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Abstract
Hepatorenal syndrome (HRS) plays an important role in 
patients with liver cirrhosis on the wait list for liver trans
plantation (LT). The 1 and 5-year probability of developing 
HRS in cirrhotic with ascites is 20% and 40%, respectively. 
In this article, we reviewed current concepts in HRS 
pathophysiology, guidelines for HRS diagnosis, effective 
treatment options presently available, and controver
sies surrounding liver alone vs simultaneous liver kidney 
transplant (SLKT) in transplant candidates. Many treat
ment options including albumin, vasoconstrictors, renal 
replacement therapy, and eventual LT have remained a 
mainstay in the treatment of HRS. Unfortunately, even 
after aggressive measures such as terlipressin use, the 
rate of recovery is less than 50% of patients. Moreover, 
current SLKT guidelines include: (1) estimation of glom
erular filtration rate of 30 mL/min or less for 4-8 wk; 
(2) proteinuria > 2 g/d; or (3) biopsy proven interstitial 
fibrosis or glomerulosclerosis. Even with these updated 
criteria there is a lack of consistency regarding long-
term benefits for SLKT vs  LT alone. Finally, in regards 
to kidney dysfunction in the post-transplant setting, an 
estimation of glomerular filtration rate < 60 mL/min per 
1.73 m2 may be associated with an increased risk of 
patients having long-term end stage renal disease. HRS 
is common in patients with cirrhosis and those on liver 
transplant waitlist. Prompt identification and therapy 
initiation in transplant candidates with HRS may improve 
post-transplantation outcomes. Future studies identifying 
optimal vasoconstrictor regimens, alternative therapies, 
and factors predictive of response to therapy are needed. 
The appropriate use of SLKT in patients with HRS remains 
controversial and requires further evidence by the trans
plant community.
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Core tip: We aim to review the literature on hepatorenal 
syndrome (HRS) in the setting of liver transplantation 
(LT) and address critical issues that are barriers to 
improved outcomes. Many consistencies have remained 
as treatment options including albumin, vasoconstrictors, 
renal replacement therapy, and eventual LT. Moreover, 
the utility of simultaneous liver kidney transplantation 
in HRS patients still requires further evidence by the 
transplant community.

Modi RM, Patel N, Metwally SN, Mumtaz K. Outcomes of liver 
transplantation in patients with hepatorenal syndrome. World J 
Hepatol 2016; 8(24): 999-1011  Available from: URL: http://
www.wjgnet.com/1948-5182/full/v8/i24/999.htm  DOI: http://
dx.doi.org/10.4254/wjh.v8.i24.999

INTRODUCTION
Prior to diagnosing a patient with hepatorenal syndrome 
(HRS) in the setting of liver transplantation (LT), it is 
important to rule out other etiologies of renal dysfunction. 
A broad differential should include reversible causes such 
as acute kidney injury (AKI) or acute tubular necrosis 
(ATN) and irreversible cause like chronic kidney disease 
(CKD) or parenchymal kidney disease.

Traditionally there are three types of AKI (pre-renal 
azotemia, intrinsic kidney disease, and post-obstructive 
causes) that are still common in patients with liver 
disease in addition to HRS[1]. Common causes of pre-
renal injury independent of HRS include infection, in
travascular fluid depletion, GI fluid losses, surgery or 
bleeding, and renal artery occlusion[2], all of which should 
appropriately respond to volume expansion with albumin 
within 48 h. If there is any recent contrast media or 
nephrotoxic agent with granular casts and proteinuria 
> 500 mg, it is important to consider ATN as a likely 
diagnosis[3]. A recent study evaluating patients with AKI 
[pre-renal azotemia (n = 35), HRS (n = 35), ATN (n 
= 36)] revealed that pre-renal azotemia has a lower 
mortality when compared to both HRS (P = 0.05) and 
ATN (P = 0.04)[4]. 

Intrinsic kidney disease is more common than pre
viously believed in the cirrhotic population, and is thought 
to be related to the underlying etiology of cirrhosis[2]. 
Kidney biopsy is most useful in intrinsic kidney disease 
with hematuria (50 red blood cells per high power 
field), proteinuria (> 500 mg/d), renal insufficiency of 
unknown origin, or HRS for a prolonged period of time. 
Histologically, IgA nephropathy, membrano-proliferative 
glomerulonephritis, focal global glomerulosclerosis, and 
diabetic nephropathy[5] are the most common biopsy 
findings. The importance of diagnosing parenchymal 
disease is especially important if a patient is being 
considered for combined liver-kidney transplantation[6]. 
Additionally, obstructive causes of renal dysfunction 

including nephrolithiasis, bladder outlet obstruction and 
other intra-abdominal etiologies should be assessed.

