKI.

4.	 AKI is common in hospitalized patients with end-
stage cirrhosis and has a poor prognosis.

5.	 An important issue in clinical practice is to dif-
ferentiate hepatorenal syndrome (HRS) from acute 
tubular necrosis (ATN) as outcome and management 
differ (including indication for liver transplanta-
tion). However, no reliable tool is currently avail-
able and, although invasive and challenging in 
patients with end-stage liver disease, kidney biopsy 
theoretically remains the gold standard (1) to 
determine the phenotype of AKI and (2) to identify 
underlying CKD.

6.	 Neutrophil gelatinase-associated lipocalin (NGAL) 
is the most studied biomarker in the field, but 
NGAL is a tubular biomarker of AKI, whatever the 
phenotype.

7.	 Future challenge includes development of nonin-
vasive biomarkers for early identification of kidney 
fibrosis before irreversible kidney injury.
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