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a b s t r a c t 

Liver and kidney are strictly connected in a reciprocal manner, in both the physiological and patholog- 

ical condition. The Italian Association for the Study of Liver, in collaboration with the Italian Society of 

Nephrology, with this position paper aims to provide an up-to-date overview on the principal relation- 

ships between these two important organs. 

A panel of well-recognized international expert hepatologists and nephrologists identified five rele- 

vant topics: 1) The diagnosis of kidney damage in patients with chronic liver disease; 2) Acute kidney in- 

jury in liver cirrhosis; 3) Association between chronic liver disease and chronic kidney disease; 4) Kidney 

damage according to different etiology of liver disease; 5) Polycystic kidney and liver disease. The discus- 

sion process started with a review of the literature relating to each of the five major topics and clinical 

questions and related statements were subsequently formulated. The quality of evidence and strength of 

recommendations were graded according to the GRADE system. 

The statements presented here highlight the importance of strong collaboration between hepatologists 

and nephrologists for the management of critically ill patients, such as those with combined liver and 

kidney impairment. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 
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. Introduction 

Liver and kidney, as is well known, are strictly connected in 

 reciprocal manner, in both the physiological and pathological 

ondition. 

The aim of this position paper, conceived as an initiative of the 

talian Association for the Study of Liver (AISF), in collaboration 

ith the Italian Society of Nephrology (SIN), is to provide an 

p-to-date overview on the functional, metabolic and pathological 

elationships between liver and kidney. Both hepatic diseases 

nvolving renal function and renal diseases involving hepatic func- 

ion are discussed, also including the topic of organ transplantation 

s treatment for advanced forms of both hepatic and renal disease. 

In order to provide the clinical community with an updated 

ocument, the AISF and SIN appointed a panel of well-recognized 

nternational experts to the scientific board. The members of the 

ermanent Commission for Liver Transplantation (CPT) of AISF 

ere identified as the experts for this position paper, with the 

upport of an external hepatologist. SIN included in the expert 

anel nephrologists skilled in the argument. 

The scientific board of experts identified 5 relevant topics: 

) The diagnosis of kidney damage in patients with chronic liver 

isease; 2) Acute kidney injury in liver cirrhosis; 3) Association be- 

ween chronic liver disease and chronic kidney disease; 4) Kidney 

amage according to different etiology of liver disease; 5) Polycys- 

ic kidney and liver disease. Subsequently, literature data search 

elating to each of the five major topics was conducted by ad 

oc subcommittees of experts. Forty-seven clinical questions and 

elated statements were formulated. The quality of the evidence 

nd strength of recommendations were graded according to the 

RADE system [1] . The strength of the evidence was classified in 

our levels: high (A), moderate (B), low (C), and very low (D) qual- 

ty evidence, while the recommendations were divided into strong 

1) and weak (2). Where formal evidence was not available and 

tatements were based on expert opinion, the term “ungraded”

as used. All panel members revised the initial draft, so the final 

ersion represents the consensus of the entire working group. 

AISF and SIN are confident that this document will be easily 

ccessible to the hepatological and nephrological community and 

hat it can represent the starting point for collaborative studies 

nd future scientific initiatives in the field between the two 

ssociations. 

. The diagnosis of kidney damage in patients with chronic 

iver disease 

.1. Renal function in chronic liver disease 

The relationship between the liver and kidney are reciprocal at 

ifferent levels but, in the case of compensated chronic liver dam- 

ge, the main actors are hepatitis viruses, e.g. hepatitis A (HAV), 

 (HBV), C (HCV) and E (HEV). Among these, HBV and HCV affect 

early 7% of the world’s population and renal failure is the most 

requent extra-hepatic complication. The two more frequent renal 

iseases associated with chronic HBV infection are membranous 

ephropathy with its classical symptoms of nephrotic syndrome or 

symptomatic proteinuria and polyarteritis nodosa, a necrotizing 

asculitis of small and medium-sized vessels; kidney involvement, 

ery frequent in the pediatric population, consists of renal artery 

asculitis leading to proteinuria and hypertension [2] . 

More clearly depicted is renal involvement in HCV infection 

hich, mediated by the intervention of different mechanisms, ei- 

her directly related to kidney infection or mediated by the host’s 

mmune response, is associated with a wide spectrum of glomeru- 

ar diseases. The most frequently observed is cryoglobulinemic 
S50 
lomerulonephritis secondary to type II mixed cryoglobulinemia 

3 , 4] . 

Patients with HCV-related nephropathy may be totally asymp- 

omatic with occult urinary abnormalities or clinically evident 

ith multiform manifestations of cryoglobulinemic vasculitis. 

hus, pictures ranging from microscopic hematuria to severe 

roteinuria, associated with mild to severe impairment of renal 

unction from 2% to 31% have been reported [5] . 

In parallel with the most frequent type of HCV nephropathy, 

iagnosis relies on the biochemical findings of typical markers of 

ixed cryoglobulinemia: rheumatoid factor positivity, consump- 

ion of C4 complement, positive HCV markers and cryocrit. Renal 

istology observed in HCV related cryoglobulinemic glomeru- 

onephritis secondary to type II mixed cryoglobulinemia typically 

hows the duplication and interposition by mesangial cells of 

he glomerular basement membrane, mesangial proliferation and 

ndoluminal hyaline pseudo thrombi. Immunofluorescence mi- 

roscopy may reveal C3, IgM and IgG depositions on the capillary 

all and mesangium. Intraluminal and subendothelial deposits 

ay show a fibrillary pattern under electron microscopy, likely 

epresenting cryoglobulin deposition [6] . 

.2. Renal function in liver cirrhosis 

Renal dysfunction is a severe and highly prevalent complication 

f advanced cirrhosis related to two main pathophysiological 

echanisms: splanchnic arterial vasodilation and systemic inflam- 

ation [7–9] . Renal dysfunction significantly affects treatment 

trategies and natural history of the disease as well as alloca- 

ion policies in a transplant setting. The accurate assessment of 

enal function is therefore of paramount importance in patients 

ith liver cirrhosis. Two main types of kidney dysfunction are 

escribed in cirrhotic patients: chronic kidney disease (CKD) 

nd acute kidney injury (AKI). According to the Kidney Disease: 

mproving Global Outcomes (KDIGO) guidelines CKD is defined by 

he presence of kidney structure alterations (urinary abnormalities, 

istological and/or ultrasound signs of renal damage) or function 

GFR < 60 mL/min/1.73 m 

2 ) for at least 3 months [10] . Among

ifferent types of CKD, type 2 Hepatorenal Syndrome (HRS) is 

pecifically observed in cirrhosis as a slowly progressive renal 

ailure [11] . The hemodynamic dysfunctional nature of Type-2 HRS 

s confirmed by its reversibility with liver transplantation (LT) [12] . 

he most challenging form of kidney dysfunction in liver cirrhosis 

s AKI, occurring in 20–30% of hospitalized cirrhotics and with a 

ery high 3-month probability of mortality ranging from 28% to 

7% [13] . AKI in cirrhosis will be extensively discussed in Section 2. 

.2.1. Biomarkers of renal function in liver cirrhosis 

Overall, the best index of kidney function is the glomerular 

ltration rate (GFR), namely the volume of fluid filtered from 

he kidney glomeruli into the Bowman’s capsule per minute. 

sually, GFR per se is used to define CKD stages and AKI. Although 

he gold standard for the measurement of GFR is the clearance 

f exogenous filtration markers (inulin, iohexol, or radioactive 

arkers), nevertheless they are not widely used in clinical practice 

ue to concerns over costs, time consumed and not repeatable 

easurements. Thus, several surrogate markers of GFR have been 

eveloped. The most common are serum creatinine (sCr), blood 

rea nitrogen (BUN), and cystatin C (CystC). However, if sCr has 

everal limitations in healthy people due to influence of age, 

ender, ethnicity, body weight and muscle mass, accuracy is even 

ower when measured in patients with liver cirrhosis. Indeed, 

iver cirrhosis conditions such as reduced production of creatinine 

ue to sarcopenia, increased tubular secretion of creatinine, inter- 

erence of elevated bilirubin levels and use of diuretics interfere 

ith sCr assays, causing an overestimation of sCr in patients with 
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irrhosis [14] . The equations suggested to calculate estimated GFR 

eGFR) in the general population [Modification of Diet in Renal 

isease (MDRD), Chronic Kidney Disease-Epidemiology Collabo- 

ation (CKD-EPI) etc], suffered the same limitations in cirrhotic 

atients when sCr was included 

CystC is a 13-kDa basic protein recently used in the general 

opulation as a biomarker of kidney function. Specific data in 

irrhotic patients were derived by De Souza et al. who com- 

ared different GFR equations (MDRD-4, MDRD-6, CKD-EPI-sCr, 

KD-EPI-CystC) in 202 cirrhotic patients candidates for LT, using 

nulin clearance as a reference. CystC-based equations resulted as 

aving a better performance than sCr-based ones. Additionally, 

KD-EPI-CystC equation showed the best performance whatever 

he ascites severity and in the presence of significant renal dys- 

unction (GFR < 60 mL/min/1.73 m 

2 ). Thus, CystC-based equations, 

specially CKD-EPI-CystC, may be recommended to evaluate renal 

unction in cirrhotic patients [15] . 

.2.2. Urinary Biomarkers of renal function in liver cirrhosis 

Despite the lack of a standard simple marker of kidney injury 

n liver cirrhosis, differentiating acute tubular necrosis (ATN) and 

RS-AKI, the two main entities of AKI, is of paramount importance 

or treatment choice and prognostic outcome. Currently, diagnosis 

s made on clinical grounds sometimes with some classical urine 

iomarkers, urine sodium concentration or fractional excretion 

f sodium. Recently, neutrophil gelatinase–associated lipocalin 

NGAL) and interleukin (IL)-18 have been investigated in clinical 

tudies as new biomarkers to differentiate ATN and HRS-AKI. 

NGAL is a 25 kD protein produced by several cells and tissues. 

everal studies performed on patients with cirrhosis demonstrated 

hat NGAL has good discrimination ability in differentiating ATN 

rom the other types of AKI as it may be a good predictive marker 

f AKI and mortality [16] . Recently, Huelin et al. investigated in a 

rospective study the accuracy of several biomarkers in differential 

iagnosis of AKI and in predicting kidney outcome and patient 

urvival in 320 consecutive cases of AKI in patients hospitalized 

or decompensated cirrhosis. For this purpose, NGAL, monomeric 

GAL, IL-18 and standard biomarkers were measured at diagnosis 

nd on days 3, 7 and 14. Among all biomarkers, urinary NGAL 

easured on day 3 exhibited the greatest accuracy for differential 

iagnosis between ATN and other types of AKI (AUC 0.87; 95% 

onfidence interval, 0.78–0.95). Moreover, NGAL resulted indepen- 

ently associated with progression of AKI during hospitalization 

nd with 28-day mortality [17] . 

Infections and systemic inflammation, the hallmark of acute- 

n-chronic liver failure (ACLF) causing the most represented 

KI clinical scenario in liver cirrhosis, may interfere with NGAL 

easurements and thus hamper the potential diagnostic and 

rognostic value of this biomarker [18] . 

IL-18 is a 22 kD proinflammatory cytokine recognized as a 

ediator of renal ischemia–reperfusion injury and associated AKI. 

t has been demonstrated that this biomarker shows lower levels 

n patients with hypovolemia-induced AKI and higher levels in 

TN-AKI. A recent meta-analysis reported the usefulness and high 

ccuracy of urinary NGAL and IL-18 in differential diagnosis of 

everal causes of AKI in liver cirrhosis [19] . 

The Kidney Injury Molecule-1 (KIM-1) is a transmembrane 

rotein that is not expressed in normal kidneys. Its levels increase 

n the urine upon kidney injury and it has been used in recent 

ears as a sensitive marker for the early diagnosis of glomerular 

njury [20] . However, the ability to differentiate AKI in patients 

ith cirrhosis does not achieve high accuracy. Limited data exist 

n the ability of other two biomarkers (urinary L-FABP and urinary 

ystC) to predict progression of AKI and death in cirrhotic patients 

ith AKI [21] . Thus, besides the promising performance of NGAL 
S51 
nd IL-18 in differentiating the different forms of AKI, further 

tudies are needed to elucidate their clinical utility. 

.3. Kidney diseases 

.3.1. Renal fibrosis 

Renal fibrosis is a pathological hallmark of progressive renal 

amage due to extensive fibroblast activation. The extracellular 

atrix produced by activated fibroblasts leads to destruction of 

enal parenchyma and progressive loss of kidney function. Renal 

iopsy is considered the gold standard for evaluation of renal 

brosis, although its invasiveness prevents a wide application 

n clinical practice. The presence of abnormal coagulation and 

echnical difficulties makes it even more difficult to be applied 

n the context of liver cirrhosis. Searching for an applicable 

on-invasive method for clinical diagnosis, magnetic resonance 

maging (MRI) gadolinium-free techniques emerged as a promising 

ethod for non-invasive and longitudinal evaluation of renal 

brosis. Zao et al. assessed the performance in detecting renal 

brosis of diffusion-weighted MRI in 40 CKD patients (25 of 

hom had renal histology) and 30 healthy volunteers. Mean renal 

edullary and cortical apparent diffusion coefficient values were 

nvestigated in respect to standard biochemical renal markers and 

enal histopathological scores. The significant correlation found 

etween cortical and medullary apparent diffusion coefficient with 

istopathological fibrosis score suggests the potential usefulness of 

RI as non-invasive imaging method of renal fibrosis [22] . 

Another method explored in this setting is Magnetic Resonance 

lastography (MRE) a novel MRI-based technique able to capture 

irect visualization of shear waves propagation in organ tissues. 

onsistent data in hepatological settings showed that this tech- 

ique is accurate for liver fibrosis staging [23] and data explored 

n a kidney transplant (KT) setting indicates that MRE may have 

he potential to detect and stage renal fibrosis [24] . 

However, renal stiffness interference on renal flow requires 

urther studies addressing reproducibility and correction factors. 

.3.2. Kidney disease associated with liver disease 

Kidney disease occurs in 20%–25% of patients with liver dis- 

ase and the associated kidney lesions vary widely, ranging from 

lomerulonephritis typically described in viral and alcoholic hep- 

titis, to acute or chronic tubulointerstitial injury [25–27] . Among 

he systemic diseases associated with secondary immunoglobulin 

Ig) A nephropathy, liver cirrhosis is the most commonly described. 

lomerulonephritis due to liver cirrhosis is characterized by IgA 

eposits, other immunoglobulins and complements. This is the 

ost commonly seen picture in alcoholic cirrhosis but similar 

nes are described in viral hepatitis. 

Most of these data came from autopsy studies showing mild 

esangial IgA deposits in 65% of patients with cirrhosis [28] . 

bnormal coagulation and thrombocytopenia as well as kidney 

brosis and/or large volume ascites, makes percutaneous kidney 

iopsy difficult in most cirrhotic patients. Transjugular kidney 

iopsy could be an alternative with some limitations [29] . 

More recently, Hemminger et al. reported on renal lesions 

n native kidney biopsies from 118 patients with liver cirrhosis 

valuated during a 13-year period. While 56% of cases were iden- 

ified as having mild IgA deposits in the kidney, more strikingly, 

 out of 9 patients with intense immune deposits were diagnosed 

s having an infection associated glomerulonephritis opening an 

ssue of the importance of AKI associated ACLF in view of the high 

revalence of infections as triggering factor for ACLF [30] . 

The high prevalence and ominous prognosis of AKI in patients 

ith cirrhosis, together with the high impact in addressing alloca- 

ion policies in the setting of transplantation, makes it a challenge 

o discover whether AKI has a structural component in addition 
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o its functional nature. More striking is the issue of whether AKI 

ould proceed to CKD in cirrhosis. In candidates for LT, Maiwall et 

l. recently addressed in a prospective cohort study the incidence 

nd risk factors for development of CKD in patients with cirrhosis 

eveloping AKI. Among 818 cirrhotic patients, overall 36%, 27% and 

1% had an AKI episode at enrollment, in their previous history 

nd new AKI during follow-up, respectively. CKD developed in 33% 

f patients and higher Model for End-Stage Liver Disease (MELD), 

ystC levels and number and stage of AKI episodes were found 

o predict CKD development. The development of CKD in the AKI 

etting was confirmed to be associated with worse outcomes and 

n independent predictor of mortality [31] . An interesting finding 

n this study was the availability of adequate renal biopsies in 

5 patients, revealing the presence of structural kidney changes 

n all the patients, the majority of whom had acute or chronic 

ubulointerstitial injury; in the acute forms, a sizeable proportion 

f patients had alcohol-related liver disease. 

.4. Use of contrast media 

The occurrence of AKI resulting from the intravascular ad- 

inistration of contrast media (CM), namely contrast-induced 

ephropathy (CIN) has been described since the 1950s followed by 

arge series in the 1980s, mainly in the setting of coronary angiog- 

aphy. The incidence of CIN in the general population has been 

eported to range from 0% to 24% due to differences in definition, 

ackground risk factors, type and dose of contrast medium used, 

nd the frequency of other coexisting potential causes of acute 

enal failure [32] . Preexisting CKD and diabetes are the strongest 

isk factors [33] . Overall, the medical community until recently 

idely agreed that CM is capable of causing AKI. This concept 

ad been supported by the experimental literature on contrast 

ssociated nephrotoxicity [34] . 

Criticisms of the classical position regarded methodological lim- 

tations in the initial studies, which were lacking control groups 

nd, in most instances, not adjusted for frequently concomitant AKI 

isk factors (prevalent CKD). Thus, large propensity score–adjusted 

tudies on intravenous CIN were set up. A retrospective propensity 

core–adjusted analysis was performed on ATN by McDonald et al. 

ith the aim of evaluating the risk of AKI in a large cohort of pa-

ients exposed to contrast-enhanced computed tomography (CECT) 

r unenhanced computed tomography (CT). AKI risk resulted not 

ignificantly different between contrast and non-contrast groups 

ith an incidence similar for each eGFR cohort ( ≥90 mL/min: 

.2%–1.3%; 60–89 mL/min: 2.1% vs. 2.0%; 30–59 mL/min: 5.8% vs. 

.2%; and < 30 mL/min: 14% vs. 14%, respectively) [35] . Davenport et 

l., through several propensity score–adjusted cohort analysis asso- 

iated with risk stratification of CIN in more than 17,0 0 0 patients 

ho again underwent CECT or unenhanced CT, identified in an 

GFR of less than < 30 mL/min an independent risk factor for post- 

T AKI (odds ratio, 3.96 [95% CI, 1.29–12.21]; p = 0.016). Among 

he historical risk factors, diabetes, age more than 60 years, hyper- 

ension, loop diuretic use, hydrochlorothiazide use, and cardiovas- 

ular disease were evaluated for modulation of CIN risk [36 , 37] . 

If the results from these studies led to the conclusion that rates 

f AKI from intravenous CM are in general overstated, conflicts 

emain in patients with moderate to severe CKD due to the persis- 

ence, even in the propensity score analysis, of many confounders 

uch as prophylactic strategies, peri-scan nephrotoxic medications, 

nstability of sCr. Due to these limitations, and the coexistence of 

ome risk factors, for example CKD and diabetes, physicians should 

ake into consideration each patient’s specific risk factors for CIN 

nd weigh this against the clinical benefit of performing CECT. 

This could be the case for patients with chronic liver disease 

CLD). Indeed, patients with liver cirrhosis are a population often 

equiring contrast medium enhanced CT for several reasons: 
S52 
iagnosis and monitoring of hepatocellular carcinoma (HCC), 

ifferential diagnosis between intracranial hemorrhage and en- 

ephalopathy, vascular architecture definition and oncological 

creening before LT etc. 

As regards prophylactic measures, research on the prevention 

f contrast-associated AKI has focused principally on the use of 

enal replacement therapies, pharmaceutical agents, and intra- 

enous crystalloid. The benefits of prophylactic measures have 

ot been proved; periprocedural intravenous crystalloid infusion 

emains the primary intervention to mitigate risk. Thus, in or- 

er to not deprive patients of important diagnostic information, 

ffort s are required to apply preventive strategies This generally 

ccepted measure intersects the hemodynamic imbalance of fluids 

ypically observed in decompensated cirrhosis; this means that 

he administration of isotonic fluids could led to impairment of 

he hydrodynamic balance of cirrhosis. Furthermore, in cirrhotic 

atients, the presence of ascites had been found to be a significant 

isk factor for the development of CIN in two retrospective studies. 

n analysis by the Rochester group in 2009, showed, among 216 

atients with cirrhosis who underwent CT with intravenous con- 

rast, that ascites was a significant risk factor for the development 

f CIN ( p = 0.0 0 09, OR 3.38, 95% CI 1.55–7.34) in a population

n whom CIN was diagnosed in 25% of cases [38] . Filomia et al. 

valuated the occurrence and predisposing factors of AKI in 249 

irrhotic patients undergoing CECT. AKI was diagnosed in 8.8% vs. 

% in the CECT and control groups, respectively ( p = 0.01). At mul- 

ivariate logistic regression analysis, the presence of ascites (OR: 

.796, 95% CI: 1.109–7.052; p = 0.029), female sex (OR: 0.192, 95% 

I: 0.073–0.510; p = 0.001), and hyperazotemia (OR: 1.018, 95% CI: 

.001–1.037; p = 0.043) correlated with CIN-AKI development [39] . 

Searching for a specific measure to prevent CIN in patients 

ith cirrhosis, Choi et al. retrospectively evaluated the effect of 

rophylactic intravenous albumin infusion in 81 subjects with 

iver cirrhosis and CKD. Patients either received isotonic sodium 

icarbonate solution or albumin. In this series, CIN incidence 

ate was 3.7% without significant difference between the two 

rophylactic groups [40] . Overall, the risk of CIN is present in 

irrhosis and possibly higher than in the general population. 

ncreased discussion between radiologists and physicians must be 

ncouraged and, in patients at risk of CIN, non-iodinated contrast 

tudies (contrast-enhanced ultrasound or MRI) as well as the use 

f newer gadolinium-based contrast agents, may be useful to 

btain diagnostic information without depriving patients of the 

enefit of a cure [41] . 

.5. Evaluation of renal function in patients with complicated liver 

irrhosis 

Renal failure is one of the main predictive factors of mortality 

n cirrhotic patients. Moreover, the grade and duration of kidney 

amage before LT are predictors of poor outcome in the post-LT 

eriod in terms of mortality and CKD [42] . Even more important is 

 careful evaluation of renal function in the LT setting as creatinine 

nter the MELD model allocation system, globally used as a tool 

or prioritization of liver grafts. Thus, careful evaluation of renal 

unction is necessary. 

However, neither creatinine serum level measurements nor sCr 

ased equations correctly estimate renal function, especially at 

ow GFR, due to interference of non-GFR determinants frequently 

resent in patients with CLD [15] . In fact, the presence of ascites 

nd use of diuretics, malnutrition, hyperbilirubinemia are demon- 

trated to interfere with sCr levels, underestimating the grade of 

idney dysfunction [43] . Francoz et al. compared GFR equations 

o true GFR using iohexol clearance in 300 candidates for liver 

ransplantation. Measured GFR (mGFR) was compared to MDRD-4, 

DRD-6, and CKD-EPI equations, and MDRD-6 resulted the most 
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ccurate equation at identifying cirrhosis patients with true GFR 

 30 mL/min/1.73 m 

2 , namely the critical cut-off usually used as 

n indication for a combined liver-kidney transplantation [44] . 

A recent study evaluated the impact of low muscle mass on 

valuation of renal function in cirrhosis by comparing creatinine or 

ystatin C based eGFR measurements with mGFR in 779 cirrhotic 

atients. The rate of eGFR overestimation was 47% and skeletal 

uscle mass together with female sex and more advanced liver 

ysfunction were identified as predictive risk factors [45] . 

Medical advances in managing end-stage organ disease have 

ed to an increasing demand for multi-organ transplant and intro- 

uction of the MELD score in the liver allocation policy in 2002 

esulted in a significant increase in the number of simultaneous 

iver-kidney transplantations (SLKT) in the USA. Thus, the question 

f a proper assessment of extent of renal failure in patients with 

iver cirrhosis became more and more critical in view of the 

mpact that this strategy could have on the donor pool. In this 

irection, two recent studies from the USA and UK tried to develop 

 model for GFR assessment in liver disease aiming to improve 

iagnostic accuracy in the low GFR stages. 

Asrani et al. developed a model for GFR assessment in liver dis- 

ase, namely "GRAIL", before and after LT. GRAIL was derived using 

bjective variables (creatinine, blood urea nitrogen, age, gender, 

ace and albumin) and compared to mGFR by iothalamate clear- 

nce (n = 12,122, 1985–2015) as well as to CKD-EPI and MDRD-4 

nd MDRD-6 equations for mGFR < 30 mL/ min/1.73 m 

2 , resulting 

ore accurate and precise for low GFR. Before LT, GRAIL correctly 

lassified 75% of patients as having mGFR < 30 mL/min/1.73 m 

2 vs. 

6.1% (CKD-EPI), 36.1% (MDRD-4) and 52.8% (MDRD-6) ( p < 0.01). 

herefore, GRAIL may serve as an alternative model to estimate 

FR among patients with liver disease before and after LT at low 

FR [46] . 

Kalafateli et al. developed and validated a cirrhosis GFR equa- 

ion including 469 consecutive patients who had a transplant 

ssessment between 2011 and 2014. The derived "Royal Free 

irrhosis GFR formula" showed greater accuracy compared to 

hat of existing formulae. Many of the conditions that interfere 

ith GFR measurement in liver cirrhosis (female sex, sarcopenia, 

NR, ascites, sodium) were analyzed and weighted in the formula 

llowing a significantly better accuracy than the existing formulae 

89% vs. 27%–75% of estimates being within 30% of true GFR) [47] . 

uestions 

1. Are there any specific diagnostic markers of renal involve- 

ent in chronic liver disease? 

Apart from urinary abnormalities, proteinuria and decline in 

enal function, no specific urinary, biochemical or morphological 

enal markers are available for kidney disease associated with CLD 

Ungraded). 

omment 

Alterations of kidney function are often observed in patients 

ith CLD, and HBV and HCV chronic infection are the most fre- 

uent causes. The presence of renal involvement in this setting 

elies on assessment of the classic CKD diagnostic flow i.e. iden- 

ifying the cause (glomerular, vascular, tubulointerstitial, cystic or 

ongenital), defining the level of renal function, and assessing the 

resence of renal damage. The lack of typical diagnostic markers 

n this setting require thinking about policy and a strict multi- 

isciplinary approach between nephrologists and hepatologists 

s the sole way to properly address and timely define follow-up 

nd therapies. Studies are needed to identify potential typical 
S53 
istochemical, urinary or biochemical findings in relation to CKD 

ssociated CLD. 

1.2. What are the preferred biochemical measurements of re- 

al function in patients with liver cirrhosis? 

In patients with liver cirrhosis, the assessment of renal function 

s paramount in view of its impact on treatment strategies and 

rognosis as well as in addressing transplant policies (1A). 

Among different GFR equations, CystC-CKD-EPI formula has the 

etter performance in assessing GFR in cirrhotic patients in the 

resence of significant renal dysfunction (GFR < 60 mL/min/1.73 

 

2 (1A). 

MDRD-6 is the most accurate equation for identifying cirrhotic 

atients with true GFR < 30 mL/min/1.73 and is thus the sug- 

ested measure in addressing allocation policies in the setting of 

ombined liver-kidney transplantation (1A). 

omment 

Liver cirrhosis is often associated with kidney impairment. 

he functional and dynamic nature of this association and the 

resence of many cirrhotic factors interfering with eGFR measure- 

ents makes it a clinical challenge to identify proper biochemical 

enal function measurements in patients with liver cirrhosis. Thus, 

ntil specific biomarkers become available, tailored choices of 

GFR equations in the different clinical scenarios and stages of 

irrhosis should be careful used. 

1.3. What are the preferred urinary biomarkers of renal differ- 

ntial diagnosis in patients with liver cirrhosis? 

The urinary biomarkers suggested in the differential diagnosis 

etween ATN and pre-renal AKI, two forms of renal dysfunction 

ssociated with cirrhosis, are NGAL and IL-18 (1B). 

Diagnostic accuracy and discrimination ability of Kim-1, L-FABP 

liver-type fatty acid-binding protein) and Cystatin-C, require fur- 

her data before a wide implementation in routine clinical practice 

ould be recommended (2B). 

omment 

Kidney damage parallels the dynamic and systemic nature of 

iver cirrhosis with possibly functional renal disease growing into 

tructural damage. The role of urinary biomarkers in discriminat- 

ng these entities are pivotal for addressing health care policies. 

iomarkers able to predict reversibility of tubular damage are 

venues requiring more studies. 

2. Are there imaging techniques useful to diagnose the pres- 

nce and extent of renal fibrosis in patients with chronic liver 

isease? 

Direct assessments of renal fibrosis on biopsy samples are 

ot routinely applied as percutaneous renal biopsy is difficult to 

erform due to abnormal coagulation and technical difficulties 

Ungraded). 

Diffusion-weighted MRI might be considered for the non- 

nvasive assessment of renal fibrosis score (2B). 

omment 

In this field, the presence and extent of renal fibrosis is a de- 

ired outcome. The promising findings reported in both preclinical 

nd clinical studies using imaging techniques for the evaluation 
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f renal fibrosis require an expansion of studies identifying spe- 

ific fibrosis score-induced changes to improve specificity and 

pplicability. 

