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Abstract
Acute kidney injury (AKI), defined as an abrupt increa­
se in the serum creatinine level by at least 0.3 mg/dL, 
occurs in about 20% of patients hospitalized for de­
compensating liver cirrhosis. Patients with cirrhosis are 
susceptible to developing AKI because of the progres­
sive vasodilatory state, reduced effective blood volume 
and stimulation of vasoconstrictor hormones. The most 
common causes of AKI in cirrhosis are pre-renal azote­
mia, hepatorenal syndrome and acute tubular necrosis. 
Differential diagnosis is based on analysis of circum­
stances of AKI development, natriuresis, urine osmo­
lality, response to withdrawal of diuretics and volume 
repletion, and rarely on renal biopsy. Chronic glomeru­
lonephritis and obstructive uropathy are rare causes 
of azotemia in cirrhotic patients. AKI is one of the last 
events in the natural history of chronic liver disease, 
therefore, such patients should have an expedited re­
ferral for liver transplantation. Hepatorenal syndrome 
(HRS) is initiated by progressive portal hypertension, 
and may be prematurely triggered by bacterial infec­
tions, nonbacterial systemic inflammatory reactions, ex­
cessive diuresis, gastrointestinal hemorrhage, diarrhea 
or nephrotoxic agents. Each type of renal disease has 
a specific treatment approach ranging from repletion of 
the vascular system to renal replacement therapy. The 

treatment of choice in type 1 hepatorenal syndrome 
is a combination of vasoconstrictor with albumin infu­
sion, which is effective in about 50% of patients. The 
second-line treatment of HRS involves a transjugular 
intrahepatic portosystemic shunt, renal vasoprotection 
or systems of artificial liver support.

© 2012 Baishideng. All rights reserved.

Key words: Acute kidney injury; Liver cirrhosis; Chronic 
renal failure; Chronic liver disease

Peer reviewers: Virendra Singh, MD, DM, Additional Pro-
fessor, Department of Hepatology, Postgraduate Institute of 
Medical Education and Research, Chandigarh 160012, India; 
Valentin Fuhrmann, MD, Department of Internal Medicine 4, 
Intensive Care Unit, Medical University Vienna, Waehringer 
Guertel 18-20, A-1090 Vienna, Austria; Mauro Bernardi, MD, 
Professor of Internal Medicine, Department of Clinical Medi-
cine, University of Bologna, Via Massarenti 9, 40138 Bologna, 
Italy

Hartleb M, Gutkowski K. Kidneys in chronic liver diseases. 
World J Gastroenterol 2012; 18(24): 3035-3049  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v18/i24/3035.htm  
DOI: http://dx.doi.org/10.3748/wjg.v18.i24.3035

INTRODUCTION
The best known cause of  azotemia in patients with de-
compensated liver cirrhosis is functional vascular renal 
insufficiency, which is an indirect consequence of  severe 
peripheral arterial vasodilatation with coexistent hyper-
stimulation of  powerful vasoconstrictor systems. Acute 
kidney injury (AKI) linked to this mechanism may as-
sume a prerenal form, hepatorenal syndrome (HRS) or 
acute tubular necrosis (ATN). Differentiation among 
these three main causes of  AKI has important prognostic 
and therapeutic implications. The diagnosis may be, how-
ever, difficult because the clinical presentations are similar 
and one form may convert to another . Patients with cir-
rhosis may also have chronic renal failure resulting from 
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different mechanisms including renal hypoperfusion (type 
2 HRS) and glomerulonephritis, related to immune or 
metabolic factors (Table 1).

This review covers the pathophysiological conditions 
leading to renal hypoperfusion in the setting of  portal hy-
pertension, and the entire spectrum of  acute and chronic 
renal diseases in chronic liver injury. 

DEFINITIONS OF AKI AND HRS
AKI is defined by the AKI Network as an abrupt (with­
in 48 h) reduction in kidney function manifested by an 
absolute rise of  serum creatinine of  at least 0.3 mg/dL 
(26 µmol/L) or the equivalent to a percentage increase 
of  50% (1.5-fold) from baseline, or a urine output < 0.5 
mL/kg per hour for > 6 h[1]. In patients with cirrhosis 
in whom serum creatinine levels are regularly decreased, 
the initial stages of  AKI are commonly overlooked as 
increases in creatinine levels occur within the range of  
reference values.

HRS is a specific form of  AKI that may be diagnosed 
only in a situation when hypercreatininemia is associ-
ated with decompensated cirrhosis (mostly in patients 
with diuretic-resistant ascites) or acute liver failure. Other 
necessary diagnostic criteria (“major criteria”), updated 
in 2007 by the International Ascites Club[2], include: (1) 
serum creatinine level > 1.5 mg/dL (133 µmol/L); (2) no 
improvement in serum creatinine level (decrease to 1.5 
mg/dL or less) evaluated after at least 2 d under diuretic 
withdrawal and volume expansion with albumin given at 
a dose of  1 g/kg per day; maximum 100 g; (3) absence of  
parenchymal kidney disease as indicated by proteinuria > 
500 mg/d and microhematuria > 50 red blood cells per 
high power field; (4) exclusion of  urinary tract outflow 
disturbances (normal renal ultrasonography); (5) no cur-
rent or recent treatment with nephrotoxic drugs or vaso-
dilators; and (6) absence of  septic or hemorrhagic shock. 
Less important and not regularly occurring diagnostic 
features of  HRS (“minor criteria”) are urine volume < 
400 mL/d, low sodium concentration in the serum (< 
130 mEq/L) and urine (< 10 mEq/L). 

There are two types of  HRS. In type 1, renal function 
deteriorates rapidly with doubling of  the initial serum 
creatinine level to > 2.5 mg/dL (220 µmol/L) in < 2 wk. 
Development of  type 1 HRS may be preceded by type 2 
HRS, which is a chronic renal failure lasting several weeks 
to months, with serum creatinine levels in the range of  
1.5-2.5 mg/dL. The annual risk of  type 1 HRS develop-
ment in patients with decompensated cirrhosis is about 
20%, and within 5 years, it increases to 40%[3,4]. Some au-
thors have singled out a type 3 HRS, which is an overlap 
of  functional renal failure on an already existing chronic 
or acute intrinsic kidney disease. In differential diagno-
sis, it is important to consider that some kidney diseases 
are genetically linked with specific liver pathologies (e.g., 
autosomal dominant renal polycystic syndrome and oxa-
losis), and certain systemic diseases simultaneously affect 
the liver and kidneys (Table 2)[2].

KIDNEY FUNCTIONING IN PORTAL 
HYPERTENSION 
Renal blood perfusion and the glomerular filtration rate 
(GFR) depend on systemic and local factors such as cardi-
ac output, systemic mean arterial pressure, basal muscular 
tone of  renal arterioles, renal vascular autoregulation and 
intra-abdominal pressure. All these factors are consider-
ably affected by end-stage liver cirrhosis as, in this disease, 
the mean arterial pressure is decreased, the renal adrener-
gic tone is enhanced, cardiac performance is diminished as 
a consequence of  chronic heart overload, renal synthesis 
of  vasoprotective peptides is reduced, and intra-abdomi-
nal pressure increases due to accumulating ascites.

