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Objectives

1. Describe the pathophysiological mechanisms contributing to 

hepatorenal syndrome and acute kidney injury (AKI) in 

cirrhosis.

2. Review updated clinical definitions of AKI in cirrhosis and 

examine the role of etiology of AKI on natural history of 

cirrhotic patients in the presence/absence of liver transplant 

(LT).

3. Examine the utility of traditional blood tests and novel 

biomarkers in assessing AKI in cirrhosis and in 

prognostication.

4. Review therapeutic interventions to manage and reverse 

hepatorenal syndrome (HRS-AKI) in cirrhosis.



Four related pathways initiated by hepatic decompensation:

1. Hyperdynamic circulation and ↓ PVR

2. Stimulation of neuro-hormonal compensation in the renal 

circulation (i.e., RAAS; SNS; ADH)

3. Cardiac dysfunction (cirrhotic cardiomyopathy) 

compounding circulatory derangements and kidney 

hypoperfusion

4. Inflammatory/vasoactive mediator induced direct renal 

injury and indirect effects on renal vascular circulation

Hepatorenal pathophysiology



HRS: Peripheral Arterial Vasodilatation Hypothesis

Arroyo, J Hepatology 2007.



Renal Blood Flow in Cirrhosis

Ring-Larsen et al Scand J Clin Lab Invest 1977

n=70 cirrhotic patients

Renal BF before ascites, hyponatremia and AKI



Ginès P et al., Lancet 2003

Traditional approach to AKI in Cirrhosis

AKI
(serum creatinine >1.5 mg/dL)

Nephrotoxic drugs

(NSAIDs)

Volume depletion or Vasodilators

Shock NEPHROTOXICITY

ACUTE TUBULAR

NECROSIS

PRERENAL FAILURE
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PARENCHYMAL

NEPHROPATHY
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Signs of infection

Septic Shock



Angeli et al J Hepatol 2015



Angeli et al J Hepatol 2015



Angeli et al, J Hepatol 2015

Karvellas et al, Crit Care Clin 2015



Cirrhosis-associated AKI 
– >50% increase in Cr level baseline in <6 months

– increase of 0.3 mg/dL in <48 hours.

– 337 cirrhotics admitted with infection
• 30-day mortality was 10-fold higher if irreversible AKI present (vs. no AKI) 

• accurately predicted 30-day mortality, length of hospital stay, and organ 
failure(21).

11/4/2015

Sensitivity 82%

Specificity 59%

NPV 93%



• 562 cirrhotic patients over 6 yrs

▫ AKI, stratified into 4 groups

• Incidence/mortality 

▫ Infection/sepsis (46%; 69%)

▫ Hypovolemia (32%; 54%)

▫ HRS (13%; 85%)

▫ Parenchymal (9%; 27%)

• 90 day mortality → worse for HRS 

▫ adj-HR 3.48 (1.48-8.17)

HRS independently associated with 90 mortality after adjusting for MELD, Na and HE



A: Stage 1 AKI, SCr < 1.5 mg/dl 
(low Urine output only)

B: Stage 1 AKI, SCr > 1.5 mg/dl
C: Stage 2/3 AKI (> 2x baseline)

Etiology and severity of 
AKI impact mortality in 
cirrhotic/ACLF patients



Methods of assessing renal function in liver disease

Advantages Disadvantages

Serum 

based 

methods

Serum Creatinine  Universally available

 Inexpensive

 MELD/AKI scores, current 

HRS definitions use this

 Affected by age, gender, muscle mass, 

steroids, medications 

 Decreased generation in liver disease

 Bilirubin effect on assay

 Lack of standardization of creatinine assays

 Slow to rise in AKI

Serum 

Cystatin C

 Not affected by age, 

gender, muscle mass, 

sepsis

 Simple blood test

 Appears to detect early 

kidney dysfunction and AKI 

earlier than serum 

creatinine

 Underestimates GFR post transplant

 Dilution as with all serum markers

 Variable performance of Cystatin C 

 Variable expense

 Results may not be available on a timely 

fashion

Urine 

based 

methods

Urinary creatinine 

clearance

 Inexpensive

 Avoids dilution issues of

serum markers

 Difficult to get accurate collections

 Systematically Overestimates GFR in liver 

disease by 10-15% especially in pts with 

chronic kidney disease



Arroyo et al J Hepatol 2007

It is difficult to demonstrate a 

reduction in  GFR in cirrhosis 

with creatinine alone!



• Assessment of AKI?

• Differentiate etiology of AKI

• Prerenal azotemia, hepatorenal syndrome, ATN

• Cirrhotics/Acute on Chronic Liver Failure (ACLF)

• Determinants of mortality in absence of transplant

• Post-transplant

• Predictors of renal recovery/reversibility of AKI

• Predictors of mortal post transplant

ARE THERE BETTER MARKERS THAN Creatinine and 

Urine output?



Claudia Fagundes,  Marie-Noëlle Pépin,  Mónica Guevara,  Rogelio Barreto,  Gregori Casals,  Elsa Solà,  Gustavo Pereira,  Ezequiel 

Rodríguez,  Elisabet Garcia,  Verónica Prado,  Esteban Poch,  Wladimiro Jiménez,  Javier Fernández,  Vicente Arroyo,  Pere Ginès

Journal of Hepatology, Volume 57, Issue 2, 2012, 267–273

PRA n=16

CKD n=14

HRS n=33

ATN n= 21

Urinary NGAL

HRS vs. PRA p=0.029

ATN vs. all others, p <0.01

Urine Plasma



Urinary biomarkers (renal tubular injury)
NGAL 
IL-18 
Kidney-injury molecule-1 (KIM-1) 
L-FABP 





More likely to have CKD post LT if ATN present pre-LT



ATN (Non-HRS AKI) impacts post-LT mortality



nAKI ~ no AKI

rAKI ~ reversible AKI post-LT

iAKI ~ irreversible AKI post-LT

OPN ~ osteopontin

TIMP-1 ~ tissue inhibitor of metaloproteinase-1



Therapies for HRS-AKI

(AVP-R1)



N=56 Albumin 1 g/kg then 20-40 g/day
N=56 Terlipressin 1 mg IV q6h + Albumin

Treatment was continued to day 14 unless 
– Success: ↓SCr level to ≤1.5 mg/dL for ≥ 48 hours by day 14
– Failure: Death, dialysis, or transplantation

HRS Reversal 34% vs 13% (p=0.008) No mortality benefit



Terlipressin 1-2 mg IV q4h

Albumin daily 1g/kg

N=23 Terlipressin/Albumin, 

N=23 Albumin alone

Improved renal function 

43 vs 8%, p<0.05

No difference in 2 month survival 



NE vs. Terlipressin in HRS: 

No difference in mortality or rates of HRS reversal

REVERSAL OF HRS: Norepinephrine vs. Terlipressin



• HRS-AKI impacts mortality significantly in the absence of liver transplant 

(LT).

• Vasoconstrictor therapies (terlipressin, norepinephrine) are associated with 

reversal of HRS but do not impact mortality in the absence of LT

• Other causes of AKI in cirrhosis have a significant impact on mortality 

• The presence of Non-HRS AKI is associated with increased rates of 

CKD and decreased survival rates post-LT

• Serum creatinine is confounded by a variety of factors in cirrhotic patients.

• Novel urinary and plasma biomarkers potentially may in the future assist in 

differentiating

• Etiology of AKI in cirrhotic patients (Urinary NGAL, IL-18, KIM-1)

• Reversibility of AKI post-LT (osteopontin, TIMP-1)

AKI in Cirrhosis: Conclusions
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