3. Is there a typical histological pattern of kidney damage as- 

ociated with liver disease? 

IgA nephropathy is the most typical pattern of renal damage 

econdary to liver disease and especially related to alcoholic and 

iral cirrhosis (1A). 

omment 

In circumstances where renal biopsy provides important in- 

ormation not only on the exact definition of the renal damage 

ype but also to exclude other associated conditions, searching for 

 typical histological picture is mandatory whenever possible in 

atients with liver disease. 

4. How and to what extent could contrast media be used in 

atients with associated liver and kidney failure? 

Diabetes and ascites are the main risk factors for CIN 

n the presence of CKD (and especially in the presence of 

FR < 30 mL/min) (1A). 

Prophylactic measures such as renal replacement therapy, 

harmaceutical agents and intravenous crystalloid have not been 

roved to improve the incidence of CIN (B). 

A multidisciplinary discussion between radiologists and physi- 

ians must be encouraged and, in patients at risk for CIN, 

on-iodinated contrast studies (contrast-enhanced ultrasound or 

RI), as well as the use of newer gadolinium-based contrast 

gents, may be useful (2C). 

omment 

A clinically significant diagnostic advantage is suggested to be 

ecessary for deciding if and how to expose a high-risk population 

o a radiological procedure with the potential of renal toxicity. 

enal sparing contrast media are awaited. 

5. To what extent does liver dysfunction have an impact on the 

ssessment of renal function in the presence of liver cirrhosis 

omplications (ascites, jaundice, malnutrition)? 

In patients with CLD, kidney dysfunction measurements are 

nderestimated in the presence of ascites, hyperbilirubinemia and 

alnutrition (1A). 
able 1 

nternational Club of Ascites (ICA) new definitions for the diagnosis and staging of AKI in

Subject Definition 

Baseline sCr A value of sCr obtained in the previous 3 months, when 

within the previous 3 months, the value closest to the

In patients without a previous sCr value, the sCr on adm

Definition of AKI Increase in sCr ≥ 0.3 mg/dL ( ≥26.5 μmol/L) within 48 h;

to have occurred within the prior 7 days; and/or urina

Staging of AKI Stage 1: increase in sCr ≥ 0.3 mg/dL (26.5 μmol/L) or an

1.5 mg/dl) and AKI 1B (sCr at diagnosis > 1.5 mg/dl) 

Stage 2: increase in sCr > two to threefold from baseline

Stage 3: increase of sCr > threefold from baseline or sCr

or initiation of renal replacement therapy 

KI, acute kidney injury; sCr, serum creatinine. 
∗ for this evaluation a urinary catheter is needed. This parameter was recently suggeste

tudies. 

S54 
Among different eGFR equations, the CKD-EPI equation that 

ombines sCr and cystatin C measurements might be suggested 

or the accurate estimation of GFR in cirrhosis (1B). 

MDRD-6 equations and use of the “Grail” formula might be 

seful for the estimation of renal function in the critical low range 

f < 30 mL/min (1B). 

omment 

Ascites, jaundice and malnutrition, among the capital clinical 

igns of liver dysfunction, had been demonstrated to significantly 

nterfere with the assessment of renal function in cirrhosis. Among 

he different modified GFR equations and formulas, the issue is the 

hoice of a proper formula at individual patient level in respect 

o critical GFR cut-off and medical need, whether diagnostic or 

herapeutic. 

. Acute kidney injury in liver cirrhosis 

.1. Diagnosis of AKI in liver cirrhosis 

According to the Acute Kidney Injury Network criteria already 

sed for the definition of AKI in the general population and to the 

DIGO guidelines, the International Club of Ascites (ICA) defined 

KI in cirrhosis by any of the following criteria: 1) increase in 

Cr by ≥0.3 mg/dL within 48 hours; or 2) a percentage increase 

n sCr ≥50% from baseline, which is known or presumed to have 

ccurred within the prior 7 days [4 8 , 4 9] . 

Thus, diagnosis of AKI is now based also for cirrhotic patients 

n small changes in sCr with respect to previous values, rather 

han relying on a fixed cut-off value of sCr ( > 1.5 mg/dL). 

Recently, a third criterion from the KDIGO guidelines (urine 

olume < 0.5 mL/kg/hour for ≥ 6 h) was suggested also for pa- 

ients with cirrhosis [50] , based on the evidence that evaluation 

f urine output in critically ill cirrhotic patients was shown to 

ave a significant value in identifying patients with AKI and in 

redicting their prognosis, even in the absence of sCr elevations 

51] . It should be noted that, to avoid misclassifications due to 

naccurate urine collection, this criterion would only apply when 

btained through a urinary catheter. 

The current definition of AKI in cirrhosis is summarized in 

able 1 . 

This definition entails the presence of a baseline sCr: a value of 

Cr obtained in the previous 3 months whenever available can be 

sed as baseline sCr. In patients with more than one value within 

he previous 3 months, the value closest to the admission time to 

he hospital should be used. 

In patients without a previous sCr value, the sCr at admission 

hould be used as baseline [49] . 
 patients with cirrhosis. 

available, can be used as baseline sCr. In patients with more than one value 

 admission time to the hospital should be used 

ission should be used as baseline 

 or percentage increase sCr ≥ 50% from baseline which is known, or presumed, 

ry output ≤ 0.5 mL/Kg B.W. ≥ 6 h ∗

 increase in sCr ≥1.5-fold to twofold from baseline. AKI 1A (sCr at diagnosis < 

 

 ≥ 4.0 mg/dL (353.6 μmol/L) with an acute increase ≥0.3 mg/dL (26.5 μmol/L) 

d as part of the definition of AKI in cirrhosis [50] and requires validation in future 
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Table 2 

Diagnostic Criteria for HRS-AKI in cirrhosis. 

Cirrhosis with ascites; 

Increase in sCr ≥ 0.3 mg/dL within 48 hrs or ≥ 50% from baseline value 

according to ICA consensus document [49] and/or urinary output ≤
0.5 mL/Kg B.W. ≥ 6 h; 

No full or partial response, according to the ICA consensus document [49] 

after at least two days of diuretic withdrawal and volume expansion 

with albumin at the recommended dose of albumin is 1 g/kg of body 

weight per day to a maximum of 100 g/day; 

Absence of shock; 

No current or recent treatment with nephrotoxic drugs; 

Absence of parenchymal disease as indicated by proteinuria > 500 mg/day, 

microhematuria ( > 50 red blood cells per high power field), and/or 

abnormal renal ultrasonography. 
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Both in the general population and in cirrhosis AKI can occur 

s a consequence of pre-renal, intra-renal or intrinsic (ATN, acute 

nterstitial or glomerular renal diseases) and post-renal (acute ob- 

tructive nephropathy) causes. Additionally, patients with cirrhosis 

ay also suffer from a specific kind of renal dysfunction, HRS, 

hich must be considered in the differential diagnosis [52] . 

HRS type-1 is a form of AKI: its definition has therefore to 

ulfill the new ICA-AKI criteria. This syndrome has accordingly 

een renamed HRS-AKI. To date, there are no markers or lab- 

ratory tests specific for HRS and its diagnosis remains one of 

xclusion. The diagnostic criteria of HRS-AKI are shown in Table 2 . 

he only change made with respect to the classical diagnostic 

riteria of HRS was removal of the cut-off value of sCr > 1.5 mg/dL .

herefore, the current definition of HRS-AKI includes patients who 

eet ICA-AKI criteria and fulfill all diagnostic criteria of HRS, 

rrespective of the sCr value at diagnosis. 

.2. Staging of AKI in liver cirrhosis 

AKI can be stratified into 3 different stages according to the 

everity of the changes in sCr. Stage 1 is defined as an increase 

n sCr ≥ 0.3 mg/dL or an increase in SCr ≥ 1.5-fold to 2-fold 

rom baseline; stage 2 is defined as an increase in sCr > 2-fold 

o 3-fold from baseline and stage 3 is defined as an increase 

f sCr > 3-fold from baseline or sCr ≥ 4.0 mg/dL with an acute 

ncrease ≥ 0.3 mg/dL or initiation of renal replacement therapy 

49] ( Table 1 ). AKI stage 1 can be divided into 2 subgroups: AKI 

A (sCr at diagnosis < 1.5 mg/dL) and AKI 1B (sCr at diagno- 

is ≥ 1.5 mg/dL) [53] . This further distinction is due to the fact 

hat these subgroups are characterized by different prognosis, AKI 

A patients having a much better prognosis than AKI 1B ones, 

imilar to patients without AKI [13 , 54] . 

.3. Pathophysiology of AKI in liver cirrhosis 

Patients with decompensated cirrhosis have an increased risk 

f developing AKI if compared to the general population and to 

hose with compensated cirrhosis. While in healthy individuals 

enal autoregulation maintains the renal blood flow constant 

ndependently of fluctuations in the arterial pressure, patients 

ith advanced cirrhosis are characterized by a shift to the right of 

he renal autoregulation curve. In other words, for the same values 

f renal perfusion pressure, renal blood flow is lower than that 

f patients with compensated cirrhosis and in healthy subjects. 

his condition is probably the consequence of increased activity of 

he sympathetic nervous system in the context of the circulatory 

ysfunction typical of patients with advanced cirrhosis [55 , 56] . 

With this background, among the factors potentially leading 

o AKI, of particular importance are: the presence of infections, 

actors leading to hypovolemia, such as massive fluid losses (e.g ., 

iarrhea or gastrointestinal bleeding), the use of paracentesis 
S55 
ot followed by volume replacement with albumin infusions, 

he use of potentially nephrotoxic drugs (e.g ., nonsteroidal anti- 

nflammatory drugs, diuretics, angiotensin-converting enzyme 

nhibitors). Several recent studies have assessed frequency and 

ypes of AKI using the current definition among patients admitted 

o the hospital for decompensated cirrhosis. They found that the 

ost common causes are hypovolemia-induced AKI (up to 50%), 

RS-AKI (up to 43%) and ATN (up to 35%). 

These and other factors act on a pathophysiological background 

here hemodynamic disturbances and systemic inflammation 

lay a primary role in the development of AKI and particularly of 

RS-AKI. 

.3.1. Systemic circulatory and cardiac dysfunction 

Portal hypertension (PH) is the key pathophysiological mech- 

nism responsible for the development of AKI in patients with 

nd-stage liver disease (ESLD). PH leads, through the release of 

everal vasoactive mediators (nitric oxide, prostacyclins, endo- 

annabinoids and carbon monoxide among the many identified), 

o splanchnic and systemic vasodilatation with reduced effective 

rterial blood volume [57] . The reduction in mean arterial pressure 

MAP) induces a systemic compensatory homeostatic response, in 

n attempt to counterbalance the hypotensive state, by activation 

f the renin-angiotensin-aldosterone system and sympathetic 

ervous system and an increase in cardiac output [58] . In the early 

tages of PH arterial pressure is therefore maintained at near nor- 

al values through these hemodynamic changes, but the following 

tages of the disease, when patients have already developed clin- 

cal decompensations, are characterized by further reduction in 

planchnic and systemic vascular resistances together with a 

ignificant decrease of myocardial output caused by systolic and 

iastolic dysfunction, a syndrome defined as cirrhotic cardiomy- 

pathy, which contributes to the hemodynamic disturbances. In an 

ttempt to maintain the arterial pressure within values compatible 

ith life, there is a further increase in the activation of endogenous 

asoconstrictor systems and the non-osmotic hypersecretion of 

asopressin from the pituitary gland. The vasoconstrictors keep the 

atients alive by maintaining the effective arterial blood volume 

ithin normal limits, but also have important detrimental effects 

n kidney function, with sodium and solute-free water retention, 

ausing the accumulation of ascites and edemas. If the activation 

f these systems is extreme, they may lead to a marked vasocon- 

triction of the afferent vessels of the kidneys, with a subsequent 

eduction in renal perfusion and development of HRS [56 , 58 , 59] . 

.3.2. Systemic inflammation 

In this scenario, systemic inflammation and oxidative stress 

nduced either by pathogen associated molecular patterns (PAMPs) 

e.g., lipopolysaccharide and bacterial DNA) or by damage- 

ssociated molecular patterns (DAMPs) (e.g., high-mobility group 

rotein B1 and heat shock proteins) play a crucial role in the 

evelopment of organ failures, including the kidneys [9 , 60] . In 

he last years, it has been clearly described that decompensated 

irrhosis is associated with marked and persistent systemic in- 

ammation, which, regardless of the presence of overt bacterial 

nfections, increases with the disease progression and is involved 

n the development of complications, such as AKI, which in fact 

s very common among patients with ACLF, a syndrome char- 

cterized by high levels of inflammatory markers [61] . Bacterial 

ranslocation (BT) from the gut to mesenteric lymph nodes is 

hought to be the main factor linking PH to inflammation in 

he mechanisms leading to AKI in cirrhosis. In fact, because of 

ncreased gut permeability related to portal hypertension, bacterial 

ranslocation develops and triggers an inflammatory response 

ith release of pro-inflammatory cytokines, which lead to further 

planchnic arterial vasodilation and circulatory dysfunction. In 
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etail, PAMPs deriving from BT (or from bacterial infections) and 

AMPs released from the injured liver stimulate the circulating 

nnate immune cells to produce and release proinflammatory 

ytokines, which then cause impairment of the renal function. The 

nderlying mechanisms are not fully understood, but inflammatory 

ediators probably cause further renal vasoconstriction (acting 

n vascular smooth muscle cells) and direct kidney tissue damage 

mainly of the proximal tubular epithelial cells) [62] . Among these 

ytokines, tumor necrosis factor alpha (TNF- α), IL-6, and IL-1 β
eem to play a pivotal role [63] . 

.4. Pathology of AKI 

In the last years several pieces of evidence suggest that HRS 

now HRS-AKI) should no longer be recognized as a purely func- 

ional entity. It is now believed that this syndrome may have an 

dditional structural component of some degree of renal parenchy- 

al injury. This would at least in part explain the lack of response 

o pharmacological treatment with vasoconstrictors plus albumin 

bserved in about 50% of patients. Patients with ESLD often have 

hronic kidney lesions due to comorbidities [e.g., hypertension and 

iabetes in patients with Non-Alcoholic Steato-Hepatitis (NASH)] 

nd to presence of well-known specific causes of renal disease 

e.g., IgA nephropathy in alcoholics, viral-induced glomerulopa- 

hy in HBV- and HCV-related cirrhosis). Moreover, many patients 

ith HRS-AKI have jaundice and cholestasis and bile salt-related 

ephropathy per se may also contribute to renal dysfunction . 

The presence of underlying renal lesions has been shown in 

enal biopsies also in cirrhotic patients without significant pro- 

einuria/hematuria and ultrasonographic findings of CKD. In other 

ords, the correlation between conventional markers of CKD (i.e. 

linical presentation) and renal histology findings has been shown 

o be quite poor [26] . 

In this context, urinary biomarkers of tubular injury have been 

xtensively investigated, particularly NGAL. If, on one hand, it has 

een proven that its levels are higher in the presence of ATN 

ompared to patients with HRS or pre-renal AKI [17] , on the other 

t has been shown that the levels of several urinary biomarkers 

f tubular injury are increased (even if often to a lower extent 

ompared to ATN) also in patients with HRS-AKI, suggesting a 

ontinuum between functional and structural renal dysfunction in 

atients with cirrhosis and providing a new concept of AKI with 

ossible therapeutic and prognostic implications for these patients 

64] . However, it should be noted that none of these investigations 

n urinary biomarkers of tubular injury included renal histology 

s gold standard. Thus, the differential diagnosis between “pure”

unctional HRS-AKI, HRS-AKI with minor intrinsic renal damage 

nd ATN remains difficult. 

.5. Clinical impact of AKI on compensated/decompensated liver 

irrhosis 

AKI is a common complication in patients with cirrhosis, 

ccurring in up to above 50% in patients admitted to hospital for 

iver disease complications [54 , 65] . 

The development of AKI is associated with high morbidity 

nd mortality in cirrhosis, correlating with both initial and peak 

KI stage (the higher the stage, the worst the prognosis) and 

ith the existence of treatments potentially able to reverse it 

53 , 54] . Furthermore, cirrhotic patients with severe or repeated 

pisodes of AKI are at higher risk of developing CKD than the 

eneral population. The prognosis markedly differs according to 

he cause of AKI. In a study performed before the ICA-AKI era, 

t was clearly demonstrated that the three-month transplant-free 

urvival probability was far lower for patients with HRS than for 

atients with parenchymal nephropathy or hypovolemia-induced 
S56 
enal failure, confirming that among the possible different types 

f AKI, HRS has certainly the worst prognosis [66 , 67] . 

.6. Prevention of AKI 

Considering the worse outcome of patients developing AKI in 

omparison with patients without renal dysfunction, AKI preven- 

ion and/or early identification are of paramount importance in 

atients with ESLD. For this purpose, when dealing with patients 

ith cirrhosis, especially if decompensated, clinicians should 

lways: 

- avoid potentially nephrotoxic agents, including nonsteroidal 

anti-inflammatory drugs (NSAIDs), vasodilators and, if possible, 

certain antimicrobial medications, particularly aminoglycosides 

and amphotericin; 

- avoid unnecessary high doses of diuretics (use diuretics at their 

minimum effective dose); 

- improve the hemodynamics by plasma volume expansion in 

patients with clinically proven or even suspected hypovolemia 

(crystalloids in the case of diarrhea or excessive diuresis; 

red packed cells in the case of severe bleeding). In patients 

submitted to large-volume paracentesis, concentrated (20–25%) 

albumin infusion 8 gr/L of ascites removed is used, as it 

decreases the incidence of paracentesis-induced circulatory 

dysfunction (PICD), thus preventing the development of AKI 

and improving patient survival [68] ; 

- recognize and treat bacterial infections promptly. Particular 

attention should be paid to spontaneous bacterial peritonitis, 

whose timely treatment with albumin infusion (1.5 g/kg at 

diagnosis followed by 1 g/kg on day three) in addition to 

antibiotics has been shown to decrease the development of 

renal failure, thereby improving the survival rate [69] ; 

- administer empiric antibiotic therapy for the prevention of 

bacterial infections in patients with portal-hypertension re- 

lated bleeding , as infections may result in the development of 

HRS-AKI [70 , 71] ; 

- prevent the onset of spontaneous bacterial peritonitis (SBP) 

in patients at high risk (Child-Pugh score ≥ 9 and serum 

bilirubin level ≥3 mg/dL, with either impaired renal function 

or hyponatremia, and ascitic fluid protein lower than 15 g/L) 

(primary prophylaxis) [72] ; 

- prevent a new onset of SBP in patients who recovered from a 

first episode (secondary prophylaxis) [72] ; 

- avoid and/or use alternatives to radiocontrast procedures, if 

not absolutely needed, even though it is uncertain if contrast 

media represent a real cause of AKI in cirrhosis [73] . 

.7. Treatment of AKI 

Once AKI in general, and HRS-AKI in particular, is diagnosed, 

t should be managed as soon as possible, in order to prevent its 

rogression to more advanced stages, in accordance with what 

as recently proposed in the new European guidelines for the 

anagement of patients with decompensated cirrhosis [68] . All 

ossible precipitating factors should be identified and properly 

reated (discontinued in the case of nephrotoxic drugs, treated 

n the case of hypovolemia or infections) [49] . According to the 

ew definition of HRS-AKI, complete response to the treatment 

s defined by a final sCr within 0.3 mg/dL (26.5 μmol/L) from the 

aseline value; partial response is defined by the regression of AKI 

tage to a final sCr ≥ 0.3 mg/dL (26.5 μmol/L) from the baseline 

alue [68] . Most pre-renal AKI cases can be easily diagnosed on 

he basis of patients’ recent medical history together with their 

linical picture and resolved by plasma volume expansion. Crys- 

alloids are the treatment of choice in the case of AKI induced by 
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Fig. 1. Algorithm for the diagnosis and management of AKI in patients with cirrhosis. 
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iarrhea or excessive diuresis; packed red blood cells in the case of 

leeding, in order to maintain serum hemoglobin levels between 

 and 9 mg/dL [74] . Moreover, volume expansion is important for 

oth the treatment and differential diagnosis of AKI. In the case 

f AKI stage > 1A of undetermined cause or with no response to 

he initial treatment, albumin should be given for two consecutive 

ays (1 g of albumin/kg of body weight, with a maximum of 

00 g/day) in order to exclude central volume depletion as cause 

f AKI [68 , 75] . Post-renal AKI is rare and should be treated in ac-

ordance with the cause of the obstruction [52] . Consequently, the 

eal clinical challenge is the treatment of HRS-AKI. Fig. 1 shows the 

lgorithm for the diagnosis and management of AKI in cirrhosis. 

.7.1. HRS-AKI 

harmacological treatment 

Treatment of HRS-AKI is based on vasopressors (terlipressin, a 

asopressin analogue that is the most investigated vasoconstrictor 

n HRS, and alpha-adrenergic agonists, such as noradrenaline and 

idodrine) plus albumin infusions. Vasoconstrictors act by directly 

ounteracting the splanchnic arterial vasodilation characteristic of 

hese patients, while albumin is thought to act by both its oncotic 

nd non-oncotic (mainly antioxidative and anti- inflammatory) 

roperties, improving the effective circulating volume, vascular 

esistances and cardiac contractility [76] . Albumin should be given 

n association with vasopressors at a dose of 1 g/kg body weight 

he first day followed by 20–40 g/day. 

erlipressin 

Several randomized studies have shown that terlipressin im- 

roves renal function in a significant proportion of patients with 
S57 
RS-1 (about 50% of patients) and that patients responding to 

reatment show a better survival than non-responders [77 , 78] . 

Moreover, this last result was confirmed by three meta-analysis 

f randomized trials, where the use of terlipressin was associated 

ith a significant improvement in short-term survival, a result 

hat must be considered in candidates for LT [79 , 80] . 

The 3-month transplant-free survival being very low (below 

0%) even in responders [81] vasoconstrictors must be considered 

nly as a bridge to transplantation. In other words, LT represents 

he optimal and only resolutive treatment for patients with HRS- 

KI regardless of their response to pharmacological treatment . In 

his setting, responders may be disadvantaged by the improvement 

n sCr induced by terlipressin, as their MELD score is temporarily 

educed, and this can delay the timing of LT. Therefore, in respon- 

ers to therapy it has been suggested to use the baseline MELD 

core before treatment or to consider the pharmacological treat- 

ent of HRS as dialysis in the calculation of the MELD score [82] . 

The traditional dose of terlipressin is 1 mg every 4–6 hours as 

ntravenous boluses; in the case of reduction in sCr of less than 

5% from baseline after 3 days of treatment, the dose should be 

ncreased to 2 mg every 4–6 hours. Treatment should be main- 

ained until complete response or for a maximum of 14 days [83] . 

he most common adverse events observed during therapy with 

erlipressin are diarrhea and abdominal cramps, which are usually 

ild and transient. However, severe and potentially dangerous 

dverse effects have also been described, such as angina, cardiac 

rrhythmias (mainly bradycardia), severe hypertension and intesti- 

al, finger, tongue, scrotum and skin ischemia [83] . The frequency 

f adverse events leading to treatment withdrawal is quite high, 

pproximately 20% of all treated patients, thus representing a 

elevant issue. In the case of adverse events, terlipressin should 

e discontinued or tapered, according to the severity of the 

ymptoms, and patients should be closely monitored. 
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Administration of terlipressin by continuous intravenous infu- 

ion (starting with 2 mg/day) has been shown, when compared to 

he traditional boluses administration, to have similar percentages 

f response to treatment (76% vs. 65%, respectively; p = ns) and 

o be better tolerated, with a significant reduction of adverse 

vents (35% vs. 62%, respectively; p < 0.025), probably related to 

he fact that the mean daily effective doses of terlipressin were 

ignificantly lower in the continuous infusion group [84] . 

Two important predictive factors of response to treatment with 

erlipressin and albumin should be mentioned. Beside baseline 

Cr levels (that were previously mentioned and will be further 

iscussed later), it has been observed that the presence of ACLF 

nd its severity (i.e. number of organ failures) significantly affects 

he prognosis. In other words, the more severe ACLF is (and 

onsequently the more severe is the systemic inflammatory state), 

he lower the probability of response to treatment [85] . 

oradrenalin 

Noradrenaline plus albumin appears to be as effective as ter- 

ipressin plus albumin for the management of type-1 HRS and 

hese results were confirmed in a recent meta-analysis [86] . Thus, 

oradrenalin seems to be a valid alternative to terlipressin in these 

atients, and this is especially important for those countries where 

erlipressin is not available. However, three points deserve to be 

utlined. First, the overall number of type-1 HRS patients treated 

ith noradrenaline is still too small to suggest it as first line 

reatment for these patients; second, the evidence gathered so far 

s based on low-quality trials ; third, in patients with ACLF (defined 

y Asian Pacific Association for the Study of the Liver criteria) 

oradrenalin was suggested to be significantly less effective than 

erlipressin in the treatment of HRS-AKI (reversal of HRS in 17% vs. 

0%; p = 0.004 respectively), probably because, unlike terlipressin, 

oradrenalin does not reduce the portal pressure [87] . 

Therefore, taking all these aspects into account, further high 

uality studies are needed to clarify the role of noradrenalin in 

he treatment of HRS-AKI. 

idodrine and octreotide 

The effectiveness of treatment with midodrine (an alpha1- 

gonist) in combination with octreotide (a somatostatine analogue) 

nd albumin was proven in patients with HRS-AKI in terms of 

oth renal function and transplant-free survival (when compared 

ith treatment with dopamine) [88] . 

However, when compared with terlipressin, treatment with 

idodrine plus octreotide was far less effective at achieving a 

omplete response in HRS-AKI patients (70% vs. 29%, p = 0.01). 

on-pharmacological treatment 

ransjugular Intrahepatic Portosystemic Shunt (TIPS) 

A TIPS is a stent placed via a transjugular approach within 

he liver that connects the portal vein with one of the hepatic 

eins. It is a pathophysiological treatment of portal hypertension, 

s it lowers portal pressure and, doing so, relieves circulatory 

ysfunction and improves renal function in cirrhotic patients 

ith ascites [89] . However, this procedure has limited use as a 

reatment for HRS-AKI, because of the poor liver function char- 

cteristic of these patients. In fact, the relative liver ischemia 

hat follows TIPS insertion can aggravate the already limited 

iver reserve of these patients and precipitate liver failure. TIPS 

s therefore a therapeutic option only for a very limited group 

f selected patients with HRS-AKI, with relatively preserved liver 

unction. 
p

S58 
enal Replacement Therapy 

Renal replacement therapy (RRT) has no role in the manage- 

ent of HRS-AKI in cirrhosis as first- line treatment, as it does not 

rovide any significant advantage in terms of increased survival 

90] RRT can be used as rescue therapy in patients non-responders 

o vasoconstrictors plus albumin, who are on the liver transplant 

aiting list or as “extrema ratio” even in those non-candidates for 

iver transplant, for a limited duration trial. 

The decision to initiate continuous RRT should be based on 

oth clinical grounds and laboratory values. The clinical indica- 

ions for RRT are, as for the general population, severe metabolic 

cidosis and/or electrolyte disturbances (mainly hyperkalemia or 

yponatremia) non-responding to pharmacological management 

nd oliguria with volume overload in patients with diuretic resis- 

ance or intolerance. An individualized patient-specific approach 

hould be used 

lternative dialysis methods 

Alternative dialytic methods for the management of type- 

 HRS such as the Molecular Adsorbent Recirculating System 

MARS) [91] or fractionated plasma separation and adsorption 

Prometheus) [92] , have been proposed. These methods are based 

n removal from the systemic circulation of several substances 

hat are believed to play an important role in the pathogenesis 

f HRS, including endogenous vasodilators, bacterial products and 

nflammatory cytokines. Despite in principle those techniques may 

ave some potential beneficial effects, we believe that MARS has 

ot a real role in the treatment of renal dysfunction in decompen- 

ated cirrhosis, acute on chronic liver failure and HRS-AKI. Thus, 

urther studies are needed to define their role in HRS-AKI. 

iver transplantation 

Patients with HRS-AKI have a very poor prognosis, irrespective 

f their response to medical treatment. In this context, LT repre- 

ents the only definitive treatment for patients with HRS-AKI and 

s therefore the treatment of choice. 

.8. The relationship between AKI and CKD 

Acute renal failure in cirrhosis may be classified as: 

Functional 

◦ responding or not responding of plasma volume expansion 

(pre-renal, and HRS) theoretically reversible 

Structural 

◦ such as ATN also reversible in 3–6 weeks but independently of 

LT 

Recent studies have suggested that AKI and CKD are not two 

linical and physiopathological entities; moreover, the term AKI 

mphasized a vision that includes all the causes of kidney dam- 

ge and considered a continuous progression from functional to 

tructural damage and eventually to chronic kidney disease. 

Many observational studies actually reported that a substantial 

roportion of patients with AKI could recover renal function but 

hen have progression to advanced stages of CKD [93–95] . 

However, AKI is a risk factor for transition to CKD secondary to 

ephron loss and hyperfiltration, ischemia, and maladaptive repair 

echanisms, which cause incomplete recovery and evolution to 

KD [96] . 

