
HepatorenalHepatorenal SyndromeSyndrome

Brian J. Karp, MDBrian J. Karp, MD
University of Maryland Medical CenterUniversity of Maryland Medical Center
Department of Internal MedicineDepartment of Internal Medicine



ObjectivesObjectives

Definition and DiagnosisDefinition and Diagnosis

PathogenesisPathogenesis

Treatment Options and DataTreatment Options and Data



HistoryHistory

1863: Absence of histologic changes to the kidney 1863: Absence of histologic changes to the kidney 
in some in some cirrhoticscirrhotics with renal failurewith renal failure

1956: 11956: 1stst detailed description of the syndrome by detailed description of the syndrome by 
Hecker and SherlockHecker and Sherlock

1960s: Reversal of renal failure with kidney 1960s: Reversal of renal failure with kidney 
transplant to patients with CKDtransplant to patients with CKD

1970s: Reversal of HRS with liver transplantation1970s: Reversal of HRS with liver transplantation



Definition of HRSDefinition of HRS

Functional renal failureFunctional renal failure
–– Absence of histologic changesAbsence of histologic changes

Occurs in patients with chronic liver diseaseOccurs in patients with chronic liver disease
Progressive liver failure and ascitesProgressive liver failure and ascites
Can occur acutely in certain settingsCan occur acutely in certain settings
–– Spontaneous bacterial peritonitisSpontaneous bacterial peritonitis
–– LargeLarge--volume volume paracentesisparacentesis without albuminwithout albumin

Marked renal vasoconstrictionMarked renal vasoconstriction
Reduced GFRReduced GFR



Clinical Types of HRSClinical Types of HRS

Type 1Type 1
–– Rapid decline in renal function Rapid decline in renal function 
–– Doubling of serum Cr to >2.5mg/dL ORDoubling of serum Cr to >2.5mg/dL OR
–– 50% reduction in 24h CrCl to <20ml/min50% reduction in 24h CrCl to <20ml/min
–– Less than 2 weeksLess than 2 weeks
–– SpontaneousSpontaneous
–– Associated with SBP (20%) or large Associated with SBP (20%) or large 

volume paracentesis w/o albumin (15%)volume paracentesis w/o albumin (15%)



Clinical Types of HRSClinical Types of HRS

Type 2Type 2
–– Slower decline in renal functionSlower decline in renal function
–– Serum Cr > 1.5mg/dLSerum Cr > 1.5mg/dL
–– Criteria for type 1 HRS not metCriteria for type 1 HRS not met
–– Development of diureticDevelopment of diuretic--resistant or resistant or 

refractory ascitesrefractory ascites



EpidemiologyEpidemiology

IncidenceIncidence
–– 77--10% in hospitalized cirrhotics with ascites10% in hospitalized cirrhotics with ascites
–– 20% at 1 year, 40% at 5 years20% at 1 year, 40% at 5 years

Risk FactorsRisk Factors
–– Advanced ascites (diureticAdvanced ascites (diuretic--resistant)resistant)
–– SBP (20%)SBP (20%)
–– LargeLarge--volume volume paracentesisparacentesis w/o albumin (15%)w/o albumin (15%)

PrognosisPrognosis
–– Worst prognosis of all complications of cirrhosisWorst prognosis of all complications of cirrhosis
–– Type 1 median survival: <2 weeksType 1 median survival: <2 weeks
–– Type 2 median survival: ~6 monthsType 2 median survival: ~6 months



DiagnosisDiagnosis

Lack of specific testingLack of specific testing
Diagnosis of exclusionDiagnosis of exclusion
DDxDDx of renal failure in cirrhosisof renal failure in cirrhosis
–– Hypovolemia (GI hemorrhage, shock)Hypovolemia (GI hemorrhage, shock)
–– Nephrotoxins (drugs, contrast)Nephrotoxins (drugs, contrast)
–– Glomerulonephritis (Hep B and C)Glomerulonephritis (Hep B and C)
–– Acute Tubular NecrosisAcute Tubular Necrosis
–– Obstruction Obstruction 



