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HepatoRenal Syndrome (HRS)

• Hepatorenal syndrome (HRS) is characterized as renal dysfunction 
secondary to a reduction in renal blood flow (RBF) occurring in the 
setting of underlying cirrhosis and portal hypertension.

• It is classified as either rapidly developing acute kidney injury (AKI), 
HRS type 1, or slowly progressive chronic kidney disease (CKD), HRS 
type 2.

• Both types of HRS are associated with a decrease in RBF and 
glomerular filtration rate (GFR). 

Mindikoglu AL, Clin Gastr Hepat, 2018



HepatoRenal Syndrome (HRS)

• The diagnosis conveys a poor prognosis; the median survival for HRS 
types 1 and 2 is approximately 1 and 6.7 months, respectively.

• Challenges for the study of HRS include establishing when renal 
dysfunction in patients with cirrhosis occurs, largely related to the 
limitations of serum creatinine (Cr), evolving criteria for the diagnosis 
of HRS, the uncertain value of renal biomarkers, and the limited 
availability of pharmacologic and other therapies to address the 
fundamental underlying pathophysiology.

Mindikoglu AL, Clin Gastr Hepat, 2018



Diagnosis of Renal Dysfunction in Patients 
with Cirrhosis
• It is well established that serum Cr is not an accurate marker of renal 

dysfunction in cirrhosis.

• The production of creatine, the precursor of serum Cr, is impaired in 
hepatic dysfunction (reduced muscle mass, increased tubular secretion).

• Assessing renal function by measuring GFR (eg, inulin clearance, 
iothalamate clearance) is the most reliable and accurate method, but it is 
expensive, time consuming, and labor intensive. 

• According to SLKT guidelines, GFR is estimated using the MDRD-6 equation, 
a Cr-based formula, which shown to underestimate measured GFR when 
the measured GFR was greater than 30 mL/min/ 1.73 m2 in patients with 
cirrhosis.

Mindikoglu AL, Clin Gastr Hepat, 2018



• Studies have shown 
that Cr–cystatin C 
combined GFR 
equations were 
more accurate 
compared with Cr-
based GFR 
equations in 
estimating 
measured GFR in 
patients with 
cirrhosis.

Diagnosis of Renal Dysfunction in Patients 
with Cirrhosis

Mindikoglu AL, Clin Gastr Hepat, 2018



Prevalence of HRS

• Salerno et al. reported that they presumed the diagnosis of HRS in 36% of 
patients because they did not meet all the consensus diagnostic criteria
prevailing at that time (Salerno et al., J Hepatol, 2011).

• Planas et al. reported among 263 patients with decompensated cirrhosis 
and moderate to severe ascites, 8% of patients developed HRS (3% 
developed type 1 and 5% developed type 2 HRS) during a mean follow-up 
period of 41 months (Planas et al., Clin Gastr Hepat, 2006).

• 19% of hospitalized patients with cirrhosis had AKI/acute renal failure, and 
among those with acute renal failure, approximately 17% had HRS (Garcia-
Tsao, Hepatology, 2008).

Mindikoglu AL, Clin Gastr Hepat, 2018



Pathophysiology of HRS

Mindikoglu AL, Clin Gastr Hepat, 2018



Treatment of HRS

Mindikoglu AL, Clin Gastr Hepat, 2018
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Number of LTA and SLK in US

Cantarovich M, Transplantation, 2016Miles CD, Current Transpl Rep, 2018



Cantarovich M, Transplantation, 2016

Survival Probability in patients with LTA and SLK



Survival Probability in patients with LTA and SLK

SLK vs LTA pt on RRT SLK vs LTA pt on RRT 
at time of Tx

SLK vs LTA pt with 
eGFR< 30

Cantarovich M, 
Transplantation, 2016

SLK vs LTA pt with 
60< eGFR< 90

SLK vs LTA pt with 
30< eGFR< 60

SLK vs LTA pt with 
eGFR> 90
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Canadian recommendation

Cantarovich M, Transplantation, 2016



Canadian recommendation for work-up

Cantarovich M, Transplantation, 2016



• Establish medical 
eligibility criteria for SLK

• Ensure a balance of 
fairness and utility in 
allocation of kidneys 

Kidney 
community

• Provide clearer liver-
kidney allocation policies

• Provide information in 
UNOS computer system 
to direct OPO in 
allocation process

OPO 
community

• Resolve inconsistency 
between multi-organ and 
deceased donor liver 
allocation policy re: liver 
Share 35 policy 

• Ensure safety net for 
liver recipients who need 
a kidney tx soon after 
liver tx

Liver 
community

What are the goals of US/UNOS proposal?