In this new vision the natural history of AKI first begins by 

 decrease of GFR usually followed by ischemia and in the last 

hases with structural tubular lesions. 
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Even in cirrhotic patients we have strong arguments to consider 

KI in cirrhosis as a continuous disease from functional (pre-renal 

nd HRS) to structural (ATN) with an overlap between different 

henotypes; in hepatorenal syndrome, in which LT theoretically 

everses hemodynamic changes and fully reverses HRS, we observe 

hat some patients do not fully recover, suggesting unrecognized 

rreversible kidney damage leading to acute tubular damage. 

Moreover staging of AKI has been associated to different phe- 

otype of renal injury; a recent prospective study with over 500 

atients revealed that pre-renal was more frequent in stage 1a, 

TN was frequent in stage 3, while HRS was equally distributed 

etween stage 1b and stage 3 [54] . This study seems to confirm the

oncept of transition from functional (mostly reversible and less 

evere) to structural (frequently irreversible and more severe) AKI. 

In the general population there are several mechanisms of 

issue repair in AKI such as tubular proliferation, resolution of 

nflammatory infiltrates, endothelial repair and regeneration which 

eads to restore normal kidney function in 90% of cases. Factors 

eading to maladaptive repairs and/or disordered regeneration 

nvolved in progression from AKI to CKD are aging, previous 

KI, oxidative stress, prolonged hypoxia; all these are frequently 

resent in cirrhosis [97] . Moreover many cirrhotic patient with 

KI, in particular those with a comorbidity such as hypertension 

nd diabetes, have underlying CKD and the presence of well- 

nown specific causes of renal disease (e.g., Ig A nephropathy in 

lcoholics, viral-induced glomerulopathy in HBV- and HCV-related 

irrhosis). The presence of underlying renal lesions has been 

hown in renal biopsies also in cirrhotic patients without signif- 

cant proteinuria/hematuria and ultrasonographyc findings of CKD. 

n other words, the correlation between conventional markers of 

KD and biopsy finding has been shown to be poor [26] . 

How can we differentiate between reversible and not reversible 

KI and identify patients at a higher risk of progressing from 

KD? How can we recognize patients more susceptible to devel- 

ping irreversible ATN leading to CKD and those with previous 

nderlying chronic kidney disease? Given that 10% of ATN de- 

elop irreversible kidney disease, we should develop biomarkers 

redicting reversibility or irreversibility of kidney failure. 

The effort to identify pre-transplant clinical and biochemical 

riteria that may identify acute and reversible from chronic kidney 

njury could be of huge importance in order to avoid combined 

iver-kidney transplant in recipients with reversible kidney injury 

nd, on the other hand to identify patients in whom KT should be 

onsidered. 

In clinical practice AKI staging as a good prognostic value, 

nd the absence of terlipressin response should be useful to 

ifferentiate HRS which is reversible from ATN which may be also 

eversible but independently of terlipressin or LT, moreover the 

bility to predict potential recovery is mainly related to clinical 

ssues such as duration of low eGFR or renal replacement therapy. 

The prospective study by Maiwall et al. evaluating more than 

00 consecutive patients with cirrhosis revealed that almost 

wo-thirds of patients with cirrhosis develop episodes of AKI and 

eduction in GFR; a third progress to CKD, resulting in adverse 

utcomes. Higher MELD, CystC levels, prior AKI episodes were 

dentified as significant and independent risk factors for CKD [31] ; 

his could be explained by the fact that at every AKI episode 

here is a loss of functional nephrons with a consequent loss of 

unctional reserve. 

Changes in sCr, eGFR are not useful in predicting reversibility 

r the progression toward irreversibility and CKD, other cur- 

ent biomarkers such as uNa, hematuria, proteinuria have poor 

ccuracy. 

Emerging biomarkers such as NGAL KIM-1 which are all tubu- 

ar biomarkers induced by ischemia whatever the cause of AKI, 

arkedly increased in ATN, but there are many overlaps between 
S59 
henotype and no clear cut-off has been defined [16 , 18 , 64] . 

ew biomarkers involved in matrix remodeling and fibrogenesis 

eem to be the best candidates for predicting reversibility or 

rreversibility. 

In this field, osteopontin, a glycoprotein induced by an in- 

ammatory process in AKI [98] and TIMP-1 appears to play an 

mportant role in recovery of sepsis-related AKI [99] . 

A recently published reverse trial evaluated a cohort of patients 

ndergoing LT alone in order to validate a pre-LT model predictive 

f renal function recovery after LT [100] . 

The study analyzed three groups of patients pre- and 4 and 12 

eeks post-OLT divided according to reversibility of kidney failure 

nd showed that post-transplant renal recovery in patients with 

re-LT AKI was related with a higher decline of OPN and TIMP-1 

evels at 4 weeks. 

.9. The relevance and management of AKI in liver transplant setting 

The occurrence of renal dysfunction before or after LT repre- 

ents a complicated, multifaceted and critical issue that adversely 

ffects the outcomes. 

AKI occurs commonly in patients with liver cirrhosis, with rates 

f about 19–49% [13 , 53 , 56 , 101–105] , and negatively influences pa-

ient survival prior to and after LT [13 , 53 , 101 , 103] . AKI in patients

ith cirrhosis commonly occurs due to large volume loss, HRS 

ue to vasoconstriction and reduced renal blood flow and ATN, 

ue to prolonged pre-renal factors, sepsis, or nephrotoxic agents 

105–108] . 

In advanced liver cirrhosis, AKI can be triggered spontaneously 

r as a result of infections, gastrointestinal bleeding, large volume 

aracentesis, or surgery [65 , 96 , 109] , and so all of these factors

hould be treated as early as possible to avoid its occurrence. 

In the pre-LT setting, an assessment of reversibility of renal 

njury is mandatory. It is important to understand both the eti- 

logy and chronicity of renal dysfunction because the treatment 

learly varies, especially with respect to choice of combined or 

imultaneous liver-kidney transplantation. 

Despite widespread use, changes in sCr or eGFR are not sen- 

itive enough to predict the degree or course of renal injury, par- 

icularly in patients with cirrhosis and malnutrition [44 , 110–113] . 

hus, big efforts are currently made to incorporate biomarkers that 

ay enhance clinical prediction of renal recovery after LT [114 , 115] .

During the intra-operative period, there are often major hemo- 

ynamic changes and bleeding, which occasionally cause low 

lood pressure that may lead to severe renal hypoperfusion. 

During the immediate postoperative period, many other con- 

itions are related to the development of renal dysfunction, 

ncluding the presence of severe cardiovascular disease, cardiomy- 

pathy, prolonged episodes of hemodynamic instability, low blood 

ressure, severe depletion of intravascular volume, the use of 

rugs that adversely affect intrarenal hemodynamics, advanced 

ge, and previous stable kidney diseases. 

Pre-existing renal dysfunction is associated with many adverse 

utcomes after LT, including inferior short- and long-term patient 

urvival [116–118] , increased costs [118] , post-transplant sepsis, 

onger intensive care unit stays and the need for dialysis [119] . It 

as been recently shown that in patients with AKI-HRS listed for 

T, response to terlipressin and albumin significantly reduced the 

eed for RRT and the risk of CKD at 1 year after LT [120] . 

The predisposing factors for renal dysfunction in transplant 

ecipients include drugs toxicity and other disorders related to 

he severity of the patient’s condition and allograft dysfunction 

121 , 122] . Nephrotoxic drugs include iodinated contrasts, an- 

ibiotics (mainly aminoglycosides, amphotericin Band aciclovir), 

reatment with immunosuppressive drugs such as calcineurin 
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nhibitors (CNI, cyclosporine and tacrolimus), prolonged dopamine 

r vasopressor administration and multiple transfusions. 

Several pharmacological strategies are frequently adopted in 

he earlier post-LT phase to improve renal function: osmotic 

iuretics that are recommended in cases of volume overload, 

ow doses and/or delayed introduction of CNI, in combination 

ith anti- IL-2 receptor antibodies and/or mycophenolate (MMF), 

ontinuous hemodiafiltration or conventional hemodialysis. 

uestions 

6. What is the definition of AKI in liver cirrhosis? 

In patients with cirrhosis the diagnosis of AKI relies on ICA- 

dapted KDIGO criteria and is based on small changes in sCr 

either an increase of ≥ 0.3 mg/dL from baseline within 48 h, or an 

ncrease of ≥ 50% from baseline within three months) (1A). 

Recently, it has been suggested that urinary output (urine 

olume < 0.5 mL/kg/hour for ≥6 h) can provide a significant ad- 

antage in identifying patients with AKI and in predicting the 

rognosis of critically-ill cirrhotic patients (2B). 

All types of AKI can occur in patients with cirrhosis, as in the 

eneral population: pre-renal, intrinsic and post-renal. Addition- 

lly, patients with cirrhosis can develop a specific kind of AKI, the 

RS-AKI (1A). 

A diagnosis of HRS-AKI is by exclusion and is based on the 

evised ICA criteria (1B). 

omment 

AKI in cirrhosis has been redefined adapting the KDIGO criteria 

n the setting of cirrhosis and relies now on changes in sCr, 

ithout any fixed threshold value (1.5 mg/dL). The key feature 

f the revised definition of AKI in cirrhosis is that it is dynamic 

nd that even minor increases in sCr are sufficient to meet the 

efinition and make a prompt diagnosis of AKI, for potential early 

nterventions. 

Accordingly, any cut-off value has also been removed from the 

efinition of HRS-AKI. Traditionally, type-1 HRS was characterized 

y rapidly progressive renal failure (a sCr value doubled from 

aseline to a final value > 2.5 mg/dL in less than 2 weeks) with

ery low survival (median of less than 1 month if untreated). It 

as been clearly shown that the higher the sCr value at the be- 

inning of treatment with vasoconstrictors and albumin, the lower 

he probability of response, with poor survival. These data suggest 

hat the traditional approach of waiting for a predetermined value 

f sCr to start treatment may decrease the probability of response 

ompared to an approach based on an earlier treatment. The 

ost relevant advantage of the current definition of HRS-AKI is 

herefore that it will lead to an earlier identification and treatment 

f this syndrome, hopefully improving its efficacy. 

7. What is the staging of AKI in liver cirrhosis? 

The staging of AKI should be based on an ICA-adapted KDIGO 

taging system, thus distinguishing between (1A): 

- AKI stage 1: increase in sCr ≥ 0.3 mg/dL (26.5 μmol/L) or an 

increase in sCr ≥ 1.5-fold to 2-fold from baseline; AKI stage 1 

is differentiated into 1A and 1B, according to the value of sCr 

at diagnosis, < 1.5 or ≥1.5 mg/dL, respectively; 

- AKI stage 2: increase in sCr > 2-fold to 3-fold from baseline; 

- AKI stage 3: increase in sCr > 3-fold from baseline or 

sCr ≥ 4.0 mg/dL (353.6 μmol/L) with an acute increase 

≥0.3 mg/dL (26.5 μmol/L) or initiation of renal replacement 

therapy 
S60 
omment 

A staging system of AKI based on changes in sCr enables an 

ccurate assessment not only of the presence of AKI, but also of 

he severity of renal dysfunction. This is crucial, as different stages 

f AKI correspond to different prognoses (the higher the grade, the 

orse the prognosis) and the progression of AKI through stages 

orrelates with an increased mortality [13 , 53 , 123] . 

8. What is the pathophysiology of AKI in liver cirrhosis? 

AKI pathophysiology in cirrhosis, and particularly that of 

RS-AKI, is characterized by systemic hemodynamic disturbances 

nd inflammation, both of which increase in parallel with the 

rogression of the liver disease (1A). 

HRS-AKI, besides being a functional syndrome, can also have 

n additional structural component of some degree of renal 

arenchymal injury (2C). 

Among the different biomarkers of tubular injury, urinary NGAL 

ay be used to help in distinguishing between ATN and HRS-AKI 

2B). 

omment 

The well-established hemodynamic disturbances characteristic 

f decompensated cirrhosis and a systemic inflammatory state not 

et known in its entirety but well- described in recent years are of 

aramount importance in the development of AKI and particularly 

f HRS-AKI. However, if on one hand this is undoubtedly true, 

n the other it is increasingly evident that HRS-AKI may not be 

 purely functional syndrome, with (at least in a proportion of 

ases) an additional component of renal parenchymal injury. In 

his context, NGAL has been shown to be a promising test to 

istinguish between structural AKI (patients with ATN having the 

ighest NGAL levels) and functional AKI (those with pre-renal 

zotemia showing the lowest NGAL values), with intermediate 

alues in patients with HRS-AKI. To recognize which part of AKI 

s prevalent (structural or functional) is certainly among the most 

mportant future challenges for researchers dealing with decom- 

ensated cirrhosis, due to its possible therapeutic and prognostic 

mplications in clinical practice. 

9. What is the clinical impact of AKI on compen- 

ated/decompensated liver cirrhosis? 

AKI is very common among cirrhotic patients admitted to 

ospital for decompensated liver disease (1A). 

The development of AKI is associated with high morbidity and 

ortality in cirrhosis, correlating with AKI stage (1A). 

omment 

AKI is a well-known and common complication in patients 

ith advanced cirrhosis. Many studies have proven AKI as an 

ndependent predictor of mortality, depending on the severity of 

enal dysfunction (i.e. AKI stage) and type of AKI, patients with 

RS-AKI and those with ATN having the worst prognosis. 

10. What are the prevention strategies for AKI in compen- 

ated/decompensated liver cirrhosis? 

Potentially nephrotoxic agents (such as NSAIDs, vasodilators, 

minoglycosides, amphotericin, high doses of diuretics) should be 

voided or, if essential for the patient, used with extreme caution 

1A). 
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In the case of hypovolemia, fluids replacement (crystalloids or 

ed packed cells) should be started immediately according to the 

ind and severity of the fluid losses (1A). 

In patients with tense ascites, large-volume paracentesis ( > 5 L) 

hould be followed by concentrated (20–25%) albumin infusion 

 g/L of ascites removed to prevent PICD-related AKI (1A). 

Screening and treatment of infections must be a priority in 

irrhotic patients (1A). 

In cirrhotic patients with acute gastrointestinal bleeding antibi- 

tic prophylaxis is recommended because it reduces the incidence 

f infections (1A). 

Patients with SBP should receive albumin (1.5 g/kg at diagnosis 

ollowed by 1 g/kg on day three) to prevent AKI (1A). 

Patients should be given norfloxacin (400 mg/day) for primary 

r secondary prevention of SBP, in order to prevent SBP-induced 

KI (1A). 

omment 

Patients with cirrhosis share with the general population many 

ossible precipitating factors of AKI that, as in the latter patients, 

hould be avoided (e.g. volume depletion and nephrotoxic drugs). 

owever, clinicians dealing with patients with cirrhosis must also 

ackle disease-specific triggers of AKI (e.g. PICD and SBP) for which 

 prophylactic strategy must be put into practice with the aim of 

educing the risk of AKI as much as possible. 

11. What are the treatment strategies for AKI in compen- 

ated/decompensated liver cirrhosis? 

Any drug potentially associated with renal dysfunction (such 

s NSAIDs, vasodilators, aminoglycosides, amphotericin, diuretics, 

eta-blockers) should be stopped immediately or, if not possible, 

educed (1A). 

In the case of overt hypovolemia, fluids replacement should be 

tarted immediately based on the cause and severity of the losses 

1A). 

In the case of AKI stage > 1A of undetermined cause or of AKI 

ith no response to the initial treatment, albumin should be given 

t a dose of 1 g of albumin/kg of body weight (with a maximum 

f 100 g of albumin) for two consecutive days (1C). 

In the case of HRS-AKI, terlipressin plus albumin infusions 

s the first-choice treatment and should be started as soon as 

ossible (1A). 

Concentrated (20%) albumin solutions should be given at a 

ose of 1 g/kg body weight the first day followed by 20–40 g/day, 

onitoring central blood volume in order to avoid circulatory 

verload (1B) 

Noradrenaline can be an alternative to terlipressin, but so far 

nformation is limited and high quality studies are needed to 

larify its efficacy (2A). 

Midodrine plus octreotide is not a valid alternative (unless 

either terlipressin nor noradrenalin are not available), as this 

reatment is much less effective than terlipressin (1A). 

The applicability of TIPS is very limited in this setting; available 

ata do not allow it to be advocated in HRS-AKI (2B). 

RRT is not a first-line treatment for HRS-AKI and should be con- 

idered only as rescue therapy in patients non-responders to vaso- 

onstrictors plus albumin, based on standard criteria for RRT (2B) 

Data from alternative dialytic methods are very limited and 

esults unsatisfactory. Therefore, so far they cannot be advocated 

or HRS-AKI (2C). 

LT is the best and only definitive treatment for patients with 

RS-AKI, irrespective of the response to pharmacological therapy 

1A). 
S61 
omment 

When AKI is diagnosed, a specific treatment (if available, de- 

ending on the type of AKI) should be started as soon as possible 

nd general supportive measures should be undertaken in order 

o reduce as much as possible the risk of AKI progression to more 

evere stages and to restore the baseline kidney function. Fluid 

alance and vital signs should be carefully monitored. All possible 

recipitating factors should be investigated and properly removed 

r treated, with particular attention to the presence of bacterial 

nfections. 

In case of HRS-AKI, treatment is based on vasopressors plus 

lbumin infusions. Several randomized studies and meta-analysis 

uring the last two decades have shown that terlipressin should 

e the treatment of choice. 

It must be highlighted that almost all the results obtained so 

ar in the treatment of these patients were derived from studies 

ncluding patients with HRS-1 according to the old ICA definition, 

here a sCr > 2.5 mg/dL was needed for the diagnosis of HRS-1. 

n this context, higher baseline sCr values were shown to be a 

trong independent predictive factor of no response to therapy. To 

ate, data reporting the efficacy of vasoconstrictors and albumin 

n patients with HRS-AKI are very scant, especially in patients 

ith sCr lower than 2.5 mg/dL. Whether the new definition of HRS 

HRS-AKI), which will surely imply an earlier start of treatment, 

ead to increased rates of response to therapy will have to be 

ssessed in the near future. 

12. What is the relationship between AKI and CKD? 

AKI is a risk factor for transition to CKD secondary to nephron 

oss and hyperfiltration, ischemia, and maladaptive repair mech- 

nisms, which cause incomplete recovery and evolution to CKD 

2C). 

Even in cirrhosis, a transition from functional AKI (mostly 

eversible and less severe) to structural (frequently irreversible 

nd more severe) AKI and lastly to CDK was confirmed (2C). 

In cirrhosis, factors leading to maladaptive repairs such as 

ging, previous AKI, oxidative stress, prolonged hypoxia are 

requently present (2B). 

New biomarkers such as osteopontin and TMP-1 appear 

o be the better candidates for predicting AKI reversibility or 

rreversibility (2C). 

omment 

Even in cirrhosis, as in the general population, AKI and CKD are 

ot two separate clinical identities but a continuous progression 

rom functional and potentially reversible injury to structural 

nd irreversible damage, which could lead first to ATN and 

ubsequently to CKD. 

The tissue repair mechanism could be particularly compro- 

ised in cirrhotic patients in whom the chronic inflammatory 

tate, as well as oxidative stress, and infections can promote the 

rogression from acute reversible to chronic irreversible kidney 

njury 

13. What is the relevance and management of AKI in waiting- 

ist patients? 

Renal dysfunction is a critical determinant of outcomes in 

atients with ESLD and the early identification and assessment 

f functional (transient injury from alterations in perfusion) and 

tructural causes (irreversible damage to the renal parenchyma) 

re mandatory in patients undergoing LT (2A). 
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Pre-transplant AKI is a predisposing factor for both post- 

perative AKI and CKD and both are associated with increased 

orbidity and mortality (1A). 

Prevention of AKI prior to LT includes the avoidance and timely 

orrection of hypovolemia, the avoidance of potentially nephro- 

oxic drugs, the prevention and prompt recognition and treatment 

f infections (2A). 

Several kidney biomarkers have been evaluated to allow earlier 

iagnosis of AKI cause (i.e., hepato-renal syndrome vs. ATN), and 

ifferentiate reversible from permanent renal changes (2B). 

AKI should be considered in all cirrhotic patients with in- 

reased sCr and oliguria, or worsening oliguria/anuria alone, as 

ecreased urine output is a sensitive and early indicator of AKI 

nd is associated with poorer outcomes (1A). 

The management of AKI prior to LT includes volume expansion 

nd is based on vasopressors (mainly terlipressin) plus albumin 

nfusions in the cases of HRS (1A). 

A complete response to terlipressin therapy is achieved in 

bout 50% of patients and the 3-month transplant-free survival is 

ow ( < 50%) even in responders (2A); thus, terlipressin should be 

onsidered a valid approach as a bridge to LT (2B). 

In patients awaiting LT, the response to terlipressin therapy 

nd the improvement in sCr can cause an unsuitable reduction 

n MELD score, delaying the timing of LT (A); it has thus been 

uggested to use the baseline MELD score (before treatment) or to 

onsider the pharmacological treatment of HRS as dialysis in the 

alculation of the MELD (Ungraded). 

omment 

Evidence of renal dysfunction prior to LT requires a careful 

valuation and the adoption of therapeutic measures to avoid 

ost-operative renal impairment and worse outcomes. The diag- 

osis of reversible AKI, supported by the response to therapy and 

he presence of biomarkers different from creatinine levels, and 

ts relevance in terms of transplant prioritization deserve attention 

nd a multidisciplinary approach. 

14. What is the relevance and management of AKI in the early 

ost-transplant phase? 

AKI is common after LT with an incidence up to 70% and about 

5% of these patients require RRT immediately after LT (A). 

Early post-transplant AKI has been associated with poor 

utcomes: reduced long-term survival, increased rates of acute 

ejection and infections, longer intensive care unit (ICU) stays with 

igher health care costs and higher rates of CKD and mortality, 

ndependently of pre-transplant renal function (A). 

The prevention and early management of peri-operative AKI 

s of paramount importance for the improvement of long-term 

utcomes (2A). 

The development of AKI in the early post-transplant phase is 

ften multifactorial and recipient-donor matching, underlying and 

nrecognized CKD, so intra-operative and post-transplant factors 

hould be considered (2A). 

In the LT setting, special attention should be given to patients 

t high risk for post-LT AKI and pre-operative risk factors (age, 

re-existing comorbidities, etiology of the liver disease, obesity) 

hould be considered (2B). 

In the pre-operative phase, diuretics should be used with 

aution and discontinued even in cases of a slight increase in 

Cr, nephron toxic agents (e.g., NSAIDs, aminoglycosides, contrast 

gents) should be avoided and albumin should be systematically 

dministered in patients with large volume paracentesis and/or 

pontaneous bacterial peritonitis to reduce the risk of early AKI 

fter LT (1A). 
S62 
In the early postoperative period, the balance between fluid 

oss and fluid administration should be carefully monitored, es- 

ecially in patients with large amounts of ascites and RRT should 

e considered a valid approach to avoid acidemia, uremia, fluid 

verload, and systemic inflammation (2A). 

omment 

The risk of development of AKI during the peri-operative or 

ost-transplant phase is increased in patients with pre-LT renal 

mpairment. Prompt therapeutic strategies are mandatory from the 

perative stage and include appropriate selection of immunosup- 

ressive drugs immediately after LT, with delayed introduction of 

NIs, or minimization of CNIs, by replacing or adding to minimal 

ose of CNIs, with renal sparing agents such as everolimus and 

ofetil mychophenolate. 

. Chronic kidney disease in patients with chronic liver disease 

.1. The impact of chronic kidney disease on chronic liver disease 

CKD is a very common clinical condition, involving up to 10% 

f the general population, and represents the final pathway shared 

y a wide range of renal diseases, either as the consequence of 

rimary renal disorders or secondary to genetic causes or other 

ystemic diseases [124] . In addition to the well-recognized oc- 

urrence of AKI in patients with CLD, it has become increasingly 

vident that CLD can often be complicated even with CKD. 

Renal involvement in the course of the different forms of CLD 

s multifaceted. First, CKD can occur as a consequence of some 

ommon liver viral infectious diseases (HCV, HBV), which can 

nduce renal involvement through immune-mediated mechanisms 

membranoproliferative glomerulonephritis associated to type 2 

r 3 cryoglobulinemia; membranous nephropathy) or through 

he induction of inflammatory or metabolic changes (diabetes 

ellitus) that eventually induce chronic kidney damage [125–127] . 

econd, CLD and particularly non-alcoholic fatty liver disease 

NAFLD), which represents the prevalent cause of CLD [128] , is 

ery frequently complicated with CKD; this strong association 

s likely secondary to common metabolic pathogenic pathways 

obesity, insulin resistance, hypertension, altered lipid metabolism, 

tc.) which can cause functional and organic changes in both 

iver and kidneys, although it has not been completely excluded 

hat CLD per se might play some direct pathogenic role in the 

evelopment of chronic renal damage, through inflammatory, 

etabolic and hemodynamic pathways [129–132] . 

The epidemiological data available on the relationship between 

LD and CKD are those relating mainly to the CKD found in pa- 

ients with HCV or HBV infection related CLD or in NAFLD patients. 

It is known that it is possible for HCV and HBV chronic hepati- 

is to induce CKD either through immune-mediated mechanisms 

type I membrano-prolipherative glomerulonephritis secondary 

o HCV associated cryoglobulinemia; immune-complex mediated 

embranous nephropathy associated to HBV infections) or through 

ndirect metabolic mechanisms (HCV induced insulin resistance 

r diabetes). Butt et al. [127] reported that stage 3–5 CKD was 

ignificantly more prevalent in 18,002 patients with HCV infection 

s compared with 25,137 control subjects (HR 1.30, CI 1.23–137). 

n a recent metanalysis from our group [126] , which included 40 

ligible studies (4072,867 patients), Fabrizi et al. reported that 

here was a strong association between HCV infection and the 

ncidence of CKD (HR 1.54, CI 1.26–1.87). 

On the other hand, less consistent results are present on the 

pidemiological relationship between CKD and HBV infections. 

n a meta-analysis that considered all the available studies on 

his topic, Fabrizi et al. [133] reported that, although a positive 
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elationship was found between HBV infection and CKD incidence 

n the only 2 eligible longitudinal studies, no evidence for a signif- 

cantly increased prevalence of CKD in HBV infected patients was 

ound by an analysis of the 7 eligible published studies. However, 

 recent study, performed on an Asiatic population, described a 

ignificant association between HBV infection and CKD incidence 

134] . 

More abundant data are now available on the epidemiological 

inks between CKD and NAFLD. However, the reported estimation 

f the incidence and prevalence of CKD in NAFLD patients is quite 

ariable in the different reports, due to differences in the inclusion 

riteria, completeness of the information, ethnic distribution in 

he studied cohorts and many other confounders. We will limit 

urselves to quoting the studies that included a relevant number 

f subjects. 

In a wide review, Adams et al. [129] reported that many 

ross-sectional and population-based studies indicated that the 

revalence of CKD is 2–3 fold higher in NAFLD patients than in 

on-NAFLD patients, ranging from 20% to 55% and from 5% to 30%, 

espectively. 

In another observational study that included 11,695 participants 

f the Third National Health and Nutrition Examination Survey 

130] , patients with a diagnosis of NAFLD (who represented 18.6% 

f the overall cohort) had 11.31% prevalence of CKD; however the 

revalence was greater than in subjects without NAFLD only for 

tage 1–3a CKD, but not for the more advanced stages. 

A recent meta-analysis [131] , which included 9 studies with a 

otal of 96,595 patients, showed that patients with NAFLD had a 

igher incidence of CKD compared to those without NAFLD (HR 

.37), with the risk of developing CKD being higher in patients 

ith more severe NAFLD. 

The largest as yet published study is a 10-year retrospective 

ohort study, based on data retrieved from the Truven Health 

nalytic Market Scan Commercial and Medicare Supplemental 

atabases [135] , which included 262,619 newly diagnosed patients 

ith NAFLD and 769,878 matched non-NAFLD patients. The au- 

hors reported that the incidence of stage 3–5 CKD was 8.2 per 

0 0 0 persons per year in NAFLD, compared to 5.5 in subjects 

ithout NAFLD. 

Overall, with the exception of a study which was not able to 

onfirm an increased incidence of CKD in NAFLD patients [136] , 

ost of the available data seem to uniformly suggest that both 

ncidence and prevalence of CKD are higher in patients with CLD, 

ith these figures being higher particularly in the more severe 

tages of NAFLD, namely NASH [137–139] . The frequent occurrence 

f CKD in CLD patients provides an increasing indication for com- 

ined liver-kidney transplantation [140] . Anyway, a cause-effect 

ink between CLD and CKD remains to be demonstrated. 

.2. Prevalence of CLD in patients with CKD 

CKD is one of the most complex clinical conditions [141] , 

nvolving virtually all organs and systems of the human body. 

onsequently, CKD, when superimposed on any other disease, 

dds a burden which cannot but worsen clinical outcomes. 

Although many studies addressed the problem of the preva- 

ence and incidence of CKD in CLD patients showing an increased 

ccurrence of renal complications in liver patients [137] , scanty 

nformation is available on the impact of CKD on the clinical 

utcome in CLD patients [130] . 

Anyway, a possible negative impact of CKD when it com- 

licates the course of CLD, can be readily anticipated, due to 

he expected contribution of CKD on increasing cardiovascular 

CV) and metabolic risk factors, secondary to the retention of 

 high number of uremic toxins, increasing the levels of many 

ro-inflammatory and oxidative mediators, inducing intestinal 
S63 
icrobiota dysbiosis, altering the control of electrolyte levels, and, 

ot least, modifying the drug disposal which may strongly affect 

he therapeutic handling of CLD patients [142–145] . 