Diagnostic CriteriaDiagnostic Criteria

Major CriteriaMajor Criteria
–– Chronic or acute liver disease with advanced Chronic or acute liver disease with advanced 

liver failure or portal HTNliver failure or portal HTN
–– Low GFR (Cr > 1.5mg/dL OR CrCl < 40mL/min)Low GFR (Cr > 1.5mg/dL OR CrCl < 40mL/min)
–– Exclusion of shock, ongoing bacterial infection, Exclusion of shock, ongoing bacterial infection, 

volume depletion, and use of nephrotoxic drugsvolume depletion, and use of nephrotoxic drugs
–– No improvement in renal function despite No improvement in renal function despite 

stopping diuretics and volume repletion with stopping diuretics and volume repletion with 
1.5L of saline1.5L of saline

–– No proteinuria or ultrasonographic evidence of No proteinuria or ultrasonographic evidence of 
obstruction or parenchymal renal diseaseobstruction or parenchymal renal disease

Arroyo et al; Hepatology 1996; 23: 164-76



Diagnostic CriteriaDiagnostic Criteria

Minor CriteriaMinor Criteria
–– Urine volume < 500mL/dayUrine volume < 500mL/day
–– Urine sodium < 10mEq/LUrine sodium < 10mEq/L
–– Urine osmolality > plasma osmolalityUrine osmolality > plasma osmolality
–– Urine RBCs < 50 per hpfUrine RBCs < 50 per hpf
–– Serum sodium < 130mEq/LSerum sodium < 130mEq/L

Arroyo et al; Hepatology 1996; 23: 164-76



PathophysiologyPathophysiology

Severe renal vasoconstrictionSevere renal vasoconstriction
Advanced cirrhosis and portal HTNAdvanced cirrhosis and portal HTN
SplanchnicSplanchnic arteriolar vasodilatationarteriolar vasodilatation
HyperdynamicHyperdynamic circulationcirculation
““Cirrhotic cardiomyopathyCirrhotic cardiomyopathy””



PathophysiologyPathophysiology



PathophysiologyPathophysiology

Splanchnic arteriolar vasodilatationSplanchnic arteriolar vasodilatation
–– Progressive portal hypertensionProgressive portal hypertension
–– Portosystemic shuntingPortosystemic shunting
–– Arteriovenous communicationsArteriovenous communications
–– Local vasodilator production (NO, glucagon, VIP)  Local vasodilator production (NO, glucagon, VIP)  
–– portal pressures portal pressures »»»»»» nitric oxide synthasenitric oxide synthase



PathophysiologyPathophysiology

Mechanisms for vasodilatationMechanisms for vasodilatation
–– Overproduction of NOOverproduction of NO
–– Decreased NO clearance by cirrhotic liverDecreased NO clearance by cirrhotic liver
–– Bypass degradation via portosystemic shuntingBypass degradation via portosystemic shunting
–– Increased splanchnic sensitivity to NOIncreased splanchnic sensitivity to NO
–– Decreased splanchnic sensitivity to Decreased splanchnic sensitivity to 

vasoconstrictors (Angiotensin II)vasoconstrictors (Angiotensin II)



PathophysiologyPathophysiology

Splanchnic arteriolar vasodilitationSplanchnic arteriolar vasodilitation
–– Decreased effective arterial volume (EAV)  Decreased effective arterial volume (EAV)  
–– Decreased systemic vascular resistanceDecreased systemic vascular resistance
–– HypotensionHypotension
–– Activation of vasoconstrictor systemsActivation of vasoconstrictor systems

ReninRenin--AngiotensinAngiotensin--AldosteroneAldosterone--SystemSystem
Sympathetic Nervous SystemSympathetic Nervous System
AntiAnti--Diuretic HormoneDiuretic Hormone



PathophysiologyPathophysiology

Hyperdynamic circulationHyperdynamic circulation
–– Hypotension from decreased EAVHypotension from decreased EAV
–– Low systemic vascular resistance (SVR)Low systemic vascular resistance (SVR)
–– Baroreceptor activationBaroreceptor activation
–– SNS activation      increased contractilitySNS activation      increased contractility
–– Increased cardiac outputIncreased cardiac output
–– Patients still remain hypotensivePatients still remain hypotensive



Why Does Hypotension Why Does Hypotension 
Persist? Persist? 