Main goal: Establish SLK allocation policy that addresses different   

perspectives within the transplant community 



• Requires all adult 
candidates seeking a 
liver-kidney transplant 
to meet medical 
eligibility criteria

Kidney 
community

• Establishes rules for 
OPOs that specify when 
liver-kidney allocation is 
required, prohibited, or 
permissible (at all levels)

• Computer system will 
guide OPOs

OPO 
community

• Resolves inconsistency 
between deceased donor 
liver and liver-kidney 
allocation

• Establishes “safety net” 
for liver recipients with 
continued dialysis 
dependency/kidney 
dysfunction in first year 
after liver transplant

Liver  
community

How does the proposal address the problems?



Transplant nephrologist must 

confirm candidate has one of the 

following:

And tx hospital must report to UNOS and document one of 

the following in the medical record:

1. Chronic kidney disease with measured or 

calculated GFR less than or equal to 60 

mL/min for greater than 90 consecutive 

days

• Dialysis for ESRD

• Most recent eGFR/CrCl is at or below 30 mL/min at or after 

registration on kidney waiting list

2. Sustained acute kidney injury One or a combination of both of the following in the past six weeks:

• Dialysis for six consecutive weeks 

• eGFR/CrCl at or below 25 mL/min for six consecutive weeks.

The program must confirm criteria continues to be met at least once 

every seven days.

3. Metabolic disease Diagnosis of:

• Hyperoxaluria

• Atypical HUS from mutations in factor H or factor I

• Familial non-neuropathic systemic amyloid

• Methylmalonic aciduria

SLK Medical Eligibility Criteria



Justification and Concerns regarding UNOS policy

• SLK recipient candidates are sicker, and therefore, it is ethically 
appropriate to prioritize them for transplantation over KA patients 
waiting longer. 

• The more liberal cutoff eGFR of 30 ml/min for SLK compared with the 
cutoff of 20 ml/min required for a kidney candidate to start accruing 
time on the KA waiting list may seem unfair. 

• Single- center study using post–SLK radionuclide renal scans, it was 
calculated that nearly one third of UNOS criteria recipients 
recovered a native GFR exceeding 20 ml/min (Levitsky et al., AJT, 
2012).

• Fewer than 10% of LA recipients requiring dialysis in the first year. 

• 19% of SLK recipients in the past 10 years would not have met the 
eligibility criteria currently being proposed.



SLK Recipients, Jan 2005 – Jun 2015

Approximately 19% of previous SLK recipients would not 

have qualified under proposed eligible criteria. 

Would SLK recipient have met proposed SLK eligibility criteria?
Total

N %

Chronic kidney disease

On Dialysis for ESRD at Time of Transplant 1,874 41.6

Not on Dialysis for ESRD, eGFR <21 1,081 24.0

Not on Dialysis for ESRD, eGFR 21-25 328 7.3

Not on Dialysis for ESRD, eGFR 26-30 267 5.9

Sustained acute kidney injury On dialysis for 6+ weeks before transplant #
101 2.2

Would not have qualified for 

SLK

No Dialysis for ESRD or temporary dialysis for 6+ 

weeks, eGFR 31-35 213 4.7

No Dialysis for ESRD or temporary dialysis for 6+ 

weeks, eGFR > 35 636 14.1

Total 4,543 100.0



 Candidates who are on the kidney waiting list and have eGFR/CrCl at or below 20 
mL/min or are on dialysis in the 60-365 days after liver transplant will be eligible to 
appear in this new kidney allocation match classification.

 To continue to be eligible, the transplant program must report at least once every 30 
days that this medical criteria continues to be met.  Once this has been confirmed for 
three consecutive periods, the candidate will be eligible indefinitely*

*the three consecutive 30-day period rule will still apply if the candidate’s first report of eligibility is in month 10, 11, 
or 12 after the liver transplant.

Proposed “Safety Net” Eligibility



Sequence A
KDPI <=20%

Sequence B
KDPI >20% but <35%

Sequence C
KDPI >=35% but <=85%

Sequence D
KDPI>85%

Highly Sensitized

0-ABDRmm 

Prior living donor

Local pediatrics

Local top 20% EPTS

0-ABDRmm (all)

Local (all)

Regional pediatrics

Regional (top 20%)

Regional (all)

National pediatrics

National (top 20%)

National (all)

Highly Sensitized

0-ABDRmm

Prior living donor

Local pediatrics

Local safety net
Local adults

Regional pediatrics

Regional adults

National pediatrics

National adults

Highly Sensitized

0-ABDRmm

Prior living donor

Local safety net
Local 

Regional

National

Highly Sensitized

0-ABDRmm

Local safety net
Local + Regional 

National 
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Predictors of AKI after Liver Transplantation

• High MELD score of the recipient (O’Riordan A. et al., AJT, 
2007).

