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History of the
hepatorenal syndrome

coincidence of hepatic and renal failure (FRERICHS 1861)

renal function ↓, RR ↓, CO ↑, HR ↑, venousO2-saturation ↑
→ peripheral arterial vasodilation (HECKER and SHERLOCK, 
Electrolyte and circulatory changes in terminal liver failure. Lancet; 
2: 1121-5, 1956)

„terminal functional renal failure“ (VESIN et al. Línsufissance 
rénale circulatoire spontané du cirrhotique. Son évolution. Sem Hôp 
Paris; 38: 3598-602, 1962)

reversebility of the hepatorenal syndrome (KOPPEL et al. 
Transplantation of cadaveric kidneys from patients with hepatorenal 
syndrome. Evidence for the functional nature of renal failure in
advanced liver disease. N Engl J Med 1969; 280:1367-71, 1969)
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Understanding the pathophysiology of the
hepatorenal syndrome 
„Arterial underfilling“
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Plasma renin activity and urinary sodium excretion 
as prognostic indicators in cirrhosis with ascites.

ARROYO et al. Ann Intern Med 94(2):198-201. 1981



Renal perfusion in HRS

CAVE!  drugsCAVE!  drugs

sympathic nervous system, RAAS, ADH

prostaglandins, NO, natriuretic peptides

Renal  perfusionRenal  perfusion

angiotensin II, adenosin, endothelin

Systemic vasoconstriction

Renal vasodilation

Renal vasoconstrictors

ATNATN
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Acute Renal Failure in critically ill patients (n=29,260)
A multinational, multicenter study

UCHINO et al. JAMA 294:813-818, 2005



Diagnosis, prevention and treatment of hepatorenal 
syndrome in cirrhosis. 
SALERNO et al. Gut 56:1310, 2007

1. Presence of cirrhosis and ascites

2. Serum creatinine >1.5 mg/dL (or 133 micromoles/L)

3. No improvement of serum creatinine (decrease equal to or less
than 1.5 mg/dL) after at least 48 hours of diuretic withdrawal and 
volume expansion with albumin (recommended dose: 1 g/kg b.w. 
per day up to a maximum of 100 grams of albumin/day)

4. Absence of (septic) shock

5. No current or recent treatment with nephrotoxic drugs

6. Absence of parenchymal kidney disease as indicated by 
proteinuria >500 mg/day, microhematuria (>50 RBCs/high power 
field, and/or abnormal renal ultrasound scanning
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Understanding the pathophysiology of the
hepatorenal syndrome





Renal function in patients with ascites

GINES et al. in ZAKIM Hepatology, a textbook of liver diseases. 1996



Management of Cirrhosis and Ascites
GINES et al. NEJM 350: 1646-56, 2004



Types of hepatorenal syndrome

Type I

rapidly progressive 

serum creatinine doubles to >2.5mg/dL or creatinine 
clearance <20mL/min in <2weeks

prognosis horrible - 80% die in 2 weeks

frequently precipitating events (SBP)

Type I

rapidly progressive 

serum creatinine doubles to >2.5mg/dL or creatinine 
clearance <20mL/min in <2weeks

prognosis horrible - 80% die in 2 weeks

frequently precipitating events (SBP)



Types of hepatorenal syndrome

Type II

slower deterioration

serum creatinine >1.5mg/dL or cretinine clearance            
<40mL/min but decline is slow

most patients will die within several weeks

most frequent cause of therapy resistant ascites

Type II

slower deterioration

serum creatinine >1.5mg/dL or cretinine clearance            
<40mL/min but decline is slow

most patients will die within several weeks

most frequent cause of therapy resistant ascites
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Reversibility of HRS by prolonged administration 
of ornipressin and plasma volume expansion (n=16)

GUEVARA et al. Hepatology 27:35-41, 1998



Reversibility of HRS by prolonged administration 
of ornipressin and plasma volume expansion (n=16)

GUEVARA et al. Hepatology 27:35-41, 1998



Terlipressin plus albumin infusion: an effective and 
safe therapy of hepatorenal syndrome (n=9)

URIZ et al. Journal of Hepatology 33:43–48, 2000
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safe therapy of hepatorenal syndrome (n=9)