At variance with the many studies that addressed the preva- 

ence of CKD in CLD, the available information on the reciprocal 

ondition (i.e. the prevalence of CLD in CKD patients) is very 

imited and mostly restricted to the prevalence of HCV or HBV 

nfection in patients on dialysis treatment. In a recent revision of 

he available studies on this topic, we reported that the prevalence 

f HCV positivity in hemodialysis patients ranges from 4.7% to 

1.9% in developing countries, while it has been found to be 

etween 1.4 and 28.3% in patients from the developed world [146] . 

nly a few single-center studies, conducted on small cohorts, 

eported that the prevalence of HCV positivity in pre-dialysis CKD 

atients ranges from 6.25% to 16.5% [147 , 148] . As anticipated, 

imited evidence has been produced on the prevalence of NAFLD 

n CKD patients. In a study from the UK, NAFLD, assessed by 

iver US, was reported in 17.9% of 1148 patients with an estimated 

FR < 60 mL/min, not on renal replacement therapy [149] . Another 

tudy conducted on a cohort of 1525 South Korean patients with 

–4 stage CKD, reported a NAFLD prevalence of 40.9% [150] . 

.3. The impact of liver disease on chronic kidney disease 

Although the rationale for a potential negative impact of CLD, 

nd in particular of NAFLD, on the clinical outcomes in CKD 

atients is strong [151] , the available evidence is relatively limited. 

In a retrospective study, about half of 261 patients with type 1 

iabetes mellitus (DM), who were followed for a mean period of 

.2 years, had a diagnosis of NAFLD based on ultrasound assess- 

ent [152] . During the observation period, 61 patients developed 

n incident CKD and the presence of NAFLD was associated not 

nly with a higher incidence of CKD, but also with a faster 

rogression of the renal disease. 

In the same direction, in the above-mentioned South Korean 

tudy, the NAFLD superimposed on CKD induced a greater annual 

ecline in eGFR than that observed in CKD patients without NAFLD 

150] . 

In the previously quoted UK study, the presence of NAFLD in 

KD patients, not on dialysis treatment, was associated with an 

ncreased risk of developing CV events, but not with increased 

ortality or CKD progression [149] . 

Overall, there is some limited and observational evidence that 

LD, and in particular of NAFLD, superimposed on CKD, could play 

 negative role on clinical outcomes of these patients. 

.4. Clinical impact of chronic kidney disease in the liver transplant 

etting 

.4.1. Preoperative renal function 

CKD is a frequent complication in patients with advanced liver 

isease who are on the LT waiting list. The prevalence of kidney 

ysfunction in these patient populations varies greatly, ranging 

rom 30 to 90% [153] . Pre-transplant CKD is the main determinant 

f post-LT chronic kidney disease, a condition observed in up to 

8% of patients 5 years after LT and significantly associated with 

ncreased mortality [154–156] . 

Using sCr in a very large population, Nair et al. showed that 

re-transplant renal dysfunction was associated with a decrease 

n 2-year survival after LT [157] . Asrani et al. recently showed 

hat, among 31,289 HCV negative adult transplant recipients, those 

ho were on hemodialysis or with a creatinine ≥ 1.5 mg/dl at the 

ime of transplant exhibited a significant morbidity and mortality 

ithin five years after LT [158] . The magnitude of pre-transplant 

enal dysfunction impact on the outcome of LT is mirrored by 
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he concomitant presence of various unavoidable highly preva- 

ent chronic conditions, i.e. diabetes, glomerulosclerosis, IgA 

ephropathy, blood hypertension. Moreover, significant hemody- 

amic changes and hypotension may occur during transplantation 

eading to a marginal chance of recovery. 

.4.2. Immunosuppression 

Both donors and recipients are increasingly advanced in age; 

AFLD and the individual metabolic factors are growingly rep- 

esented and MELD based allocation system, which is heavily 

nfluenced by sCr, favors recipients with renal dysfunction. Cal- 

ineurin inhibitors (CNI), the cornerstone of immunosuppression in 

rgan transplant, are associated to an increased incidence of renal 

amage through vasoconstrictions of the glomerular afferent arte- 

iole, reduction in renal perfusion and then of glomerular filtration 

159] . 

Since CNI therapy is almost universal after LT, few studies 

ave been able to assess its clinical impact on CKD rate. In 

he multicenter retrospective ICEBERG study, among 402 adult 

T patients the risk of chronic renal dysfunction was more 

han two-fold higher in the 368 CNI-treated patients vs. the 

4 CNI free patients (hazard ratio [HR] 2.31; 95% CI 1.05, 5.07; 

 = 0.037) [160] . A study of 57 pediatric liver transplants found 

hat the cyclosporine trough concentration was a significant 

ime-dependent predictor for development of stage ≥ 3 CKD 

161] . High CNI exposure has also been shown to increase the 

isk of AKI after LT by more than two-fold [162] . In a 24-month

rospective, randomized, multicenter, open-label study which 

andomized de novo LT patients to three immunosuppressive arms 

everolimus + reduced tacrolimus, TAC Control or TAC Elimination), 

aliba et al. demonstrated a clinically relevant renal benefit in the 

45 patients in the everolimus + reduced tacrolimus arms with the 

djusted change in eGFR after 24 months of 6.7 mL/min/1.73 m 

2 . 

hus, early introduction of everolimus with reduced-exposure 

acrolimus at 1 month after LT provided a significant and clinically 

elevant benefit for renal function at 2 years post-transplant 

163] . 

All together these data support the adoption of renal tailored 

mmunosuppressive strategies. Some studies explored various 

NI-minimization regimens (delayed CNI initiation, reduced CNI 

xposure, CNI withdrawal) but some immunological concerns have 

risen. The association of a “CNI tailored regimen” to an induc- 

ion therapy with an IL-2 antagonist receptor, association with 

ycophenolic acid or an early everolimus based CNI-free immuno- 

uppression seems to improve renal function after transplantation 

164–166] . 

.4.3. Metabolic syndrome 

Metabolic syndrome (MetS) is a cluster of clinical, metabolic 

nd biochemical abnormalities comprising central adiposity, hy- 

ertension, insulin resistance and dyslipidemias. The presence of 

hese MetS-related features significantly increase the risk of type 

 diabetes mellitus, adverse cardiac events, NAFLD and stroke. 

AFLD is now recognized as the most common form of CLD 

n developed countries, affecting up to 25% of the population 

n many countries [167] . NASH is the most severe part of the 

isease spectrum with the potential to progress to cirrhosis and 

CC. NASH related cirrhosis with or without HCC is the most 

rowing indication for LT in the US (from 1.2% in 2001 to 9.7% 

n 2009) as well as in Nordic Countries [168 , 169] . Accumulating 

vidence also supports an association between MetS and CKD 

170] . 

The prevalence of CKD in the general population is estimated 

o be approximately 7% [171] . The prevalence of CKD in NAFLD 

anges in different studies between 20% and 55%, possibly higher 

n patients with more advanced liver disease [172] . The association 
S64 
etween NAFLD and CKD is well-recognized, notwithstanding data 

n clinical impact being sparse and not clearly proven [149] . Con- 

ersely, the association between NAFLD, CKD and cardiovascular 

isease (CVD) has been of increasing interest in recent years. In 

act, NAFLD and CKD have been shown to be independent risk 

actors associated with CVD [173 , 174] . This association is of huge 

mportance in the LT setting as CVD are important contributors 

o morbidity and mortality during and immediately after LT as 

ell as in the long-term follow-up [129] . Patel et al. evaluated a 

omposite cardiovascular outcome including myocardial infarction 

MI), cardiac arrest, stroke, cardiac death, heart failure or arrhyth- 

ia occurring within 4 weeks after LT in 283 LT recipients who 

ad a coronary angiography prior to LT. In multiple regression 

odeling, diabetes, the key player in MetS, NAFLD and CKD, was 

he only factor associated with the likelihood of having a cardio- 

ascular event [OR 2.62, 95% CI (1.49, 4.64), p < 0.001] [175] . Due

o a small sample size, they were unable to evaluate the interplay 

etween NASH, CAD and cardiovascular outcomes at the time of 

T but bearing in mind the emerging epidemiological trends of 

hese conditions, an increasing impact could be expected across 

ll stages of the LT process [176 , 177] . 

uestions 

15. To what extent does the presence of CKD impact on the 

rognosis of liver diseases? 

- The incidence and prevalence of CKD is high in patients with 

CLD and especially in HCV and NAFLD patients (B). 

- The association between CKD and CLD in NAFLD patients is a 

matter of severity being higher in patients with more advanced 

NAFLD, namely NASH (2B). No consistent data exist on the 

prognostic impact of CKD on CLD (Ungraded). 

omment 

The epidemiological link between CKD and CLD relies preva- 

ently on consistent data on HCV chronic infection. More recently, 

ata referring to a relevant number of subjects significantly linked 

KD and NAFLD. A cause-effect link between the two diseases is 

till lacking. 

16. What is the prevalence of CLD in patients with CKD? 

- The available epidemiological data of CLD in CKD patients are 

limited to the association of HCV or HBV infections mainly in 

dialysis patients with a prevalence ranging widely from 1.4% to 

28.3% in the developed world (1A). 

- Scanty data and the absence of rigorous NAFLD diagnosis, does 

not allow an exact definition of the prevalence of CLD in the 

majority of CKD patients (C). 

omment 

Common shared factors between CKD and CLD in NAFLD 

atients (diabetes, hypertension and dyslipidemia) makes the 

ssociation between these two pathologies intuitive. However, 

imited data exist based only on observational, retrospective or 

ross-sectional studies. Moreover, the diagnosis of NAFLD had 

een based only on ultrasound. Studies are needed to specifically 

ddress this matter. 
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18. What is the clinical impact of CKD in the liver transplant 

etting? 

- Renal dysfunction is a highly prevalent condition before LT and 

is associated with a per se significant impact on 5 year survival 

as well as on post-transplant CKD (1A). 

- CNIs, the cornerstone of immunosuppression in LT, are asso- 

ciated with an increased incidence of acute as well as chronic 

kidney dysfunction after transplantation (1A). The association 

of a “CNI tailored regimen” to an induction therapy with an 

IL-2 antagonist receptor and with mycophenolic acid or an 

early everolimus based CNI-free immunosuppression seems to 

improve renal function after transplantation (1B). 

- Metabolic syndrome, through the well-recognized association 

between CKD and NAFLD might be reasonably regarded, via 

the cardiovascular risk, as a significant risk factor for morbidity 

and mortality in the peri- and post-operative LT setting (1B). 

omment 

The occurrence of a number of complications after transplan- 

ation begin before the procedure. This is the case of CKD. The 

ELD allocation system, the increasing prevalence in acute on 

hronic liver failure among transplant candidates and the increas- 

ng NAFLD pathology as a cause of liver failure and/or HCC, makes 

KD one of the main Achille’s heels of LT. Early identification and 

anagement of this condition should be addressed. 

. Kidney damage according to different etiology of liver 

isease 

.1. NASH and chronic kidney disease 

While abundant data exist on the epidemiologic links between 

AFLD and CKD, no consistent data are available on either the 

athogenetic or epidemiological association between NASH and 

KD. Indeed, a liver biopsy is essential for the diagnosis of NASH. 

owever, most of the studies addressing these two conditions did 

ot comprise a liver biopsy for the stage definition of fatty liver 

nd/or NAFLD. Alternatively, studies conducted in hepatological 

ettings lacked precise information on renal habits. This is the case, 

or example, of the obeticolic trial addressing the ability of obeti- 

olic acid to improve liver fibrosis in a well-defined population of 

atients with NASH and so on. Thus, apart from the data of Musso 

172 , 178] , no definite conclusion could be made about the epidemi- 

logical association between NASH and CKD. The pathogenesis of 

ASH involves multiple hepatic and extrahepatic hits involving 

dipose tissue, the gut and gastrointestinal hormones involved in 

he progression of NASH. Dysfunction of the adipose tissue through 

nhanced flow of free fatty acids and the release of adipocy- 

okines, as well as modification of gut microbiome, finally lead to 

roinflammatory signals which in turn culminate in hepatocyte 

poptosis, endoplasmic reticulum (ER) stress and oxidative stress. 

ikewise, persistent low-grade inflammation, oxidative stress and 

ut microbiota dysbiosis are considered hallmark features of 

KD. 

More precise indications are available on the management 

f these two conditions. NASH and CKD share many etio- 

ogic/predisposing factors such as hypertension, diabetes, dys- 

ipidemia and obesity. It is difficult to individually analyze the 

ingle metabolic factors involved in NASH-associated CKD as, in 

ost instances, they are present contemporarily and concur both 

o the liver and kidney disease and their progression. Therefore, 

n the specific setting of NASH associated CKD, the first manage- 

ent object is to start with prevention through implementation 
S65 
f lifestyle measures according to specific guidelines as per the 

eneral population [179] . 

Patients with diabetes and CKD-NASH are at high risk of CV, in- 

luding coronary heart disease, stroke, peripheral vascular disease, 

eart failure and arrhythmia. Hypertension management mirrors 

he general population as well, including sodium restriction, 

moking cessation, alcohol avoidance and exercise, as first line 

nterventions. In addition to glycemic control and lifestyle inter- 

entions, blood pressure lowering, lipid lowering, and antiplatelet 

edications are commonly used to reduce cardiovascular risk. 

lood pressure lowering also affects CKD progression. ACE-Is and 

RBs are valuable blood pressure reducing agents in CKD patients. 

hey are indicated if urinary albumin excretion is elevated and are 

afe to combine with most other blood pressure reducing agents. 

linically significant hyperkalemia and reductions in GFR can occur 

n patients receiving ACE-Is or ARBs, particularly in those who have 

enal-artery stenosis or reduced intravascular volume, or when 

hese agents are used together with NSAIDs, COX-2 inhibitors, or 

otassium-sparing diuretics. With the exception of ARBs or ACE-Is 

n CKD patients with high levels of urinary albumin or protein 

xcretion, there is no strong evidence to support the preferen- 

ial use of any particular agent(s) in controlling blood pressure 

n CKD; Other information of value in deciding on the optimal 

lood pressure lowering regimen include data on drug half-life 

nd dose adjustments in CKD stage V, which may be of help in 

uiding the use of blood pressure lowering drugs in advanced CKD 

180] . 

.1.1. NASH comorbidities and chronic kidney disease 

iabetes 

According to KDIGO Guidelines on diabetes and CKD, individual 

lucose-lowering medications have specific benefits and risks. For 

xample, some SGLT2 inhibitors and GLP-1 receptor agonists re- 

uce the risk of CKD or cardiovascular events with other beneficial 

ffects (e.g., blood pressure and weight reduction), though adverse 

ffects (e.g., hypoglycemia, bone disease) could also vary. In CKD, 

he benefits and risks of intensive glycemic control in general 

nd specific glucose-lowering drugs may vary, and some drugs 

equire dose reductions or are contraindicated. The impact of CKD 

n glycemia management also differs across the spectrum of CKD 

everity as well as in the advanced NASH stages. Therefore, among 

eople with diabetes and CKD, optimal glycemia targets and the 

referred agents used to achieve them are not clear [181] . 

besity 

Avoiding weight gain may have downstream benefits in 

eduction of hypertension, hyperlipidemia and diabetes, with 

ubsequent reduction in CVD and renal dysfunction. If diet and 

ifestyle intervention fail, medical or surgical interventions may be 

ought. Effects of weight loss in NAFLD and NASH is clearly shown 

n a randomized controlled trial of exercise and diet intervention 

n non-transplant patients with NASH. Goals of diabetes care in 

ASH associated CKD are the same as in the general population. 

ome medications chosen for metabolic control may benefit NASH. 

CE inhibitors, Fish oil/Omega 3, Pioglitazone and GLP-1 agonist 

howed benefit in improving steatosis and necroinflammatory 

nfiltrate. Oral hypoglycemic choice may impact weight gain, 

epending the agent used. However, the presence to some extent 

f GFR reduction deserves some caution when starting pharmaco- 

ogical intervention and choosing the drug to treat comorbidities 
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hould take into account drug-to-drug interaction and renal 

ysfunction [182] . 

yslipidemia 

CKD is associated with dyslipidemia with a direct link with 

VD. Robust clinical evidence in non-CKD subjects suggest that 

ipid lowering agents reduce CVD outcomes. Statins are the most 

ommonly used lipid-lowering medications. The benefit in reduc- 

ng cardiovascular outcomes has been demonstrated in pre-end 

tage CKD subjects, and in post-renal transplant subjects, while 

o evidence exists in dialysis patients. CKD patients are at high 

isk of medication-related adverse events, perhaps because of the 

educed renal excretion, frequent polypharmacy and high preva- 

ence of comorbidity in this population. Therefore, reduced doses 

f statins are generally recommended for patients with advanced 

KD. The SHARP trial provided evidence on the efficacy and safety 

f lowering LDL cholesterol with the combination of ezetimibe and 

imvastatin among a wide range of patients with CKD. Moreover, 

o evidence was reported of excess risks of hepatitis [183] . 

.1.2. Clinical impact of NASH in the kidney transplantation setting 

NAFLD and CKD share common risk factors as metabolic syn- 

rome, however NAFLD seems to accelerate the development and 

rogression of CKD independently of traditional risk factors. More 

mportantly, clinical evidence indicates that the presence and 

everity of nonalcoholic fatty liver disease is significantly associ- 

ted with incidence and stage of CKD [172] . Nonalcoholic fatty 

iver disease itself may exacerbate systemic and hepatic insulin 

esistance, cause atherogenic dyslipidemia, and release a variety of 

ro-inflammatory, pro-coagulant, pro-oxidant, and pro-fibrogenic 

ediators that play important roles in the development and 

rogression of CKD. This suggests that overlapping mechanisms 

ontribute to the onset and progression of liver and kidney injury 

n NAFLD [172] . 

NASH is an emerging risk factor for liver dysfunction compared 

ith other etiologies of cirrhosis [140 , 178] . In the transplant set- 

ing NASH-related cirrhosis is the most rapidly growing indication 

or SLKT. NASH patients have worse renal outcomes, independent 

f associated diabetes, after receipt of SLKT. Furthermore, SLKT 

ecipients for NASH-related cirrhosis have a higher risk of kidney 

raft loss compared with patients with cirrhosis of other etiologies. 

ingal et al. analyzed LT performed in adults and SLKT between 

002 and 2011 reported in United Network for Organ Sharing 

UNOS) database: risk of kidney graft loss was over 1.5-fold higher 

ransplant for NASH related cirrhosis [140] . Studies are needed to 

xamine the mechanisms of these findings and develop strategies 

o improve renal outcomes in SLKT recipients for NASH. 

The components of metabolic syndrome, are known CV risk 

actors and are highly present after KT, mainly due to the use of 

mmunosuppressive therapy. Given the fact that these disorders 

re strongly associated with NASH, the presence of this hepatic 

isease in renal transplant recipients could be a strong predictor 

f CVD risk. 

.2. Pathogenesis of kidney diseases associated with HBV infection 

Renal disease may occur in 3–5% of patients with chronic HBV 

nfection [184 , 185] . Various mechanisms have been implicated 

n the impact of HBV infection on CKD. In fact both viral and 

ost factors are involved in pathogenesis. An association with 

LA genes has been reported, denoting the impact of genetic 

redisposition [184] . 

The different morphological forms of HBV-related renal dis- 

ase include membranous nephropathy, membranoproliferative 

lomerulonephritis, mesangial proliferative glomerulonephritis, IgA 
S66 
ephropathy, focal segmental glomerulosclerosis and polyarteritis 

odosa [185] . 

The histological manifestations of HBV-associated renal injuries 

ccur as a result of immune-complex GN and Ig A nephropathy 

r immunocomplex-related vasculitis. The immune complexes 

re composed of viral antigens and the antibodies that these 

ntigens invoke in the host [184] . To demonstrate this, hepatitis B 

ntigen-antibody complexes have been found in renal lesions via 

mmunofluorescence microscopy [2 , 186] . 

In particular: 

• In membranous nephropathy the antigen within the immune 

deposits may arise from three potential viral particles: HBsAg, 

HBcAg, or HBeAg [185 , 186] . HBeAg is the one mainly involved 

in HBV-related membranous nephropathy. Approximately 90% 

of patients with chronic HBV and biopsy-proven membranous 

nephropathy have detectable HBeAg isolated from the glomeru- 

lus and > 95% of these patients have measurable circulating 

HBeAg. HBeAg associates with IgG (immune complex) are in 

both the circulation and kidney tissue. In addition, the deposits 

may form from either deposition of an IgG immune complex 

with one or more of the stated antigens or with the de novo 

formation of an immune complex after deposition of the 

circulating antigen in the basement membrane first, followed 

afterward by deposition of the circulating antibody. The size 

and charge of the antigens are an important determinant of 

their pathogenicity and ability to traverse across the glomeru- 

lar basement membrane. In fact, HBeAg is the smallest of the 

three antigens and IgG-HBeAg complexes tend to settle in the 

subepithelial space [2 , 184–186] . 

• Membranoproliferative glomerulonephritis is characterized by 

the deposition of immune complexes in the mesangium and 

subendothelial spaces. In patients with HBV-associated mesan- 

gial proliferative glomerulonephritis, glomerular deposition of 

immunoglobulin G (IgG), complement C3, and HBsAg have 

been reported, with a predominant deposition of IgA in the 

renal mesangium [185 , 186] . Moreover liver disease may be 

mild or even absent in those patients [186] . 

• In polyarteritis nodosa circulating antigen-antibody complexes 

aggregate in the vessels. It is a vasculitis affecting medium- 

sized arteries in most cases, which usually occurs within 4 

months of HBV infection [2] . 

Unlike other viral-associated glomerulonephritis, HBV-induced 

mmune complex disease occurs after a prolonged carrier state 

185] . 

Renal injury caused by HBV may be related to immune 

eactions, with glomerular deposition of immune complexes 

ut also virus-induced specific immunological effector mecha- 

isms (specific T lymphocyte or antibody). Such reactions may 

amage the kidney or have indirect effects from virus-induced 

ytokines/mediators on renal tissue, also inducing apoptotic dam- 

ge in the renal tubular cells [133 , 184 , 187] . HBV antigens (HBsAg,

BcAg and HBeAg) are also expressed in renal tubular epithelial 

ells. They can upregulate complement-mediated inflammatory 

ene pathways and contribute to the pathogenesis of nephropa- 

hya. Furthermore, in chronic HBV infection, steatosis may be 

resent and could induce lipid peroxidation and increase plasma 

nflammatory biomarkers. 

However only a small percentage of patients develop renal 

isease: this suggests concomitant factors are necessary (such as 

enetic susceptibility, cell-mediated immunity abnormalities, and 

r environmental conditions) to develop renal disease [133] . 
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.2.1. Burden of HBV infection in patients on dialysis 

pidemiology 

Control of HBV infection was one of the major advances in 

emodialysis patients, in particular for those awaiting KT [188] . 

Infection with HBV appeared one of the main health problems 

n hemodialysis since the introduction of the dialysis technique, 

hich occurred in the 1960s; the Australia antigen, later renamed 

BsAg, was discovered by Blumberg in 1965 [189 , 190] 

The first epidemiological studies from the US published in the 

970s revealed an incidence of 3–6% new cases in hemodialysis, 

ith a prevalence of 8% [191] ; the incidence and prevalence 

ubsequently fell sharply, to 0.5% and 3.8% in the 1980s and to 

.05% and 0.9% in the 20 0 0s respectively [192] . 

This improvement was mainly correlated to four factors: 

• introduction of the screening test for HBsAg in blood donors 

• introduction, in 1977, of dedicated hemodialysis machines in 

HBsAg carriers 

• introduction of the HBV vaccine in 1982 

• introduction of erythropoietin in 1986 

The DOPPS study (Dialysis Outcomes and Practice Patterns 

tudy) results published in 2003 reported that the prevalence 

ates of chronic HBV infection on regular dialysis ranged between 

% and 7%; among these, Italy had the highest prevalence [193] . 

atural History 

The natural history of HBV infection in the hemodialysis pop- 

lation is characterized by usually asymptomatic evolution during 

he acute episode and a very high chronicization rate (more than 

0%) linked to the global state of immunosuppression in hemodial- 

sis patients. The frequent features of normal transaminase levels 

n patients with active HBV infection is due to low levels of 

yridoxine and increased viral clearance by hemodialysis; more- 

ver, the reduced cytolytic response related to uremia-induced 

mmunosuppression contributes to extremely low levels of hepatic 

nzymes. 

Available data on the natural history of HBV infection in 

emodialysis are scarce and poorly characterized because chronic 

BV usually progresses slowly; in contrast, life expectancy of 

emodialyzed patients are significantly shorter than in the general 

opulation due to cardiovascular diseases and sepsis; a study 

onducted in 2008 on a cohort of 403 hemodialyzed patients 

howed a significant increase in mortality only in patients who 

ere HBsAg positive with advanced liver disease (194). 

Cirrhosis is not frequent in dialysis patients but carries a higher 

ortality rate than in the general population [194] . 

herapy 

Since the 1990s, the introduction of antiviral therapy with 

ucleoside analogues (lamivudine, emtricitabine, telbivudine and 

ntecavir) and nucleotide analogues (tenofovir and adefovir) has 

eeply changed the natural history of hemodialysis patients and 

hose awaiting renal transplantation with HBV infection. 

Antiviral therapy in this population has clearly improved 

urvival; a study conducted in 2014 showed that HBsAg-treated 

ositive patients had a 10-year survival comparable to negative 

BsAg controls (39.1% vs. 33.2% p = 0.12 and that the suppression 

f viral replication was associated with a significant increase 

n survival (HBV DNA 〈 2 log10 IU / mL, 90.9% vs. HBV DNA 〉 2

og10 IU / mL 74.1% at 5 years p = 0.049). The study confirmed

hat mortality due to liver causes in the hemodialysis population 
S67 
s infrequent, as the cardiovascular and infectious causes occur 

arlier with respect to the progression of liver disease [195] . 

.2.2. Evaluation of HBV candidates for kidney transplant 

Antiviral treatment with analogues in HBV cirrhosis patients 

as significantly reduced the indication for liver transplantation, 

hile HCC chemo-prevention by long-term administration of 

ntecavir (ETV) or tenofovir disoproxil fumarate (TDF) is still a 

atter of debate. 

In cirrhotic patients treated with ETV or TDF the annual in- 

idence of HCC was 2.6% and 3.7%, comparable to that of HBV 

ntreated patients [196 , 197] . 

Because early diagnosis of HCC allows curative therapies, close 

urveillance for HCC risk is of strategic importance also in cirrhotic 

atients treated with high genetic barrier antivirals. 

HCC development is the only factor affecting liver-related mor- 

ality in HBV patients under NUC and HCC is the main indication 

or LT even in combined liver-kidney transplant candidates. 

Isolated KT in patients with compensated cirrhosis is still a 

ebated option because of the potential risk of post-operative 

ecompensation and the potential increased risk of HCC related to 

mmunosuppressive therapy. The Asian study published on a 2015 

orean series of 12 patients with HBV-related cirrhosis related 

o an isolated and transplanted antiviral treatment found that 

urvival in this group was similar to that of HBV patients without 

irrhosis. The incidence of HCC was very high but not significantly 

ifferent from non-cirrhotic patients (33% vs. 25%) [198] . 

.2.3. Evaluation of HBV kidney transplanted patients 

Frequency of HBV infection in KT patients is 20% in Italian se- 

ies with different prevalence in different regions. After transplant, 

he natural history of HBV infection changes and accelerates and, 

onsequently, mortality for liver diseases increases. 

A study published in 1996 in the pre-antiviral era revealed a 

apid histological progression after KT. While before transplanta- 

ion about 40% had no signs of liver disease, only 6% maintained 

 normal histology afterwards and 28% of patients had histological 

rogression to cirrhosis. Following studies on transplanted patients 

ollowed for over 10 years showed a significant reduction in 

urvival in HBsAg + patients [199] . 

For many years before analogues therapy HBV infection was 

onsidered a relative contraindication to KT due to high liver- 

elated mortality; however, the introduction of antiviral therapy 

as completely changed the prognosis of KT with HBV infection. 

Patient survival has significantly increased since 1986 after 

he introduction of antiviral therapy; a study published in 2010 

ocumented an 81% survival at 10 years in patients who received 

reatment with analogues. However, liver failure is still the lead- 

ng cause of death for this cohort. The most recent KDIGO and 

ASL guidelines state that screening for HBV infection must be 

erformed in all hemodialysis and transplant evaluation patients 

nd all HBsAg transplant-positive subjects should receive antiviral 

reatment with ETV or TAF regardless of the level of viral repli- 

ation. Lamivudine is not recommended because of the high risk 

f resistance. NA prophylaxis and treatment should be continued 

ong-term. In patients with significant fibrosis or cirrhosis, close 

urveillance for HCC with six-month ultrasounds and AFP dosage 

s strongly advised [200] . 