Splanchnic vasodilatation 
In patients with decompensated cirrhosis, arterial vasodi-
latation affects many vascular territories such as the skin, 
skeletal muscles, brain and lungs. However, it is most ac-
centuated in the splanchnic area involving the intestines, 
pancreas and mesentery[5]. On one hand, the pathophysi-
ological significance of  splanchnic vasodilatation relies 
on the maintenance of  a high portal pressure and, on the 
other hand, on disturbances of  hemodynamic homeosta-
sis in systemic circulation.

Splanchnic vasodilatation appears in the early stages 
of  cirrhosis, however, it remains masked by increased 

Table 1  Causes of renal failure in chronic liver disease

Acute Chronic 

Hypovolemia (diuretics, 
hemorrhage, diarrhoea) 

Hepatorenal syndrome - type 2

Hepatorenal syndrome - type 1 Glomerulonephritis (HCV infection)
Acute tubular necrosis Glomerulonephritis (HBV infection)
Nephrotoxic agents 
(NSAIDs, aminoglycosides, 
radiological contrasts)

Immunoglobulin A nephropathy1

Sepsis Diabetic nephropathy2

1Mainly in alcoholic cirrhosis; 2Mainly combined with non-alcoholic steato-
hepatitis. NSAIDs: Non-steroidal anti-inflammatory drugs; HBV: Hepatitis 
B virus; HCV: Hepatitis C virus.

Table 2  Clinical conditions leading to concomitant liver and 
renal injury

Drug-induced hepato-nephrotoxicity (acetaminophen, aspirin, NSAIDs)
Granulomatous diseases (e.g., sarcoidosis, leptospirosis)
Storage diseases (e.g., amyloidosis)
Systemic autoimmune diseases (e.g., lupus erythematosus) 
Non-alcoholic fatty liver disease and diabetic nephropathy 
Autosomal dominant polycystic kidney disease 
Wilson’s disease 
Pregnancy-induced liver diseases (pre-eclampsia /HELLP syndrome)
Shock (cardiac failure, sepsis, hemorrhage, dehydration) 
Alpha1-antitrypsin deficiency

NSAIDs: Non-steroidal anti-inflammatory drugs; HELLP: Hemolysis, el-
evated liver enzymes, low platelet count.
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cardiac output. At this point, the GFR is increased and 
glomeruli may be hypertrophied[5,6]. Splanchnic vaso-
dilatation increases along with the progression of  liver 
injury, portal hypertension and mesenteric angiogenesis. 
In advanced cirrhosis, the hyperkinetic cardiac function 
characterized by high stroke volume and tachycardia is 
no longer able to compensate for significant enlarge-
ment of  the arterial vascular compartment. The dispro-
portion between the blood volume and capacity of  the 
arterial vascular tree leads to reduction of  the effective 
blood volume and arterial pressure. In this setting, the 
baroreceptors located in the central circulation trigger 
hyperstimulation of  the sympathetic system, renin-an-
giotensin-aldosterone axis and hypothalamic vasopressin 
secretion[7]. These adaptive mechanisms help to maintain 
arterial blood pressure at a safe level. Another mecha-
nism contributing to this adaptation is renal retention of  
sodium and water. Endogenous vasoconstrictors have 
limited impact on the splanchnic arterial system, due to 
its intrinsic hyporeactivity[8]. By contrast, they strongly 
constrict renal arterioles initiating functional renal failure. 
The contributing mechanism to renal hypoperfusion is 
failure of  renal vascular autoregulation, having its source 
in the impaired synthesis of  vasodilators within the kid-
ney (mainly prostaglandin E) and increased local release 
of  angiotensin Ⅱ and endothelin[9,10]. The chronology of  
pathophysiological events underlying HRS is shown in 
Figure 1.

Substances most commonly incriminated in splanch-
nic vasodilatation are the intestinal and pancreatic va-
soactive peptides, which reach the systemic circulation 
through portosystemic collaterals. Among compounds 

having myorelaxing properties are glucagon, vasoactive 
intestinal peptide, adrenomedulin, endogenous cannabi-
noid receptor agonists, substance P, natriuretic factor and 
carbon monoxide[11]. Major attention, however, has been 
focused on endothelial factors; that is, nitric oxide (NO) 
and prostacyclin. Results of  many studies have provided 
evidence for increased production of  NO in the arterial 
vascular system, as in cirrhosis, both the constitutive and 
inducible isoforms of  NO synthetases are activated[12].

Portal cardiomyopathy 
Cardiac failure in cirrhosis, named portal cardiomyopa-
thy, has a functional background and disappears after 
liver transplantation. It comprises systolic and diastolic 
dysfunctions, mainly of  the left heart chamber, and elec-
tromechanical abnormalities including a prolongation of  
the Q-T interval. Diastolic heart dysfunction precedes 
abnormalities of  systolic cardiac performance. Left ven-
tricular end-diastolic pressure is elevated in patients with 
decompensated cirrhosis[13]. Rapid hemodynamic changes 
occurring, for example, after a transjugular intrahepatic 
portosystemic shunt (TIPS), or liver transplantation may 
cause a striking increase in filling pressure favoring the 
development of  congestive heart failure. 

At rest, the portal cardiomyopathy is camouflaged by 
a low afterload (low peripheral vascular resistance), but 
limited cardiac reserve may be unveiled by hemodynamic 
stress (e.g., physical activity, TIPS, voluminous intravenous 
infusion or use of  vasoconstrictor), which is followed by 
significantly lower increments in the stroke volume than 
in healthy persons[14]. 

Severe infections resulting in septic shock syndrome 
are known to induce cardiodepression due to the emer-
gence of  inflammatory mediators having negative inotro-
pic effects. Reduction of  cardiac output and inadequate 
cardiac contractile response to inflammatory stress is an 
important cause of  HRS development in patients with 
end-stage liver cirrhosis. Ruiz-del-Arbol et al[15] have stud-
ied a group of  23 patients with spontaneous bacterial 
peritonitis (SBP) that was treated with antibiotics. The 
eight patients who developed HRS had significantly lower 
baseline cardiac output than the 15 patients without renal 
dysfunction. In the subgroup of  patients with HRS, the 
cardiac output further declined with a concurrent drop in 
arterial pressure.

Ascites 
Liver cirrhosis is associated with hypervolemia as a con-
sequence of  renal sodium retention. In conditions of  
splanchnic vasodilatation and increased cardiac output, the 
blood is preferentially pooled in the portal venous system. 
High hydrostatic pressure in this system accompanied by 
hypoalbuminemia is responsible for plasma escape from 
the vascular compartment to the peritoneal cavity. This 
phenomenon mainly occurs at the level of  sinusoidal ves-
sels and to a lesser degree at intestinal capillaries.

Ascites is responsible for a worsened quality of  life, 
risk of  SBP and renal failure[7]. The independent variables 
of  mortality in ascitic patients are Child-Pugh class C, 

Sepsis 
Propranolol

Cirrhosis and portal hypertension

Systemic /splanchnic vasodilatation

Effective arterial hypovolemia

Activation of neurohormonal systems

Renal vasoconstriction

Decreased renal perfusion

Cardiac output↓

"High-output” 
cardiac failure

Cardiac output↑

Hepatorenal syndrome

Bacterial 
infection
Endotoxemia
SIRS
Vasodilatatory 
drugs
Aggressive 
paracentesis 

Large-volume 
diuresis
Hemorrhage 
Diarrhea
Dehydration

Retention of 
sodium and water

Ascites

NSAIDs

No response to fluids i.v.

