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Patients with cirrhosis are susceptible to renal impairment as a result 
of pre-existing circulatory and neurohormonal imbalances, and 

exposure to precipitating factors. Hampel et al (1) found that acute 
renal impairment occurred in 24.7% (23 of 96) of hospitalized patients 
with cirrhosis. In an intensive care unit setting, the incidence of acute 
renal impairment in cirrhotic patients was reported to be 15.1% (144 of 
932) by Peron et al (2) and 39.2% (73 of 186) by du Cheyron et al (3). 
Terra et al (4) found that 27% (29 of 106) of cirrhotic patients with 
sepsis unrelated to spontaneous bacterial peritonitis (SBP) developed 
renal impairment compared with only 8% (eight of 100) of those with-
out infection. Combining the findings of the four aforementioned 
studies, Garcia-Tsao et al (5) calculated that acute renal impairment 
occurred in approximately 19% of patients with cirrhosis. In contrast, 
chronic renal failure is present in 1% of individuals with cirrhosis (5). 
A variety of etiologies are implicated in the development of renal 
impairment (Figure 1). These have an impact on clinical presentation, 
treatment options and prognosis. In a prospective study investigating 
562 consecutive patients with cirrhosis and renal impairment (6), 
three-month survival was 73% for intrinsic renal impairment, 46% for 
hypovolemia-induced prerenal impairment, 31% for infection-related 
renal impairment and 15% for hepatorenal syndrome (HRS). The 
onset of renal impairment in cirrhosis is an important prognostic indi-
cator (7-12). A systematic review of 118 studies by D’Armico et al 
(10) found that measures of renal impairment (serum creatinine, blood 
urea nitrogen/azotemia) were strong predictors of mortality in decom-
pensated cirrhosis. In a systematic review of 74 studies, Fede et al (11) 
found that cirrhotic patients with renal impairment had a >7-fold 
increased risk for death within one year compared with cirrhotic 
patients without renal impairment. The one-month and 12-month 
mortality for patients with renal impairment other than HRS were 
56% and 36%, respectively. Renal impairment correlated with death 
on univariate analysis in 29 studies and on multivariate analysis in 
13 studies (11). When serum creatinine was evaluated, it correlated 
with death on univariate analysis in 16 studies and on multivariate 
analysis in two studies (11). Serum creatinine level is a variable in 

calculating the Model for End-stage Liver Disease score – a recognized 
predictor of the three-month mortality risk and a method used for 
allocating liver transplants (13,14). 

Traditionally, renal failure is defined by a serum creatinine thresh-
old of ≥1.5 mg/dL (≥133 μmol/L). However, serum creatinine is not a 
reliable marker of renal function in cirrhosis because a normal serum 
creatinine level does not exclude mild disease. Cirrhotic patients may 
show a lower baseline serum creatinine level than normal due to: 
reduced endogenous creatinine synthesis from liver dysfunction; 
decreased conversion of creatine to creatinine as a consequence of  
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Renal impairment is common in liver disease and may occur as a con-
sequence of the pathophysiological changes that underpin cirrhosis or 
secondary to a pre-existing unrelated insult. Nevertheless, the onset of 
renal impairment often portends a worsening prognosis. Hepatorenal 
syndrome remains one of the most recognized and reported causes of 
renal impairment in cirrhosis. However, other causes of renal impair-
ment occur and can be classified into prerenal, intrinsic or postrenal, 
which are the subjects of the present review.
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Une atteinte rénale causée par la cirrhose, mais 
non liée au syndrome hépatorénal

L’atteinte rénale est courante dans le contexte d’une maladie hépa-
tique. Elle peut découler des changements physiopathologiques de la 
cirrhose ou d’un problème préexistant non lié. Elle sous-tend souvent 
un pronostic plus sombre. Le syndrome hépatorénal demeure l’une des 
causes d’atteinte rénale les plus connues et les plus signalées en cas de 
cirrhose. La présente analyse porte sur les autres causes possibles, qui 
sont d’étiologie pré-rénale, intrinsèque ou post-rénale.