If the aforementioned workup returns negative, HRS 
should be considered as a potential cause of renal dys
function. The 1-year and 5-year probability of deve
loping HRS in patients with ascites is 20% and 40%, 
respectively[7]. The most recent diagnostic criteria for 
HRS from the International Ascites Club (IAC) in 2007 
include creatinine (Cr) > 1.5 mg/dL, no improvement of 
Cr after volume expansion with albumin after 48 h, no 
current or recent exposure to nephrotoxic drugs, absence 
of parenchymal disease (proteinuria > 500 mg/d), 
microscopic hematuria (50 red blood cells per high power 
field), and abnormal renal ultrasonography[8]. 

In this review, we will focus on various aspects of 
HRS and its impact on various phases of LT. Literature 
was searched for this review from various search engines 
including PubMed, Cochrane, and Scopus. Each of the 
citations for the papers originally pulled was then re
viewed for additional articles for inclusion.

ROLE OF CR AND OTHER MARKERS OF 
RENAL IMPAIRMENT IN CIRRHOTICS
There is concern that serum Cr may not reflect accurate 
kidney function in the setting of HRS with significant 
liver dysfunction[8,9]. Cr is an indirect measure of renal 
function as it is derived from non-enzymatic conversion 
of creatine, which is stored in muscle and being produced 
within the liver. As patients develop cirrhosis there is 
increased muscle wasting, decreased protein intake, and 
diminished creatine synthesis resulting in overestimation 
of renal function[9,10]. Moreover, two individuals with similar 
glomerular filtration rates may have varying Cr levels 
due to variation associated with age, sex, race, body 
mass index, and bilirubin concentrations[11]. For example, 
women generally have lower serum Cr levels compared 
to men resulting in lower median MELD scores (14 vs 15, 
P < 0.001) and a higher likelihood to die on the transplant 
list when compared to the pre-MELD era[12]. 

Multiple mathematical formulas have been deve
loped to utilize serum Cr to calculate an estimation 
of glomerular filtration rate (eGFR). These include 
Cockcroft-Gault (C-G) and Modification of Diet in Renal 
Disease (MDRD) which incorporate different variables. 
C-G requires age, gender, weight, and serum Cr, while 
MDRD-4 utilizes age, gender, ethnicity, and serum Cr 
and MDRD-6 also involves albumin and urea[13,14]. In 
our cirrhotic population, MDRD-6 is used more widely 
when compared to C-G given inclusion of albumin and 
urea. Moreover, exogenous markers such as inulin have 
been previously documented to improve accuracy when 
determining renal function. Unfortunately the “gold 
standard” inulin infusion technique is time consuming, 
expensive, and potentially invasive making it a less viable 
option[15].

Multiple AKI biomarkers including NGAL, Cystatin 
C, IL-18, NAG, and KIM-1 have been well characterized 
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and may delineate patients who have the risk of pro
gression of disease and will require renal replacement 
therapy (RRT)[2,16,17]. For example, Aberg et al[18] looked 
specifically at the urinary marker neutrophil gelatinase-
associated lipocalin (NGAL) in 203 LT patients and 
demonstrated that raised urinary levels of NGAL indepen
dently predicted pre-LT kidney dysfunction in the setting 
of HRS and could have the potential to help decide the 
need to performed combined liver-kidney transplantation. 
Additionally, urinary NGAL levels to be a strong predictor 
for short-term mortality, with HRS patients having 
intermediate levels between prerenal azotemia and 
intrinsic AKI[19]. Furthermore, certain studies have also 
shown cystatin C level may be an important marker for 
predicting mortality in HRS[20,21]. However, it is important 
to note that at this time current IAC or Acute Dialysis 
Quality Initiative do not recommend evaluating for these 
biomarkers.

BRIEF PATHOPHYSIOLOGY AND TYPES 
OF HRS
The pathophysiology of HRS has been well documented 
previously with portal hypertension leading to splanchnic 
artery dilatation[22,23]. This phenomenon results in a 
number of downstream effects including arterial under
filling, increased cardiac output, and vasoconstriction of 
renal arteries[8]. Ultimately the kidneys respond with 
increased activity of renin-angiotensin-aldosterone system 
as well as non-osmotic release of vasopressin, both of 
which result in worsening GFR, ascites, and hemodyna
mic instability[24,25].