Figure 1  Pathogenesis of hepatorenal syndrome with possible triggering 
factors. SIRS: Systemic inflammatory response syndrome; NSAIDs: Nonsteroi-
dal anti-inflammatory drugs.
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hyponatremia renal failure and, as has recently been sug-
gested, β-blocker therapy[16].

Tense ascites causes an increase in intra-abdominal 
pressure, giving rise to abdominal compartment syndro­
me, which is a known risk factor for AKI developing in 
critically ill patients with acute abdominal disorders such 
as peritonitis, acute pancreatitis, ileus, trauma or after ur-
gent abdominal surgeries[17]. Intra-abdominal pressure > 
20 mmHg, measured in the urinary bladder, leads to se-
vere impairment of  renal venous blood flow and second-
ary disturbances in arterial perfusion of  the kidneys[18].

Fluid removal in volume-overloaded patients with de-
compensated heart failure (refractory to intensive medical 
therapy) caused an improvement in renal function corre-
sponding to a reduction of  persistently elevated intra-ab-
dominal pressure[19]. Knowledge of  the actual influence of  
tense ascites on kidney function in cirrhosis is not com-
plete. It has been shown in pilot studies that large-volume 
paracentesis (LVP) followed by intravenous administration 
of  albumin ameliorates renal function in patients hospi-
talized for HRS or esophageal varices bleeding[20-22]. LVP 
should be followed by diuretics to prevent reaccumulation 
of  fluid.

FACTORS TRIGGERING HRS
HRS develops spontaneously in about 50% of  cases and 
it is triggered by identifiable factors dependent or in-
dependent of  medical activities in the remaining cases. 
Pathogenesis of  HRS with triggering factors is shown in 
Figure 2.

Bacterial infections 
Patients with cirrhosis have a particular predisposition 
to bacterial infections that is mostly a result of  impaired 

reactivity of  reticuloendothelial cells and neutrophils. 
Bacterial infections develop in 30%-60% of  patients with 
cirrhosis, being responsible for about 25% of  overall mor­
tality in this disease[23]. The most common site of  infec-
tion is the ascitic fluid, and less frequent are the respira-
tory system, urinary tract or subcutaneous tissue. Gastro-
intestinal bleeding, irrespective of  its source, is associated 
with increased translocation of  intestinal bacteria through 
ischemic mucosa and very high risk of  SBP.

Bacterial infection induces HRS because of  aggrava-
tion of  splanchnic arterial vasodilatation and deteriora-
tion of  liver function by endotoxemia and cytokine over-
production. Type 1 HRS commonly develops in patients 
with SBP, especially in those with serum bilirubin levels 
> 4 mg/dL (68 µmol/L) or serum creatinine levels > 1 
mg/dL (88 µmol/L) - that is, in patients with pre-dam-
aged kidneys by type 2 HRS or by other causes[24].

In a randomized trial comparing daily norfloxacin with 
placebo, it was demonstrated that a low content of  pro-
tein in the ascitic fluid (< 1.5 g/dL) and severe liver dis-
ease indicated a beneficial effect of  this antibiotic on the 
development of  SBP and survival[25]. It seems reasonable 
to use norfloxacin (or trimethoprim/sulfamethoxazole) 
continuously in patients that meet these criteria[26].

Systemic inflammatory response syndrome
Inflammation developing in cirrhotic patients has been 
shown to favor serious complications specific for liver 
failure and portal hypertension, including HRS[27,28]. Sys-
temic inflammatory response syndrome (SIRS) is mostly 
triggered by overt or occult bacterial infection but also 
may result from activation of  the inflammatory pathways 
related to circulating endotoxins or proinflammatory me-
diators. Accordingly, SIRS occurs in many nonbacterial 
abdominal acute inflammatory diseases such as pancreati-
tis, alcoholic steatohepatitis or portal venous thrombosis. 
It is also speculated that SIRS may be induced by liver 
necrosis associated with a “spill over” of  inflammatory 
mediators of  hepatic origin. All these conditions generate 
production of  proinflammatory cytokines [e.g., tumor ne-
crosis factor-α (TNF-α)], which enforce the endothelial 
cells to produce more NO, playing an important role in 
the pathogenesis of  arterial vasodilatation. 

According to the American Society of  Critical Care 
Medicine Consensus Conference, SIRS is diagnosed if  
the patient fulfills at least two of  the following criteria: 
(1) core temperature > 38 ℃ or < 36 ℃; (2) heart rate ≥ 
90 beats per minute; (3) respiratory rate ≥ 20 breaths per 
minute; or (4) white blood cell count ≥ 12 G/mm3 or ≤ 

4 G/mm3 with a differential count showing ≥ 10% im-
mature polymorphonuclear neutrophils[29]. An important 
limitation for use of  these criteria is the fact that many of  
them may be modified by cirrhosis itself. 

Diarrhea and vomiting 
Diarrhea and vomiting lead to dehydration and hypovole-
mia, which can aggravate the hemodynamic disturbances 
responsible for the development of  HRS. Diarrhea is 
a common problem associated with alcoholism. More-

Figure 2  Hemodynamic and neurohormonal consequences of progressive 
vasodilatation in splanchnic vascular territory. CO: Cardiac output; EAV: Effec-
tive arterial volemia; HR: Heart rate; MAP: Mean arterial pressure; GFR: Glomerular 
filtration rate; RAAS: Renin-angiotensin-aldosterone system; SNS: Sympathetic 
nervous system; HRS: Hepatorenal syndrome.
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over, the diarrhea and vomiting occur as a consequence 
of  infectious diseases but also may have an iatrogenic 
background. Diarrhea is a side effect of  drugs commonly 
used in cirrhotic patients, such as lactulose or ursodeoxy-
cholic acid. An increased number of  bowel movements 
in patients with decompensated cirrhosis should prompt 
the withdrawal or dose reduction of  these drugs.

Diuretics 
Patients with peripheral edema tolerate aggressive diure-
sis because the fluid from the subcutaneous tissue is eas-
ily absorbed to the intravascular system. In such patients, 
the daily reductions of  body weight may reach 2 kg. Us-
ing high doses of  diuretics following the disappearance 
of  peripheral edema frequently leads to hypovolemia, 
which initiates the development of  HRS. In patients 
with ascites without peripheral edema, the urinary out-
put should not be higher than 1100 mL/d, with diurnal 
reductions of  the body weight not exceeding 0.5 kg. This 
principle originates from the fact that the diurnal ability 
of  ascites to relocate from the peritoneal cavity to the 
vascular system is limited to 700-900 mL, and in the set-
ting of  postinflammatory peritoneal lesions, this limita-
tion is even more severe. Diuretics should be discontin-
ued if  the serum creatinine is > 2.0 mg/dL (180 µmol/d) 
and serum sodium is < 120 mEq/L, despite fluid restric-
tion, or in the case of  encephalopathy[26,30]. Intravenous 
use of  furosemide is not recommended as a dose of  80 
mg has been shown to cause an acute reduction in renal 
blood flow and subsequent azotemia in patients with cir-
rhosis and ascites[26].

Gastrointestinal bleeding 
Patients with cirrhosis carry a significant risk of  bleeding 
from the upper digestive tract. The most likely sources 
of  bleeding are esophageal/gastric varices, portal gas-
tropathy or gastroduodenal peptic ulcers. A 2-year risk of  
bleeding from large esophageal varices in patients who 
never bled was 25%-30%, and in those who had at least 
one episode of  bleeding in the past exceeded 60%[31]. 