.3. Pathogenesis of renal diseases associated with HCV infection 

HCV infection in CKD stage 5 patients is more frequent than in 

he general population. The rate of anti-HCV seropositive dialyzed 

atients ranges between 1% and 40% [3 , 201] . The risk of HCV infec-

ion increases with the number of years on hemodialysis. The main 
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eason seems to be patient-to-patient transmission due to unsat- 

sfactory compliance with standard/specific infection control prac- 

ices. In fact, hands blood contamination among staff members or 

edications, devices and equipment contamination can contribute 

o HCV transmission, while the use of a dedicated dialysis ma- 

hine does not confer protection against transmission [3 , 201 , 202] .

ecause of an increased risk of HCV infection in a hemodialysis 

etting, the recent international guidelines recommend screening 

ll patients upon initiation of in-center hemodialysis [201] . 

The risk of HCV infection among patients who receive peri- 

oneal dialysis or home hemodialysis has not been quantified. The 

eed for in-center hemodialysis during the course of the disease 

ill put these patients at risk of acquiring HCV infection compa- 

able to other dialyzed patients. Therefore, since these patients 

ransiently receive in-center hemodialysis, they should undergo 

CV infection screening upon initiation of home or peritoneal 

ialysis to document baseline HCV infection status, and the case 

or interim in-center hemodialysis [3] . 

.3.1. Screening of HCV in patients on dialysis 

HCV infections are mostly asymptomatic, making screening 

ecessary to detect infection in high-risk populations, particularly 

n hemodialysis patients in whom signs or symptoms of acute HCV 

nfection are rarely recognized. However, blood testing for ALT has 

eak diagnostic value in renal patients as levels most commonly 

all within the lower limit of normal range, but if an unexplained 

levation of ALT occurs, the patient should be tested for HCV 

nfection. The reason for this phenomenon is unclear and various 

gents could be involved: vitamin B6 deficiency, uremic toxins 

ccumulation and malnutrition, making the ALT levels monitoring 

nly a low value test [203] . 

The KDIGO HCV Work Group suggests that in hemodialysis 

nits initial HCV testing by enzyme immunoassay (EIA) should 

e considered, since third-generation EIAs have high sensitivity 

98.8%) and specificity (100%) [201] . However, the time between 

CV infection and the appearance of detectable antibodies (sero- 

ogical window period) is generally more than 40 days using 

hird-generation EIAs [204] . Fourth-generation EIA is the most 

ommonly used screening tool for HCV infection and allows the 

CV antibody to be detected significantly earlier than the other 

ssays [3 , 201 , 205] . 

If positive, immunoassay must be followed by nucleic acid 

esting (NAT). Initial testing with NAT should be considered in 

igh prevalence units because anti-HCV test can be false-negative: 

mmune-compromised patients might either exhibit a delay in 

ntibody production or an absence of specific antibodies following 

cute HCV infection. 

Samples collected to test for HCV by NAT should be drawn 

efore dialysis, because hemodialysis sessions reduce viremia 

evels, although the mechanism remains unclear. 

An anti-HCV–negative, HCV RNA–positive (i.e., NAT-positive) 

rofile strongly suggests acute HCV infection. 

A positive anti-HCV antibody test may indicate either current 

nfection or resolved past infection. The Center for Disease Control 

nd Prevention (CDC) updated guidelines for hepatitis C testing 

ecommend that a positive anti-HCV antibody result should al- 

ays be followed up by testing for the presence of HCV RNA with 

n FDA-approved NAT to identify subjects with an active HCV 

nfection. 

NATs can detect HCV RNA as early as 1 week after exposure 

nd detect all infected cases by 2–3 weeks post-exposure. Cur- 

ently, available HCV NATs are highly sensitive, detecting as little 

s 5 IU/mL of HCV RNA, and highly specific (99%) [205 , 206] . 

Repeat anti-HCV testing is recommended every 6 months in 

emodialysis patients who are not infected with HCV (anti-HCV 

ntibody negative). 
S68 
Hemodialysis patients with sexual behavior at risk should be 

creened more frequently. 

Patients with resolved infection (HCV-RNA negative and HCV- 

b positive) require periodic screening (every six months) for the 

e-infection risk. 

When a new infection is identified in an HD unit, all NAT 

egative patients should be tested [3 , 201 , 202] . 

.3.2. Treatment of HCV in patients on dialysis 

Effective treatment regimens are now available for HCV-infected 

emodialysis patients identified as HCV RNA positive. 

According to international guidelines, all patients with CKD 

nd HCV infection should be considered for treatment with direct 

cting antivirals (DAAs), prioritizing those with symptomatic cryo- 

lobulinemic vasculitis, extensive liver fibrosis and stage 4–5 CKD 

207–210] . Appropriate timing and choice of antiviral therapy must 

e individualized to each patient according to comorbidities and 

ransplant candidacy. 

Treatment of patients with chronic hepatitis C with or without 

irrhosis and renal impairment, including hemodialysis patients, is 

dentified by the Italian National Health System (INHS) as 10 AIFA 

riteria ( Fig 1 ). 

According to the EASL and AISF guidelines [208 , 209] , the regi- 

ens currently available for patients with impaired renal function 

re: 

- Pangenotypic combinations: glecaprevir (PI) plus pibrentasvir 

(NS5A inhibitor) for 8 or 12 weeks, according to the general 

recommendations. 

- Genotype-specific regimens: grazoprevir (PI) and elbasvir 

(NS5A inhibitor) only for genotype 1 and 4. In particular, geno- 

type 1a and treatment- nai ̈ve patients infected with genotype 4 

with an HCV RNA level ≤80 0,0 0 0 IU/mL (5.9 Log10 IU/mL) can 

be treated with the combination of grazoprevir and elbasvir for 

12 weeks. 

Clinical trials and real-life data clearly showed that regimens 

ased on DAA are safe and without significant side effects also in 

D patients, although it is necessary to carefully follow patients 

reated with ribavirin and/or those with advanced liver and/or 

idney disease. 

In patients on hemodialysis, a non-sofosbuvir based regimen 

hould be preferred whenever possible [209] . 

The predominant circulating metabolite of sofosbuvir, GS- 

31,007, is cleared renally and accumulates in patients with 

evere renal impairment or ESRD, but dosing recommendations 

or patients with ESRD are not available at the moment. However, 

eal-world case series in patients with ESRD undergoing dialysis 

emonstrate substantial use of sofosbuvir-based regimens in this 

opulation, with no safety concerns identified [211] . 

EASL guidelines conclude that sofosbuvir should be used with 

aution in patients with end-stage renal disease, only if an alter- 

ative treatment is not available, since no dose recommendation 

an currently be given for these patients [209] . 

.3.3. Treatment of HCV-positive candidates for kidney transplant 

As stated above, effective and safe antiviral treatment regimens 

re currently available for HCV-infected patients through all CKD 

tages and also for KT recipients. Indeed, a strong advocacy for 

otential complete HCV eradication while on the waiting-list was 

uilt up as soon as DAAs had been licensed. The possibility of 

chieving this goal before transplantation had been considered 

ore relevant in view of the potential interference with an- 

irejection drugs and renal safety after KT. However, the fragile 

emodialysis population, the core of KT candidates, is affected 

y multiple comorbidities, and, even if HCV infection has been 

hown to be a strong, consistent and independent risk factor for 
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ll-cause (RR 1.35, 95% CI 1.25–1.47), liver-related (RR 3.82, 95% CI 

.92–7.61), infectious (RR 1.53, 95% CI 1.11–2.12) and cardiovascular 

RR 1.26, 95%CI 1.10–1.45) mortality [212] , nevertheless, a mortality 

ate as high as 15–20%/year, mainly due to cardiovascular risk, 

vercomes the benefit of HCV eradication on survival. 

A second and more relevant issue when advising HCV treat- 

ent before KT are the implications relating to patients’ access to 

he transplant waiting-list. KT is the most successful intervention 

or end-stage kidney disease, and people on hemodialysis who 

chieve KT experience a substantial survival advantage. Achieving 

xclusively SVR in HCV + hemodialysis patients may therefore pose 

 significant survival disadvantage, should it preclude them from 

ccessing specific KT programs, such as those which transplant 

idneys from HCV + donors. These programs have been clearly 

hown to offer an advantage to patients considering their ability 

o receive a transplant in a significantly shorter period of time 

213] . Consistent safety data of HCV eradication also in the post- 

ransplant period suggests the possibility that treatment could be 

ostponed after transplant, if HCV + donor KT is available, thus 

educing waiting time and shortening dialysis period [214] . 

.4. Alcohol-related liver disease and kidney injury 

Renal failure with or without structural renal damage is fre- 

uently associated to alcohol abuse; chronic alcohol consumption 

s a well-known risk factor for tissue injury. 

Alcoholic kidney injury may be associated with ethanol-induced 

xidative and inflammatory stress; moreover, the relationship be- 

ween the kidney and other organs, in particular the liver and 

ntestine, may be involved in kidney damage. 

Alcohol induces expression of the microsomal ethanol oxida- 

ion system (CYP2E1) particularly in the kidney, producing reactive 

xygen species resulting in oxidative stress that damages cell 

embrane phospholipids and recruitment of neutrophils [215] . 

Other studies suggested that ethanol can increase the expres- 

ion of other two nitric oxide synthetases, enhancing nitric oxide 

roduction that triggers tissue damage [216] . 

Several studies have established a central role of glomerular 

amage with mesangial deposition of immunocomplex-IgA in de- 

ermining renal failure [217] . Specifically, histopathological studies 

howed that about 70% of patients with alcoholic cirrhosis showed 

lomerular changes, with IgA mesangial infiltrate in about 90% of 

ases [218 , 219] . 

From a physiopathological point of view, IgA alcoholic 

ephropathy has been classified among the secondary forms 

f IgA nephropathy due both to hypersecretion of IgA complexes 

robably mediated by mucosal damage with increased intestinal 

ermeability and reduced hepatic clearance of immunocomplexes 

y hepatocytes [220] . 

The kidney is particularly sensitive to an increased IgA load. In 

act, IgA glomerulonephritisis is one of the most frequent forms of 

rimary glomerulonephritis. 

Although IgA mediated mesangial damage is frequent in these 

atients, only a low percentage of proved glomerulonephritis is 

ssociated with renal insufficiency. In particular, the correlation 

etween alcoholic cirrhosis severity and development of chronic 

enal failure has not been defined; portal hypertension severity 

nd the extent of portal-systemic shunts are among the principal 

recipitating risk factors [221] . 

IgA nephropathy in patients with liver cirrhosis can occur early 

ith microhematuria, more rarely with proteinuria and alteration 

f serum creatinine. Circulating IgA levels can be increased and 

rine test alterations have been shown to correlate with the extent 

f mesangial damage. The diagnosis is essentially clinical, since a 

enal biopsy, which is the gold standard in the diagnosis of IgA 

elated nephropathies, is not adopted in current clinical practice 
S69 
n these patients, due both to the risks of the procedure and the 

ow prognostic impact. 

In addition, there is no specific etiological treatment for this 

ephropathy, whose prognosis often depends on the evolution of 

iver disease. The regression of mesangial damage following absti- 

ence, LT or following interventions to reduce portal hypertension 

s anecdotal [222] . 

.4.1. Clinical impact of AKI in acute alcoholic hepatitis 

Renal damage is a frequent complication during acute alcoholic 

epatitis and is often an early sign of multi-organ failure (MOF). 

KI in acute alcoholic hepatitis is determined by hemodynamic 

isorders, infections, use of nephrotoxic agents and hyperbiliru- 

inemia, which has been shown to contribute to the development 

f acute tubular damage rather than by direct cytotoxic alcohol 

amage [223] . 

The risk of AKI in alcoholic hepatitis was recently analyzed in 

 prospective cohort study on 773 patients hospitalized for severe 

lcoholic hepatitis. 

In this study 32% of patients developed AKI during hospitaliza- 

ion; hepatic encephalopathy, SIRS, and MELD score at admission 

ere found to be predictors of AKI [224] . 

Appearance of AKI occurs early in acute alcoholic hepatitis 

nd is strictly related to mortality. In a recent study the 90-day 

ortality rate for patients with alcoholic hepatitis and AKI was 

5% vs. 7% for patients who did not have AKI [225] . 

Therefore, in acute alcoholic hepatitis, the immediate removal 

f causes of worsening renal function is strongly suggested. It is 

ssential to modulate diuretic therapy and adapt hydration, iden- 

ify early and treat with adequate antibiotic therapy for infections 

nd suspend any nephrotoxic agents. 

A recent study has also highlighted how the use of non- 

elective beta-blockers during acute alcoholic hepatitis is indepen- 

ently associated with the development of AKI; therefore their 

uspension could be indicated [226] . 

In the absence of clinical improvement, temporary renal re- 

lacement therapy is indicated, which however does not guarantee 

he restoration of renal function, but can contribute to its recovery 

227] . 

.5. Indications for isolated liver or combined liver-kidney 

ransplantation 

The introduction in 2002 of MELD as a tool to address risk cri- 

eria for liver graft allocation and prioritization led to an increase 

f LT recipients with renal damage, the proportion necessitating 

emodialysis 6 months after transplant growing from 2% to 5% of 

atients and to an unexpectedly and dramatic increase of com- 

ined SLKT [228 , 229] . In the USA the number of SLKT dramatically

ncreased from 135 to 731 in 20 0 0 and 2016, respectively [230] .

his procedure was carried out without formal guidelines which 

n turn resulted in a great variability between centers in respect 

o indication while outcomes in terms of transplant benefit had 

ot been clearly defined [231] . 

In a preliminary matched control analysis between patients 

ho had undergone kidney alone, liver alone or combined liver- 

idney transplant, no benefit in the SLKT cohort was found despite 

he allocation of higher quality grafts [232] . This series included 

atients with more advanced liver disease and with AKI, thus 

lso at high risk for liver transplant alone. First data addressing 

 rule for SLKT identified a more than 3-months dialysis need 

efore transplant as a positive predictive factor for better outcome 

n the combined SLKT vs. liver transplant alone. Hmoud et al. 

nalyzed data of 3549 patients listed for SLKT in 2015. Among 

hem, 422 (12%) received an isolated LT. Overall survival was 

oorer in the isolated LT and 24% needed a renal transplant within 
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Table 3 

Parameters for liver function evaluation in patients with renal failure. 

Biochemical parameters Score Ultrasound Hemodynamics Clinical Fibrosis Score (only for HCV) 

Platelets MELD Caudate lobe hypertrophy HVPG Ascites FIB-4/APRI 

Bilirubin CHILD-PUGH Enlarged spleen Varices EPS 

Albumin Spleno-portal axis dilation 

Fibroscan 

MELD: creatinine, INR, bilirubin. 

Child-Pugh: serum bilirubin and albumin levels, prothrombin time, ascites, and encephalopathy. 
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Table 4 

Criteria for simultaneous liver-kidney transplant. 

Patients categories Risk criteria 

Compensated cirrhosis Presence of esophageal varices 

HVPG ≥ 10 mmHg 

Active liver disease (alcohol, NASH) 

HCC 
∗Liver Stiffness ≥ 30 and PLT < 110.000 

Previuos decompensation 

Decompensated cirrhosis Ever 
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-year after LT. The proportion of patients who recovered renal 

unction after transplantation in this study was 33% but figures 

etween 5% and 68% are reported accounting for heterogeneous 

atients characteristics [232] . All together, these data claimed 

he need for guidelines for patient selection. An issue in SLKT is 

he lack of defined predictive factors of functional renal recovery 

nd the futility risk in patients with intermediate MELD which 

rompted in the main transplant organization (UNOS and Euro- 

ransplan) the adoption of delayed KT in those LT recipients not 

ecovering renal function within 1-year after LT, namely a “safety 

et” with the opportunity for an additional score [233] . 

.5.1. NASH associated liver disease 

In view of the emerging epidemic association between NASH 

nd CKD, both comprising diabetes and hypertension as main 

linical features, an increasing need for SLKT can be presumed. 

ingal et al. analyzed more than 13,0 0 0 transplant recipients and 

ound MELD score to predict SLKT in those with diabetes and 

ypertension [1.02 (1.01–1.03)]. The analysis identified a MELD 

core ≥ 43 for a better 5-year survival after SLKT while in patients 

ith MELD score ≤ 29 SLKT was beneficial compared to isolated 

T only in those with sCr ≥ 2 [73% vs. 76%, p = 0.32; 0.85 (0.60–

.2)]. Thus, in patients with diabetes and hypertension, the main 

tigmata of NASH, creatinine and MELD, seem able to stratify risk 

nd address indication [234] . 

.5.2. HBV chronic liver disease 

Despite its decreasing rates, especially in developed countries, 

BV positive patients pose relevant challenges in the setting of 

LKT and require a strict collaboration between nephrologists and 

astroenterologists. A typical scenario is an HBsAg positive patient 

ho, according to EASL guidelines, should receive anti-HBV pro- 

hylaxis or treatment with NA. Historically, ETV is the preferred 

ption in HBV naïve patients but, the recent availability of TAF 

ould allow a safer prophylaxis or treatment in a fragile renal 

opulation like SLKT patients. Very recently, Sripongpun et al. 

ssessed the impact of switching LT recipients to TAF, demon- 

trating its safety together with a trend toward improvement in 

enal function [235] . These data suggest that in SLKT recipients, in 

hom preservation of liver and renal function is critical, TAF is an 

mportant component in optimizing their long-term outcome. 

.5.3. HCV chronic liver disease 

HCV CLD has a definite cure represented by the availability of 

irect acting antivirals which led, during last 5 years, to the eradi- 

ation of most of the known infected cases. MELD score in patients 

ith both liver and kidney dysfunction could not be an adequate 

easure to stratify liver disease risks as creatinine, an important 

ariable in the score, tends to overestimate the severity of liver dis- 

ase. Therefore, in this specific context of SLKT, other liver severity 

arameters must be strictly evaluated and, especially, portal hy- 

ertension. Portal hypertension is the capital hallmark of liver cir- 

hosis. It is associated to a significant morbidity and mortality rate 

nd the best tool in defining prognosis of cirrhosis. The hepatic 
S70 
enous portal gradient (HVPG) is the gold standard to assess por- 

al hypertension and the best predictor of esophageal varices and 

linical cirrhotic events of decompensation (ascites, encephalopa- 

hy and variceal bleeding). An HVPG > 10 and > 12 mmHg, namely 

linically significant portal hypertension, is able to identify pa- 

ients at risk of developing varices and clinical decompensation, 

espectively [236] . Although the routine application of HVPG mea- 

urements is limited by its invasiveness, it should nevertheless be 

avored in a multidisciplinary setting when managing transplant 

esources. Transient elastography (TE) is a non-invasive method 

o assess liver fibrosis which has been demonstrated in various 

ettings and demonstrated to adequately correlate with HVPG. 

 recent systematic review of 8 studies including 1356 patients 

emonstrated that TE is able to identify clinically significant portal 

ypertension with high accuracy and correlation. 

The presence of clinically significant portal hypertension 

as been associated to an increased surgical risk in several 

on-transplant surgical settings [237 , 238] . A summary of risk 

arameters able to stratify liver function and useful to address a 

roper indication to SLKT are reported in Tables 3 and 4 . 

uestions 

19. What is the prevalence of NASH in CKD? 

- At this time the prevalence of NASH in patients with CKD is 

not clearly defined (Ungraded). 

omment 

Studies are needed including liver histology and accurate 

taging of renal damage before drawing any conclusion. 

20. What is the suggested pathogenetic link between NASH 

nd CKD? 

- The dysfunction of adipose tissue, systemic inflammation 

and modification of the gut microbiome are the common 

pathogenetic mechanisms in NASH and CKD (1B). 

- The interrelation of these mechanisms in the presence of both 

deserves specific studies. (Ungraded) 
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omment 

NASH and CKD share many epidemiologic and pathogenetic 

inks, but studies specifically addressing these pathologies need 

urther consistent data. 

21. Is the natural history of NASH-related CKD different from 

ther etiologies of kidney damage? 

The lack of consistent epidemiological studies and the absence 

f focused pathogenetic data on NASH associated CKD do not 

llow any definite conclusion (Ungraded). 

omment 

Overall, apart from the epidemiological association between 

ASH and CKD, the pathogenetic links and data on natural history 

re lacking. 

22. How should comorbidities be managed in NASH associated 

KD? 

The management of NASH associated CKD relies on proper 

dentification and management of risk factors (hypertension, 

iabetes, dyslipidemia and obesity) (1B). 

In view of the per se’ high cardiovascular risk in CKD patients, 

trict glycemic control, treatment of hypertension, and lifestyle 

odification aimed at weight loss, physical activity and smoking 

essation, should be vigorously promoted in NASH-associated CKD 

1A). 

omment 

Metabolic comorbidities in NASH associated CKD must be 

anaged and controlled in a vigorous way by a multidisciplinary 

ntervention and counseling in view of the increased cardiovascu- 

ar and oncologic risks. 

23. What is the clinical impact of NASH in the setting of kid- 

ey transplanted patients? 

The presence of NASH in renal transplant recipients could be a 

trong predictor of CVD risk (1C). 

Studies are needed to understand the clinical impact of NASH 

n the setting of kidney transplanted patients (Ungraded). 

In the transplant setting NASH-related cirrhosis is the most 

apidly growing indication for SLKT (1B). 

24. What is the pathogenesis of kidney diseases associated 

ith HBV infection? 

(a) Various mechanisms have been implicated in the impact of 

HBV infection on chronic kidney disease. Both viral and host 

factors seem to be involved in the pathogenesis (Ungraded). 

(b) The histological manifestations of HBV-associated renal 

injuries occur as a result of immune-complex GN and Ig A 

nephropathy or immunocomplex-related vasculitis (1B). 

omment 

HBV infection is one of the major public health problems 

orldwide. The demonstrated link between HBV hepatitis and 

idney diseases, adds arguments to the growing body of evidence 
S71 
uggesting that chronic HBV infection may be a contributor to the 

ncreasing incidence of CKD 

25. What is the burden of HBV infection in patients on dialy- 

is? 

- Prevalence rates of chronic HBV infection on regular dialysis 

ranges between 0% and 7%; among these, Italy has the highest 

prevalence (1A). 

- HBV infection in hemodialysis is characterized by a significant 

increase in mortality only in HBsAg positive patients with 

advanced liver disease, cirrhosis is not frequent in dialysis 

patients but is loaded by a higher mortality than in the general 

population (1B). 

- Antiviral therapy with nucleoside and nucleotide analogues has 

strongly increased survival in patients with HBV infection in 

hemodialysis and those awaiting renal transplantation (1A). 

- Since HCC is the main indication for LT in HBV cirrhotic pa- 

tients even in combined liver-kidney transplant candidates, 

close surveillance for HCC risk is strongly advised in patients 

with advanced fibrosis stage and cirrhosis (1A). 

- Isolated KT in patients with compensated cirrhosis is still a 

debated option because of the potential risk of post-operative 

decompensation and the potential increased risk of HCC related 

to immunosuppressive therapy (2B). 

- The nucleos(t)ide analogues which have a high barrier to drug 

resistance (tenofovir or entecavir) has improved survival in 

HBV kidney recipients significantly, however, liver failure and 

HCC is still the leading cause of death for this cohort (2B). 

omment 

Overall, HBV infection in patients on dialysis must be regarded 

s a significant factor for liver disease progression and HCC, thus 

uggesting a strict follow-up collaboration between liver and 

idney specialists. 

26. What is the pathogenesis of renal diseases associated with 

CV infection? 

The pathogenesis of HCV-related nephropathy has not yet been 

ully clarified, but either direct mechanisms related to kidney 

nfection or mediated by the host’s immune response have been 

escribed (1B). 

omment 

The role of immune complexes secondary to production and 

eposition of circulating cryoprecipitate is widely described 

240 , 241] . Nevertheless, some pieces of evidence suggest an in- 

olvement of the direct infection of cells (renal and/or lymphatic). 

27. What is the clinical impact of renal diseases associated 

ith HCV infection? 

A strong association had been reported between HCV infection 

nd the incidence of CKD (1A). 

The association with a more advanced CKD stage could be re- 

ated to the involvement of immune mediated mechanism and/or 

ndirect metabolic mechanisms (2B). 

omment 

Kidney involvement is frequent in HCV positive patients 

nd includes proteinuria, different types of glomerulonephritis, 
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ryoglobulinemia and CKD. As it is well known that HCV infection 

redisposes to the onset of CKD and worsens the prognosis of 

enal patients by increasing the risk of ESRD in non-dialysis pa- 

ients and of mortality in both non-dialysis and dialysis patients, 

n non-dialysis CKD patients as well as graft loss and patient 

ortality in kidney transplant recipients, HCV could be regarded 

s a significant negative prognostic factor in renal diseases 

28. Is screening for HCV recommended in patients on dialysis? 

Screening for HCV infection is recommended in all patients at 

he time of initial evaluation of CKD (1A). 

Screening for HCV infection is recommended in all patients 

pon initiation of in-center hemodialysis or upon transfer from 

nother dialysis facility or modality (1A). 

Screening of HCV infection is suggested in all patients upon 

nitiation of peritoneal dialysis or home hemodialysis (1B). 

omment 

In view of the high prevalence of HCV infection in dialy- 

is, screening of HCV is recommended on a regular basis and 

nternational rules are strongly advised. 

29. Which test should be used for screening? 

We recommend using an immunoassay followed by nucleic 

cid testing (NAT) if the immunoassay is positive (1A). 

Screening for HCV infection with immunoassay or NAT in in- 

enter hemodialysis patients is recommend every 6 months (1A). 

In units with a new HCV infection, all NAT negative pa- 

ients should be tested by NAT techniques and the frequency of 

ubsequent HCV testing should be increased (1B). 

In hemodialysis patients with resolved HCV infection repeat 

esting is recommended every 6 months using NAT to detect 

ossible re-infection (1B). 

omment 

Besides patients with positive immunoassay, a NAT test might 

e always considered especially in hemodialysis centers with a 

igh prevalence of HCV. 

30. Who should be treated? 

All hemodialysis patients and HCV infection should be consid- 

red for treatment with direct acting antivirals (DAAs) (1A). 

Patients with CKD G5D should be treated with a ribavirin-free 

AA- based regimen (1A). 

omment 

In view of the high efficacy and safety of available antiviral 

rugs, an antiviral schedule must be offered and discussed in ev- 

ry HCV dialysis patient aiming to improve the patient’s prognosis 

nd reduce the risk of an infected dialysis room. 

31. In HCV-positive candidates for kidney transplant, who 

hould be treated and how? 

- HCV positive candidates for KT must be considered eligible for 

HCV eradication and results of DAA applications in these set- 

tings showed a good safety profile and excellent efficacy (1A). 

An anticipated long waiting time or suspension of a transplant 

rogram, must expedite addressing the antiviral schedule (1A). 
S72 
Renal safe regimens such as Glecaprevir/pibrentasvir or Elab- 

vir/grazoprevir must be preferred (1A). 

The choice to defer antiviral treatment after kidney transplant 

hould rely on an active HCV positive donors program (2B). 

32. How does the pre-transplant work up differ in combined 

iver/kidney transplant in respect to the single liver or kidney 

ne? 

Apart from vascular study of the iliac compartment, no differ- 

nt pre-transplant work up is suggested when SLKT is planned 

nstead of a single liver or kidney one (1B). 

Third level cardiovascular assessment should be performed 

ccording to liver transplant evaluation (1A). 

omment 

Cardiovascular risk could be regarded as a significant risk in 

atients eligible for SLKT. Thus an in-depth cardiac evaluation, 

specially in the case of NASH indication, is suggested. 

33. What is the pathogenesis of kidney injury associated with 

lcohol misuse? 

Alcoholic kidney injury may be associated with ethanol-induced 

xidative and inflammatory stress; moreover, the relationship be- 

ween kidney and other organs, in particular liver and intestine, 

ay be involved in kidney damage (2C). 

In chronic alcohol abuse mesangial deposition of 

mmunocomplex-IgA plays a central role in glomerular dam- 

ge and chronic kidney damage (1B). 

In patients with liver cirrhosis IgA nephropathy can occur early 

ith microhematuria, proteinuria (2B). 

There is no specific etiological treatment for IgA nephropathy, 

he prognosis often depends on the evolution of liver disease. A 

egression of mesangial damage following abstinence is anecdotal 

2C). 

omment 

Chronic alcohol consumption is a recognized risk factor of 

idney injury, through several oxidative mechanisms that trigger 

issue damage. In addition, several studies have established that 

gA deposition plays a central role in glomerular damage in CLDs. 

atural history studies have confirmed no specific etiological 

reatment for IgA kidney damage, in these patients the prognosis 

ften depends on the evolution of liver disease. 

34. What is the clinical impact of AKI in acute alcoholic hep- 

titis? 

AKI is a frequent complication during acute alcoholic hepatitis 

nd is often an early sign of multi-organ failure (MOF) and strictly 

elated to mortality; therefore, the immediate removal cause of 

orsening renal function is strongly suggested (1B). 

omment 

Alcoholic acute hepatitis is a systemic clinical condition char- 

cterized by acute liver inflammation caused by prolonged heavy 

lcohol use. AKI in acute alcoholic hepatitis is determined by 

emodynamic disorders, infections, use of nephrotoxic agents and 

yperbilirubinemia. In this condition, AKI is a more frequent and 

arlier extra-hepatic organ failure and is a strong determinant 

f short-term prognosis. Prevention, immediate treatment and 
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rgan support in AKI during acute alcoholic hepatitis is therefore 

trongly recommended. 

35. What are the indications for isolated liver or combined 

iver-kidney transplantation? 