HRS is typically divided into two subtypes, type 1 and 
type 2, based on the rate of progression of renal disease 
and prognosis. Diagnostic criteria for type 1 HRS (in 
addition to criteria for HRS according to IAC mentioned 
above) include serum Cr > 2.5 mg/dL, doubling of serum 
Cr in less than 2 wk, no history of diuretic resistant 
ascites, and generally a precipitating event. On the 
other hand, type 2 HRS is a gradually progressive renal 
impairment without any precipitating events and usually 
associated with diuretic resistant ascites. Additionally, 
patient outcomes in terms of survival were reported to 
be better with type 2 HRS vs type 1[26]. 

CLASSIFICATIONS OF RENAL 
DYSFUNCTION IN PATIENTS WITH 
CIRRHOSIS
Various criteria are used for classification of renal 
dysfunction in patients with liver cirrhosis. Two of the 
most commonly used criteria include the Risk, Injury, 
Failure, Loss, and End-Stage Kidney Disease (RIFLE) 
and AKI network (AKIN). The RIFLE criteria utilize both 
serum Cr level and urine output to assess what stage 
of renal injury has occurred. For example, acute renal 
injury is Cr doubled from baseline and urine output < 

0.5 mL/kg per hour over 12 h while acute renal failure 
is Cr tripled from baseline and urine output < 0.3 mL/kg 
per hour over 24 h. A major limitation of the RIFLE 
classification is that per these criteria a large number 
of cirrhotic patients would already present with some 
degree of AKI. In 2007 the AKIN has proposed a new 
definition of AKI that condenses RIFLE into 3 stages 
to increase sensitivity and specificity of diagnosing 
AKI. Moreover, the Kidney Disease Improving Global 
Outcomes recently defined AKI as diminished kidney 
function resulting in 0.3 mg/dL increase in serum Cr 
in 48 h, or a 50% increase in baseline Cr (within 7 d), 
or a urine volume of < 0.5 mL/kg per hour for 6 h[8,27]. 
It has been well documented that approximately 20% 
of patients hospitalized for decompensated cirrhosis 
present with a concomitant AKI[28]. This phenomenon is 
related to the progressive vasodilatory state of cirrhosis 
causing a decrease in arterial volume and resultant 
vasoconstriction of renal vessels. Interestingly, two pro
spective studies assessing AKI criteria in patients with 
cirrhosis found that AKI with serum Cr values < 1.5 
mg/dL is a relatively benign and potentially reversible 
condition, while significant increase in Cr (> 1.5 mg/dL) 
is associated with a worse prognosis[29,30]. 

A retrospective study utilized the RIFLE classification 
to look at 283 patients who underwent LT and stratified 
them into three cohorts: Risk, injury, and failure. Moreover, 
the failure group was further subdivided by etiology 
(HRS vs ATN) and the clinical course was followed for 
5 years. Comparing these groups, the ATN group had 
significantly worse 1- and 5-year survival and renal out
comes, with an increased incidence of stage 4 and 5 
CKD[31]. While only a single-center retrospective study, 
it is instrumental in demonstrating that the etiology of 
AKI may be more important than initially thought in pre
dicting renal recovery[32].

Prerenal injury, ATN, and HRS encompass close to 
80% of AKI etiology in the in the pre-transplantation 
setting[33]. A United Network for Organ Sharing (UNOS) 
based study in 2002 found that 40% of LT candidates 
have kidney dysfunction, best defined as a GFR < 60 
cm3/min per square meter[34]. More recently, a pro
spective study following 463 patients classified renal 
failure into four main categories: Infections (n = 213, 
46%), hypovolemia associated renal failure (n = 149, 
32%), HRS (n = 60, 13%), parenchymal nephropathy 
(n = 41, 9%)[35]. While this is a simple classification, it is 
useful to assess prognosis and decisions regarding LT.