Acute bleeding from the upper digestive tract leads to hy-
povolemia and a decrease of  renal perfusion. The prob-
ability of  HRS development in bleeding patients depends 
on the amount of  blood loss, the functional reserve of  
the liver, and the presence of  bacterial infection. In one 
study, hemorrhagic shock and HRS were independent 
risk factors of  in-hospital mortality. If  HRS developed 
in a bleeding patient, the mortality rate was 55% (3% in 
patients without renal failure)[32]. 

LVP 
LVP is considered to be a relatively safe and effective 
procedure for the treatment of  refractory ascites. How-
ever, removal of  > 5 L of  fluid without blood volume 
expansion may lead to paracentesis-induced circulatory 
dysfunction (PICD). Ascitic patients show increased heart 
rate and cardiac output and low diastolic arterial pressure, 
which are accentuated after LVP[33-35]. Mechanisms of  

PICD are not entirely clear, but LVP causes further re-
duction of  volemia in the central circulation with simulta-
neous stimulation of  all vasoconstrictive systems, having 
a deleterious effect on renal function. According to earlier 
studies, HRS develops in about 10% of  cirrhotic patients 
treated with LVP[36]. It has been recently shown that use 
of  β-blockers may be associated with an increased risk of  
PICD in patients with cirrhosis and refractory ascites[37]. 

Recognition of  PICD is based on finding a significant 
increase in plasma renin activity (> 50% of  pretreatment 
values on days 5-7 after paracentesis). According to this 
definition, Nasr et al[38] recognized PICD in 73.3% of  pa-
tients with tense ascites despite volume expansion (with 
dextran in 87.5% and with albumin in 38.5% of  patients). 
In this study, PICD was a clinically silent complication 
with no clinical or laboratory predictive factor.

At present, salt-free human albumin is the plasma 
expander of  choice, if  at least 5 L of  ascitic fluid is eva­
cuated. The role of  vasopressors in PICD escape is still 
uncertain. In the randomized study including 24 patients 
with decompensated cirrhosis, midodrine was not as 
effective as albumin in preventing PICD, because this 
syndrome developed in six patients in the midodrine 
group (60%) and in only four patients (31%) in the al-
bumin group[39]. By contrast, in two randomized studies 
with 20 and 40 ascitic patients, terlipressin and midodrine 
were not less effective than albumin for prevention of  
PICD[40,41]. 

Nonsteroidal anti-inflammatory drugs
Renal perfusion in advanced cirrhosis greatly depends 
on vasoprotective mechanisms attributed to prostaglan-
din E2 and prostacyclin (“prostaglandin dependency”). 
Nonsteroidal anti-inflammatory drugs (NSAIDs) in-
hibit renal synthesis of  prostaglandins, therefore, they 
impair vasoprotective mechanisms. Generally, NSAIDs 
should be avoided in patients with cirrhosis because in this 
population, they induce renal failure in 33% of  patients 
(3%-5% in the population with an intact liver)[42]. More-
over, NSAIDs are responsible for the development of  
resistance to diuretics[43]. Renal complications are also 
observed after use of  selective cyclo-oxygenase 2 antago-
nists such as celecoxib and rofecoxib. Even short-term 
therapy with celecoxib induces significant reduction in 
GFR in patients with decompensated cirrhosis[44].

Hypotensive drugs 
In patients with advanced liver cirrhosis, the homeosta-
sis of  arterial pressure is highly dependent on adaptive 
neurohormonal mechanisms. Administration of  drugs 
inhibiting these mechanisms; that is, inhibitors of  angio-
tensin converting enzyme (ACE), angiotensin Ⅱ receptor 
antagonists or clonidine, increases the risk of  a significant 
reduction in arterial pressure, resulting in functional renal 
failure. These drugs may affect renal function irrespec-
tive of  arterial hypotension. It has been shown that the 
administration of  small doses of  ACE inhibitors, having 
no effect on arterial pressure, cause a significant decline 
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in GFR[45]. However, not all studies have confirmed the 
harmful effects of  anti-angiotensin drugs on the kid-
neys[46,47]. 

THERAPEUTIC STRATEGIES IN HRS
Treatment of  renal failure in advanced liver cirrhosis aims 
to abate the most important pathophysiological factors 
responsible for the development of  HRS. The first-line 
treatment is focused on reduction of  portal hypertension 
and counteracting the arterial vasodilatation and effective 
hypovolemia, by vasoconstrictor and albumin infusion. 
The second-line treatment involves a reinforcement of  
renal vasoprotection, kidney replacement therapy or arti-
ficial liver support.

Repletion of the vascular system
Albumin is the preferred volume expander in patients 
with renal failure. Except for augmentation of  oncotic 
pressure, the albumin binds endotoxins, bile acids, biliru-
bin, fatty acids and NO; therefore, it joins metabolic, im-
mune and vasoconstrictor effects[48,49]. Albumin should be 
infused in high percentage solutions (20%-25% albumin) 
and the typical dosage is 1 g/kg (up to 100 g) on day 1, 
and 20-60 g/d thereafter. 

Use of  albumin may prevent the development of  
HRS. In a non-placebo-controlled study, the plasma vol-
ume expansion with albumin has been shown to reduce 
the incidence of  renal failure in cirrhotic patients hospi-
talized for SBP as compared with antibiotic monother-
apy[24]. Moreover, an unblinded randomized controlled 
trial in patients with new-onset ascites demonstrated that 
weekly 25-g infusions of  albumin for 1 year followed 
by infusions every 2 wk improved survival compared to 
treatment with diuretics alone[50]. By contrast, treating 
HRS with albumin monotherapy is only minimally effec-
tive, but adding albumin to vasoconstrictors provides a 
supplementary benefit. In a recent study, 46 patients with 
HRS were randomly assigned to treatment with terlipres-
sin plus albumin or to albumin monotherapy[51]. Renal 
function improved in 43.5% of  patients treated with 
terlipressin plus albumin, and in only 8.7% of  patients 
treated with albumin alone.

Elevation of peripheral vascular resistance 
Many pharmaceutical agents, predominantly vasoconstri­
ctors along with albumin infusion, have been studied in 
patients with type 1 HRS. These studies are based on 
controlled or uncontrolled short case series. Splanchnic 
vasoconstrictors improve effective arterial blood volume 
and paradoxically dilate renal vasculature. The optimal 
choice of  vasoconstrictor, time for initiation and duration 
of  therapy and most favorable dosage remains to be de-
termined. Vasoconstrictor drugs should not be given to 
patients with ischemic disease of  the heart, brain or lower 
extremities. Their use is also contraindicated in patients 
with heart failure, cardiac arrythmias, asthma or respira-
tory failure.

Terlipressin is a synthetic analog of  vasopressin that is 
characterized by a longer half-time (i.v. administration ev-
ery 4-6 h) and fewer side effects (ischemic complications 
occurring in 5%-12% of  patients) in comparison with the 
parent drug[52-54]. Although terlipressin is only a partial ag-
onist of  renal vasopressin V2 receptors, an acute reduc-
tion in serum sodium concentration is a common finding 
during use of  this drug, and is sometimes associated with 
reversible neurological complications[55].

