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Evolution of AKI / HRS Definition

Sassari Criteria (HRS)

Piccin Medical Books

1979

International Club of Ascites 
(ICA) Criteria (HRS)

Arroyo V et al.,  Hepatology

ICA Criteria (HRS)

Salerno F et al., Gut

2007

Acute Disease Quality 
Initiative (ADQI) (AKI)

Nadim MK et al., Critical Care 

2012

ICA Criteria (AKI + HRS)

Angeli P et al., J Hepatology

2015

ADQI + ICA 

(AKI + HRS-AKI)

2023

1996



Arroyo et al., 

Hepatology 1996 Salerno et al., 

Gut 2007



Diagnosis Definition

AKI • ↑ Scr ≥ 50% from baseline or ↑ Scr ≥

0.3mg/dL < 48 hours

• HRS Type I is a specific form of AKI

CKD • GFR < 60ml/min for > 3 month,

calculated by MDRD-6

• HRS Type II is a specific form of CKD

Stages of AKI based 
on AKIN Scr Criteria

Stages of AKI 
based on KDIGO 

Scr Criteria

UO criteria were not included because (a) 
these patients are frequently oliguric with 
avid sodium retention (b) may have an 
increased UO because of diuretics, and (c) 
on a regular ward, urine collection is often 
inaccurate





It should be highlighted that the KDIGO
criteria also include criteria based on 
urinary output in the diagnosis of AKI…. 
these  criteria may also be applied 
whenever a patient with cirrhosis 
requires a bladder catheter.

2018

Measurement of urine volume, a 
component in the diagnosis of 
AKI, is important because 
oliguria is associated with poor 
prognosis.



2019



2022



Group 1: Epidemiology, and definition of kidney dysfunction

1. What is the epidemiology and outcomes of kidney 
dysfunction in patients with Compensated, 
Decompensated Cirrhosis, and acute on chronic liver 
failure (ACLF)? 

2. How should the definitions AKI / AKD / CKD / AKI on 
CKD, and recovery be harmonized with current KDIGO 
and ICA definitions?

3. What baseline Scr should be used to define AKI?

4. How should HRS be defined?

Chair / Co-Chair: Claire Francoz – CC/Hep (France), Lui Forni – CC/Neph (UK)

Members: Paolo Angeli – Hepatology (Italy), Lupe Garcia-Tsao- Hep (USA), 

John Kellum – CC (USA), Ayse Akcan-Arikan – Peds CC/Neph (USA)





Group 2:  Pathophysiology and Risk Factors

1. What is the pathophysiology of kidney dysfunction in 
patients with Compensated, Decompensated Cirrhosis, 
and acute on chronic liver failure (ACLF)? 

2. What are the risk factors for developing AKI / HRS-AKI in 
compensated, decompensate and ACLF?

Chair / Co-Chair: Lisa VanWagner – Tx Hep (USA), Salvatore Piano – Hep (Italy)

Members: Juan-Carlos Velez – Neph (USA), Akash Deep- Peds CC (UK), 
Claudio Ronco – Neph (Italy), Patrick Kamath- Hep (USA)





NEJM 1999

• RCT, unblinded, Abx vs Abx+ albumin (1.5 g/kg/day day 

1; 1g/kg day 3);  Labs checked every 3 days

• Renal failure defined as BUN > 30 mg/dL &  Scr > 1.5 

mg/dL. 

• Renal impairment defined as a nonreversible deterioration 
of renal function , diagnosed when BUN and Cr increased >50 
% of the pretreatment value, to levels higher than 30 mg/ dL 
or 1.5 mg/dL.



NEJM 1999



• A randomized, multicenter, open-label, parallel-group trial involving hospitalized patients with 

decompensated cirrhosis who had a serum albumin level of less than 30 g / L

• Patients were randomly assigned to receive either targeted 20% human albumin solution for up to 

14 days or until discharge, whichever came first, vs standard of care.

• Treatment started within 3 days after admission

• Composite primary end-point was new infection, kidney dysfunction, or death between day 3 and 

15 after initiation of treatment.