URIZ et al. Journal of Hepatology 33:43–48, 2000



Terlipressin therapy with and without albumin for 
patients with hepatorenal syndrome: results of a 

prospective nonrandomized study (n=21)
ORTEGA et al. Hepatology 36: 941–948, 2002



Terlipressin in Patients With Cirrhosis and Type 1 
Hepatorenal Syndrome: 

A Retrospective Multicenter Study (n=99)
MOREAU et al. Hepatology 122:923–930, 2002



A Randomized Unblinded Pilot Study Comparing
Albumin Versus Hydroxyethyl Starch in 

Spontaneous Bacterial Peritonitis
FERNANDEZ et al. Gastroenterology 42:627-634, 2005



Effects of noradrenalin and albumin in patients with type I 
HRS: a pilot study (n=12)

DUVOUX et al. Hepatology 36: 374-80, 2002



Terlipressin and Albumin vs Albumin in Patients With 
Cirrhosis and HRS: A Randomized Study  (n=46)

MARTÍN–LLAHÍ et al. Gastroenterology 134:1352–1359, 2008



Terlipressin and Albumin vs Albumin in Patients With 
Cirrhosis and HRS: A Randomized Study (n=46)

MARTÍN–LLAHÍ et al. Gastroenterology 134:1352–1359, 2008

Survival  at 3 months
6 - terlipressin and albumin group (27%) 
4 - albumin group (19%) (P  .7)



Vaptans: a promising therapy in the management of 
advanced cirrhosis 

GINES J Hepatol 46:1150-2, 2007
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Transjugular intrahepatic portosystemic shunt in 
hepatorenal syndrome: 

effects on renal function and vasoactive systems (n=7)
GUEVARA et al. Hepatology 28(2):416-22, 1998



Midodrine, Octreotide, Albumin and TIPS in selected 
patients with type I HRS (n=14)

WONG et al. Hepatology 40: 55-65, 2004



MARS 
= Molecular Adsorbents Recycling System



MARS is ineffective in the management of type 1 HRS in 
cirrhotic patients (n=6) with ascites who have failed 

vasoconstrictor therapy
WING et al. Gut published on August 25, 2009



Artificial and bioartificial support systems for 
acute and acute-on-chronic liver failure

KJAERGARD et al. JAMA 289(2):217-22, 2003





EXTRACORPOREAL LIVER SUPPORT WITH THE MOLECULAR ADSORBENT EXTRACORPOREAL LIVER SUPPORT WITH THE MOLECULAR ADSORBENT 
RECIRCULATING SYSTEM (MARS) IN PATIENTS WITH ACUTERECIRCULATING SYSTEM (MARS) IN PATIENTS WITH ACUTE--ONON--CHRONIC CHRONIC 
LIVER FAILURE (AOCLF). THE RELIEF TRIALLIVER FAILURE (AOCLF). THE RELIEF TRIAL
R. BaR. Baññaresares11, F. Nevens, F. Nevens22, F.S. Larsen, F.S. Larsen33, R. Jalan, R. Jalan44, A. Albillos, A. Albillos11, M. Dollinger, M. Dollinger55