Figure 1) Types of renal impairment in hospitalized patients with cirrhosis. 
AKI Acute kidney injury; ARF Acute renal failure; ATN Acute tubular 
necrosis; GMN Glomerulonephritis; HRS Hepatorenal syndrome. Adapted 
and reproduced with permission from reference 5
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reduced skeletal muscle mass from malnutrition; drug-related increased 
tubular secretion of creatinine; and laboratory-based underestimations 
of serum creatinine in the setting of hyperbilirubinemia (15). Cystatin C 
is an alternative method for estimating the glomerular filtration rate 
(GFR). It may be more accurate than serum creatinine in cirrhotic 
patients because cystatin C is independent of hepatic function; it is 
not influenced by muscle mass, sex, race or diet, and tubular secretion 
of cystatin C is not increased in cirrhosis (16). Several cystatin 
C-based GFR equations have been described such as the Larsson equa-
tion, Hoek equation and Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) cystatin C equation (17-19). In a study 
involving 72 patients with cirrhosis, Mindikoglu et al (15) compared a 
combined CKD-EPI creatinine-cystatin C equation with that of 24 h 
urinary creatinine clearance, Cockcroft-Gault and other creatinine- 
and/or cystatin C-based GFR equations (15). Using nonradiolabelled 
iothalamate clearance as the gold standard for measuring GFR, a 
significantly higher accuracy was found for the CKD-EPI creatinine-
cystatin C equation compared with the other GFR-based equations. 
However, the study noted that the diagnostic performance of the 
CKD-EPI creatinine-cystatin C equation was worse in cirrhotic 
patients than in those without cirrhosis. 

The definition of renal dysfunction was revised by the Acute 
Kidney Injury Network in 2005, and the term ‘acute renal failure’ was 
replaced by ‘acute kidney injury’ (AKI) (20). Table 1 describes the 
AKI classification and staging system. To frame AKI in the context 
of cirrhosis, a working group comprising members of the International 
Ascites Club and the Acute Dialysis Quality Initiative was formed in 
2010. The working group defined AKI in cirrhosis as encompassing 
all causes of acute renal impairment in which the serum creatinine 
level increased by ≥50% (≥1.5-fold) from baseline or in which the 
serum creatinine level rose by ≥26.4 μmol/L (≥ 0.3 mg/dL) in <48 h 
(21). This revised definition has higher sensitivity (65.4% versus 
53.8%) but reduced specificity (61.8% versus 85.3%) for predicting 
in-hospital mortality compared with traditional criteria (22). Chronic 
kidney disease (CKD) in cirrhosis was defined as a GFR <60 mL/min 

for >3 months, calculated using the Modification of Diet in Renal 
Diseases-6 formula (21). Finally, acute-on-CKD was defined as AKI 
occurring in the context of pre-existing CKD (21). 

The most common causes of renal impairment in cirrhosis are hypo-
volemia-induced prerenal AKI, acute tubular necrosis (ATN) and HRS 
(5). HRS is the most lethal of these causes of renal impairment, with 
prognosis typically ranging from weeks to months (14,23). It is a func-
tional renal impairment due to profound renal arterial vasoconstriction 
precipitated by unregulated circulatory and neurohormonal alterations 
that underpin cirrhosis. While the topic of HRS is outside the scope of 
the present review, the revised diagnostic criteria for HRS is included 
(Table 2) because it allows HRS to be recognized and differentiated 
from other causes of renal impairment and vice versa (24). Type 1 
HRS is a rapid, progressive, renal impairment defined by a doubling of 
the serum creatinine to a level >2.5 mg/dL (>226 μmol/L) in <2 weeks 
(24). Type 2 HRS is moderate renal impairment (serum creatinine 
>1.5 mg/dL [>133 μmol/L] and up to 2.5 mg/dL [226 μmol/L]) with a 
steady progressive course that evolves over weeks to months (24). In 
the present article, the causes of renal impairment other than HRS, col-
lectively termed ‘non-HRS’ renal impairment are discussed, which are 
divided into prerenal, intrinsic renal and postrenal causes. A simplified 
diagnostic algorithm for the clinical work-up of renal impairment in cir-
rhosis is illustrated in Figure 2.

PRERENAL IMPAIRMENT
Prerenal impairment is the most common type of renal dysfunction 
in cirrhosis, accounting for 68% of AKI cases (5), and may be due to 
either hypovolemia-induced prerenal impairment (66%) or HRS 
(34%) (5). Patients with cirrhosis are predisposed to develop 
prerenal impairment due to underlying circulatory disturbances such 
as arterial underfilling (that occurs as a result of splanchnic vasodila-
tion). These pathophysiological changes are mild in hypovolemia-
induced prerenal impairment, but severe in HRS, in which 
neurohormonal activation results in renal vasoconstriction and 
severely diminished renal perfusion. These two causes of prerenal 
impairment can be differentiated by the response to volume expan-
sion. Hypovolemia-induced prerenal impairment responds to volume 
expansion with rapid normalization of renal function. Conversely, 
HRS is insensitive to volume expansion, with no improvement in 
renal function. Albumin is superior to saline for volume expansion, 
and the recommended dose of intravenous albumin is 1 g/kg of body 
weight/day up to a maximum of 100 g per day (24,25). 