There were more severe or life-threatening serious adverse events, especially pulmonary edema 

or fluid overload, in the albumin group than in the standard-care group 



• Multi-center, randomized trial in 33 academic and non-academic Italian hospitals

• Patients with cirrhosis and uncomplicated ascites on diuretics (≥ 200 mg/d aldacone + ≥ 25 

mg/day lasix) to receive SMT or SMT + Albumin (40 g twice weekly x 2 weeks, and then 40 g 

weekly ) x 18 months

Caraceni P et al., LANCET 2018



• Determine post-void residual

• Renal ultrasonography

• ATN: discontinue nephrotoxic agents

•AIN: discontinue offending agent

•Consider kidney biopsy

•Glomerular disease: specific treatment

Intrinsic / Parenchymal

•ATN (most common): sepsis, IV contrast, 

•medications, bile-cast nephropathy

•AIN: antibiotics, NSAIDs, PPI

•Glomerular Diseases: e.g. IgA, MPGN,

Cryoglobulinemia,  membranous

Urinary Obstruction  (least common)

•Urethral / ureteral obstruction

Renal Hypoperfusion (most common)

•Hypovolemia

➢ diuretics, diarrhea, GIB, LVP

•Hepatorenal Syndrome  (HRS-AKI)*

Conduct history and physical examination: consider risk factors that may suggest cause of AKI (e.g. recent shock, fever, 

recent initiation of diuretics, diarrhea)

•Review medications list for active or recent nephrotoxin or IV contrast exposure

•Discontinue diuretics, NSAIDs, ACEI/ARB, NSBB

•Perform diagnostic paracentesis to rule out SBP

•Perform urinary tests: microscopical assessment of urinary sediment, FeNa,  FeUrea, albumin, NGAL (if available)

Acute Kidney Injury in a Patient with Cirrhosis

Diuretics may need to be initiated or continued if there is 
evidence of volume overload. Volume overload (presence of 
anasarca, JVD , CXR with pulmonary congestion, or elevated 
RVSP. 



25% albumin 1g/kg 

(≤100 g / day divided doses)

Equivocal 

volume status

Continue monitoring

for renal recovery

Assess volume status 

(PE, POCUS, CXR, echocardiogram)

Improving

Crystalloid solutions

Renal Hypoperfusion (most common)

• Hypovolemia

➢ diuretics, diarrhea, GIB, LVP

• Hepatorenal Syndrome  (HRS-AKI)

SCr after 24-48 hours?

Unchanged or Worsening

HRS-AKI

Vasoconstrictor+ albumin

ATN

•Diuretics if evidence of significant

volume overload

•RRT in select patients

Intravascular 

volume depletion

A sine qua non for the development of HRS-
AKI is the presence of ascites, and is often 
associated with hyponatremia, a low MAP, and 
oliguria.

Findings  suggestive of HRS-AKI: normal urinary 
sediment, FeNa < 01%and FeUrea <21%. Urine 
NGAL > 220- 244 μg / Cr is suggestive of  ATN.

•Reassess causes of intrinsic AKI

•Repeat urine studies



Author Year N Results

Jouet et al 1996 70 No correlation between degree of renal dysfunction and severity of renal lesion: 
• 28%  pts with severe renal dysfunction had mild or no renal lesions
• 55% pts without overt renal failure had moderate /severe renal lesions
• 51% : no clinical or laboratory element predictive of presence or absence and 

the type of renal lesions

Arase et al 1998 188 Autopsy of 188 patients with hepatitis C
• 45% with normal glomeruli. Abnormal UA observed in 12% of cases

McGuire et al 2006 25 60% with immune-complex GN had normal urinary findings

Wadei et al 2008 44 87% with ATN on biopsy (n=7) and 90% patients with normal biopsy (presumed 
HRS) (n=10) with FeNa < 1%

Trawale et al 2010 65 55% with renal impairment but proteinuria < 500 mg and no hematuria
• 55% with glomerular lesion, 72% with chronic interstitial , 67% with acute 

tubular interstitial

Poor correlation between kidney function, UA & kidney biopsy ! 

Wadei H et al., Am J Transpl 2008

Trawale JM et al., Liver Int 2010
Jouet P et al., Hepatology 1996

Arase Y et al., Intern Med 1998

McGuire BM et al., Ann Intern Med 2006



“Differentiating” HRS from ATN….not easy

Does it even make sense?