Methods: Methods: 189 patients with AOCLF (bilirubin > 5mg/dl and at least one of 189 patients with AOCLF (bilirubin > 5mg/dl and at least one of the following: the following: 
HE grade IIHE grade II--IV, hepatorenal syndrome or bilirubin > 20 mg/dl) were randomizeIV, hepatorenal syndrome or bilirubin > 20 mg/dl) were randomized either to d either to 
MARS (n=95) or to standard therapy (ST) (n=94). Ten patients (5 MARS (n=95) or to standard therapy (ST) (n=94). Ten patients (5 per group) were per group) were 
excluded due to protocol violations. In addition, 23 patients (Mexcluded due to protocol violations. In addition, 23 patients (MARS: 19; ST: 4) were ARS: 19; ST: 4) were 
excluded from perexcluded from per--protocol (PP) analysis due to early dropprotocol (PP) analysis due to early drop--out (PP population n=156). out (PP population n=156). 
MARS was scheduled at low doses (up to ten 6MARS was scheduled at low doses (up to ten 6--8 hours sessions during 21 days). Due 8 hours sessions during 21 days). Due 
to a predicted imbalance in dropto a predicted imbalance in drop--outs between groups, main endpoint was 28outs between groups, main endpoint was 28--day day 
survival based on PPsurvival based on PP--analysis.analysis.
Results: Results: There were no significant differences at inclusion, although theThere were no significant differences at inclusion, although the proportion of proportion of 
patients with high MELD (>20; 81.7% vs. 69.4%; p=0.07) or SBP aspatients with high MELD (>20; 81.7% vs. 69.4%; p=0.07) or SBP as precipitating factor precipitating factor 
(16.9% vs. 7.1%; p=0.05) was greater in the MARS group. A greate(16.9% vs. 7.1%; p=0.05) was greater in the MARS group. A greater decrease from r decrease from 
baseline in serum creatinine (20.0 baseline in serum creatinine (20.0 ±± 33.1% vs. 6.4 33.1% vs. 6.4 ±± 33.5 %; p= 0.02) and bilirubin (26.4 33.5 %; p= 0.02) and bilirubin (26.4 
±± 26.1% vs. 8.9 26.1% vs. 8.9 ±±22.3%; p=0.001) and higher improvement in HE (as estimated by th22.3%; p=0.001) and higher improvement in HE (as estimated by the e 
percentage of evaluations in which HE decreased from IIpercentage of evaluations in which HE decreased from II-- IV at inclusion to 0IV at inclusion to 0--I during I during 
therapy, 56 % vs. 39 % p=0.06) was observed in MARS group. The ptherapy, 56 % vs. 39 % p=0.06) was observed in MARS group. The proportion of roportion of 
patients treated with MARS or ST dying within 28 days was almostpatients treated with MARS or ST dying within 28 days was almost identical in the two identical in the two 
groups (40.8% vs. 40.0%). Age and MELD were independent predictogroups (40.8% vs. 40.0%). Age and MELD were independent predictors of mortality. rs of mortality. 
SBP was also associated to higher mortality (15.9% vs. 8.6%; p=0SBP was also associated to higher mortality (15.9% vs. 8.6%; p=0.1). After adjusting by .1). After adjusting by 
confounders, a significant beneficial effect of MARS on survivalconfounders, a significant beneficial effect of MARS on survival was not observed (OR: was not observed (OR: 
0.77, 95% CI: 0.370.77, 95% CI: 0.37--1.59). Severe adverse events were similar between groups.1.59). Severe adverse events were similar between groups.
Conclusions: Conclusions: MARS at low dosage is a safe procedure, has significant dialysisMARS at low dosage is a safe procedure, has significant dialysis effect effect 
and improves severe HE in AoCLF. A significant beneficial effectand improves severe HE in AoCLF. A significant beneficial effect on survival could not on survival could not 
be demonstratedbe demonstrated



EXTRACORPOREAL LIVER SUPPORT BY FRACTIONATED PLASMA 
SEPARATION AND ADSORPTION (PROMETHEUS®) IN PATIENTS WITH ACUTE-
ON-CHRONIC LIVER FAILURE (HELIOS STUDY): A PROSPECTIVE RANDOMIZED 
CONTROLLED MULTICENTER STUDY
K. Rifai1, A. Kribben2, G. Gerken2, S. Haag2, S. Herget-Rosenthal2, U. Treichel2, C. 
Betz3, C. Sarrazin3, H. Van Vlierberghe4, E. Hoste4, for the HELIOS Study Group
Methods: 145 patients with AOC recruited in 10 centers from 7 European countries 
were randomized either to standard medical therapy (SMT; n=68) or to SMT+FPSA 
therapy (n=77). FPSA therapy was intended for 8-11 treatments (minimum duration 4 
hours each) during the first 3 weeks of study. Primary endpoints were survival at days 
28 and 90 irrespective of liver transplantation. 
Results: Chronic liver disease was due to alcohol abuse in 56% of patients and in 20% 
of patients due to viral hepatitis. 63% of patients were male, mean age was 51±10 
years. Average MELD score was 27±10 and Child Pugh Score (CPS) 12±1. The two 
study arms did not differ in age, sex, etiology of chronic liver disease, MELD score, CPS 
and SMT. All 145 patients were included in the intention-to-treat analysis. Survival on 
day 28 was 66 vs. 63% (p=0.70; SMT+FPSA vs. SMT) and on day 90 47 vs. 38% 
(p=0.35), respectively. The difference in the overall survival did not reach statistical 
significance (p=0.38, log rank test). During the trial 28 patients underwent liver 
transplantation: 15 patients in SMT+FPSA (19.5%) and 13 in SMT (19.1%). In a 
predefined subgroup analysis, a significant survival benefit was observed under FPSA 
therapy in patients with hepatorenal syndrome type I (p=0.04) or MELD score >30 
(p=0.02). 
Conclusions: Extracorporeal liver support therapy by FPSA (Prometheus®) was not 
associated with an improved survival in all patients with AOC compared to standard 
medical therapy alone. However, a survival advantage was observed in patients with 
hepatorenal syndrome type I or severe AOC with MELD score >30.