Progressive portal HTNProgressive portal HTN
–– Increased NO productionIncreased NO production

Progressive cirrhosis/liver dysfunctionProgressive cirrhosis/liver dysfunction
–– Decreased NO clearanceDecreased NO clearance

Cardiac dysfunctionCardiac dysfunction



Cardiac Dysfunction in Cardiac Dysfunction in 
HRSHRS

Reduced cardiac output may contribute to Reduced cardiac output may contribute to 
effective hypovolemia and renal effective hypovolemia and renal 
hypoperfusion hypoperfusion »»»»»» HRSHRS
First suggested by Tristani, et al. in 1967First suggested by Tristani, et al. in 1967
Few studies have assessed cardiovascular Few studies have assessed cardiovascular 
function infunction in advanced cirrhosisadvanced cirrhosis
Several studies have shown impaired Several studies have shown impaired 
cardiac function in patients with HRS cardiac function in patients with HRS 



Cardiac Dysfunction in Cardiac Dysfunction in 
HRSHRS

2005: Ruiz2005: Ruiz--deldel--Arbol, et al. Arbol, et al. 
Longitudinal studyLongitudinal study
N = 66 nonN = 66 non--azotemicazotemic cirrhoticscirrhotics with with ascitesascites
Measures of circulatory functionMeasures of circulatory function
–– Systemic Systemic hemodynamicshemodynamics (Swan(Swan--GanzGanz catheter)catheter)
–– Plasma levels of Plasma levels of vasoactivevasoactive systemssystems

Repeat measurements made in those who Repeat measurements made in those who 
developed HRS (n = 27)developed HRS (n = 27)



Ruiz-del-Arbol, et al. Hepatology 2005; 42:439-447



Cardiac dysfunction in Cardiac dysfunction in 
HRSHRS

ResultsResults
–– No differences in SVR or HR between groupsNo differences in SVR or HR between groups
–– 10 variables with significant differences between 10 variables with significant differences between 

both groups (including CO)both groups (including CO)
–– Only 2 variables independently associated with Only 2 variables independently associated with 

development of HRSdevelopment of HRS
Cardiac output (RR: 5.8; 95% CI: 6.5Cardiac output (RR: 5.8; 95% CI: 6.5--150.3; p<.05150.3; p<.05
Plasma renin activity (RR: 31.3; 95% CI 1.3Plasma renin activity (RR: 31.3; 95% CI 1.3--25.2; 25.2; 
p<.05)p<.05)



Cardiac dysfunction in Cardiac dysfunction in 
HRSHRS

Impaired chronotropic response?Impaired chronotropic response?
–– No difference in HR between groupsNo difference in HR between groups
–– Marked differences in SNS activationMarked differences in SNS activation

Alcoholic cardiomyopathy?Alcoholic cardiomyopathy?
–– 35/66 patients with cirrhosis from 35/66 patients with cirrhosis from EtOHEtOH

Intrinsic LV dysfunction?Intrinsic LV dysfunction?