Treatment with terlipressin and albumin leads to the 
normalization of  renal function in 34%-65% of  patients 
with type 1 HRS and the recurrence of  HRS after treat-
ment withdrawal occurs in 15%-22% of  cases[52,55-60]. The 
most applicable predictor of  HRS reversal seems to be 
baseline serum creatinine[61]. Terlipressin plus albumin 
therapy increases short-term survival by 34%-43%[56-58]. 
In a multivariate analysis, the predictors of  improved 
survival at 6 wk were: a significant reduction in serum 
creatinine between baseline and day 4, a serum level of  
bilirubin < 10 mg/dL and a treatment-induced increase 
of  the mean arterial pressure by > 5 mmHg[62]. However, 
not all studies have shown survival benefits for terlipres-
sin. A European multicenter, randomized, controlled 
trial of  terlipressin and albumin vs albumin monotherapy 
in 46 patients with both types of  HRS demonstrated an 
improvement in renal function but no survival advantage 
at 3 mo[50]. Hence, liver transplantation is still the optimal 
therapy for HRS, and use of  terlipressin is considered as 
a bridge to transplantation. According to recent recom-
mendations of  American Association for the Study of  
Liver Diseases, patients with type 1 HRS should have an 
expedited referral for liver transplantation[26]. 

Somatostatin is a hormone that, in pharmacological 
doses, decreases splanchnic arterial blood flow. This ef-
fect is not a result of  intrinsic vasoconstrictive properties, 
but rather comes from inhibitory effects on the release of  
vasoactive intestinal and pancreatic peptides. Compared 
with terlipressin, somatostatin exerts a less beneficial ef-
fect on renal sodium excretion in patients with or without 
ascites[63]. Octreotide is a synthetic analog of  somatosta-
tin, with similar hemodynamic effects. Two studies, in-
cluding one with randomization and a crossover design, 
demonstrated that octreotide alone is not effective for 
type 1 HRS[64,65]. Acute administration of  octreotide to 
cirrhotic patients, with or without ascites, did not produce 
any change in the GFR or in the estimated renal plasma 
blood flow[66]. Unfortunately, octreotide significantly de-
creased the free water clearance and fractional excretion 
of  filtered sodium[67]. Also chronic use of  octreotide had 
no renoprotective effects, because improvement in renal 
blood flow was associated with a reduced GFR[68]. 

Midodrine is an oral α1-adrenergic agonist with va-
soconstrictive properties. In three pilot studies involving 
79 patients with type 1 HRS, short-term administration 
of  midodrine in conjunction with octreotide caused sig-
nificant changes in systemic hemodynamics and normal-
ization of  renal function in 49% of  patients[69-71]. It is 
unknown whether these beneficial effects are attributable 
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to midodrine alone or also to the potentiating effects of  
octreotide. However, favorable renal effects of  this regi-
men may disappear under chronic treatment. In 1 mo 
therapy of  refractory ascites with midodrine, octreotide 
and albumin, significant reductions in the plasma renin 
and aldosterone concentrations were found, but renal 
function tests were not improved[72]. In a retrospective 
study involving 60 patients with type 1 HRS treated with 
midodrine, octreotide plus albumin and 21 nonrandom-
ized albumin-treated controls, the 30-d mortality was re-
duced in the treatment group (43% vs 71%, respectively, 
P < 0.05)[69]. 

The regimen composed of  midodrine, octreotide and 
albumin may be used outside of  an intensive care unit. 
This is not the case for norepinephrine, which requires 
continuous intravenous infusion and hemodynamic mo­
nitoring. This drug is infrequently used in treatment of  
HRS, although efficacy of  norepinephrine in reversal of  
renal failure may be not inferior to terlipressin[73]. 

Renal vasoprotection 
Apart from systemic causes, the development of  HRS in 
decompensated cirrhosis is dependent on the failure of  
local vasoprotective factors. Until now, no drugs enforc-
ing renal vasoprotection have been used as routine treat-
ment for HRS. Although earlier studies have suggested 
the reversal of  HRS during treatment with misoprostol, 
a prostaglandin E1 analog[74], the high doses and side ef-
fects have prevented this drug from use in cirrhotic pa-
tients.

Pentoxifylline is an inhibitor of  TNF-α, which plays a 
major role in the pathogenesis of  alcoholic hepatitis and 
endotoxin-mediated liver injury[75]. Meta-analysis of  five 
trials, with a total of  336 randomized participants with 
alcoholic hepatitis, showed a positive effect of  pentoxifyl-
line on mortality associated with HRS[76]. The usefulness 
of  pentoxifylline in other liver diseases is unclear. In a 
recent French study, the chronic peroral use of  pentoxi-
fylline (400 mg, 3 times daily) in patients with advanced 
cirrhosis of  a different etiology did not decrease short-
term mortality, however, it reduced the risk of  complica-
tions (including AKI) at 2 mo and 6 mo[77]. 

TIPS
Implantation of  TIPS augments the return of  blood to 
the right heart, thus it counteracts the central hypovole-
mia and neurohormonal activation. In several studies, the 
plasma renin activity, norepinephrine concentrations and 
excretion of  sodium improved gradually after insertion 
of  the TIPS[78-80]. In a large study involving 129 cirrhotic 
patients with varying degrees of  baseline renal function, 
TIPS has been shown to improve renal function. Patients 
with pre-treatment serum creatinine levels between 1.2 
and 1.9 mg/dL had reduced mean levels of  creatinine, 
from 1.5 to 1.1 mg/dL, and those with pre-TIPS creati-
nine levels > 2.0 mg/dL showed a reduction from 2.8 to 
1.5 mg/dL. This means that patients with poorer renal 
function benefit the most from TIPS[81]. A meta-analysis 

including five randomized controlled trials (330 refrac-
tory ascites patients) showed that TIPS improved survival 
when compared with repetitive paracenteses[82]. 

Decision on insertion of  TIPS must be balanced against 
the risk of  complications, which include: (1) portal en-
cephalopathy; (2) liver insufficiency; (3) loss of  stent func-
tion; (4) cardiac failure; (5) bacteremia; (6) hemolysis; or (7) 
bacterial infection of  the stent[83,84].

Renal replacement therapy
Continuous or repeated dialysis may be considered as 
rescue therapy for patients with type 1 HRS, in whom 
pharmacological treatment is ineffective and there are no 
contraindications for liver transplantation. Independent 
indications for use of  dialysis are hypervolemia not re-
sponding to diuretics, metabolic acidosis and refractory 
hyperkalemia. Dialysis is a bridging therapy aimed at 
keeping the patient alive until receiving the graft. A more 
recent study has reported that eight of  30 patients with 
HRS survived 30 d with use of  dialysis or continuous 
venovenous hemodialysis in the intensive care unit set-
ting[85].

In patients with cirrhosis, the hypotensive reactions 
and blood clotting abnormalities are more frequent dur-
ing dialysis than in patients with an intact liver. Peritoneal 
dialysis may be better tolerated by cirrhotic patients than 
hemodialysis, with no increase in the number of  compli-
cations[86]. This procedure enables removal of  the ascites 
fluid and does not expose patients to anticoagulants. 