Treatment of hepatorenal syndrome

GINES Lancet 362: 1819-27, 2003



Treatment of hepatorenal syndrome

GINES Lancet 362: 1819-27, 2003



Treatment of hepatorenal syndrome

GINES et al. NEJM 350: 1646-56, 2006
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Therapeutic suggestions

Phase 1: Sodium restriction 2 -5g/d

Phase 2: Spironolactone and Furosemide

Phase 3: refrctory ascitis, paracentesis (and albumin)

Phase 4: (HRS Type 2) paracentesis of TIPS, LTx

Phase 5: (HRS Type 1) vasoconstroctor plus albumin, LTx

Phase 1: Sodium restriction 2 -5g/d

Phase 2: Spironolactone and Furosemide

Phase 3: refrctory ascitis, paracentesis (and albumin)

Phase 4: (HRS Type 2) paracentesis of TIPS, LTx

Phase 5: (HRS Type 1) vasoconstroctor plus albumin, LTx



Effect of intravenous albumin on renal impairment and 
mortality in patients with cirrhosis and peritonitis. 

SORT et al. NEJM 341:403-409, 1999 



Effect of intravenous albumin on renal impairment and 
mortality in patients with cirrhosis and peritonitis. 

SORT et al. NEJM 341:403-409, 1999 



Effects of plasma expansion with albumin and paracentesis on 
haemodynamics and kidney function in critically ill cirrhotic 

patients with ascites and HRS: a prospective uncontrolled trial 
UMGELTER et al. Critical  Care 12:R4, 2008



Renal resistive index and renal function before and after 
paracentesis in patients with HRS and tense ascites 

UMGELTER et al. Intensive Care Med  35:152–156, 2009



Prevention of hepatorenal syndrome…



Incidence, predictive factors, and prognosis of 
hepatorenal syndrome in cirrhosis with ascites.

GINES et al. Gastroenterology 105: 229229-36, 1993



Definition and diagnostic criteria of refractory 
ascites and hepatorenal syndrome in cirrhosis. 

International Ascites Club.
ARROYO et al. Hepatology 23: 164-76, 1996

Major criteria

low GFR (SCr>1.5 mg/dl or CrCl < 40 ml/min)

absence of shock, ongoing bacterial infection, treatment 
with nephrotoxins, or fluid losses

no sustained improvement in renal function following 
diuretic withdrawal and expansion of plasma volume with 
1.5 L isotonic saline

proteinuria < 500 mg/dL and no ultrasonographic 
evidence of obstructive uropathy or paranchymal renal 
disease

Major criteria

low GFR (SCr>1.5 mg/dl or CrCl < 40 ml/min)

absence of shock, ongoing bacterial infection, treatment 
with nephrotoxins, or fluid losses

no sustained improvement in renal function following 
diuretic withdrawal and expansion of plasma volume with 
1.5 L isotonic saline

proteinuria < 500 mg/dL and no ultrasonographic 
evidence of obstructive uropathy or paranchymal renal 
disease



A Randomized Unblinded Pilot Study Comparing
Albumin Versus Hydroxyethyl Starch in 

Spontaneous Bacterial Peritonitis
FERNANDEZ et al. Hepatology 42:627-634, 2005



Reversal of type I hepatorenal syndrome with the 
administration of midodrine and octreotide (n=13) 

ANGELI et al. Hepatology 26: 1690-1697, 1999



Ascites and HRS in cirrhosis: pathophysiological 
basis of therapy and current management

ARROYO et al. Journal of Hepatology 38: S69–S89, 2003



. . Captopril in the hepatorenal syndrome.Captopril in the hepatorenal syndrome.
COBDEN et al.COBDEN et al., , J Clin Gastroenterol J Clin Gastroenterol 7(4):3547(4):354--60, 198560, 1985