Cirrhotic CardiomyopathyCirrhotic Cardiomyopathy

Mechanisms not entirely clearMechanisms not entirely clear
Distinct from alcoholic heart muscle diseaseDistinct from alcoholic heart muscle disease
Blunted contractile response to stressesBlunted contractile response to stresses
–– Negative inotropic effects of NO and bile acidsNegative inotropic effects of NO and bile acids
–– Defective or decreased number of Defective or decreased number of ßß--receptorsreceptors

Diastolic dysfunction (echo, autopsy)Diastolic dysfunction (echo, autopsy)
Systolic dysfunction unmasked by physical or Systolic dysfunction unmasked by physical or 
pharmacological stress?pharmacological stress?
–– TIPS (rapid increase in preload w/portal decompression)TIPS (rapid increase in preload w/portal decompression)
–– Normalizes with timeNormalizes with time



Treatment of HRSTreatment of HRS



Treatment of HRSTreatment of HRS

VasoconstrictorsVasoconstrictors
–– Often combined with albuminOften combined with albumin
–– Vasopressin analogues (Terlipressin)Vasopressin analogues (Terlipressin)
–– Midodrine and OctreotideMidodrine and Octreotide

TIPSTIPS
MARS (MARS (““Liver dialysisLiver dialysis””))
Liver TransplantationLiver Transplantation



Treatment of HRSTreatment of HRS

Limited dataLimited data
–– < 20 clinical studies with Terlipressin< 20 clinical studies with Terlipressin
–– Very few Very few RCTsRCTs
–– Most only assess response to therapyMost only assess response to therapy
–– Limited data on survival Limited data on survival 

Variability between studiesVariability between studies
–– Study designStudy design
–– Dose titration and scheduleDose titration and schedule
–– Duration of therapyDuration of therapy



TerlipressinTerlipressin

Synthetic vasopressin analogueSynthetic vasopressin analogue
Most studied drug for treatment of HRSMost studied drug for treatment of HRS
Mechanism: VMechanism: V--1 receptor agonist1 receptor agonist
SplanchnicSplanchnic vasoconstrictionvasoconstriction
Adverse events (arrhythmia, ischemia) <5%Adverse events (arrhythmia, ischemia) <5%
IV bolus dosingIV bolus dosing
NOT AVAILABLE IN THE UNITED STATESNOT AVAILABLE IN THE UNITED STATES



MetaMeta--analysis on analysis on 
Terlipressin in HRSTerlipressin in HRS

Fabrizi, et al. 2006Fabrizi, et al. 2006
10 clinical trials (n = 154)10 clinical trials (n = 154)
–– 5 prospective (2 RCTs)5 prospective (2 RCTs)

Outcome measuresOutcome measures
–– Primary: Rate of responders (reversal of HRS)Primary: Rate of responders (reversal of HRS)
–– Secondary: Recurrence of HRS after therapySecondary: Recurrence of HRS after therapy

DropDrop--out rate (0%)out rate (0%)

6/11 studies with data on recurrence6/11 studies with data on recurrence
No predictive factors of response to therapy foundNo predictive factors of response to therapy found



Fabrizi et al. Alimenta Pharmacol Ther 2006; 24: 935-944



Fabrizi et al. Alimenta Pharmacol Ther 2006; 24: 935-944



Midodrine and OctreotideMidodrine and Octreotide

AlphaAlpha--1 agonist1 agonist

Splanchnic Splanchnic 
vasoconstrictorvasoconstrictor

Oral dosingOral dosing

Side effectsSide effects
–– HypertensionHypertension
–– Urinary retentionUrinary retention

Somatostatin analogueSomatostatin analogue

Inhibits glucagon and Inhibits glucagon and 
VIP activityVIP activity

Subcutaneous dosingSubcutaneous dosing

Side effectsSide effects
–– HypoglycemiaHypoglycemia



Midodrine and OctreotideMidodrine and Octreotide

Esralian, et al. 2007Esralian, et al. 2007
Survival and sustained response to therapySurvival and sustained response to therapy
–– 30 day mortality30 day mortality
–– Serum Cr < 1.5 at day 30Serum Cr < 1.5 at day 30

Retrospective caseRetrospective case--control study control study 
–– 60 cases of Type 1 HRS treated60 cases of Type 1 HRS treated
–– 21 matched controls not treated21 matched controls not treated
–– Dx of HRS by IAC criteria Dx of HRS by IAC criteria 
–– Albumin NOT used in treatment of HRSAlbumin NOT used in treatment of HRS