PREVALENCE AND PRECIPITANTS OF 
HRS IN WAIT-LIST AND TRANSPLANT 
PATIENTS
The prevalence of HRS has been reported to increase 
with severity and duration of cirrhosis. Ginès et al[36] 
studied 229 patients with cirrhosis and found an 18% 
incidence of HRS at one year, with an increase to 39% 
within five years. Additionally, Wong et al[37] reported 
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HRS in 48% of patients on the LT waiting list, indicating 
an increased prevalence with disease progression. 
Various precipitants of HRS include spontaneous bacterial 
peritonitis, large volume paracentesis with inadequate 
albumin replacement, use of nephrotoxic drugs and 
hypovolemia due to bleeding and or dehydration. With 
the help of early diagnosis and aggressive management 
with vasopressors the incidence of HRS may decrease 
with an improvement in overall outcomes[38].

MANAGEMENT OF HRS
Medical management of HRS has been shown to improve 
short-term outcomes; however, long term outcomes are 
dismal without LT. Current medical treatment includes 
avoidance of HRS precipitants and pharmacological 
management prior to considering transjugular intra
hepatic portosystemic shunt (TIPS) and RRT. Pharma
cological treatment serves as a bridge to transplantation 
to improve the patient’s prognosis. There is a consensus 
on general measures in treating HRS including sus
pension of diuretic therapy, avoidance of nephrotoxic 
drugs and adjustment in doses of drugs. Moreover, per 
AASLD guidelines the role of albumin after large volume 
paracentesis (8 g of albumin for each liter of ascites 
removed) has been the standard of care.

Role of terlipressin in HRS
Given the significance of arterial vasodilatation in the 
pathophysiology of HRS, vasoconstrictors along with 
albumin have improved renal function in approximately 
40%-60% of patients with type 1 HRS (Table 1)[39]. 
Terlipressin plus albumin has been shown to improve 
renal function in 35%-40% of patients with type 1 
HRS, with initial IV boluses of 0.5-1 mg every 4 h that 
can be titrated to 3 mg every 4 h if there is limited re
sponse[40-42]. A study comparing terlipressin bolus vs 
continuous infusion found that while the rate of response 
was not statistically significant, the rate of adverse 
of events was lower in the infusion group with lower 
associated dosing[43]. 

While many studies demonstrate the use of terli
pressin as a bridge to transplantation, it is important 
to note that fewer than 50% of patients who used 
terlipressin in the setting of HRS recover from a renal 
standpoint. One study assessed the efficacy of terli
pressin plus albumin vs albumin alone for treatment of 
HRS-1 in the setting of LT. The 6-mo survival rate for 
those in the terlipressin group was 100% for transplanted 
patients and 34% for non-transplanted patients, while 
in the control group survival was 94% for transplanted 
patients and 17% for non-transplanted patients[44]. This 
study was able to show that terlipressin likely improved 
pre-transplant renal function while having no significant 
impact on post-transplant survival. On the other hand, 
Sagi et al[45] concluded improved transplant-free survival 
at 90 d (RR = 1.86, 95%CI: 1.0-3.4, P = 0.05) in those 
in the terlipressin arm when studying 223 patients in 
4 separate trials. A prospective, randomized, double-
blind, placebo-controlled clinical trial showed that terli

pressin group showed Cr improvement from baseline 
to day 14 while on the treatment[46]. It appears that 
terlipressin treatment beyond one week and up to 20 d 
has the potential for further improvement[47]. Moreover, 
a recent meta-analysis of randomized trials (5 trials, n 
= 243 patients), showed the overall rate of patients on 
terlipressin with HRS who recovered renal function was 
8.09 (95%CI: 3.52-18.59, P < 0.001[48]). 

One study found a better response to terlipressin in 
the setting of higher serum sodium concentrations and 
lower serum bilirubin at the beginning of treatment[49], 
which would indicate that the early identification and 
treatment of HRS-1 may improve outcomes. A larger 
study was able to identify independent predictors of 
survival in the setting of terlipressin including age, dura
tion of treatment, MELD score, and alcoholic cirrhosis[50], 
while an additional study was able to identify low urinary 
sodium prior to treatment being associated with poor 
survival[51]. 

Similar to the type 1 HRS patient population, ter
lipressin has been shown to improve renal function in 
type 2 HRS (Cr improvement in 8 out of 11 patients) 
when compared to organic renal disease[52]. Interestingly, 
a recent study examined 56 patients awaiting LT who 
were diagnosed with type 2 HRS. A subset of patients 
were being treated with terlipressin and albumin, but 
no differences were found in mortality in peri-operative 
setting or in post-transplantation outcomes (AKI, need 
for RRT, or development of CKD) when compared to the 
control group[53]. Moreover, another study also showed 
no benefit in using terlipressin in the setting of type 2 
HRS[54]. Furthermore, while LT helps reverse type 2 HRS, 
there may be an association with longer intensive care 
stays and early-post-transplant CKD stage 3[55].