Combined liver-kidney transplantation has been demonstrated 

o be accompanied to a patient’s and graft survival advantage in 

he presence of IV stage CKD (eGFR < 30 mL/min) or in the pres-

nce of hemodialysis for at least 3 months before transplant (1B). 

In patients with liver cirrhosis under evaluation for a combined 

iver-kidney transplant, MDRD-6 is the most accurate method for 

RF estimation in those with a GFR 30 mL/min (1B). 

The complexity of the entire process and the difficulty in a 

roper differential diagnosis between the various forms of renal 

amage associated with cirrhosis, need a final decision at multidis- 

iplinary level among the different transplant teams involved (1). 

A combined liver-kidney transplant has a better outcome in 

espect to liver transplant alone in case of: 

- metabolic disease on a genetic background (hyperossaluria, 

aHUS with factor H mutation, non-neuropathic familial amyloi- 

dosis) 

- liver and kidney polycystic disease 

- clinically significant portal hypertension (1A). 

omment 

As robust predictors of renal recovery are lacking, evidence 

oming from different series identified duration of renal failure as 

he critical point to direct clinical decision. That is, a simultaneous 

iver-kidney transplant had been accompanied by a patient and 

raft survival advantage in the presence of an eGFR ≤ 25 mL/min 

r haemodialysis need for at least 6 weeks in patients with AKI 

hile in the case of CKD, 3 months duration of haemodialysis or 

GFR < 30 mL/min is able to stratify patients to be addressed to a 

ingle or combined transplant. 

. Polycystic kidney and liver disease 

.1. Genetic background, phenotypic expression and natural history in 

olycystic kidney and liver disease 

Autosomal dominant polycystic kidney disease (ADPKD) is a 

are, genetic, renal tubular disease. Around 12.5 million adults in 

he world are affected and it is the fourth cause of kidney failure, 

ith the need for RRT (dialysis and/or transplant [239] ). 

It is caused by a heterozygous mutation mainly in two genes: 

KD1 , which accounts for 80–85% of cases, PKD2 mutated in about 

5% of cases. PKD1, located at 16p13.3 codes for Polycystine 1, and 

KD2, located at 4q21 codes for Polycystine 2, two membrane pro- 

eins associated with primary cilium, more than 1400 pathogenic 

utations have so far been reported. Polycystine 1 is a (520 Kd) 

eceptor protein, composed of a long extracellular domain, 11 

ransmembrane domains and a cytoplasmic domain. It is involved 

n cell-cell and cell-matrix interaction, in the down regulation 

f apoptosis and it is also a receptor. Polycystine 2 is instead a 

alcium channel regulated by voltage. The two proteins interact 

ediating its signal transduction [242] . 

In 2016, heterozygous mutations in GANAB were identified 

n nine families with autosomal dominant polycystic kidney or 

iver disease; these mutations were then found in two other 

amilies with predominant liver involvement. GANAB encodes the 

subunit of glucosidase II, a resident enzyme of the endoplasmic 

eticulum involved in N-linked glycosylation, which is a key qual- 
S73 
ty control process that governs folding, maturation and trafficking 

f membrane and secreted proteins [243] . 

Regarding ADPKD pathogenesis, it is commonly accepted that 

he polycystines functional loss transforms tubular epithelial cells 

nto poorly differentiated and hyper-proliferating cells, which give 

ise to renal cysts. In particular, the cysts are formed as dilatation 

f the tubular walls, full of liquid filtered by the glomerulus 

eading to connections loss with the nephron [244] . 

ADPKD has strikingly high phenotypic variability, suggesting 

he important role of environmental factors and genetic back- 

round. In some rare cases, with early onset, additional genetic 

efects are identified: PKD mutations in the second allele or other 

enes such as PKHD1o HNF1B. Mosaicism and the presence of 

ypomorphic alleles contribute to further increase the genetic 

omplexity of this condition [245] 

Prognosis is strictly linked to: 

• Type of gene: PKD1 mutations are associated with major 

total kidney volumes (HtTKV) and minor GFR. They have a 

worse prognosis and lead to ESRD with a need for RRT at an 

average age of 58 years. Patients with PKD2 mutation require 

replacement treatment 10 years later. 

• Type of mutation: truncating mutations are linked with less 

polycystine 1 residual activity. 

• From other genetic and environmental factors within the same 

family phenotypes can show wide differences both in terms 

of progression towards ESRD and extra renal symptoms [246] . 

ADPKD is linked by the appearance and subsequent expansion 

of cortical and medullary renal cysts (100% of cases), which 

progressively lead to end-stage renal disease (ESRD) with a 

GFR decrease of 5 mL/min/year. Renal function can remain 

stable for several decades, despite the progressive increase in 

the number and size of cysts. This is due to compensatory 

glomerular hyperfiltration by normal glomeruli, which preserve 

renal function within the normal range. Only when most of 

the nephrons have been destroyed, renal function is reduced, 

usually after the fourth decade, until ESRD is reached. A wide 

variety of environmental factors have been studied for their 

impact on CKD progression in ADPKD patients: the better 

validated are high caffeine intake, high protein intake, low 

water intake and smoking [247 , 248] . 

Diagnosis is based on the following recently revised ultrasound 

riteria: 

• Three or more unilateral or bilateral cysts for individuals aged 

15–39 years 

• At least two cysts in each kidney for individuals aged 40 to 59 

years 

• At least four cysts in each kidney for individuals aged > 60 

years [249] . 

A negative renal ultrasound beyond the age of 40 years ex- 

ludes disease, between 20–40 years, a negative ultrasound should 

e followed by a CT or MRI scan. Criteria for the diagnosis using 

T or MRI have recently been published with a total of > 10 cysts 

eing sufficient to define ADPKD [250] . 

The hepatic cysts arise from uncontrolled proliferation and 

ilation of the bile duct epithelium and also from alteration of 

he AMPc pathway. Hepatic polycystosis prevalence in ADPKD 

ncreases with age (in the CRISP cohort 58% between 15 and 24 

ears, 85% between 25 and 34 years, 94% between 35 and 46 

ears), risk factors for cysts increase are female sex, exogenous 

strogens and delivery [251] . 

Commonly, hepatic involvement is silent, in relation to hep- 

tomegaly it may appear as pain dyspnea, dyspepsia caused by 

rgan volume. Complications given by the mass effect are also: ob- 

truction of hepatic venous efflux, caval and/or portal compression 
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nd obstructive jaundice. Other complications could be caused 

y cysts bleeding, infection or rupture. Laboratory tests can show 

amma-gt and, more rarely, slight rises of alkaline phosphatase. 

nly rarely mass effect is very symptomatic with the need for LT 

252] . 

Other extra-renal manifestation are frequent, such as hyperten- 

ion (50%–70%), valvular defects (25%) and intracranial aneurysms 

12%) [253] . 

.2. Relevance of prognostic scores 

Scores applied in ADPKD are able to predict an individual’s risk 

f developing ESRD using a single total kidney volume (TKV) or 

enetics test linked with clinical information. 

The Mayo classification requires demographic data such as 

atient age, height, and TKV. The TKV can be calculated employing 

 TKV calculator available online using a single representative 

oronal image. The calculator requires coronal and sagittal length 

nd width and depth measurements of both kidneys to be entered 

sing images obtained by CT without contrast or MRI without 

adolinium and an expert radiologist [254] . 

An important caveat of the Mayo classification is that it does 

ot apply to patients with atypical ADPKD, constituting 5% of 

atients, who have unilateral, asymmetrical, or segmental cyst 

urden. Such patients are at lower risk for progression because 

he spared kidney helps preserving the GFR. 

The PROPKD score is a prognostic score that needs genetic 

esting (PKD1 vs. PKD2 mutation and truncating vs. non-truncating 

KD1 mutation) connected with the following parameters: gender, 

resence of hypertension before 35 years of age, occurrence of the 

rst urologic event before 35 years of age. The PROPKD score splits 

atients into low (0 to 3 points), intermediate (4 to 6 points) and 

igh risk (7 to 9 points) of progression to ESRD, with correspond- 

ng median ages for ESRD onset of 70.6, 56.9, and 49 years. 

PROPKD can be applied only if the genetic mutation is recog- 

ized after 35 years in asymptomatic patients [255 , 256] . 

.3. Role of medical treatment 

The pharmacological strategies tested in randomized controlled 

rials with positive clinical outcomes remain mainly aimed at 

educing the volume of the liver and kidney cysts; treatment 

odalities include not just radiological and surgical procedures 

ut also medical therapies which mechanism of action is mainly 

ocused on reducing the levels of intracellular cAMP responsible 

or cyst formation: somatostatin analogues (octreotide, lanreotide), 

ammalian target of rapamycin (mTOR) inhibitors (sirolimus and 

verolimus) and the vasopressin V2 receptor antagonist tolvaptan. 

olvaptan 

Between 2015 and 2018 both the European Drug Agency (EMA) 

nd the Food and Drug Administration (FDA) approved tolvaptan 

Jinarc), as an effective medication able to slow renal function 

eclining in fast-progressor affected patients, based on the results 

f the clinical trial TEMPO 3: 4 and TEMPO 4: 4 [257–259] . 

TEMPO 3:4 (Tolvaptan Efficacy and Safety in Management of 

utosomal Dominant Polycystic Kidney Disease and Its Outcomes) 

as a multicenter, randomized, placebo-controlled trial, in which 

he long-term safety and efficacy of tolvaptan (titrated between 

0 mg / day and 120 mg / day) were compared with a placebo in

445 adult patients with ADPKD from January 2007 to January 

012. The rationale of the therapy is based on the evidence that 

he AVP antagonists (Vaptani), by preventing the link with their 

eceptor, cause the suppression of CAMP with a consequent in- 
S74 
rease in the excretion of free water (aquaporine) and reduction 

f the urinary osmolarity and renal cysts proliferation. 

The inclusion criteria for the trial were: male or female patients 

ged between 18–50 years, with a certain diagnosis of ADPKD, 

Cr 60 mL/min, TKV > 750 (thus defined as rapid progressors). 

olvaptan reduced the rate of decline in kidney function from 5.5% 

o 2.8% at three years and the rate of clinically significant kidney 

ain. 8% of patients in the treatment group discontinued the trial 

rug because of an increased aquaresis (thirst, polyuria, nocturia, 

nd polydipsia), and 4.9% of patients who received tolvaptan 

ad elevations of alanine aminotransferase to greater than 2.5 

imes the upper limit of the normal range. Approximately 10.9% 

f patients in the tolvaptan group had adverse hepatic events 

ompared to 5.3% in the placebo group. The most common mani- 

estation was ALT elevation three times the upper limit of normal. 

epatocellular injury occurred between 3 and 18 months after 

tarting tolvaptan, all cases showed resolution in LFTs after stop- 

ing the drug. In the REPRISE (Replicating Evidence of Preserved 

enal Function: An Investigation of Tolvaptan Safety and Efficacy 

n ADPKD) multicenter, randomized trial including patients not 

nrolled in the TEMPO trial, showed that tolvaptan may slow 

he decline in kidney function, even if the baseline eGFR was 

ignificantly reduced. This was able to a multicenter, randomized 

rial that examined the effect of tolvaptan in patients with ADPKD 

ged 18 to 55 years with eGFRs of 25 to 65 mL/min/1.73 m2, and 

hose aged 56 to 65 years with eGFRs 25 to 44 mL/min/1.73 m 

2 ,

ith evidence of declining eGFR of at least 2 mL/min/1.73 m 

2 . 

EPRISE included an eight-week pre-randomization period, during 

hich patients were sequentially administered a placebo and 

olvaptan to assess their tolerance to tolvaptan. Patients who did 

ot tolerate tolvaptan at a dose of 60 mg in the morning and 

0 mg in the evening were not randomized, leaving a final sample 

ize of 1370 patients. At 12 months, the change from baseline 

GFR was lower among those assigned tolvaptan compared with 

he placebo (-2.34 vs. -3.61 mL/min/1.73 m 

2 ); the group difference 

as 1.27 mL/min/1.73 m 

2 (95% CI 0.86–1.68) [260] . 

While there is consensus among international recommen- 

ations that the drug should only be used in patients with a 

igh risk of rapid progression, identification criteria for rapid 

rogression vary: nowadays 6 assessment strategies are known 

orldwide, based on eGFR changes, kidney size and genetics. 

omatostatine analogues 

Most data come from the 3 wide trials: 

- the Developing Interventions to Halt Progression of ADPKD 

1 (DIPAK 1) trial, in which 309 patients with PKD and eGFR 

between 30 and 60 mL/min/1.73 m 

2 were randomly assigned 

to lanreotide, 120 mg subcutaneously once every four weeks 

for 2.5 years or with usual care. Although lanreotide re- 

duced the TKV (4.1 vs. 5.6% per year), it failed to slow the 

loss of eGFR (mean difference between both groups was 

−0.08 mL/min/1.73 m 

2 per year and was not significant) and 

did not prevent the development of ESRD (2 vs. 1%). The drug 

also led to more serious side effects, including hepatic cyst in- 

fection (5 vs. 0%), as well as diarrhea and abdominal pain [261] . 

- ALADIN 1 academic, multicentre, randomised, single-blind, 

placebo-controlled, parallel-group trial was conducted in five 

hospitals in Italy. Adult patients with estimated glomerular 

filtration rate (GFR) of 40 mL/min per 1 • 73 m 

2 or higher were

randomly assigned to 3 year treatment with two 20 mg intra- 

muscular injections of octreotide-LAR (n = 40) or 0.9% sodium 

chloride solution (n = 39) every 28 days. The study conducted 

in 75 pts failed to slow eGFR decline between the two groups 

[262] . 
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- ALADIN 2 study, a very similar study to the previous ALADIN 1 

conducted as a parallel-group, double-blind, placebo-controlled 

phase III trial and based on the use of octreotide in patients 

with CKD stage 3b or 4 (GFR 15–40 mL/min); in the study it 

was observed that octreotide-LAR slowed cysts growth and 

delayed progression to ESRD. These patients (at high risk of 

kidney failure), given the cost of the drug, could be the only 

ones worth treating with this drug. However, the reduction 

of kidney cyst growth may potentially be of interest to avoid 

nephrectomy before KT in cases of very large kidneys [263] . 

TOR-i 

A proof-of-concept randomized, crossover study (SIRENA) sug- 

ested that rapamycin stabilized cyst growth at six months. Two 

andomized trials confirmed a slowing of cyst growth (statistically 

ignificant in the first year of treatment) but showed no benefit on 

enal function, with side effects including proteinuria, leukopenia, 

hrombocytopenia and hyperlipidemia, which resulted in a high 

ate of discontinuation (approximately 35%). An additional consid- 

ration is that there is still uncertainty on the dosage necessary to 

chieve biological efficacy [264–266] 

.4. What is the impact of radiological and surgical treatment on 

astro-intestinal symptoms control? 

The liver and kidney cysts increase with the aging and growth 

ate of polycystic liver was estimated at 0.9–1.6% in 6–12 months 

n different clinical studies [267 , 268] . 

An observational study from The Netherlands conducted from 

ve tertiary liver centers collected clinical data on 188 PCLD 

ndicated that more than 80% of patients were female and aged 

early 50 years. The great majority were symptomatic at the time 

f presentation and the presence of PRKCSH or SEC63 mutation 

nd female gender are associated to more severe cases [269] . 

The most frequent symptoms in PLD are associated to massive 

bdominal distension by enlarged liver, with feeling of fullness, 

bdominal pain and discomfort, commonly dyspnea in supine 

osition, early satiety and progressive reduction of food consumed 

ith muscle mass reduction and sarcopenia. The other frequent 

ymptoms are associated with cysts bleeding and infection. 

The Gigot criteria classified polycystic liver disease in three 

tages according to the cysts spread, number and volume [270] ; 

igot 1 is characterized by < 10 large ( > 10 cm) cysts, Gigot 2

y diffuse spread of medium-large cysts with large parenchymal 

reas conserved, Gigot 3 by a very large number of small-medium 

ize cysts diffuse in all the parenchyma with very few liver areas 

reserved. 

Radiological and surgical treatments of polycystic liver dis- 

ase are indicated only in symptomatic patients [271 , 272] with 

mpaired quality of life and includes TC or ultrasound- guided 

spiration or sclerotherapy, transcatheter arterial embolization, 

enestration or hepatic resection. 

spiration/sclerotherapy 

This is a minimally invasive treatment for large ( > 5 cm) symp- 

omatic cysts including complete aspiration of cystic fluid followed 

y sclerosing liquid injection that can produce destruction of cystic 

pithelium, inhibiting fluid production. 

A literature review published in 20 0 0 [273] described 292 

ymptomatic patients treated with aspiration/sclerotherapy, cyst 

iameter ranged from 5 to 20 cm and in the majority the treatment 

as conducted in a single session. 

The majority of patients had complete or partial symptoms 

esolution with 21% of cysts recurrence. Regarding safety, this 
S75 
echnique is minimally invasive and the most frequent symptom 

s transient abdominal pain due to ethanol induced peritoneal 

rritation. 

A recent study including 21 patients with PLD treated with 

spiration followed by ethanol sclerotherapy showed that after 

 months there was a significant decrease not only of cyst vol- 

me but, more importantly, a significant decrease of symptoms 

easured by a PLD-Q score [274 , 275] . The study also showed also 

hat responders had significantly larger cyst volumes compared to 

on-responders. 

ranscatheter-arterial embolization 

Because the cysts in PLD are mostly supplied from hepatic 

rteries but not from portal veins, transcatheter arterial emboliza- 

ion (TAE) of the hepatic artery branches that supply the major 

epatic cysts might lead to reduction of the cyst and liver size. 

So far only two small case series from Asian centers have been 

ublished, with a total liver volume decreased by 26–32% at 1 

ear and PLD-related severe symptoms remarkably improved in 

ore than 80% of the treated patients [276 , 277] . 

Given the small experience with this approach, TAE should not 

e considered outside the setting of clinical trials. 

enestration 

This is a surgical technique involving cysts aspiration, incision 

nd deroofing aiming to reduce the liver volume; it is indicated in 

igot type I and II when aspiration has failed. The technique can 

e minimally invasive if approached by laparoscopy. 

A recent systematic review and metanalysis including 15 

tudies with a total of 146 PLD patients treated showed that 

enestration was able to recover from abdominal symptoms in 

ver 90% with symptomatic recurrence rate of 33.7% [278] . 

The 29% post-operative complications, with conversion from 

aparoscopic to open surgery, mostly for bleeding, was required in 

.2% and the procedure related mortality was 2.3%. 

The most frequent complications were biliary leaks, ascites, 

nfections and pleural effusions. The relatively high complication 

ate in PLD treated with fenestration may be related to an altered 

natomy associated to a wide cysts spread in the liver and in 

ome studies to a high number of cysts fenestrated during the 

rocedure [279–281] . 

Also in the choice of this less invasive surgical technique, we 

ave to consider potential complications such as abdominal adhe- 

ion, infections and biliary leaks, which can make the subsequent 

iver transplant technically difficult. 

epatic resection 

Segmental hepatic resection may be considered only in Gigot 

I stage and only in patients with massive hepatomegaly in whom 

 sufficient extent of normal liver can be maintained and without 

ignificant vascular or biliary system modifications. 

The extension of resection depends on cysts position and, in 

rder to avoid post-operative hepatic dysfunction, the residual 

iver volume should not be less than 26–30% with the remaining 

iver containing few cysts [282 , 283] . 

The vascular and biliary distortion caused by the cysts increase 

he principal causes of post-operative complications such as 

bdominal infection, biliary leaks and fistulas. 

Not many centers have acquired an extensive experience 

n these technically difficult hepatectomies and data regarding 

fficacy and safety are scattered. 

The collective data obtained from published studies including 

ess 337 patients showed that this procedure is associated with 
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 high efficacy in resolving symptoms in 75%, but burdened by a 

ignificant morbidity (51%) and mortality (3%) [284] . 

Moreover, previous resection could be a potential source of 

bdominal complication and adhesion that might complicate any 

uture liver transplantation; it is for this reason that resection is 

onsidered only when fenestration alone is not effective or for 

atients in whom a left lobectomy is sufficient to relieve symp- 

oms. Any extensive or technically difficult hepatectomy should be 

arefully evaluated in potential candidates for LT [281 , 282] . 

A recent mono-centric study describing 11 patients with PLD 

reated with open approach extended resection and associated 

ith marsupialization technique reported a very high success 

ate with resolution of symptoms in all patients without major 

omplications, no need for reoperation, and no deaths [285] . 

In conclusion, hepatic resection in PLD should be performed 

nly in tertiary centers with a wide experience in hepato-biliary 

urgery and also in LT. 

.5. Management of patients with polycystic disease in the transplant 

etting 

Kidney transplant is a safe method of renal replacement ther- 

py in patients with PKD, with low morbidity and high graft and 

atient survival rates, and it is common knowledge that KT from 

 living donor has a much better graft outcome than that from a 

eceased donor, in particular for pre-emptive KT [286 , 287] . 

Post-transplant morbidity appears not to be increased in 

DPKD patients as compared to other, non-diabetic transplant 

ecipients. New onset diabetes, gastrointestinal (GI) complications, 

rythrocytosis, urinary tract infections, thromboembolic compli- 

ations, and haemorrhagic stroke are reported as more frequent 

omplications after transplant [288 , 289] . 

It is well known from the literature that ADPKD kidney trans- 

lant recipients have a high risk of developing new onset diabetes 

fter transplantation (NODAT), indeed Cheungpasitporn et al. 

ublished a meta-analysis including 12 cohort studies, comprising 

379 ADPKD patients out of a total number of 9849 patients who 

eceived a KT, finding a relative risk of post transplant diabetes 

ellitus higher in ADPKD than in the other KT patients [290] . 

Transplanted patients are more susceptible to infective compli- 

ations due to the immunosuppressed status, so it should be no 

onder if kidney and liver cyst infections, intestinal diverticulosis 

nd heart valve disease occur after KT more frequently in ADPKD. 

owever, in a survey on a relatively large group of KT patients, 

he incidence of the overall number of urinary tract infections, 

ncluding pyelonephritis, was comparable between ADPKD KT and 

ther groups of patients. Cyst infections in an immunosuppressed 

atient can rapidly evolve into a septic state and they are often a 

hallenging diagnostic and therapeutic problem [291] . 

In the suspicion of an infective process, a fast and complete di- 

gnostic protocol and specific antibiotic therapy should be started 

s soon as possible. 

It has been suggested that 18F-fluorodeoxyglucose positron 

mission tomography–CT (18-FDG PET–CT) can improve sensitivity 

nd specificity in the diagnosis of cyst infections in ADPKD as 

ompared to CT and MRI [292] . 

.5.1. Work up in transplant candidate with polycystic liver-kidney 

isease 

Mono or bilateral nephrectomy in patients with ADPKD is indi- 

ated in cases of recurrent urinary tract infections and haematuria, 

eoplastic degeneration, compression syndrome and refractory 

ain. In candidates for KT, the most common indication is the 

eed for space to avoid compression of the graft. 

Enlarged native kidneys may cause compression to the trans- 

lanted kidney, contributing to complications during transplant 
S76 
urgery as well as vascular thrombosis and urine flow compli- 

ations after KT. The ideal timing and approach (laparoscopic vs. 

pen) of this type of surgery is not clear and it depends on the 

ymptoms or policy of the center [255] . A laparoscopic approach 

hould be evaluated for small-size native kidneys [293] . 

As for intracranial aneurysms (ICAs) detection, 2014 KDIGO rec- 

mmend screening only in ADPKD patients with a family history 

f ICAs or subarachnoid hemorrhage and not as routine screening. 

ecently Sanchis et al. showed in a pre-symptomatic screening on 

12 ADPKD patients that also patients without a family history of 

CAs or subarachnoid hemorrhage, showed an increased prevalence 

f aneurysms compared to the general population [294] . 

Light MRI without gadolinium enhancement is the method of 

hoice if screening is undertaken. Individuals with ICAs should 

e revaluated every 6–24 months. For patients with positive 

amily history but without ICAs on screening should have exams 

erformed every 5 to 10-years [295] . 

The CST transplant eligibility guidelines make no distinction 

etween stroke and transient ischemic attack; a delay of at least 

 months is suggested for each condition. The retrospective study 

ublished by Nurmonen et al. that enrolled 4436 patients with 

CAs, of whom 53 (1.2%) had ADPKD (95% CI 0.9%–1.6%, 45% male) 

howed that the cumulative risk of de novo ICAs formation was 

.3% per ADPKD patient-year and 0.2% in the general population, 

nd ruptured IAs were significantly smaller than in the general 

opulation. Furthermore, in Cox analysis, the disease was an 

ndependent risk factor for de novo ICAs formation [296] . 

Some results were also reported in a Dutch meta-analysis of 53 

ohorts and 369 patients with ADPKD with IA, 9–36% of ruptured 

CAs were less than 5 mm and occurred not only often in a familial

etting of subarachnoid hemorrhage, but also at an earlier age and 

ore often in men [297] . Each transplant center should decide the 

riteria for the screening and type of surgery in an ADPKD patient 

n the KT waiting-list, according to local expertise [298] . 

It is well known from the literature that ADPKD kidney trans- 

lant recipients have a high risk of developing NODAT, Caillard et 

l. suggested in an article published in 2011 that the Oral Glucose 

olerance Test (OGTT) may be considered the gold standard for 

emonstration of pre-transplant glucose metabolic status and 

rediction of NODAT, despite the cost, inconvenience and potential 

or day-to-day variability of this test [299] . 

The presence of cystic lesions in a potential living kidney donor 

equires careful disease exclusion for ADPKD and other genetic 

isorders. Multiple renal cysts may indicate polycystic kidney 

isease, although 11% of individuals over the age of 50 will have 

ne or more simple renal cyst. In such a situation, a detailed 

amily history, abdominal MRI and sometimes a genetic test are 

equired. Pei et al. defined specific ultrasound criteria related 

o family history and age of the patient to diagnose ADPKD. In 

hose under 40 years with a positive family history, the presence 

f two or more cysts (unilateral or bilateral) indicates ADPKD, 

ut it should be underlined that a negative scan at this age is 

ssociated with a 4% false negative rate. In many borderline cases, 

n particular in young subjects, the sensitivity of US is relatively 

imited, so it is recommended to perform abdominal TC or MRI 

250] . 

Instead for those aged 40 to 59 years, the absence of at least 

wo cysts in each kidney gives a 100% negative predictive value 

or ADPKD, whilst for those older up to four cysts are acceptable 

n each kidney. It is important to consider that in 10% polycystic 

isease can arise from spontaneous mutations with a negative 

amily history. Genetic testing may permit more accurate disease 

xclusion for donors when combined with radiological screening. 

ndeed, many units would not use a kidney from a relative under 

0 years of a patient with ADPKD who had even just one renal 

yst without mutation screening [300] . 
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.6. Liver and kidney transplantation in the treatment of Caroli 

yndrome 

Two different phenotypes of Caroli’s disease (CD) can be rec- 

gnized; type I characterized by a pure biliary cystic dilatation 

nd type II in which cystic dilatation is associated with congenital 

epatic fibrosis (CHF) and/or autosomal recessive kidney polycystic 

isease (ARPKD). CD can occur at any age, in general patients 

ounger than 40 more frequently carry type II CD whereas older 

atients carry Caroli type. 

The common etiology of these fibrocystic diseases is related to 

uctal plate malformation involving large bile ducts for CD and 

mall ducts for CHF. 

The renal involvement, associated with up to 60% of CD, im- 

lies a dilation of the collecting renal tubules; the association 

etween CHF and ARPKD is caused by mutations in PKHD1 that 

ncode fibrocystin and polyductin, which are proteins localized in 

he primary cilia. This mutation leads in two distinct phenotypes; 

he first, which concerns pediatric patients with predominantly 

enal involvement and the second, emerging at more advanced 

ge in pediatric patients and young adults with a primary hepatic 

nvolvement. 

The liver involvement can be segmental or diffuse and the 

egree of fibrosis and intrahepatic bile duct dilation is highly 

ariable. In a recent published series from Asia 30 patients 

ith CD were described; nine were diagnosed with type I CD, 

ncluding three who also had chronic cholangitis, and 21 were 

iagnosed with type II CD, including 14 with cirrhosis and two 

ith secondary biliary cirrhosis [301] . 

The majority of patients were symptomatic, the more frequent 

igns were abdominal pain, fever, jaundice related to cholangitis 

nd variceal bleeding, thrombocytopenia and anemia in patients 

ith associated CHF. 

The prognosis of patients with CD is poor, especially in those 

ith diffuse cystic involvement and associated with CHF; a review 

f 50 patients published in 1995 revealed that mortality was 46% 

t a mean time from diagnosis of 9 months, death was primarily 

aused by sepsis, liver abscess and liver failure [302] . 

Caroli’s disease or syndrome is a rare indication for liver alone 

r combined liver-kidney transplantation; LT is indicated only in 

ymptomatic patients and in diffuse bile ducts dilatation involving 

oth liver lobes and when associated with congenital hepatic 

brosis and PH. 

Localized cystic involvement in the absence of portal hyperten- 

ion can be treated with segmental hepatectomy; in the presence 

f biliary stones in extrahepatic ducts endoscopic procedures could 

e the first options. 

In patients with diffuse involvement and with associated portal 

ypertension, LT could be considered at the first appearance of 

he symptoms because recurrent cholangitis can lead to a com- 

licated transplant procedure and post-operative course due to an 

ncreased infection risk; mortality after LT was higher in patients 

ith CD with cholangitis at the time of LT [303] . 