• Ischemia reperfusion injury (age, steatosis, longer warm and 
cold ischemic time).

• DCD liver.

• Hypoperfusion during OR.

• Piggy back technique to avoid complete clamp of IVC.

• Post-operative factors: sepsis, CNI, bleeding, re-operation.

Durand F, Transplantation, 2018



Patterns of Kidney Function Perioperatively

• 416 patients from John Hopkins between 1996-2009.

• Excluded: age < 18years, multi-organ transplant, liver re-
transplantation.

• CKD-EPI has been used to calculate eGFR with median 59 values.

• Time before and after transplant has been divided to quarters.

• Data was merged with USRDS.

Longenecker JC, Transplantation, 2015 



eGFR in peri-operative period of 416 LTA patients 

Longenecker JC, Transplantation, 2015 



eGFR in peri-operative period of 416 LTA patients 

Longenecker JC, Transplantation, 2015 



Factors Associated with ESRD in 416 LTA patients 

Longenecker JC, Transplantation, 2015 
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Henry Ford Hospital 2009-2015

Nagai S, Transpl Int, 2018



Henry Ford Hospital 2009-2015

Nagai S, Transpl Int, 2018

Only four independent 
predictors:

• LTA-CKD
• LTA severe 

dysfunction
• WIT
• >10 U PRBC



Henry Ford Hospital 2009-2015

Nagai S, Transpl Int, 2018



Henry Ford Hospital 2009-2015

Nagai S, Transpl Int, 2018



Survival in NASH Liver Transplant Recipients

Molnar MZ, under review



Reference: Recipients who had eGFR< 30 
ml/min./1.73m2 and/or received dialysis

Sub-Hazard Ratios 
(SHRs)

95% Confidence 
Interval of SHRs

p-value

Model 1 (n=4,057):

eGFR ≥ 30 ml/min./1.73m2

Simultaneous liver kidney transplantation
0.67
1.18

0.58-0.77
0.96-1.46

<0.001
0.123

Model 2 (n=4,057):

eGFR ≥ 30 ml/min./1.73m2

Simultaneous liver kidney transplantation
0.66
1.11

0.57-0.76
0.90-1.38

<0.001
0.326

Model 3 (n=3,793):

eGFR ≥ 30 ml/min./1.73m2

Simultaneous liver kidney transplantation
0.75
1.14

0.60-0.93
0.91-1.43

0.010
0.252

Model 4 (n=3,323):

eGFR ≥ 30 ml/min./1.73m2

Simultaneous liver kidney transplantation
0.81
1.23

0.64-1.02
0.96-1.57

0.079
0.109

Multiple imputation model (n=4,057):

eGFR ≥ 30 ml/min./1.73m2

Simultaneous liver kidney transplantation
0.76
1.21

0.62-0.93
0.97-1.50

0.009
0.096

Survival in NASH Liver Transplant Recipients
Molnar MZ, under review
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Immunology of Liver Transplant

• Until recently, preformed DSA were generally considered to be 
clinically irrelevant to liver allograft outcomes based on the perceived 
absence of hyperacute rejection and the rarity of early allograft loss 
from rejection (Starzl TE, Clin Transpl, 1989).

• However, adequately powered studies since the early 1990s have 
shown that liver transplant recipients with a positive crossmatch have 
an increased risk of early allograft damage and failure (Takaya S., 
Trans Proc, 1991).

• Recent studies have confirmed inferior clinical outcomes in some but 
not all DSA-positive patients (O`Leary JG, Liver Transpl, 2013). 

O`Leary JG, AJT, 2014 – Meeting Report



Pathophysiological explanations why liver can 
absorb antibodies

• Soluble Classes I and II antigen secretion is increased during injury 

• Increased area of distribution (capillary surface: liver: 21 m2 vs kidney 0.21 
m2)

• Dual blood supply of the liver

• Hepatocyte regenerative capacity is tremendous

• Hypocomplementemia in liver patients

• Role of Kupffer cells (remove activated complements and immune 
complexes)

• Antigen location and density and DSA concentration and characteristics 

O`Leary JG, AJT, 2014 – Meeting Report



O`Leary JG, AJT, 2014



O`Leary JG, AJT, 2014

Class II DSA and liver / kidney rejection

How about C1q biding and IgG class II or IV subclass?



O`Leary JG, AJT, 2014

Class II DSA and liver / kidney rejection

How about C1q biding and IgG class II or IV subclass?



Class II DSA and patient’s and graft survival

O`Leary JG, AJT, 2014



Thank you very much for your attention!

Questions?