In hypovolemia-induced prerenal impairment, excessive fluid loss may 
be the result of various causes including vomiting, diarrhea, sodium and 
water restriction, gastrointestinal hemorrhage, large-volume paracentesis 

Figure 2) The authors’ simplified diagnostic algorithm for the clinical 
work-up of renal impairment in patients with cirrhosis. HRS Hepatorenal 
syndrome

TABlE 1
Acute Kidney Injury Network classification of acute kidney 
injury (AKI)
AKI stage Serum creatinine criteria
1 Increase in serum creatinine level ≥26.4 µmol/L (≥0.3 mg/dL) 

within 48 h or an increase ≥150% to 200% (1.5- to twofold) 
from baseline

2 Increase in serum creatinine level to >200% to 300%  
(>2–3-fold) from baseline

3 Increase in serum creatinine level to >300% (>3-fold) from 
baseline or serum creatinine ≥354 µmol/L (≥4.0 mg/dL) with 
an acute increase of ≥44 µmol/L (≥0.5 mg/dL) or initiation of 
renal replacement therapy

Reproduced and adapted from reference 20

TABlE 2
Revised diagnostic criteria for hepatorenal syndrome 
(International Ascites Club, 2007)
•	Cirrhosis with ascites
•	Serum creatinine >133 µmol/L (1.5 mg/dL)
•	No improvement in serum creatinine (decrease to a level of ≤133 µmol/L) 

after ≥2 days with diuretic withdrawal and volume expansion with albumin. 
The recommended dose of albumin is 1 g/kg of body weight/day up to a 
maximum of 100 g/day

•	Absence of shock
•	No current or recent treatment with nephrotoxic drugs
•	Absence of parenchymal kidney disease as indicated by proteinuria  

>500 mg/day, microscopic hematuria (>50 red blood cells per  
high-power field) and/or abnormal renal ultrasonography

Reproduced with permission from reference 24
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(LVP) and excessive diuretic therapy. Diarrhea may be a side effect of 
lactulose therapy in patients with hepatic encephalopathy. Diuretic-
induced prerenal impairment occurs in 15% to 25% of patients with cir-
rhosis and ascites (26). Nephrotoxic drugs, such as nonsteroidal 
anti-inflammatory drugs, angiotensin-converting enzyme inhibitors and 
angiotensin II inhibitors, may precipitate prerenal failure by interfering 
with vasoactive mechanisms that modulate renal perfusion. Infection is 
another significant cause of prerenal impairment and may precede septic 
shock. This precipitates renal impairment due to systemic vasodilation, 
arterial hypotension and diminished renal perfusion. Up to 10% of 
cases of SBP are associated with septic shock (27).

Measures should be instituted in cirrhotic patients to prevent intra-
vascular volume depletion and, consequently, reduce the risk for 
prerenal impairment, including careful attention to fluid balance, judi-
cious use of diuretics, avoidance of nephrotoxic drugs (especially non-
steroidal anti-inflammatory drugs and aminoglycoside antibiotics), 
avoidance of excessive lactulose therapy, administration of intravenous 
albumin after LVP and prompt treatment of infection. A meta-analysis 
of 17 randomized trials involving 1225 patients with cirrhosis and tense 
ascites (25) found that albumin reduced mortality and morbidity in 
patients undergoing LVP when compared with alternative treatments 
such as dextran, gelatin, hydroxyethyl starch and hypertonic saline. The 
incidence of postparacentesis complications, such as circulatory dys-
function (OR 0.39 [95% CI 0.27 to 0.55]), hyponatremia (OR 0.58 
[95% CI 0.39 to 0.87]) and death (OR 0.64 [95% CI 0.41 to 0.98]) were 
lower in patients who were administered albumin compared with those 
who underwent alternative treatments. Given the evidence, the 
American Association for the Study of Liver Diseases recommends that 
albumin infusion (6 g/L to 8 g/L of ascitic fluid removed) be performed 
for LVP (≥5 L) but that albumin may not be necessary for a single para-
centesis of <4 L to 5 L (28). The European Association for the Study of 
the Liver also recommends the use of albumin (8 g/L of ascitic fluid 
removed) after LVP (≥5 L) (29). In a randomized controlled trial involv-
ing 1126 patients with cirrhosis and SBP, Sort et al (30) found that the 
addition of albumin to cefotaxime (antibiotic) reduced the risk of renal 
impairment compared with treatment by cefotaxime alone. The inci-
dence of renal impairment was 10% in the albumin plus cefotaxime 
group compared with 33% in the cefotaxime only group (P=0.01). 
Furthermore, the in-hospital and three-month mortality rates were 
lower in the albumin plus cefotaxime group compared with the cefo-
taxime only group (10% compared with 29% [P=0.01] and 22% com-
pared with 41% [P=0.03]). A more recent study involving 38 episodes of 
SBP in 28 patients suggested that albumin should be given when the 
serum creatinine level is >88.4 μmol/L or bilirubin >68.4 μmol/L but 
was not necessary in patients who did not meet this criteria (31). The 
American Association for the Study of Liver Diseases recommends 
that patients with SBP that have a serum creatinine level >1 mg/dL 
(88.4 μmol/L), blood urea nitrogen >30 mg/dL (10.7 mmol/L) or total 
bilirubin >4 mg/dL (68.4 μmol/L) should receive 1.5 g of albumin per kg 
body weight within 6 h of detection and 1 g/kg on day 3 (28). In con-
trast, the European Association for the Study of the Liver recommends 
that all patients that develop SBP should be treated with broad-spec-
trum antibiotics and albumin (29).