The retrospective analysis from Pittsburg transplant cen- 

er described the clinical outcome of 33 patients with CD 

ransplanted between 1982 and 2002; short-term graft and 

atient survival at 1 month was 83% and 86%, whereas overall 

ong-term graft survival rates at 1, 5, and 10 years were 73%, 

2%, and 53%. Sepsis was the most frequent cause of death, 

n particular in patients who experienced cholangitis pre-LT 

304] . 

Previous bilio-enteric surgery should be considered with cau- 

ion in a potential candidate for LT considering the increased 

isk of cholangitis due to intestinal reflux in the biliary system 

n Roux-en-Y hepaticojejunostomy. In conclusion, prevention and 

arly treatment of cholangitis episodes are strongly recommended 
S77 
nd the patients should be referred to LT at the first cholangitis 

pisode. 

.6.1. Combined liver-kidney transplantation in Caroli’s Disease 

Data regarding kidney and LT in this population are scarce. 

The revision of the European Liver Transplant Registry showed 

n overall survival of 80.9% in 110 patients transplanted with CD 

uring the period 1968–2003, sixteen (14.5%) patients had SLKT 

305] . 

Overall experience in the US showed that of 104 CD recipi- 

nts transplanted between 1987 and 2006, 96 underwent liver 

lone and 8 combined liver-kidney transplantation, with patient 

nd graft survival comparable to or better than that of patients 

ransplanted for other causes [306] . 

A French experience published recently regarded 14 ARPKD 

ged 3–25 who underwent KT; three patients had an orthotopic 

T, performed 7–20 years after the KT in two cases and simulta- 

eously to KT in one case. Mortality for the isolated KT group was 

/14 and 1/3 in combined liver -kidney transplant. In all cases, 

ortality was due to sepsis episodes caused by cholangitis [307] . 

In another recent study of 45 young adult ARPKD, the mean 

ge was 21 ± 3, renal function was CKD stages 1 to 3 in more 

han 50%, 41% of patients received renal replacement therapy. 

Liver disease appeared later, with splenomegaly documented 

n 57% and recurrent cholangitis in 10% of patients; six patients 

eceived CLKT or LT during childhood and adolescence [308] . 

ARPKD mainly affects childhood, with symptoms appearing in 

ost cases in the perinatal or pre-natal period, but a substantial 

umber of children with early diagnosis reach end-stage renal 

isease in adulthood and others are not diagnosed until they are 

oung adults. 

.7. Indications for isolated liver or combined liver-kidney 

ransplantation in polycystic diseases 

ADPKD affects up to 0.2% of the general population [309] , 

hereas isolated PLD has a prevalence of less than 0.01% [310] . 

oth ADPKD and PLD are autosomal dominant and 75%–90% of 

atients with ADPKD have associated PLD [311] . 

Abdominal or back pain, dyspnea and gastro-intestinal symp- 

oms such as nausea early satiety and malnutrition are principally 

elated to liver or combined liver/kidney volume with a more 

elevant role for liver than kidney [312] . 

In a large recently described cohort of 309 ADPKD patients ab- 

ominal pain was reported by 27.5%, whereas 61% of the patients 

xperienced GI symptoms [309] . 

Females are overrepresented among patients with GI symp- 

oms [268 , 313] while it is not clearly established if the higher GI 

ymptoms prevalence in females is caused by differences related 

o gender or to different liver size in the two genders. 

Females have larger height/total liver volume (hTLV) compared 

o males, and when adjusted for hTLV, variations in symptom 

everity between males and females disappeared [309] . 

In contrast to polycystic kidney disease, PLD is not associated 

ith organ failure and symptoms such as dyspnea, early satiety, 

alnutrition and severe sarcopenia are prevalently related to 

bdominal compression, the patient can develop intractable pain 

ffecting their days and inability to sleep due to the enlarged 

iver; when PKD is associated with Caroli’s syndrome symptoms 

re usually characterized by a portal hypertension complication of 

ecurrent cholangitis [314 , 315] . 

The first report on LT in a patient with polycystic liver-kidney 

isease was by Kwok and Lewin in 1988, since then liver or com- 

ined liver-kidney transplantation has remained a rare indication, 

herefore the appropriate timing and sequence of both organs 

ransplanted can be difficult. 
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Guidelines published in 2006 have clarified PLD patient selec- 

ion for LT [316] : 

• Satisfy criteria for massive PLD (total cyst: parenchyma ratio 

> 1) and have a complication of PLD that is likely to resolve 

after LT. 

• Are not candidates for, or have failed non-transplant interven- 

tions; malnutrition may be considered a primary contraindica- 

tion to non-transplant surgery. 

• Symptoms that can be attributed to massive PLD, such as 

cachexia, ascites, portal hypertension (variceal bleeding), hep- 

atic venous outflow obstruction, biliary obstruction, cholestasis, 

or recurrent cyst infection. 

• Severe malnutrition (assessment made on the basis of hypoal- 

buminemia or decreased lean body mass). 

• Serum albumin < 2.2 mg/dL. 

In many cases abdominal expansion symptoms can anticipate 

he end stage of kidney failure therefore the indication for KT, such 

s in other combined transplants, can be frequently established in 

 pre-dialytic phase. Concerning the liver disease these patients do 

ot suffer from a life-threatening condition even if their quality 

f life is dramatically reduced and sarcopenia and malnutrition 

ould be a contraindication to transplant due to overly severe 

alnutrition and frailty. 

The US experience from UNOS database analyzed 107 adults 

ith ADPKD who underwent combined liver/kidney or an iso- 

ated liver transplant for PLD/PKD showed that only 58% were 

n dialysis prior to transplant; moreover patients with combined 

iver–kidney transplant had better survival than those with liver 

ransplant alone, showing survival rates of 91% vs. 87% at 1 year, 

0% vs. 82% at 3 years and 90% vs. 77% at 5 years. The authors

peculated that candidates for liver transplant alone had poorer 

utritional status and severe muscle wasting, and more frequently 

omplications related to infection and portal hypertension than 

andidates for combined liver-kidney [317] . 

In patients who undergo an isolated liver transplant we should 

onsider that the immunosuppressive therapy with CNI could 

orsen the residual kidney function, usually one year after LT 

 mean reduction in GFR of 40% can occur; therefore, residual 

idney function should be accurately evaluated before choosing 

etween isolated or combined transplant. Moreover, the increased 

isk of sepsis after transplant due to bacterial reservoirs in the 

emaining polycystic kidneys should carefully considered in the 

ase of liver transplant alone. 

In general, a GRF > 30 mL/min/1.73 m suggests a solitary LT 

ven if in a case-series published in 2006 all patients with a 

FR < 60 mL/min underwent a KT in the following 4 years [318] . 

.7.1. Conditions in which a delayed strategy could be preferred to a 

imultaneous one in combining liver-kidney transplantation 

With the adoption of MELD score as algorithm for liver 

llocation, the highest priority shifted to patients with renal insuf- 

ciency and a rapid increase of SLKTs performed yearly occurred 

n many transplant centers around the world [319] . 

Although the first experiences demonstrated no adverse impact 

f the MELD allocation system on outcomes of SLKT, following 

tudies reported a declining of survival in SLKT in the MELD era; 

oreover, other studies revealed that delayed graft function (DGF) 

f the renal allograft was found to be the strongest predictor of 

iminished survival [319] . 

UNOS data published in 2008 showed that in SLKT patient 

urvival had declined from 2002 in comparison to a continuous 

ncrease in LT alone. The main raison for this decline of survival in 

ombined LKT in recent years seems to be related to a worse clini- 

al condition of candidates who are older, more often hospitalized, 

nd more often with HRS. In addition, the lower survival observed 
S78 
fter SLKT in the MELD era occurred despite the higher quality of 

iver and kidney grafts allocated to these recipients [231] . 

Historically, combined liver-kidney transplant was performed in 

 single procedure with KT following LT; the complexity of SLKT 

erives not only from the intra-operative technical difficulty, but 

lso from the recipient’s pre-operative clinical conditions and from 

ntra- and post-operative management. 

Liver recipients can in many cases be coagulopathic and hemo- 

ynamically unstable, needing vasopressors from the transplant 

eginning; moreover, in order to avoid hepatic congestion and to 

ptimize graft recovery low central venous pressure should be 

aintained during the operation and in the post-operative period. 

n these hemodynamic conditions, in particular when high doses 

f vasopressor are required, kidney allograft performs poorly and 

n addition kidney function could be compromised by a severe 

hase of reperfusion injury favoring ATN. 

The consensus guidelines have not established criteria to 

dentify recipients at risk of grafted kidney failure but recent 

xperiences showed a 20% short-term loss of transplanted kidneys 

fter SLKT, strongly suggesting that renal transplantation should be 

eferred in liver recipients at high risk for renal allograft futility 

efined as patient death or need for RRT at 3 months. The au- 

hors identified as high risk for renal allograft futility (RAF) those 

ecipients with greater laboratory MELD, lengths of pre-transplant 

ospitalization, and those who received donor organs with higher 

iver donor risk index (DRI) and kidney DRI and had longer kidney 

old ischemia time. Intra-operatively, recipients with RAF were 

ore likely to require damage control during LT [320] . 

Recently a novel management approach was performed in 

rder to optimize the physiological environment for KT, placing 

he kidney graft on a hypothermic pulsatile perfusion machine 

nd delaying the transplant for 2 to 3 days post-LT after hemody- 

amic stabilization and control of coagulopathy finally permitted a 

omplete vasopressor weaning. This first experience showed that 

elayed graft function was significantly lower in “delayed strategy”

ith a higher eGFR during the 4-year follow-up period; moreover 

he delayed technique was safe without any deleterious effects 

elated to hypothermic perfusion. 

Patients with polycystic disease, due to the technical difficulty 

f the hepatectomy, are at higher risk of longer intra-operative 

ime, bleeding and hemodynamic instability at the end of liver 

ransplant: in these conditions, a delayed strategy could be 

uggested. 

Recently the delayed strategy was applied on two patients with 

DPKD, this approach permitted KT to be performed in a condition 

f hemodynamic stability and complete weaning from vasopres- 

or; both patients are alive at 5 months after transplantation with 

omplete recovery of liver and kidney graft function [321] . For 

T, placing the kidney graft on a hypothermic pulsatile perfusion 

achine and delaying the transplant for 2 to 3 days post-LT after 

emodynamic stabilization and control of coagulopathy finally 

ermitted a complete vasopressor weaning. This first experience 

howed that delayed graft function was significantly lower in 

delayed strategy” with a higher eGFR during the 4-year follow-up 

eriod; moreover, the delayed technique was safe without any 

eleterious effects related to hypothermic perfusion. 

Patients with polycystic disease, due to the technical difficulty 

f the hepatectomy, are at higher risk of longer intra-operative 

ime, bleeding and hemodynamic instability at the end of LT: in 

hese conditions, a delayed strategy could be suggested. 

.7.2. Immunosuppression issues be addressed in liver-kidney 

olycystic diseases 

In the context of combined liver-kidney transplantation, previ- 

us experimental models and clinical experience have suggested 

hat the liver may confer immunological protection through the 
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apacity to absorb and remove donor-specific antibodies, reducing 

r preventing humoral rejection of another graft from the same 

onor [322 , 323] . 

This concept has been reviewed after recent reports of 

ntibody-mediated rejection (AMR) in CLK from the same donor 

ith preexisting DSA [324–326] . 

From a 2011 analysis of the Scientific Registry of Transplant 

ecipients data about 2484 CLK, 12% had a positive cross match, 

eeming to confirm that pre-sensitization confers a higher risk 

f graft loss and patient mortality even in patients submitted to 

ombined liver-kidney transplant [327] , overturning the concept of 

iver-immunological protection. 

Regarding immunosuppression in combined liver-kidney trans- 

lant in polycystic disease, the guidelines don’t recommend a 

pecific immunosuppression regimen; in general permanence of 

ative kidney with potential infected cysts or a transplant proce- 

ure at a very late stage of physical exhaustion and malnutrition 

ay cause higher susceptibility to infection in patients with poly- 

ystic liver or kidney disease [328–330] , therefore in this setting 

ny condition of over immunosuppression should be avoided. 

uestions 

36. What is the genetic background, phenotypic expression 

nd natural history in polycystic kidney and liver disease? 

ADPKD occurs in 1 out of every 500 to 10 0 0 live births and is

he most common cause of inherited renal failure The disease is 

 consequence of mutations in PKD1 or PKD2, encoding polycystin 

 (PC-1) and polycystin 2 (PC-2), respectively. 85% of patients 

ith PKD1 mutations typically display a more severe disease 

ourse, especially when they have truncating mutations, with 

SRD occurring 20 years earlier than in the 15% of patients with 

KD2 mutations (A). 

ADPKD is characterized by the progressive development and 

rowth of numerous bilateral renal cysts, resulting in urine con- 

entration defects, hypertension, acute and chronic pain, kidney 

tones, haematuria, cyst and urinary tract infections, and, most 

mportantly, renal function loss. A negative renal ultrasound be- 

ond the age of 40 years excludes disease, a negative ultrasound 

efore 40 years should be followed by a CT or MRI scan (1A). 

omment 

ADPKD is the most common inherited renal disorder world- 

ide; two genes have been identified which encode two proteins 

polycystin-1 and polycystin-2) that constitute the transient recep- 

or potential polycystin subfamily of transient receptor potential 

hannels. The disease is characterized by renal cysts and pro- 

ressive renal failure due to progressive enlargement of cysts and 

enal fibrosis. An estimated 45% to 70% of patients with ADPKD 

rogress to end-stage renal disease by the age of 65. Several 

tudies underline that genetic testing is not needed, if not in a 

mall percentage of patients; a firm positive diagnosis can be 

ade by imaging together with the patient’s parents or by the 

resence of extrarenal manifestations. 

37. Which are the most reliable predictors of a rapid progres- 

ion of kidney disease?I 

Solid evidence available in the literature allow to identify 

KV > 750 cc, PKD1 mutations (in particular if truncating), early 

ypertension, early and multiple macrohematuria episodes, RBF or 

FR decrease at a young age as the most reliable predictors of a 

apid progression of kidney disease (2A). 
S79 
The Mayo Clinic group has recently proposed the Mayo imaging 

lassification system, a score which categorizes patients into five 

rognostic classes based on a correlation between TKV height 

djusted obtained with MRI or CT images and patient age. Classes 

C, 1D, and 1E are defined as high risk for progression to end- 

tage renal disease. PROPKD instead identifies three classes of risk 

hrough a correlation genotype-phenotype. Rapid progressors are 

efined as patients who achieved the score 7–9 (1A). 

omment 

TKV > 750cc, PKD1 mutations (in particular if truncating), early 

ypertension, early and multiple macrohematuria episodes, RBF 

r GFR decrease at a young age are the most reliable predictors 

f a rapid progression of kidney disease. The Mayo prediction 

lassification appears to be a more sensitive measure of dis- 

ase progression as in the early stages of disease there is little 

hange in renal function but detectable changes in TKV. In ad- 

ition to this, the PROPKD scoring system cannot be applied 

o patients younger than 35 years and/or those missing clinical 

ata. 

38. What is the role of medical treatment (somatostatin ana- 

ogue, mTOR inhibitors tolvaptan) in polycystic diseases pro- 

ression? 

Somatostatin, long-acting somatostatin (octreotide), and a 

omatostatin analog (lanreotide) may reduce kidney and liver 

yst fluid accumulation among patients with PKD. However, 

hese agents have not been shown to slow the progression of 

idney function decline and have not negligible adverse events 

1A). 

The mammalian target of rapamycin (mTOR) signaling pathway 

ay modulate disease progression in ADPKD, although there is 

n absence of evidence in clinical trials to recommend these for 

outine clinical use (1A). 

Treatment with tolvaptan should be considered for patients 

ho are classified as 1C and are younger than 50 years or have 

ther risk factors for rapid progression (2B). 

omment 

We suggest that all patients be referred to a multidisciplinary 

eam for initial assessment and to determine what treatment 

hould be initiated. 

39. What is the impact of radiological and surgical treatment 

n gastro-intestinal symptoms control? 

Radiological and surgical treatments of polycystic liver dis- 

ase are indicated only in symptomatic patients with impaired 

uality of life and include TC or ultrasound-guided aspiration or 

clerotherapy, transcatheter arterial embolization, fenestration or 

epatic resection (2C). 

Percutaneous aspiration followed by ethanol sclerotherapy 

ead to a significant decrease of symptoms and responders had 

ignificantly larger cyst volumes compared to non-responders (2C). 

Transcatheter arterial embolization was applied only in small 

ase series with a decrease of liver volume and significant reduc- 

ion of symptoms (2D). 

Surgical fenestration can relieve abdominal symptoms but 

ost-operative complications and conversions from laparoscopic to 

pen surgery are frequent (2D). 

Also in hepatic resection technical complications are common 

nd potentially risky in candidates for LT (2D). 
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omment 

The published clinical series pointed out high complication 

ates in the radiological and surgical treatment of symptomatic 

olycystic patients; therefore the different treatment options 

hould be evaluated by a multi-specialty team in high-volume 

urgical and transplant programs in order to avoid complications 

hat could compromise a future transplant decision 

40. How to manage the transplant setting in patients with 

olycystic disease? 

Kidney transplant is a safe method of RRT in patients with 

DPKD. Post-transplant morbidity appears not to be increased 

n ADPKD patients as compared to other, non-diabetic trans- 

lant recipients, even if new onset diabetes, gastrointestinal (GI) 

omplications, erythrocytosis, urinary tract and cysts infections, 

hromboembolic complications, and haemorrhagic stroke are re- 

orted as more frequent complications after transplant (Ungraded). 

omment 

Kidney transplant is a safe method of RRT in ADPKD patients, 

ith low morbidity and high graft and patient survival rates. 

Data available in the setting of transplants in ADPKD derived 

rom retrospective series; more data are required to establish how 

t will be possible to avoid these complications. 

41. What is the most appropriate work-up in a transplant can- 

idate with polycystic liver-kidney disease? 

We recommend for all ADPKD patients with CKD G4-G5 

GFR < 30 mL/min/1.73 m 

2 ) who are expected to reach ESKD 

idney transplant as the best option of renal replacement, with 

ow morbidity and high graft and patient survival rates (1A). 

It is common knowledge that the KT from a living donor has 

etter graft outcome than from a deceased donor (1A). 

Potential KT candidates should be referred for evaluation 

t least 6 to 12 months before starting dialysis to allowed 

dentification/work-up of living donors and plan if pre-emptive 

ransplantation is possible (Ungraded ). 

The presence of cystic lesions in a potential living kidney donor 

equires careful disease exclusion for ADPKD and other genetic 

isorders. In such a situation, a detailed family history, abdominal 

RI and genetic test are required, in particular for potential 

onors aged less than 40 (Not Graded). 

We recommend unilateral or bilateral nephrectomy before 

ransplantation in ADPKD symptomatic patients (cysts bleeding, 

ecurrent upper urinary tract infections, stones) (1C). 

We suggest unilateral nephrectomy of asymptomatic ADPKD 

atients when there is a lack of space for the graft (2C). We do not

ecommend nephrectomy as a routine surgery in asymptomatic 

atients (Ungraded) 

Screening for ICAs or subarachnoid hemorrhage is recom- 

ended only in ADPKD patients with a positive family history and 

ot as routine screening (2D). 

Light MRI without gadolinium enhancement is the method of 

hoice if screening is recommended. ICAs should be revaluated 

very 6–24 months. For patients with positive family history but 

ithout ICAs on screening should have exams performed every 5 

o 10 years (2C). 

A high frequency of developing ICAs has been demonstrated, 

ith an increased risk of rupture in ADPKD patient according to 

 Dutch meta-analysis, for this reason we suggest the screening 

f all ADPKD patients for ICAs, even those with a negative family 

istory (Ungraded ) 
S80 
Each transplant center should establish the criteria for the 

creening, type of surgery in the ADPKD patient on the waiting 

ist, according to the local expertise [298] . 

omment 

The published meta-analysis demonstrates the high risk of 

CAs rupture in polycystic patients; therefore, the different screen- 

ng approach should be evaluated by a multi-specialty team in 

igh-volume surgical and transplant programs, in order to avoid 

omplications that could compromise a future transplant. 

Data available in the setting of transplant and living donation 

uggest the increasing role of genetics in the screening of potential 

onors. 

42. What is the phenotypic classification of Caroli’s disease? 

CD is differentiated in two different phenotypes; type I char- 

cterized by a pure biliary cystic dilatation and type II associated 

ith congenital hepatic fibrosis (CHF) ad/or autosomal recessive 

idney polycystic disease (ARPKD) (2B). 

omment: Only systematic reviews concerning this rare condition 

ave been published; two different phenotypes were identified. 

42bis. What is the prognosis of Caroli’s disease? 

Prognosis is sharply different between CD type I and II; in type 

 the majority of patients are asymptomatic, and they can develop 

holangitis only in a few cases, whereas in type II the prognosis 

s frequently poor due to the concomitant portal hypertension and 

idney involvement, with a high short-term mortality (B). 

43. How should the place of liver and kidney transplantation 

e assessed in the treatment of Caroli’s syndrome? 

Surgical treatment of Caroli’s disease or syndrome is indicated 

nly in symptomatic patients and in diffuse bile ducts dilatation 

nvolving both liver lobes and when associated with congenital 

epatic fibrosis and portal hypertension (Ungraded). 

Early treatment of cholangitis episodes is strongly recom- 

ended and patients should be referred for LT at the first episode 

f cholangitis (Ungraded). 

omment 

Data available in the setting of transplants in CD derived from 

mall retrospective series; more data are required to establish the 

ndication and timing for transplantation in these patients 

44. What are the indications and timing for mono or bilateral 

ephrectomy in liver-kidney transplantation? 

Mono- bilateral nephrectomy in ADPKD patients is recom- 

ended before transplantation in the case of recurrent upper 

rinary tract and cysts infections, neoplastic degeneration, and 

ompression syndrome, with refractory pain. Monolateral nephrec- 

omy in asymptomatic patients is suggested in the case of lack 

f space for kidney transplant in the abdominal cavity. Native 

ephrectomy should not be done routinely due to the surgery 

omplications and risk (2B). 

omment 

The current recommendations derive from case series and 

ono-centric experiences. High risk of post-operative complica- 

ions burdens surgery in patients with polycystic kidney disease. 
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45. What are the indications for isolated liver or combined 

iver-kidney transplantation in polycystic diseases? 

Selection and evaluation for transplant should be suggested 

t the appearance of the first symptoms related to abdominal 

olume expansion or recurrent cysts infections; the choice be- 

ween isolated liver vs. combined liver/kidney requires an accurate 

valuation of residual kidney function and exclusion of potential 

acterial reservoirs in the native kidneys (2B). 

omment: 

An accurate evaluation of residual kidney function is the 

rimary concern in the choice between isolated or combined 

iver-kidney transplants in polycystic disease. An average reduction 

f 40% in kidney function after LT should be considered 

46. In combining liver-kidney transplantation what are the 

onditions in which the delayed strategy could be preferred to 

he simultaneous one? 

Delayed strategy could be preferred in very sick recipients or 

ith a huge liver or at high risk of longer intra-operative time, 

igher blood loss and need of vasopressor during the operation 

Ungraded). 

omment 

SLKT patient survival has declined in comparison to a contin- 

ous increase in liver transplant alone. The reason seems to be 

elated to a worse clinical condition of candidates. Complicated 

echnical procedure and hemodynamic instability of the recip- 

ent frequently characterize the intra-operative course of liver 

ransplant in polycystic disease. 

47. Should specific immunosuppression issues be addressed in 

iver-kidney polycystic diseases? 

No specific immunosuppression regimen is recommended in 

ransplant recipients for polycystic disease (2D). 

omment 

Permanence of native kidney and malnutrition may cause high 

usceptibility to infection in patients with polycystic disease, there- 

ore any condition of over-immunosuppression should be avoided. 

eclaration of Competing Interest 

Maria Cristina Morelli: has served on advisory boards for 

bbvie, Gilead sciences, Shionogi srl. 

Carlo Alessandria: reports personal fees from Alfasigma, outside 

he submitted work. 

Sherrie Bhoori: has served as speaker bureau for Boston 

cientific, Eisai, Ipsen, Kedrion. 

Salvatore Petta: has served as Advisor and/or Speaker for 

bbVie, Gilead, Intercept and Pfyze.r 

Patrizia Burra: has served as Advisor and/or Speaker for 

edrion, Biotest and Chiesi Farmaceutici. 

Maria Rendina, Ilaria Lenci, Piergiorgio Messa, Loreto Gesualdo, 

rancesco Paolo Russo Luisa Pasulo, Gaetano La Manna, Luigi 

iancone: none to disclose. 

cknowledgement 

The Authors are grateful to the NGO Marina Minnaja Founda- 

ion for co-funding the publication fee of this supplement. 
S81 
eferences 

[1] Balshem H , Helfand M , Schünemann HJ , et al. GRADE guidelines: 3. Rating

the quality of evidence. J Clin Epidemiol 2011;64:401–6 . 

[2] Shah AS , Amarapurkar DN . Spectrum of hepatitis B and renal involvement. 
Liver Int 2018;38:23–32 . 

[3] Minutolo R , Aghemo A , Chirianni A , et al. Management of hepatitis C virus
infection in patients with chronic kidney disease: position statement of the 

joint committee of Italian association for the study of the liver (AISF), Ital- 
ian society of internal medicine (SIMI), Italian society of infectious and trop- 

ical disease (SIMIT) and Italian society of nephrology (SIN). Dig Liver Dis 

2018;50:1133–52 . 
[4] Zignego AL , Pawlotsky JM , Bondin M , et al. Expert opinion on managing 

chronic HCV in patients with mixed cryoglobulinaemia vasculitis. Antivir Ther 
2018;23:1–9 . 

[5] Moorman AC , Tong X , Spradling PR , et al. Prevalence of Renal Impairment and
Associated Conditions Among HCV-Infected Persons in the Chronic Hepatitis 

Cohort Study (CHeCS). Dig Dis Sci 2016;61:2087–93 . 
[6] Kasuno K , Ono T , Matsumori A , et al. Hepatitis C virus-associated tubuloint-

erstitial injury. Am J Kidney Dis 2003;41:767–75 . 

[7] Ginès P CA , Schrier RW . Liv er disease and the kidney. 8th ed. Philadelphia:
Lippincott Williams & Wilkins; 2007 . 

[8] Tujios SR , Hynan LS , Vazquez MA , et al. Risk factors and outcomes of acute
kidney injury in patients with acute liver failure. Clin Gastroenterol Hepatol 

2015;13:352–9 . 
[9] Moreau R , Jalan R , Gines P , et al. Acute-on-Chronic Liver Failure Is a Distinct

Syndrome That Develops in Patients With Acute Decompensation of Cirrhosis. 

Gastroenterology 2013;144:1426 -U189 . 
[10] Levin A , Stevens PE , Bilous RW , et al. Kidney disease: Improving global out-

comes (KDIGO) CKD work group. KDIGO 2012 clinical practice guideline for 
the evaluation and management of chronic kidney disease. Kidney Int Supp 

2013;3:1–150 . 
[11] Arroyo V , Ginès P , Gerbes AL , et al. Definition and diagnostic criteria of re-

fractory ascites and hepatorenal syndrome in cirrhosis. International Ascites 

Club. Hepatology 1996;23:164–76 . 
[12] Rodriguez E , Henrique Pereira G , Solà E , et al. Treatment of type 2 hepatore-

nal syndrome in patients awaiting transplantation: Effects on kidney function 
and transplantation outcomes. Liver Transpl 2015;21:1347–54 . 

[13] Piano S , Rosi S , Maresio G , et al. Evaluation of the Acute Kidney Injury Net-
work criteria in hospitalized patients with cirrhosis and ascites. J Hepatol 

2013;59:482–9 . 

[14] Francoz C , Prié D , Abdelrazek W , et al. Inaccuracies of creatinine and crea-
tinine-based equations in candidates for liver transplantation with low crea- 

tinine: impact on the model for end-stage liver disease score. Liver Transpl 
2010;16:1169–77 . 

[15] De Souza V , Hadj-Aissa A , Dolomanova O , et al. Creatinine- versus cysta-
tine C-based equations in assessing the renal function of candidates for liver 

transplantation with cirrhosis. Hepatology 2014;59:1522–31 . 

[16] Barreto R , Elia C , Solà E , et al. Urinary neutrophil gelatinase-associated 
lipocalin predicts kidney outcome and death in patients with cirrhosis and 

bacterial infections. J Hepatol 2014;61:35–42 . 
[17] Huelin P , Sola E , Elia C , et al. Neutrophil Gelatinase-Associated Lipocalin for

Assessment of Acute Kidney Injury in Cirrhosis: A Prospective Study. Hepa- 
tology 2019;70:319–33 . 

[18] Ariza X , Graupera I , Coll M , et al. Neutrophil gelatinase-associated lipocalin 

is a biomarker of acute-on-chronic liver failure and prognosis in cirrhosis. J 
Hepatol 2016;65:57–65 . 

[19] Puthumana J , Ariza X , Belcher JM , et al. Urine Interleukin 18 and Lipocalin
2 Are Biomarkers of Acute Tubular Necrosis in Patients With Cirrho- 

sis: A Systematic Review and Meta-analysis. Clin Gastroenterol Hepatol 
2017;15:1003–13 e3 . 