Patients who are on continuous renal replacement 
therapies require anticoagulation to prevent thrombosis. 
Different anticoagulants have been used to ensure the 
patency of  hemodialysis catheters. In patients who are 
at high risk for bleeding, nonstandard preventive op-
tions are applied, such as minimum-dose or no-heparin 
regimens or regional citrate anticoagulation, which are 
associated with low risks of  bleeding and severe dialyzer 
clotting[87]. Sodium citrate is metabolized by the liver and 
the body clearance of  this compound has been shown 
to be significantly reduced in critically ill cirrhotic pa-
tients. In addition, citrate clearance cannot be predicted 
by standard liver function tests and is not influenced by 
renal function[88]. It is, therefore, advisable to minimize 
the dose of  citrate anticoagulation and monitor serum 
ionized calcium level and blood pH in hemodialyzed cir-
rhotic patients. 

Systems for artificial liver support 
At present, there are a few systems of  artificial liver sup-
port, such as: Molecular Adsorbent Recirculating System 
(MARS), Fractionated Plasma Separation, Adsorption 
and Dialysis System and Single-Pass Albumin Dialysis 
Extended. These systems are designed to remove from 
the blood toxins, which are soluble in water and are ad-
sorbed on albumin molecules. It seems that this kind of  
therapy may only achieve a temporary improvement in 
metabolic abnormalities that result from liver and kidney 
insufficiencies.
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In pilot studies, MARS caused a statistically signifi-
cant decrease of  serum bilirubin and creatinine levels 
in patients with type 1 HRS who were disqualified from 
other forms of  treatment. In addition, in a randomized 
study, the use of  MARS led to increases of  arterial blood 
pressure and urinary sodium output[89]. However, in a re-
cent small study comprising six patients with type 1 HRS 
not responding to vasoconstrictor treatment, MARS was 
shown to be ineffective regarding systemic hemodynam-
ics and renal function[90]. Experience with other artificial 
liver support systems in HRS treatment is limited[91]. Pa-
tients undergoing treatment with adsorbent recirculating 
systems can experience declines in blood pressure, hy-
pothermia, bradycardia, tissue hypoxia or blood clotting 
abnormalities associated with use of  anticoagulants. 

INTRINSIC RENAL DISEASES 
Epidemiological data suggest that AKI in cirrhosis has 
a prerenal origin in 60% of  cases, and only one third of  
these patients fulfills the criteria of  type 1 HRS[92]. Intrin-
sic renal injury in the form of  ATN may be responsible 
for about 40% of  AKI in cirrhotic patients with ascites[93]. 
Type 2 HRS is the most common form of  chronic renal 
disease. The Multidisciplinary Working Party has defined 
chronic renal disease as an estimated GFR < 60 mL/min 
for > 3 mo[94]. Chronic glomerular injury related to viral, 
immune and metabolic factors is usually an asymptomatic 
disease with mild proteinuria and hematuria. Occurrence 
of  arterial hypertension in liver cirrhosis is a rare finding 
indicating a possibility of  chronic glomerulonephritis. 
Among hospitalized patients with decompensated cirrho-
sis, chronic glomerulonephritis is responsible for about 
1% of  all causes of  azotemia[92]. 

ATN
ATN should be suspected in all cases of  AKI preceded 

by septic or posthemorrhagic shock, prolonged dehydra-
tion, severe pancreatitis, exposure to nephrotoxic sub-
stances (aminoglycosides, contrast agents) or major surgi-
cal interventions[95]. 

In clinical practice, the distinction between ATN and 
type 1 HRS may be difficult (Figure 3). Usually, in pa-
tients with HRS, the urinary concentration of  sodium 
does not exceed 10 mEq/L (preserved tubular ability for 
sodium reabsorption and urine concentration), whereas 
in patients with ATN, it is > 20 mEq/L with urine os-
molality < 350 mOsm/kg. However, these criteria may 
be misleading in certain cases. Another finding favoring a 
diagnosis of  ATN is the presence of  bile-stained granular 
or epithelial casts in the urine, but this finding is also not 
definitive[95]. It is expected that a positive response to a 
vasoconstrictor plus albumin should rule out a diagno-
sis of  ATN, however, a recent study has demonstrated 
some benefit of  terlipressin in patients with cirrhosis and 
ATN[55]. Studies on using urine biomarkers for ATN are 
underway and the most promising candidates are inter-
leukin-18, urinary kidney injury molecule 1 and urinary 
neutrophil gelatinase-associated lipocalin[96,97].

Reduction in GFR in ischemic ATN results from in­
jury to the tubular epithelium and impaired glomerular 
capillary pressure. An overlapping factor may be tubular 
obstruction from casts composed of  detached epithelial 
cells and cellular debris as well as hemoglobin and myo-
globin deposits[98]. ATN caused by ischemia lasts 7-21 d[99] 
and, in most patients, renal function returns to normal or 
near normal levels following regeneration of  the tubular 
epithelium. Regenerating cells derive from the stem cells 
that have survived the ischemic insult. It is also likely 
that migrating bone marrow stem cells contribute to this 
process[100,101]. During ATN-related renal failure, patients 
should be treated with renal replacement therapy, which 
may last 6-8 wk if  tubular damage is caused by toxic 
agents[92].

Nephrotoxic agents 
Aminoglycoside antibiotics still constitute an important 
therapeutic alternative against germs that are insensitive 
to other antibiotics[102]. Nephrotoxicity is the most impor-
tant therapeutic limitation of  aminoglycoside antibiotics, 
especially gentamicin. The typical manifestation of  ami-
noglycoside toxicity is nonoliguric or even polyuric renal 
dysfunction accompanied by proteinuria, hypercalciuria, 
hypermagnesemia, aminoaciduria, glycosuria, and serum 
electrolyte alterations[103]. Despite rigorous patient moni-
toring, kidney injury appears in 10%-25% of  therapeutic 
courses. Traditionally, aminoglycoside nephrotoxicity has 
been considered to result mainly from tubular damage, 
but recently the role of  reduced glomerular filtration has 
also been raised[104].

For patients with chronic liver diseases, the use of  
gentamicin or tobramycin considerably enhances the risk 
of  damaging the tubules and onset of  acute renal insuffi-
ciency[103,105]. The particular sensitivity of  cirrhotic patients 
to aminoglycosides may be related to sodium depletion, 

Diuretics
Diarrhea

Volume expansion 
→ Cr normalization

Volume expansion 
→ No Cr normalization

Renal biopsy?

Urine sediment
No casts                                 No casts            Granular/epithelial casts

SBP (other infection)
Paracentesis

Septic shock
Posthemorrhagic shock
Nephrotoxic drugs
Radiological contrasts 

Degree of renal hypoperfusion

UOsm > 500 mOsm/kg
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UOsm < 350 mOsm/kg
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Prerenal
failure
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Figure 3  Differential diagnosis of three forms of acute kidney injury in 
patients with decompensated cirrhosis. SBP: Spontaneous bacterial perito-
nitis; Cr: Creatinine; HRS-1: Type 1 hepatorenal syndrome; ATN: Acute tubular 
necrosis; UOsm: Urine osmolality; UNa: Urinary sodium.
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concomitant use of  diuretics and reduced renal function. 
Other drugs that can lead to AKI are amphotericin, acy-
clovir, penicillin and cytostatics. 