Follow up: 1, 3, and 6 monthsFollow up: 1, 3, and 6 months



Midodrine and OctreotideMidodrine and Octreotide

30 Day 30 Day 
Outcomes Outcomes 

TreatmentTreatment
GroupGroup

Control Control 
GroupGroup

P P valuevalue

Reduction in Reduction in 
CreatinineCreatinine

24/6024/60
(40%)(40%)

2/212/21
(9.5%)(9.5%)

0.010.01

MortalityMortality 26/6026/60
(43%)(43%)

15/2115/21
(71%)(71%)

0.030.03

High rate of loss to follow up at 3 and 6 monthsHigh rate of loss to follow up at 3 and 6 months
7/10 patients had sustained response at 3 months7/10 patients had sustained response at 3 months
72% of treatment group alive at 3 months (72% of treatment group alive at 3 months (PP = 0.03)= 0.03)



TIPSTIPS

Reduce portal HTNReduce portal HTN
Increase EAVIncrease EAV
Reverse splanchnic Reverse splanchnic 
vasodilatationvasodilatation
ComplicationsComplications
–– EncephalopathyEncephalopathy
–– Shunt stenosisShunt stenosis
–– HemolysisHemolysis
–– HyperbilirubinemiaHyperbilirubinemia



TIPSTIPS

Small pilot studiesSmall pilot studies
Improvements in GFR and serum Cr shownImprovements in GFR and serum Cr shown
Many patients ineligible or excludedMany patients ineligible or excluded
–– ChildsChilds--Pugh score (> 11 in most series)Pugh score (> 11 in most series)
–– Severe encephalopathySevere encephalopathy

Combining modalities for treatment?Combining modalities for treatment?
–– Midodrine/Octreotide             TIPSMidodrine/Octreotide             TIPS
–– Further improved GFR in responders postFurther improved GFR in responders post--TIPSTIPS



Liver TransplantationLiver Transplantation

Treatment of choice for HRSTreatment of choice for HRS
Limited by organ availability and mortality of HRSLimited by organ availability and mortality of HRS
Higher rate of complications:Higher rate of complications:
–– Higher postHigher post--operative mortalityoperative mortality
–– More days in the ICUMore days in the ICU
–– Increased need for postIncreased need for post--op RRT (35% vs. 5% w/o HRS)op RRT (35% vs. 5% w/o HRS)

Improvement in renal functionImprovement in renal function
–– Increased GFR postIncreased GFR post--op vs. decline in nonop vs. decline in non--HRS ptsHRS pts
–– Lower overall GFR compared to nonLower overall GFR compared to non--HRS ptsHRS pts



Survival after TransplantSurvival after Transplant

PrePre--transplant renal functiontransplant renal function

UNOS: 50% at 5 years w/baseline Cr > 2.0UNOS: 50% at 5 years w/baseline Cr > 2.0

Single center studies Single center studies 
–– 60% at 3 years vs. 7060% at 3 years vs. 70--80% without HRS80% without HRS
–– 77--10% incidence of ESRD10% incidence of ESRD

Treatment of HRS may improve outcomesTreatment of HRS may improve outcomes



MARSMARS

Molecular Adsorbent Recirculating SystemMolecular Adsorbent Recirculating System
Removes albuminRemoves albumin--bound particles (bile acids, cytokines, etc.)bound particles (bile acids, cytokines, etc.)
Developed in Germany; available in the US since 2005Developed in Germany; available in the US since 2005
FDA approval for drug overdoses and poisoningsFDA approval for drug overdoses and poisonings
Limited experience in US centersLimited experience in US centers



MARSMARS

Use in acute on chronic liver failureUse in acute on chronic liver failure
Studies in type 1 HRSStudies in type 1 HRS
–– Decreased serum Cr (filtration effect?)Decreased serum Cr (filtration effect?)
–– Few measured Few measured hemodynamicshemodynamics

Experimental therapyExperimental therapy
Role as a bridge to transplant? Role as a bridge to transplant? 
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