Role of other vasoconstrictors in HRS
Terlipressin is not available in United States; therefore 
midodrine, octreotide, ornipressin and noradrenaline with 
albumin have been used in uncontrolled studies to treat 
HRS. It was found that HRS patients were more likely 
to improve while treated with AVP when compared to 
octreotide alone[56]. Another study assessed the effect of 
octreotide, midodrine, and albumin on survival compared 
to control populations and found improved renal function 
and short-term survival in the setting of both HRS-1 and 
HRS-2[57]. With use of a combo of octreotide, midodrine 
and albumin, reversal of HRS has been reported to be as 
high as 40%[58]. 

Ornipressin is another potent splanchnic vasocon
strictor, but has been shown to have a higher incidence 
of vascular complications when compared to terli
pressin[59]. In regards to noradrenaline, an unblinded 
study in 2007 was able to show that noradrenaline is 
an effective alternative to terlipressin in the setting of 
HRS type 1[60]. A more recent meta-analysis looked at 
4 smaller studies where 154 patients were included 
and found that there was no difference between nora
drenaline and terlipressin in regards to mortality at 30 d 
(RR = 0.89, 95%CI: 0.68 to 1.17) and reversal of HRS 
(RR = 0.97, 95%CI: 0.76 to 1.23)[61]. 
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transplantable cirrhotic (14 type 1 HRS and 17 type 2 
HRS) patients showed renal function improved within two 
weeks after TIPS with improved mortality over the course 
of 18 mo[66]. A recent study utilizing UNOS demonstrated 
that patients on the LT list status-post TIPS procedure 
had a lower mortality rate compared to patients without 
TIPS[67]. This study hypothesized that the TIPS plays a 
role in promoting survival by improving nutritional status 
and preventing variceal bleeding, refractory ascites, and 
HRS. It is important to remember that TIPS can increase 
the risk of hepatic encephalopathy as well as liver failure 
in rare occasions[68].

Molecular absorbent recycling system (MARS) has the 
ability to remove both small- and medium-sized lipophilic 
toxins and may have a role in improving complications of 
liver disease such as hepatic encephalopathy and HRS. 
Multiple studies have shown MARS having the ability to 
reduce cholestatic parameters, improve mentation, as 
well as renal function especially in patients with a Model 
for End-Stage Liver Disease (MELD) between 20-29[69,70]. 
In 2002 a study showed when MARS was used there was 
improvement in mentation and hepatic encephalopathy 
in 14 out of 19 centers[71]. Interestingly, when MARS 
was directly compared to hemodiafiltration there was 
a decrease in Cr and bilirubin as well as a decrease 
in mortality at day 7[72]. Furthermore, a study looking 
at MARS use in the post-transplantation setting with 
HRS, HE, or intractable pruritis showed improvement in 
symptoms and laboratory findings[73]. However, none of 
these studies showed long term benefit in HRS patients 
including transplant free survival.

PREDICTORS OF MORTALITY IN 
PATIENTS WITH HRS
Yang et al[74] studied the predictors of mortality in type 
1 HRS in a tertiary care center and formulated a time-
dependent proportional hazards model. Contrary to other 
studies reporting on MELD score as predictor mortality, 
they found increased Cr by each point and total bilirubin 
levels during the admission increased mortality risk by 
29% and 4%, respectively. Increasing albumin level 
during the admission showed its protective value[74]. 

Sanchez et al[75] looked at pre and peri-transplant 
predictors of renal dysfunction requiring either RRT 
or HD. This study looked at 724 LT patients where a 
clinical prediction model was constructed to assess the 
probability of requiring dialysis post-transplantation 
in a prospective manner. Pre-LT Cr > 1.9 mg/dL (OR 
= 3.57), pre-LT BUN > 27 mg/dL (OR = 2.68), ICU 
stay > 3 d (OR = 10.23), and MELD score > 21 (OR 
= 2.5) were significant[75]. Furthermore, changes in 
MELD scores (influenced by Cr and bilirubin) during the 
admission predict prognosis more so than the initial 
MELD[74]. A recent study was performed in attempts to 
assess renal impairment prior to overt HRS development 
by measuring renal arterial resistance indices (RI)[76]. 
Interestingly, RI was significantly higher in patients 
with ascites than those without ascites and may be an 

independent predictor of subsequent HRS development. 
Another study was able to show that “MAP responders” 
had improved response with better transplant-free 
survival in both the short-term and long-term settings[77]. 