INTRINSIC RENAL IMPAIRMENT
Intrinsic renal impairment may be caused by abnormalities in the 
renal tubules (eg, ATN), the glomeruli (eg, glomerulonephritis) or 
interstitium (eg, interstitial nephritis). It should be suspected in 
patients with proteinuria (>500 mg/dL [>5 g/L]) and/or hematuria 
(>50 red cells per high-powered field). A careful review of the med-
ical history, including comorbidities and drug history, is often helpful 
in achieving the correct diagnosis. Renal biopsy is reserved for 
indeterminate cases in which obtaining histological diagnosis may 
alter patient management or prognosis. Ideally, the decision to 
biopsy should be taken following expert consultation with a renal 
physician. Indications for renal biopsy in cirrhosis patients as 
reported by Francoz et al (32) include: abnormal duration of acute 

renal impairment or failure of recovery with specific therapy; acute 
renal impairment with suspicion of superimposed CKD in candidates 
for liver transplantation; suspicion of uncommon intrinsic kidney 
disease (systemic disease, immune-allergic-induced drug toxicity, 
thrombotic microangiopathy) with potential curative intervention; 
and candidates for liver transplantation that have CKD with a GFR 
of either 15 mL/min to 30 mL/min (systematic biopsy) or 30 mL/min 
to 60 mL/min (biopsy if suspicious for parenchymal disease as indi-
cated by proteinuria >500 mg/day, microhematuria and/or a recog-
nized cause of CKD such as hepatitis C virus [HCV] or hepatitis B 
virus [HBV], diabetes or history of hypertension) (32).

ATN is the most common cause of intrinsic renal impairment in 
patients with cirrhosis.  According to separate reports, ATN accounts 
for <32%, 41.7% and 44.4% of cases of renal impairment in cirrhosis 
(5,33,34). ATN may be either ischemic or toxic, while the clinical 
course is divided into initiation (hours to weeks), maintenance (one 
to two weeks) and recovery stages. Hypovolemia-induced prerenal 
impairment may progress into ischemic ATN in severe cases. 
Aminoglycoside antibiotics are the most common cause of toxic 
ATN, and others include nonsteroidal anti-inflammatory drugs, cal-
cineurin inhibitor immunosuppression and radioiodine contrast 
agents. While radioiodine contrast agents are safe in patients with 
normal renal function, those with borderline renal function are at an 
increased risk for nephrotoxicity. In a prospective study involving 
404 patients with cirrhosis, Prakash et al (34) found that precipitat-
ing factors for ATN included sepsis (most commonly SBP followed 
by urinary tract infection) in 61.4%, hypovolemia (most commonly 
gastrointestinal bleed followed by septic shock) in 36.4% and neph-
rotoxic drugs in 2.3%. In ATN, the tubular ability to reabsorb 
sodium and concentrate urine is impaired, leading to high urinary 
sodium (> 40 mEq/L), high fractional excretion of sodium (2%) and 
low urinary osmolality (<350 mOsm/kg) (5). Conversely, patients 
with HRS have low urinary sodium (<20 mEq/L), low fractional excre-
tion of sodium (<1%) and elevated urinary osmolality (>500 mOsm/kg) 
(5). Nevertheless, differentiation can be challenging in patients with 
cirrhosis because diuretic therapy can lead to a urinary sodium >10 mEq/L 
while a fractional sodium excretion ≤1% is occasionally found in ATN 
(5). Granular casts may be found in both ATN and HRS, but epithelial 
casts favour ATN (5,35).