Use of  contrast media is a well-known cause of  tu­
bular injury, particularly in the presence of  predisposing 
conditions like dehydration or diabetic nephropathy. 
Mechanisms of  contrast-induced nephropathy (CIN) are 
complex and not fully explained. It has been shown that 
renal blood flow remains 45% below baseline level for 
at least 4 h following contrast administration[106]. Renal 
vasoconstriction with medullary hypoxia may be medi-
ated by high osmolality and viscosity of  contrast agents, 
as well as the release of  endothelin and adenosine[107]. 
The cytotoxic effects including the generation of  oxygen 
free radicals are also considered. Currently used iodinated 
contrasts are either ionic and hyperosmotic (1400-1800 
mosmol/kg) or nonionic iso- or low-osmolal, character-
ized by lower nephrotoxicity[108]. Application of  contrast 
media in cirrhotic patients with hypercreatininemia is not 
recommended, because it is associated with a high risk of  
AKI. This applies to use of  contrast in both diagnostic 
and therapeutic procedures[109]. Patients with cirrhosis 
and normal renal function do not seem to be hypersensi-
tive to CIN. In a retrospective case-control study includ-
ing 72 patients with cirrhosis and 72 patients without 
cirrhosis, the intravenous administration of  100-150 mL 
of  low osmolality radiocontrast medium induced AKI in 
two patients with cirrhosis and one patient in the control 
group (difference not significant). The cirrhotic patients 
who developed CIN had received high-dose diuretics and 
were hypovolemic[110].

Chronic glomerulonephritis 
The most common form of  glomerular disease found 
in patients with chronic hepatitis C is membranoprolif-
erative glomerulonephritis (MPGN)[111,112], followed by 
membranous nephropathy, focal glomerulosclerosis and 
immunoglobulin A (IgA) nephropathy[113-115]. In autopsy 
studies, the glomerular pathology was detected in more 
than half  of  hepatitis C patients. Histopathological fea-
tures of  MPGN were present in 11.2%, membranous 
nephropathy in 2.7%, mesangioproliferative glomeru-
lonephritis in 17.6% and mesangial expansion without 
proliferation in 23.4% of  deceased hepatitis C patients. 
Cirrhosis was associated with a higher percentage of  
inflammatory changes in glomeruli compared with the 
precirrhotic stage of  liver disease (59.2% vs 32.3%)[116]. 
MPGN is associated with mixed essential (type Ⅱ) cryo-
globulinemia. Renal biopsy revealed the presence of  
cryoglobulins in about 70% of  hepatitis C patients with 
MPGN[117]. This finding strongly indicated an etiological 
relationship between cryoglobulinemia and MPGN. 

Successful treatment of  noncirrhotic hepatitis C pa-
tients with interferon-α is probably paralleled with a fa-
vorable effect on MPGN, because a positive response to 
treatment was associated with a significant reduction in 
serum levels of  cryoglobulin and creatinine[118]. One study 
has shown the efficacy of  rituximab in the treatment of  

type-Ⅱ-cryoglobulinemia-related MPGN in patients with 
hepatitis C[119].

MPGN, membranous nephropathy and polyarteritis 
nodosa create a wide spectrum of  glomerular lesions 
found in patients infected with hepatitis B virus (HBV). 
The prevalence of  glomerulonephritis among patients 
with chronic hepatitis B is significantly higher in endemic 
regions, where the hepatitis B surface antigen carrier state 
is common[120,121]. Chronic carriage of  HBV leads to the 
development of  nephrotic syndrome in some individuals 
(particularly children), with a strong male predominance. 
Studies showing expression of  HBV viral antigens in kid-
ney tissue confirm the role of  the virus in the develop-
ment of  glomerulonephritis[120,122]. 

In children, the membranous nephropathy often re-
treats spontaneously, whereas in adults it may show rapid 
progression[120]. The main symptom of  membranous ne-
phropathy is nephrotic syndrome, with the cause not re-
vealed until a renal biopsy is done. Retrospective analysis 
of  clinical studies involving small groups of  hepatitis B 
patients with membranous nephropathy or MPGN has 
indicated a beneficial role of  antiviral therapy. Positive vi-
rological responses to treatment with interferon-α2-A or 
lamivudine were associated with significant improvement 
in renal function[123,124].

IgA nephropathy
IgA nephropathy is the most common form of  primary 
glomerulonephritis in developed countries[125,126]. The 
disease may appear at any age with the highest prevalence 
in the second and third decade of  life. The incidence of  
mesangial IgA deposition in apparently healthy individu-
als ranges from 3% to 16%[127]. Usually, IgA nephropathy 
is recognized on routine urine screening with asymptom-
atic hematuria and/or proteinuria. The diagnosis may be 
established only by renal biopsy that discloses globular 
IgA deposits in the mesangium, and to a lesser degree in 
the glomerular capillary walls (immunofluorescence mi-
croscopy)[125,128]. 

Class A immunoglobulins (with or without small quan­
tities of  other immunoglobulins and C3 complement) are 
found in glomeruli of  35%-90% of  patients with liver 
cirrhosis[129]. In these patients, IgA nephropathy is usu-
ally subclinical and the features of  nephrotic syndrome 
occur in about 1.5% of  cases. Hematuria is found less 
frequently than in the primary form of  IgA nephropathy. 
This type of  nephropathy may be particularly common 
in patients with alcoholic cirrhosis, in whom IgA serum 
levels are regularly increased[130].

Isoform IgA2 is cleared from circulation with the 
participation of  the hepatic asialoglycoprotein receptor, 
whereas IgA1 only partially uses this elimination path-
way[131]. The pathogenesis of  IgA nephropathy coexisting 
with liver cirrhosis is unknown, however, a hypothesis of  
reduced hepatic clearance of  immunological complexes, 
due to impaired asialoglycoprotein receptor function and 
phagocytosis by Kupffer cells, is very likely. The direct 
influence of  immunological mechanisms should also be 
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considered, as they play an important role, not only in 
autoimmune hepatitis, primary biliary cirrhosis and pri-
mary sclerosing cholangitis, but also in hepatitis B and C, 
alcoholic liver disease, primary hemochromatosis and α-1 
antitrypsin deficiency[132-136].

Diabetic nephropathy
Diabetic nephropathy (DN) occurs in types 1 and 2 dia-
betes mellitus. The epidemiology of  DN has been stud-
ied in type 1 diabetes. Twenty to thirty percent of  this 
population presents with microalbuminuria 15 years after 
diabetes diagnosis and almost half  of  those patients will 
progress to overt nephropathy[137]. Development of  DN 
is strongly dependent on the control of  glycemia and ar-
terial blood pressure. The aggressive treatment of  arterial 
hypertension and use of  ACE inhibitors have been shown 
to reduce the rate of  DN progression[138]. In Caucasians 
with type 2 diabetes, the prevalence of  progressive renal 
disease seems to be lower than in type 1[139], however, 
there are also some data suggesting that the risk of  renal 
injury is currently equivalent in both types of  diabetes[140,141].

The mesangial expansion, thickening of  glomerular 
basement membrane and glomerular sclerosis belong to 
major histological changes of  DN. The late abnormal-
ity is deposition of  hyaline in the glomerular arterioles, 
which may assume a nodular appearance[142]. DN usually 
leads to arterial hypertension, renal arteriosclerosis, pro-
teinuria and fluid retention. Patients with DN may toler-
ate less spironolactone because of  hyperkalemia.