However, these innovative modalities need further 
studies before being used in daily practice. 

LT ALONE VS SIMULTANEOUS LIVER 
KIDNEY TRANSPLANT FOR HRS
Since the introduction of the MELD scoring system there 
has been an increase in the number of simultaneous 
liver-kidney transplants (SLKT). From 2002 to 2013, 
the percentage of SLKT has increased from 4.2% to 
8.1%, respectively. The most recent recommendations 
for SLKT include: (1) eGFR of 30 mL/min or less for 
4-8 wk; (2) proteinuria > 2 g/d; and (3) biopsy proven 
interstitial fibrosis or glomerulosclerosis (Figure 1)[78]. An 
unintentional by product of SLKT has been a decrease 
number of kidney donors available for end stage renal 
disease (ESRD) patients. There are numerous studies 
indicating we should have stricter criteria for allocating 
two grafts to one patient as well as a debate on duration 
of renal dysfunction and duration of RRT in the setting 
of SLKT. A recent study proposed raising the dialysis 
requirement to greater than 12 wk (rather than current 
recommendations of 4-8 wk) to increase the number of 
kidney transplantations available for ESRD patients[79]. 
Table 2 outlines the outcomes of studies comparing 
liver transplantation alone (LTA) alone vs SLKT in the 
setting of HRS. One study retrospectively looked at 69 
LT patients with a pre-transplantation Cr ≥ 1.5 and 
found that duration of pre-transplantation RRT rather 
than cause of renal dysfunction was a predictor of 6- and 
12-mo kidney function post-LTA[80]. Interestingly, earlier 
studies have shown mixed data in regards to the utility of 
SLKT in the setting of HRS. A 1997 UNOS study looked 
at 414 SLKT vs 2442 LTA with a Cr > 2.0 and found a 5 
year survival of 62.2% for SLKT patients and 50.4% for 
LTA recipients, suggesting SLKT may be beneficial for 
HRS patients[81]. Furthermore, another study including 
local center and UNOS database (2002-2008) compared 
LTA vs SLKT in the setting of renal impairment. Diag
nosis of HRS was presumptive in UNOS database and 
confirmed on the local data. UNOS data showed a 
survival benefit of SLKT over LTA for those patients with 
poor renal function, specifically those with HRS, whereas 
results of local center suggest otherwise[82]. 

On the other hand, a small study showed that in 
patients with HRS, SLKT did not confer a survival advan
tage over LTA (1-year patient survival was 72% vs 66%, 
P-value = 0.88)[83]. A much larger 2006 UNOS study that 
compared 1032 SLKT to 19137 LTA patients showed no 
mortality difference for patients with HRS (1 year survival 
was 72% vs 66%) unless the patient was receiving HD 
for longer than 8 wk, with a dialysis duration of > 12 wk 
that was a significant predictor for long-term outcomes[84]. 
Furthermore, one meta-analysis looked at 3536 SLKT 
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(between 1984 to 2008) and found that the cumulative 
1, 2, 3 and 5-year patient survival were 84.9%, 52.8%, 
45.4% and 42.6%. It was concluded that there was no 
definitive evidence of better graft or patient survival in 
the SLKT population when compared to the LTA given the 
difficulty discerning irreversible kidney function in liver 
transplant candidates[85]. Additionally, one study found 
the rate of renal non-recovery within 6 mo of LTA for 
2112 patients who underwent RRT within 90 d of their 
transplantation was only 8.9%, with risk factors for non-
recovery including age, T2DM, and duration of RRT[86]. 
Because of this limitation as well as selection biases, the 
true survival benefit of SLKT in candidates without ESRD 
remains unproved[87]. 

It appears that UNOS database studies have 
heterogeneous groups, including patients with renal im
pairment due to multiple reasons and hence a selection 
bias for patients with HRS. Single center studies have 
issue of small sample size. Nevertheless, chances of 
misclassification bias in small studies are less. These 
studies do not report added benefit of SLKT over LTA 
in patients with HRS, not on HD and duration of renal 
dysfunction < 8 wk.