Group 3:  Workup and Prevention of AKI

1. What diagnostic tools should be included in the workup 
of patients with kidney dysfunction? (ex: POCUS, 
biomarkers)

2. Can biomarkers be used to guide different treatment 
protocols?

3. What strategies exist for prevention of kidney 
dysfunction – SBP prophylaxis, GIB, LVP etc.?

4. What fluids should be used for prevention of kidney 
dysfunction?

Chair / Co-Chair: Marlies Ostermann – CC/Neph (UK), Sumeet Asrani – Tx Hep (USA)

Members: Sandra Kane-Gill – Pharm (USA), Justin Belcher – Neph (USA), Scott Biggins – Tx Hep (USA)
Manish Kaushik – CC/Neph (Singapore) 





• Death within 90 days due to respiratory disorders 

occurred in 11% in terlipressin vs. 2% in placebo

• Risk for respiratory failure with terlipressin:

• MELD ≥37

• Baseline Grade 3 HE

• ACLF Grade 3

• Significant history of prior or treatment-emergent 

cardiorespiratory events (eg, dyspnea, wheezing, 

cardiomegaly, pneumonia/aspiration pneumonia, 

atelectasis) 

• Recent upper GI hemorrhage



2014

Adverse EventsHRS Reversal



• N=78 patients receiving terlipressin: 
comparison of boluses versus continuous IV

• Maximum dose 12 mg/day in both groups

• No difference in the  rate of response to 
treatment

• Lower rate of adverse events in the 
continuous IV group 35% vs 62%)

• Mean daily dose of terlipressin lower in the 
continuous infusion group



Clinical scenario in the ICU in high MELD regions

To Dialyze or Not to Dialyze: That is the Question!

Whether or not to offer dialysis and 
when to withdraw dialysis is one of the 
many choices we face on a daily basis 
when caring for critically ill cirrhotic 
patients

CRRT

Antibiotics Pressors

TPN

Ventilation





Hepatology 2015



Timing of RRT

Onset of Symptoms
• Encephalopathy
• Fluid overload
• Oliguria

Biochemical threshold
• Cr, BUN, potassium, pH

Relative to onset of AKI

Transplant Candidacy



Patients with liver disease were excluded or were largely 

underrepresented (11% in STAART AKI)



1. The initiation of RRT should be made on clinical 

grounds, including worsening AKI, worsening volume 

overload despite diuretic therapy, worsening metabolic 

acidosis, hyperkalemia and hyponatremia not 

responding to medical management, and diuretic 

intolerance/resistance (1D) 

2. RRT should be considered even in non-oliguric 

patients if the daily fluid balance cannot be maintained 

as even or negative (Ungraded)

2016



Group 4:  Management of Kidney Dysfunction in Patients with Cirrhosis

1. What fluids should be used for treatment of AKI? 

2. What is the role of vasoconstrictors in patients and 
which type of vasoconstrictors should be first line 
therapy for patients with HRS? 

3. What are the targets / endpoints for patients started on 
vasoconstrictors – MAP, CVP, recovery?

4. What is the indication, timing, and patient characteristic 
for initiation of ECOS in patients with AKI ?

Chair / Co-Chair: Jody Olson – CC/Hep (USA), Andrew Allegretti – Neph (USA)

Members: Pere Gines – Hep (Spain), Nuttha Lumertgul – CC/Neph (Thailand), Yuri Genyk – Tx Surgery (USA), 

Rakhi Maiwall – Hep (India)



Schematic for AKI/AKD follow-up. 



Group 5:  Follow up and rehabilitation of patients with kidney dysfunction in 
setting of cirrhosis

1. How should patients be monitored following an episode 
of AKI? 

2. What outcomes should be assessed following episode 
of AKI? 

3. What is the role of palliative care in patients with 
kidney dysfunction who are not transplant candidates?

Chair / Co-Chair: Betsy Verna - Hep (USA), Javier Neyra –Neph (USA)

Members: Raimund Pitchler – Neph (USA), Sebastian Marciano – Hep (Argentina), Etienne 

Macedo – Neph (USA), Puneeta Tandon – Hep (Canada)



ADQI XXIX – Liver and Kidney 