Among patients with cirrhosis related to HCV infec-
tion, diabetes occurs in about 25% of  cases. Even more 
frequent is the occurrence of  diabetes in patients with 
cirrhosis related to nonalcoholic steatohepatitis, which 
like diabetes, is a feature of  the metabolic syndrome. 
The percentage of  glucose intolerance in the population 
of  patients with liver cirrhosis of  different etiology ap-
proaches 60%[143,144]. For these reasons, DN is one of  the 
most common causes of  chronic renal failure in patients 
with cirrhosis. Diabetes promotes vascular pathology, 
hence, advanced atherosclerosis of  the coronary arteries 
is recognized in 20%-25% of  candidates for liver trans-
plantation[145]. 

POSTRENAL INSUFFICIENCY
An obstruction in urine outflow as the cause of  renal 
failure is found in < 1% of  patients with liver cirrhosis. 
Postrenal causes of  renal insufficiency are similar to 
those occurring in the general population. They inclu­
de nephrolithiasis, benign prostatic hyperplasia in men, 
ureter infiltration by tumors of  the reproductive organs 
in women, kidney tumors, or neurogenic urinary blad-
der. Patients with alcoholic liver disease seem to have 
an increased risk of  renal papillary necrosis that, after 
sequestration, obstructs urine outflow[146]. The diagnosis 
of  postrenal failure is based on imaging studies (i.e., ul-
trasound and computed tomography), which show urine 
retention or hydronephrosis. The aim of  the treatment is 
removal or bypassing of  the obstacle.

CLINICAL SIGNIFICANCE OF SERUM 
CREATININE 
Parameters of  renal function are strong predictors of  
survival in liver cirrhosis, because vascular-mediated renal 
failure is one of  the latest events in the natural history of  
chronic liver disease. The median survival time in patients 
with type 2 HRS is about 5 mo, but with type 1 of  this 
syndrome, is as short as 2-4 wk[25] .

Generally, the creatinine level is not a perfect indica-
tor of  renal function as it is influenced by many nonrenal 
factors (e.g., body weight, age, sex, race and blood vol-
ume), shows a nonlinear relationship with GFR and does 
not distinguish between functional and organic renal 
diseases. Still, a less reliable indicator of  renal function is 
the serum level of  blood urea nitrogen, which is strongly 
modified by the diet or the presence of  blood within the 
digestive tract.

The creatinine levels in patients with end-stage cir-
rhosis regularly overestimate the actual GFR because of  
decreased hepatic production of  creatine and muscle wast-
ing[24]. An additional factor responsible for low serum 
creatinine in decompensated cirrhosis is hypervolemia, 
and accordingly, the increased volume of  distribution for 
this substance. For these reasons, the early stages of  AKI 
usually remain unrecognized in cirrhotic patients. More-
over, in jaundiced patients, the measurement of  creatinine 
may provide erroneous results due to chromogenic inter-
ference with bilirubin in a spectrophotometric assay[147]. 
Recently, it has been shown that, in cirrhotic patients, the 
serum concentration of  creatinine being higher than 0.97 
mg/dL (88 µmol/L) is tantamount to impairment in re-
nal function, as this level is equivalent to the GFR of  50 
mL/min[148].

Mathematical models based upon creatinine levels, 
such as Cockroft-Gault or modification of  diet in renal 
disease, introduce a systematic error to calculations of  the 
GFR. It particularly regards the Cockroft-Gault formula 
that estimates GFR from serum creatinine level and body 
mass, which in cirrhotic patients is highly dependent on 
body water content. On the basis of  existing studies, the 
significance of  cystatin C in the measurement of  renal 
function in cirrhosis cannot be definitely determined. 

Serum creatinine is one of  three variables that form 
the model of  end stage liver disease (MELD) score that 
predicts 3-mo survival in patients with end-stage cir-
rhosis. Therefore, MELD score is an important tool to 
set up the priority for access to the graft among patients 
waiting for a liver transplant. In the MELD score, cre-
atinine has been assigned a much higher, and probably 
excessive, weight than bilirubin[149].

Total muscle mass is one of  the factors influencing 
the serum creatinine concentration. It is the reason why 
men and women having the same GFR may differ with 
respect to serum creatinine levels. Therefore, it can be as-
sumed that equal MELD values in both sexes may mean 
a worse prognosis for women. This assumption has been 
confirmed by finding a higher mortality rate among 
women listed for liver transplant in comparison with the 
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pre-MELD era[27]. This finding challenges the belief  that 
MELD realizes the principle that “the sickest goes first”. 

RENAL FAILURE AND LIVER TRANS-
PLANTATION 
Development of  type 1 HRS is an unfavorable moment 
to conduct a liver transplantation because an elevated cre-
atinine level is a predictor of  perioperative complications 
and death. It also predicts the duration of  stay in the 
intensive care unit and probability of  renal replacement 
therapy[150,151]. Therefore, improvement of  renal function 
should be the goal before liver transplantation. Nonethe-
less, 3-year survival of  patients undergoing liver trans-
plantation during HRS is approximately 60%[150], thus 
clearly worse than in patients with normal renal function, 
but still much better than in those without transplanta-
tion. 

Development of  ATN before liver transplantation de-
notes maintenance of  renal failure after this procedure. 
Diagnosis of  ATN before the scheduled hepatic trans-
plantation may enforce the decision on simultaneous liver 
and kidney transplantation (SLKT). A reliable diagnosis 
of  ATN in such circumstances requires renal biopsy, pref-
erably in a transcaval way, because coagulopathy or large 
ascites precludes percutaneous biopsy. Indications for 
SLKT in patients with end-stage liver cirrhosis are: (1) 
AKI (including HRS) with persisting hypercreatininemia 
≥ 2 mg/dL for a period of  at least 8 wk (despite renal 
replacement therapy); (2) chronic renal insufficiency with 
GFR < 30 mL/min; and (3) chronic renal failure with 
histopathological evidence of  sclerosis or fibrosis of  > 
30% of  glomeruli[86]. 

From 1984 to 2008, SLKT was reported in 3536 pa­
tients. Apart from liver cirrhosis and chronic or acute 
renal failure, the main indications were oxalosis and poly-
cystic liver and kidney disease. The cumulative 5-year sur-
vival of  both organs was 60.9%, and patient survival was 
42.6%[152].

With improvements in operative techniques, patient 
survival following liver transplantation has substantially in-
creased with more common occurrence of  chronic renal 
disease resulting from nephrotoxicity of  immunosuppres-
sive drugs, rendering kidney transplantation inevitable. Af-
ter 10 years from liver transplantation, renal failure occurs 
in about 20% of  patients[153].

CONCLUSION
Hypercreatinemia is a common finding in patients with 
end-stage liver disease and it may be a form of  AKI or 
chronic renal failure; for example, DN or glomerular ne-
phritis associated with nonalcoholic fatty liver disease and 
viral hepatitis, respectively. Knowledge of  the nature of  
renal disease is essential for therapeutic decisions, espe-
cially in patients eligible for liver transplantation. AKI is 
an ominous manifestation of  circulatory dysfunction in 
patients with late cirrhosis, generally identified with HRS. 

However, HRS may be only part of  the pathophysiologi-
cal continuum of  renal hypoperfusion-related diseases, 
ranging from prerenal insufficiency to ischemic kidney 
damage. Moreover, HRS is probably not the most com-
mon form of  renal disease associated with end-stage 
cirrhosis. At present, the diagnosis of  HRS is based on 
exclusion of  contact with nephrotoxic agents and the 
spectrum of  factors leading to hypovolemia. In the near 
future, the diagnosis of  HRS will probably require the 
absence of  urinary markers specific for injury to tubular 
epithelial cells.
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