Interestingly some studies address benefit of SKLT 
over LTA alone with respect to immune safety liver graft 
on kidney graft function due to immunogenic effect 
of liver. These studies justified SLKT over LTA for two 
additional reasons: (1) it is well documented there is 
significant decrease in graft rejection when a patient has 
a SLKT over an LTA (15% decreased reduction in graft 
loss); and (2) there is superior recipient and graft survival 
when compared to Kidney After LT or Liver After Kidney 
Transplantation[88,89]. Priority for allocation of kidneys to 
kidney-liver candidates follows the allocation priority for 
the non-renal organ. However, due to shortage of organ 
and justification of an equitable distribution of organ it is 
not possible to perform SLKT for this indication. 

HRS AND POST-TRANSPLANT 
MANAGEMENT/OUTCOMES
Impact of HRS on outcomes of LT 
The impact of LT on overall renal function has been well 
documented. Lafayette et al[90] looked at renal function 
in the pre-transplantation setting and studied 115 liver 
transplant recipients by arbitrarily dividing them based on 
serum Cr into two groups (group 1 with Cr > 1.0, group 
2 with < 1.0); they showed that group 1 patients had 
significantly longer ICU stays, higher hospital charges, 
and a greatly increased mortality rate[90]. Patients with 
HRS tend to require longer hospitalizations, increased 
intensive care duration, and further dialysis in the post-
op setting[91]. Interestingly, when comparing HRS vs ATN 
post-transplant outcomes it was found that ATN was 
associated with higher mortality at 1 year post-LT along 
with increased incidence of CKD (stage 4 or 5) when 
compared to HRS[31].

One of the first studies to address HRS in the post-
operative setting was in reported in 1991 where Gonwa 
et al[92] found close to 10% of HRS patients developed 
ESRD post-transplant when compared to 0.8% of non-
HRS patients (P < 0.005). However, a similar study 
revealed that while HRS patients were more likely to 
be dialyzed post-operatively, there was no difference 
between Cr levels at 24 wk between non-HRS vs HRS 
groups[93]. Park et al[94] also confirmed this concept in 
a study that yielded similar results in 1-year patient 
survival after LT in the HRS patients vs those without 
HRS (P = 0.37). 

In regards to AKI in the post-LT setting, a large study 
looking at 1352 LT recipients found that 162 (12%) 
patients developed acute renal failure (ARF) within the 
first week. Type 2 HRS with GFR < 50 mL/min was 
reported to be one of major risk factor[95]. However, 
López Lago et al[96] also looked at HRS vs non-HRS 
patients who developed ARF in the post-LT setting but 
found no differences in 1 year mortality, need for RRT, or 
rejection. 

Many studies have aimed to identify the role of GFR 
following transplantation in stratifying risk of kidney 
impairment. Sato et al[97] showed that an eGFR < 60 
mL/min per 1.73 m2 during the first month post LT can 
be associated with increased rate of development of 
CKD, 2 years post-OLT. Interestingly, a recent study 
assessed 191 LT patients who underwent intense post 
LT GFR measurements (especially at 1 and 3 years). 
The study concluded that a low GFR (< 40 mL/min 
per 1.73 m2) at 1 year was associated with higher risk 
for late renal dysfunction[98]. Moreover, Longenecker 
et al[99] looked at the progression of GFR over 15 
years post transplantation and found that eGFR < 60 
mL/min per 1.73 m2 and type 2 diabetes at the time of 
transplantation were associated with increased rates 
of progression to ESRD. When discussing long-term 
requirement of RRT post-transplantation, one study 
assessed 208 LT recipients and found 5.8% of surviving 

Has the eGFR been ≤ 
30 mL/min for 4-8 wk?

Does the patient have 
proteinuria > 2 g/d?

Kidney biopsy proven 
interstitial fibrosis 

(greater than 30%) 
or glomerulosclerosis 
(greater than 30%)?