Chronic HBV and HCV cirrhosis are associated with a variety of 
glomerular diseases such as membranoproliferative glomerulonephritis 
(most common glomerular disease induced by HCV) with or without 
cryoglobulinemia, membranous nephropathy (most common glomeru-
lar disease induced by HBV) and focal glomerulosclerosis (36,37). 
Abnormalities of immunoglobuilin (Ig)A have been reported in 
patients with alcohol-related cirrhosis, including mesangial IgA 
deposits and development of secondary IgA nephropathy (38,39). 
Elevated circulating serum IgA is common in patients with alcohol-
related liver disease, while mesangial IgA renal deposits are reported at 
autopsy in 36% of those with cirrhosis (40,41). Interstitial nephritis is 
most commonly due to drug-induced hypersensitivity reactions. 
Renal impairment may also be due to comorbidities, such as diabetes 
and atherosclerosis, which may lead to diabetic nephropathy and 
atherosclerotic-related glomerulosclerosis. Studies suggest that a sig-
nificant proportion of cirrhotic patients have underlying atheroscler-
otic disease, as noted by the high incidence of coronary artery disease 
(20% to 25%) in this cohort (32,42,43). Letiexhe et al (44) reported 
that the incidence of diabetes may be as high as 25% in HCV cirrhosis. 
The clinical diagnosis of diabetic nephropathy is dependent on the 
detection of albuminuria and declining renal function. Albuminuria is 
diagnosed based on abnormal findings in two of three urine samples 
collected over a three- to six-month period. Depending on the urinary 
albumin excretion rate, it is staged as either microalbuminuria 
(30 mg/24 h to 299 mg/24 h) or macroalbuminuria (≥300 mg/24 h) 
(45,46). In a diabetic patient with cirrhosis, differentiating diabetic 
nephropathy from other causes of intrinsic renal impairment is often 
challenging. Patients may have multiple risk factors for renal impairment 
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(eg, diabetes, hypertension, HCV, etc), more than one type of renal 
disease may exist concurrently, while nondiabetic renal disease may be 
found in diabetic patients (47-51). Findings that are regarded as suspi-
cious for a nondiabetic cause of intrinsic renal impairment in a dia-
betic patient include: hematuria; absence of coexisting diabetic 
retinopathy; nephrotic range proteinuria (3.5 g/24 h) in patients with 
diabetes <5 years in duration; active urinary sediment; and rapid 
deterioration of GFR in patients with previously stable renal function 
(49-52). In such cases, a renal biopsy may be performed to obtain 
histological diagnosis (52).

POSTRENAL IMPAIRMENT
Postrenal impairment due to urinary tract obstruction is an uncommon 
cause of renal dysfunction, accounting for <1% of AKI cases in cirrhosis 
and 5% to 10% of AKI cases in the general population (5,53-55). The 
presence of hydronephrosis on imaging differentiates postrenal from pre-
renal or intrinsic renal causes of kidney dysfunction. Ultrasound is used 
most often to assess for hydronephrosis because it is widely available, 
portable, inexpensive and free from ionizing radiation. Computed tom-
ography and magnetic resonance imaging may be performed in cases in 
which the ultrasound examination is incomplete or to re-evaluate 
equivocal sonographic findings. Urinary tract obstruction has many 
causes. In a retrospective study of 888 patients admitted to intensive 
care from 1998 to 2010, Hamdi et al (53) found that malignancy repre-
sented one-half of all causes of postrenal AKI. Prostate cancer was the 
most common malignancy (55%) while pelvic cancers as a group 
accounted for 90% of all malignancies. Other causes of postrenal impair-
ment include benign prostatic hypertrophy (21%), urinary tract calculi 
(10%) and, less often, retroperitoneal fibrosis, urethral stricture, pos-
tradiation ureteritis, bladder dysfunction and papillary necrosis. 
Resolution of acute urinary tract obstruction may be associated with 

postobstructive diuresis (POD) as defined by a urine output >4 L per day. 
Close monitoring is required during this stage because excessive urinary 
losses can lead to hypovolemia and electrolyte disturbance. Hamdi et al 
(53) reported that 63% of intensive care patients with severe postrenal 
AKI had POD following release of urinary obstruction. The authors 
found that POD occurrence was predictive of renal recovery while the 
absence of POD was predictive of CKD. Predictors of POD occurrence 
before release of urinary obstruction were a higher serum creatinine 
concentration, a higher serum bicarbonate concentration and the pres-
ence of urinary retention (P<0.05). Predictors of CKD included lower 
blood hemoglobin and serum bicarbonate concentrations on admission, 
a longer time from admission to the release of urinary obstruction and 
the absence of POD (P<0.05).
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