Liver transplantation 
alone

End Stage Liver 
Disease with eGFR  

≤ 30 mL/min

Can consider 
additional workup if 
renal risk factors are 
present (i.e. , HTN, 

T2DM)

Simultaneous 
liver-kidney 

transplantation

No

No

No

Yes

Yes

Yes

Figure 1  Algorithm for evaluating for simultaneous liver-kidney trans
plantation in a liver transplant candidate with renal dysfunction. Modified 
from Saxena et al[78]. eGFR: Estimation of glomerular filtration rate; T2DM: Type 2 
diabetes mellitus; HTN: Hypertension.
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vs 16 controls (no vasopressor treatment) and found 
the GFR was similar at 1 mo (P = 0.61) and 1 year (P = 
0.13)[58]. Moreover, 11 out of the 27 cases responded to 
triple therapy but there was no difference in GFR at 1 mo 
(P = 0.96) and 1 year (P = 0.48) between responders 
vs non-responders. A smaller study looked at 9 HRS 
patients on vasopressin vs 27 non-HRS patients and 
found there was no significant renal impairment between 
the two groups in regards to duration of hospitalizations, 
infections, or renal impairment post-transplantation[102]. 
These two studies are much different than the findings 
from Wong et al[103]; they found that patients without 
HRS reversal from triple therapy were found to have 
longer duration of pre-transplant dialysis and increase in 
post-transplant mortality[103].

One study assessed 253 living donor LT patients 
and compared survival between starting RRT in the pre-
transplant setting vs post-transplant setting. It was found 
that the duration of RRT was significantly shorter in the 
RRT-pre group compared to the RRT-post group (5.3 ± 
2.1 d vs 17.8 ± 14.1 d, P = 0.02) as well as higher graft 
survival (100% vs 51.9%, P < 0.01)[104].

How to manage immunosuppression in immediate post-
LT period with HRS
Acute or chronic rejection has become more of a rarity 
with the current immunosuppression therapies[105]. 
However, calcineurin inhibitors (CNI) have significant 
nephrotoxic effects by inducing interstitial fibrosis, chronic 
microangiopathy, and tubular atrophy via increased 
extracellular matrix production, vasoconstriction, and 
cyclosporine induced apoptosis[11,106]. The landmark study 
in 1994 comparing tacrolimus vs cyclosporine showed 
that both were comparable in patient and graft survival; 
however, tacrolimus had substantially more adverse 
events, including nephrotoxicity, requiring discontinuation 
of the drug[107]. 

It is standard practice in majority of transplant centers 
to use different types of T-cell specific antibody induction 
in patients with post LT renal dysfunction. Commonly 
used agents are interleukin-2 receptor antagonists 
(daclizumab, or basiliximab) and polyclonal antibodies 
(rabbit anti-thymocyte globulin) based on center pre
ference. Also it is practiced to use mycophenolate mofetil 
(MMF) and wait for improvement in kidney function post 
LT and introduce CNI. 

Unfortunately, currently there is still no treatment for 
nephrotoxicity outside of dose reduction of current immu
nosuppressive regimen[108]. Patients who are more than 
10 years post-transplant have a higher incidence of ESRD 
and chronic renal failure, which is related to increase in 
serum Cr at various stages post-operatively[109]. MMF has 
been used in situations where CNIs are held to improve 
renal function[110] but there exists greater risk for rejection 
when using MMF[111]. Cincinnati et al[112] show that com
bined MMF and low dose CNI therapy may actually 
promote tolerance, as this combination seems to be 
nephroprotective. 

FURTHER RESEARCH AND CONCLUDING 
REMARKS
We aimed to review the literature on HRS in the 
setting of LT and focused on the critical issues that are 
barriers to improved outcomes. Many consistencies 
have remained as treatment options including albumin, 
vasoconstrictors, RRT, and eventual LT. One area that 
was not well addressed in our literature search was the 
utility of norepinephrine in the setting of type 1 HRS 
not responding to currently approved octreotide and 
terlipressin based pharmacotherapy. 

While current guidelines for SLKT have been recently 
updated, there is still much debate regarding the utility 
of SLKT over LTA. Certain studies have shown improved 
graft and patient survival in the SLKT patient population, 
but the literature has not been consistent regarding long-
term kidney benefit. This is a topic that we anticipate will 
need to be further explored given variable results seen 
at this time. Equity in organ allocation must be taken 
into consideration as SLKT unavoidably allocates multiple 
grafts to a single recipient and removes donor kidneys 
from the transplant pool otherwise meant for patients 
with primary renal disease.

Finally, in regards to post-transplantation kidney 
dysfunction an eGFR < 60 mL/min per 1.73 m2 seems 
to be associated with an increased risk of patients 
having long-term ESRD. While patients continue to have 
increased patient and graft survival rates, future studies 
may benefit from continuing to delineate risk factors 
that may result in post-transplant RRT. 
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