[20] Yang L , Brooks CR , Xiao S , et al. KIM-1-mediated phagocytosis reduces acute
injury to the kidney. J Clin Invest 2015;125:1620–36 . 

[21] Belcher JM , Garcia-Tsao G , Sanyal AJ , et al. Urinary biomarkers and progres-

sion of AKI in patients with cirrhosis. Clin J Am Soc Nephrol 2014;9:1857–67 . 
[22] Zhao J , Wang ZJ , Liu M , et al. Assessment of renal fibrosis in chronic kidney

disease using diffusion-weighted MRI. Clin Radiol 2014;69:1117–22 . 
[23] Lefebvre T , Wartelle-Bladou C , Wong P , et al. Prospective comparison of tran-

sient, point shear wave, and magnetic resonance elastography for staging 
liver fibrosis. Eur Radiol 2019;29:6477–88 . 

[24] Low G , Owen NE , Joubert I , et al. Reliability of magnetic resonance elastogra-

phy using multislice two-dimensional spin-echo echo-planar imaging (SE-EPI) 
and three-dimensional inversion reconstruction for assessing renal stiffness. J 

Magn Reson Imaging 2015;42:844–50 . 
[25] Dash SC , Bhowmik D . Glomerulopathy with liver disease: patterns and man- 

agement. Saudi J Kidney Dis Transpl 20 0 0;11:414–20 . 
[26] Trawale JM , Paradis V , Rautou PE , et al. The spectrum of renal lesions in pa-

tients with cirrhosis: a clinicopathological study. Liver Int 2010;30:725–32 . 

[27] Calmus Y , Conti F , Cluzel P , et al. Prospective assessment of renal histopatho-
logical lesions in patients with end-stage liver disease: effects on long-term 

renal function after liver transplantation. J Hepatol 2012;57:572–6 . 
[28] Kawaguchi K , Koike M . Glomerular lesions associated with liver cirrho- 

sis: an immunohistochemical and clinicopathologic analysis. Hum Pathol 
1986;17:1137–43 . 

[29] Jouët P , Meyrier A , Mal F , et al. Transjugular renal biopsy in the treatment of

patients with cirrhosis and renal abnormalities. Hepatology 1996;24:1143–7 . 

http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0029


M.C. Morelli, M. Rendina, G. La Manna et al. Digestive and Liver Disease 53 (2021) S49–S86 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[30] Hemminger J , Arole V , Ayoub I , et al. Acute glomerulonephritis with large
confluent IgA-dominant deposits associated with liver cirrhosis. PLoS One 

2018;13:e0193274 . 
[31] Maiwall R , Pasupuleti SSR , Bihari C , et al. Incidence, risk factors, and out-

comes of transition of acute kidney injury to chronic kidney disease in cir- 
rhosis: a prospective cohort study. Hepatology 2020;71:1009–22 . 

[32] McCullough PA , Adam A , Becker CR , et al. Risk prediction of contrast-induced
nephropathy. Am J Cardiol 2006;98:27k–36k . 

[33] Parfrey PS , Griffiths SM , Barrett BJ , et al. Contrast material-induced renal fail-

ure in patients with diabetes mellitus, renal insufficiency, or both. a prospec- 
tive controlled study. N Engl J Med 1989;320:143–9 . 

[34] Rudnick MR , Goldfarb S . Pathogenesis of contrast-induced nephropathy: ex- 
perimental and clinical observations with an emphasis on the role of osmo- 

lality. Rev Cardiovasc Med 2003;4(Suppl 5):S28–33 . 
[35] McDonald JS , McDonald RJ , Carter RE , et al. Risk of intravenous con-

trast material-mediated acute kidney injury: a propensity score-matched 

study stratified by baseline-estimated glomerular filtration rate. Radiology 
2014;271:65–73 . 

[36] Ellis JH , Khalatbari S , Yosef M , et al. Influence of Clinical Factors on Risk of
Contrast-Induced Nephrotoxicity From IV Iodinated Low-Osmolality Contrast 

Material in Patients With a Low Estimated Glomerular Filtration Rate. AJR Am 

J Roentgenol 2019;213:W188–Ww93 . 

[37] Davenport MS , Khalatbari S , Cohan RH , et al. Contrast material-induced 

nephrotoxicity and intravenous low-osmolality iodinated contrast material: 
risk stratification by using estimated glomerular filtration rate. Radiology 

2013;268:719–28 . 
[38] Lodhia N , Kader M , Mayes T , et al. Risk of contrast-induced nephropathy in

hospitalized patients with cirrhosis. World J Gastroenterol 2009;15:1459–64 . 
[39] Filomia R , Maimone S , Caccamo G , et al. Acute kidney injury in cirrhotic pa-

tients undergoing contrast-enhanced computed tomography. Medicine (Balti- 

more) 2016;95:e4836 . 
[40] Choi H , Kim Y , Kim SM , et al. Intravenous albumin for the prevention of

contrast-induced nephropathy in patients with liver cirrhosis and chronic 
kidney disease undergoing contrast-enhanced CT. Kidney Res Clin Pract 

2012;31:106–11 . 
[41] Rudnick MR , Leonberg-Yoo AK , Litt HI , et al. The Controversy of Contrast-In-

duced Nephropathy With Intravenous Contrast: What Is the Risk? Am J Kid- 

ney Dis 2020;75:105–13 . 
[42] Fede G , D’Amico G , Arvaniti V , et al. Renal failure and cirrhosis: a systematic

review of mortality and prognosis. J Hepatol 2012;56:810–18 . 
[43] Proulx NL , Akbari A , Garg AX , et al. Measured creatinine clearance from timed

urine collections substantially overestimates glomerular filtration rate in pa- 
tients with liver cirrhosis: a systematic review and individual patient meta–

analysis. Nephrol Dial Transpl 2005;20:1617–22 . 

[44] Francoz C , Nadim MK , Baron A , et al. Glomerular filtration rate equations for
liver-kidney transplantation in patients with cirrhosis: validation of current 

recommendations. Hepatology 2014;59:1514–21 . 
[45] Yoo JJ , Kim SG , Kim YS , et al. Estimation of renal function in patients

with liver cirrhosis: Impact of muscle mass and sex. J Hepatol 2019;70: 
847–854 . 

[46] Asrani SK , Jennings LW , Trotter JF , et al. A Model for Glomerular Filtration
Rate Assessment in Liver Disease (GRAIL) in the Presence of Renal Dysfunc- 

tion. Hepatology 2019;69:1219–30 . 

[47] Kalafateli M , Wickham F , Burniston M , et al. Development and validation 
of a mathematical equation to estimate glomerular filtration rate in cirrho- 

sis: The royal free hospital cirrhosis glomerular filtration rate. Hepatology 
2017;65:582–91 . 

[48] KDIGOKidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney In- 
jury Work Group KDIGO Clinical Practice Guideline for Acute Kidney Injury. 

Kidney Int Suppl 2012;2:1–138 . 

[49] Angeli P , Ginès P , Wong F , et al. Diagnosis and management of acute kidney
injury in patients with cirrhosis: Revised consensus recommendations of the 

International Club of Ascites. J Hepatol 2015;62:968–74 . 
[50] Angeli P , Garcia-Tsao G , Nadim MK , et al. News in pathophysiology, definition

and classification of hepatorenal syndrome: A step beyond the International 
Club of Ascites (ICA) consensus document. J Hepatol 2019;71:811–22 . 

[51] Amathieu R , Al-Khafaji A , Sileanu FE , et al. Significance of Oliguria in Critically

Ill Patients With Chronic Liver Disease. Hepatology 2017;66:1592–600 . 
[52] Moreau R , Lebrec D . Acute renal failure in patients with cirrhosis: perspec-

tives in the age of MELD. Hepatology 2003;37:233–43 . 
[53] Fagundes C , Barreto R , Guevara M , et al. A modified acute kidney injury clas-

sification for diagnosis and risk stratification of impairment of kidney func- 
tion in cirrhosis. J Hepatol 2013;59:474–81 . 

[54] Huelin P , Piano S , Sola E , et al. Validation of a staging system for acute kidney

injury in patients with cirrhosis and association with acute-on-chronic liver 
failure. Clin Gastroenterol Hepatol 2017;15:438 - + . 

[55] Stadlbauer V , Wright GA , Banaji M , et al. Relationship between activation of
the sympathetic nervous system and renal blood flow autoregulation in cir- 

rhosis. Gastroenterology 2008;134:111–19 . 
[56] Ginès P , Schrier RW . Renal failure in cirrhosis. N Engl J Med

2009;361:1279–90 . 

[57] Martin PY , Gines P , Schrier RW . Mechanisms of disease - Nitric oxide as a
mediator of hemodynamic abnormalities and sodium and water retention in 

cirrhosis. N Engl J Med 1998;339:533–41 . 
[58] Vallance P , Moncada S . Hyperdynamic circulation in cirrhosis - a role for ni-

tric-oxide. Lancet 1991;337:776–8 . 
S82 
[59] Arroyo V , Colmenero J . Ascites and hepatorenal syndrome in cirrhosis: 
pathophysiological basis of therapy and current management. J Hepatol 

2003;38:S69–89 . 
[60] Bernardi M , Moreau R , Angeli P , et al. Mechanisms of decompensation and

organ failure in cirrhosis: From peripheral arterial vasodilation to systemic 
inflammation hypothesis. J Hepatol 2015;63:1272–84 . 

[61] Albillos A , Lario M , Alvarez-Mon M . Cirrhosis-associated immune dysfunc- 
tion: distinctive features and clinical relevance. J Hepatol 2014;61:1385–96 . 

[62] de Seigneux S , Martin PY . Preventing the progression of AKI to CKD: the role

of mitochondria. J Am Soc Nephrol 2017;28:1327–9 . 
[63] Gines P , Sola E , Angeli P , et al. Hepatorenal syndrome. Nat Rev Dis Primers

2018;4 . 
[64] Francoz C , Nadim MK , Durand F . Kidney biomarkers in cirrhosis. J Hepatol

2016;65:809–24 . 
[65] Garcia-Tsao G , Parikh CR , Viola A . Acute kidney injury in Cirrhosis. Hepatol-

ogy 2008;48:2064–77 . 

[66] Martin-Llahi M , Guevara M , Torre A , et al. Prognostic importance of the cause
of renal failure in patients with Cirrhosis. Gastroenterology 2011;140:488 

-U192 . 
[67] Salerno F , Navickis RJ , Wilkes MM . Albumin infusion improves outcomes of 

patients with spontaneous bacterial peritonitis: a meta-analysis of random- 
ized trials. Clin Gastroenterol Hepatol 2013;11:123 - + . 

[68] European Assoc Study L. EASLClinical practice guidelines for the management 

of patients with decompensated cirrhosis. J Hepatol 2018;69:406–60 . 
[69] Sort P , Navasa M , Arroyo V , et al. Effect of intravenous albumin on renal im-

pairment and mortality in patients with cirrhosis and spontaneous bacterial 
peritonitis. N Engl J Med 1999;341:403–9 . 

[70] Garcia-Tsao G , Abraldes JG , Berzigotti A , et al. Portal hypertensive bleeding in
cirrhosis: risk stratification, diagnosis, and management: 2016 practice guid- 

ance by the American Association for the Study of Liver Diseases. Hepatology 

2017;65:310–35 . 
[71] Durand F , Olson JC , Nadim MK . Renal dysfunction and cirrhosis. Curr Opin

Crit Care 2017;23:457–62 . 
[72] Saab S , Hernandez JC , Chi AC , et al. Oral antibiotic prophylaxis reduces spon-

taneous bacterial peritonitis occurrence and improves short-term survival in 
Cirrhosis: a meta-analysis. Am J Gastroenterol 2009;104:993–1001 . 

[73] Davenport MS , Cohan RH , Khalatbari S , et al. The challenges in assess-

ing contrast-induced nephropathy: where are we now? Am J Roentgenol 
2014;202:784–9 . 

[74] Nadim MK , Durand F , Kellum JA , et al. Management of the critically ill patient
with cirrhosis: a multidisciplinary perspective. J Hepatol 2016;64:717–35 . 

[75] Salerno F , Gerbes A , Gines P , et al. Diagnosis, prevention and treatment of
hepatorenal syndrome in cirrhosis. Gut 2007;56:1310–18 . 

[76] Fernandez J , Claria J , Amoros A , et al. Effects of Albumin treatment on sys-

temic and portal hemodynamics and systemic inflammation in patients with 
decompensated cirrhosis. Gastroenterology 2019;157:149–62 . 

[77] Cavallin M , Kamath PS , Merli M , et al. Terlipressin plus albumin versus mido-
drine and octreotide plus albumin in the treatment of hepatorenal syndrome: 

a randomized trial. Hepatology 2015;62:567–74 . 
[78] Boyer TD , Sanyal AJ , Wong F , et al. Terlipressin plus albumin is more effective

than albumin alone in improving renal function in patients with cirrhosis and 
hepatorenal syndrome Type 1. Gastroenterology 2016;150:1579 - + . 

[79] Allegretti AS , Israelsen M , Krag A , et al. Terlipressin versus placebo or no

intervention for people with cirrhosis and hepatorenal syndrome. Cochrane 
Database Syst Rev 2017 . 

[80] Facciorusso A , Chandar AK , Murad MH , et al. Comparative efficacy of phar-
macological strategies for management of type 1 hepatorenal syndrome: a 

systematic review and network meta-analysis. Lancet Gastroenterol Hepatol 
2017;2:94–102 . 

[81] Alessandria C , Ottobrelli A , Debernardi-Venon W , et al. Noradrenalin vs ter- 

lipressin in patients with hepatorenal syndrome: A prospective, randomized, 
unblinded, pilot study. J Hepatol 2007;47:499–505 . 

[82] Angeli P , Gines P . Hepatorenal syndrome, MELD score and liver transplanta- 
tion: An evolving issue with relevant implications for clinical practice. J Hep- 

atol 2012;57:1135–40 . 
[83] Gines P , Angeli P , Lenz K , et al. EASL clinical practice guidelines on the man-

agement of ascites, spontaneous bacterial peritonitis, and hepatorenal syn- 

drome in cirrhosis European Association for the Study of the Liver. J Hepatol 
2010;53:397–417 . 

[84] Cavallin M , Piano S , Romano A , et al. Terlipressin given by continuous in-
travenous infusion versus intravenous boluses in the treatment of hep- 

atorenal syndrome: a randomized controlled study. Hepatology 2016;63: 
983–992 . 

[85] Piano S , Schmidt HH , Ariza X , et al. Association between grade of acute on

chronic liver failure and response to terlipressin and albumin in patients with 
hepatorenal syndrome. Clin Gastroenterol Hepatol 2018;16:1792 - + . 

[86] Nassar AP , Farias AQ , d’ Albuquerque LAC , et al. Terlipressin versus Nore-
pinephrine in the treatment of hepatorenal syndrome: a systematic review 

and meta-analysis. PLoS One 2014;9 . 
[87] Arora V , Sarin SK . Reply. Hepatology 2018;68:24 4 4 . 

[88] Angeli P , Volpin R , Gerunda G , et al. Reversal of type 1 hepatorenal syn-

drome with the administration of midodrine and octreotide. Hepatology 
1999;29:1690–7 . 

[89] Salerno F , Camma C , Enea M , et al. Transjugular intrahepatic portosystemic 
shunt for refractory ascites: A meta-analysis of individual patient data. Gas- 

troenterology 2007;133:825–34 . 

http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0050
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0050
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0050
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0050
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0050
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0051
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0051
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0051
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0051
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0051
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0052
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0052
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0052
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0056
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0056
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0056
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0057
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0057
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0057
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0057
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0058
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0058
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0058
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0059
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0059
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0059
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0061
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0061
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0061
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0061
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0062
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0062
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0062
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0064
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0064
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0064
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0064
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0065
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0065
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0065
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0065
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0067
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0067
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0067
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0067
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0068
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0071
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0071
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0071
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0071
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0073
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0073
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0073
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0073
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0073
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0077
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0077
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0077
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0077
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0077
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0082
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0082
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0082
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0087
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0087
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0087
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0089
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0089
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0089
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0089
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0089


M.C. Morelli, M. Rendina, G. La Manna et al. Digestive and Liver Disease 53 (2021) S49–S86 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[90] Zhang L , Chen Z , Diao Y , et al. Associations of fluid overload with mortality
and kidney recovery in patients with acute kidney injury: a systematic review 

and meta-analysis. J Crit Care 2015;30:860 e7-13 . 
[91] Banares R , Nevens F , Larsen F , et al. Extracorporeal liver support with

the molecular adsorbent recirculating system (MARS) in patients with 
acute-on-chronic liver failure (AoCLF). J Hepatol 2010;52:S459–SS60 . 

[92] Rifai K , Ernst T , Kretschmer U , et al. The Prometheus device for extracor-
poreal support of combined liver and renal failure. Blood Purif 2005;23: 

298–302 . 

[93] Chawla LS , Kimmel PL . Acute kidney injury and chronic kidney disease: an
integrated clinical syndrome. Kidney Int 2012;82:516–24 . 

[94] Chawla LS , Amdur RL , Amodeo S , et al. The severity of acute kidney in-
jury predicts progression to chronic kidney disease. Kidney Int 2011;79: 

1361–1369 . 
[95] Coca SG , Singanamala S , Parikh CR . Chronic kidney disease after acute kidney

injury: a systematic review and meta-analysis. Kidney Int 2012;81:442–8 . 

[96] Bellomo R , Kellum JA , Ronco C . Acute kidney injury. Lancet 2012;380:756–66 .
[97] Ferenbach DA , Bonventre JV . Mechanisms of maladaptive repair after 

AKI leading to accelerated kidney ageing and CKD. Nat Rev Nephrol 
2015;11:264–76 . 

[98] Icer MA , Gezmen-Karadag M . The multiple functions and mechanisms of os- 
teopontin. Clin Biochem 2018;59:17–24 . 

[99] Bojic S , Kotur-Stevuljevic J , Kalezic N , et al. Diagnostic Value of Matrix Met- 

alloproteinase-9 and Tissue Inhibitor of Matrix Metalloproteinase-1 in Sep- 
sis-Associated Acute Kidney Injury. Tohoku J Exp Med 2015;237:103–9 . 

[100] Levitsky J , Asrani SK , Abecassis M , et al. External validation of a pretransplant
biomarker model (reverse) predictive of renal recovery after liver transplan- 

tation. Hepatology 2019;70:1349–59 . 
[101] Angeli P , Rodriguez E , Piano S , et al. Acute kidney injury and acute-on-chronic

liver failure classifications in prognosis assessment of patients with acute de- 

compensation of cirrhosis. Gut 2015;64:1616–22 . 
[102] Montoliu S , Ballesté B , Planas R , et al. Incidence and prognosis of different

types of functional renal failure in cirrhotic patients with ascites. Clin Gas- 
troenterol Hepatol 2010;8:616–22 quiz e80 . 

[103] Prakash J , Mahapatra AK , Ghosh B , et al. Clinical spectrum of renal disorders
in patients with cirrhosis of liver. Ren Fail 2011;33:40–6 . 

[104] Wong F , O’Leary JG , Reddy KR , et al. New consensus definition of acute kid-

ney injury accurately predicts 30-day mortality in patients with cirrhosis and 
infection. Gastroenterology 2013;145:1280 - + . 

[105] Russ KB , Stevens TM , Singal AK . Acute kidney injury in patients with cirrho-
sis. J Clin Transl Hepatol 2015;3:195–204 . 

[106] Bucsics T , Mandorfer M , Schwabl P , et al. Impact of acute kidney injury on
prognosis of patients with liver cirrhosis and ascites: A retrospective cohort 

study. J Gastroenterol Hepatol 2015;30:1657–65 . 

[107] Belcher JM , Garcia-Tsao G , Sanyal AJ , et al. Association of AKI with mor-
tality and complications in hospitalized patients with cirrhosis. Hepatology 

2013;57:753–62 . 
[108] du Cheyron D , Bouchet B , Parienti JJ , et al. The attributable mortality of acute

renal failure in critically ill patients with liver cirrhosis. Intensive Care Med 
2005;31:1693–9 . 

[109] Schrier RW , Shchekochikhin D , Ginès P . Renal failure in cirrhosis: prerenal
azotemia, hepatorenal syndrome and acute tubular necrosis. Nephrol Dial 

Transplant 2012;27:2625–8 . 

[110] Durand F , Francoz C , Asrani SK , et al. Acute kidney injury after liver trans-
plantation. Transplantation 2018;102:1636–49 . 

[111] Carrier P , Debette-Gratien M , Essig M , et al. Beyond serum creatinine: 
which tools to evaluate renal function in cirrhotic patients? Hepatol Res 

2018;48:771–9 . 
[112] Nadim MK , Kellum JA , Davenport A , et al. Hepatorenal syndrome: the 8th

International Consensus Conference of the Acute Dialysis Quality Initiative 

(ADQI) Group. Crit Care 2012;16:R23 . 
[113] Gonwa TA , Jennings L , Mai ML , et al. Estimation of glomerular filtration rates

before and after orthotopic liver transplantation: evaluation of current equa- 
tions. Liver Transpl 2004;10:301–9 . 

[114] Jaques DA , Spahr L , Berra G , et al. Biomarkers for acute kidney in-
jury in decompensated cirrhosis: a prospective study. Nephrology (Carlton) 

2019;24:170–80 . 

[115] Allen AM , Kim WR , Larson JJ , et al. Serum Cystatin C as an indicator of
renal function and mortality in liver transplant recipients. Transplantation 

2015;99:1431–5 . 
[116] Randers E , Ivarsen P , Erlandsen EJ , et al. Plasma cystatin C as a marker

of renal function in patients with liver cirrhosis. Scand J Clin Lab Invest 
2002;62:129–34 . 

[117] Rimola A , Gavaler JS , Schade RR , et al. Effects of renal impairment on liver

transplantation. Gastroenterology 1987;93:148–56 . 
[118] Cuervas-Mons V , Millan I , Gavaler JS , et al. Prognostic value of preoperatively

obtained clinical and laboratory data in predicting survival following ortho- 
topic liver transplantation. Hepatology 1986;6:922–7 . 

[119] Gonwa TA , Klintmalm GB , Levy M , et al. Impact of pretransplant renal func-
tion on survival after liver transplantation. Transplantation 1995;59:361–5 . 

[120] Piano S , Gambino C , Vettore E , et al. Response to Terlipressin and Albumin

is associated with improved liver transplant outcomes in patients with hep- 
atorenal syndrome. Hepatology 2020 n/a . 

[121] Koo M , Sabaté A , Ramos E , et al. Factors related to renal dysfunction after
liver transplantation in patients with normal preoperative function. ]. Rev Esp 

Anestesiol Reanim 2006;53:538–44 . 
S83 
[122] Solomon R , Werner C , Mann D , et al. Effects of saline, mannitol, and
furosemide on acute decreases in renal function induced by radiocontrast 

agents. N Engl J Med 1994;331:1416–20 . 
[123] Belcher JM , Garcia-Tsao G , Sanyal AJ , et al. Association of AKI With Mor-

tality and Complications in Hospitalized Patients With Cirrhosis. Hepatology 
2013;57:753–62 . 

[124] Webster AC , Nagler EV , Morton RL , et al. Chronic Kidney Disease. Lancet
2017;389:1238–52 . 

[125] Roccatello D , Saadoun D , Ramos-Casals M , et al. Cryoglobulinaemia. Nat Rev 

Dis Primers 2018;4:11 . 
[126] Fabrizi F , Donato FM , Messa P . Association between Hepatitis C Virus and

Chronic Kidney Disease: a systematic review and meta-analysis. Ann Hepatol 
2018;17:364–91 . 

[127] Butt AA , Wang X , Fried LF . HCV infection and the incidence of CKD. Am J
Kidney Dis 2011;57:396–402 . 

[128] Younossi ZM , Koenig AB , Abdelatif D , et al. Global epidemiology of nonal-

coholic fatty liver disease-Meta-analytic assessment of prevalence, incidence, 
and outcomes. Hepatology 2016;64:73–84 . 

[129] Adams LA , Anstee QM , Tilg H , et al. Non-alcoholic fatty liver disease and its
relationship with cardiovascular disease and other extrahepatic diseases. Gut 

2017;66:1138–53 . 
[130] Paik J , Golabi P , Younoszai Z , et al. Chronic kidney disease is independently

associated with increased mortality in patients with nonalcoholic fatty liver 

disease. Liver Int 2019;39:342–52 . 
[131] Mantovani A , Zaza G , Byrne CD , et al. Nonalcoholic fatty liver disease in-

creases risk of incident chronic kidney disease: A systematic review and 
meta-analysis. Metabolism 2018;79:64–76 . 

[132] Petta S , Gastaldelli A , Rebelos E , et al. Pathophysiology of Non Alcoholic Fatty
Liver Disease. Int J Mol Sci 2016;17 . 

[133] Fabrizi F , Donato FM , Messa P . Association between hepatitis B virus and

chronic kidney disease: a systematic review and meta-analysis. Ann Hepatol 
2017;16:21–47 . 

[134] Du Y , Zhang S , Hu M , et al. Association between hepatitis B virus infection
and chronic kidney disease: a cross-sectional study from 3 million population 

aged 20 to 49 years in rural China. Medicine (Baltimore) 2019;98:e14262 . 
[135] Park H , Dawwas GK , Liu X , et al. Nonalcoholic fatty liver disease increases risk

of incident advanced chronic kidney disease: a propensity-matched cohort 

study. J Intern Med 2019;286:711–22 . 
[136] Wilechansky RM , Pedley A , Massaro JM , et al. Relations of liver fat with

prevalent and incident chronic kidney disease in the Framingham Heart 
Study: a secondary analysis. Liver Int 2019;39:1535–44 . 

[137] Targher G , Chonchol MB , Byrne CD . CKD and nonalcoholic fatty liver disease.
Am J Kidney Dis 2014;64:638–52 . 

[138] Kiapidou S , Liava C , Kalogirou M , et al. Chronic kidney disease in patients

with non-alcoholic fatty liver disease: What the Hepatologist should know? 
Ann Hepatol 2020;19:134–44 . 

[139] Targher G , Byrne CD . Non-alcoholic fatty liver disease: an emerging driving 
force in chronic kidney disease. Nat Rev Nephrol 2017;13:297–310 . 

[140] Singal AK , Hasanin M , Kaif M , et al. Nonalcoholic Steatohepatitis is the most
rapidly growing indication for simultaneous liver kidney transplantation in 

the United States. Transplantation 2016;100:607–12 . 
[141] Tonelli M , Wiebe N , Manns BJ , et al. Comparison of the complexity of patients

seen by different medical subspecialists in a universal health care system. 

JAMA Netw Open 2018;1:e184852 . 
[142] Chung S , Barnes JL , Astroth KS . Gastrointestinal microbiota in patients with 

chronic kidney disease: a systematic review. Adv Nutr 2019;10:888–901 . 
[143] Fujii H , Goto S , Fukagawa M . Role of Uremic Toxins for kidney, cardiovascular,

and bone dysfunction. Toxins (Basel) 2018:10 . 
[144] Massy ZA , Liabeuf S . Middle-Molecule uremic toxins and outcomes in chronic 

kidney disease. Contrib Nephrol 2017;191:8–17 . 

[145] Lekawanvijit S , Krum H . Cardiorenal syndrome: role of protein-bound uremic 
toxins. J Ren Nutr 2015;25:149–54 . 

[146] Fabrizi F , Messa P . The epidemiology of HCV infection in patients with ad-
vanced CKD/ESRD: A global perspective. Semin Dial 2019;32:93–8 . 

[147] Sette L , Lopes EPA , Guedes Dos Anjos NC , et al. High prevalence of occult
hepatitis C infection in predialysis patients. World J Hepatol 2019;11:109–18 . 

[148] Li Cavoli G , Ferrantelli A , Bono L , et al. Incidence of hepatitis C virus infection

in patients with chronic kidney disease on conservative therapy. Int J Infect 
Dis 2011;15:e514–16 . 

[149] Chinnadurai R , Ritchie J , Green D , et al. Non-alcoholic fatty liver disease
and clinical outcomes in chronic kidney disease. Nephrol Dial Transplant 

2019;34:449–57 . 
[150] Jang HR , Kang D , Sinn DH , et al. Nonalcoholic fatty liver disease accelerates

kidney function decline in patients with chronic kidney disease: a cohort 

study. Sci Rep 2018;8:4718 . 
[151] Musso G , Cassader M , Cohney S , et al. Emerging Liver-Kidney Interactions in

Nonalcoholic Fatty Liver Disease. Trends Mol Med 2015;21:645–62 . 
[152] Targher G , Mantovani A , Pichiri I , et al. Nonalcoholic fatty liver disease is in-

dependently associated with an increased incidence of chronic kidney disease 
in patients with type 1 diabetes. Diabetes Care 2014;37:1729–36 . 

[153] Charlton MR , Wall WJ , Ojo AO , et al. Report of the first international liver

transplantation society expert panel consensus conference on renal insuffi- 
ciency in liver transplantation. Liver Transpl 2009;15:S1–34 . 

[154] Allen AM , Kim WR , Therneau TM , et al. Chronic kidney disease and asso-
ciated mortality after liver transplantation–a time-dependent analysis using 

measured glomerular filtration rate. J Hepatol 2014;61:286–92 . 

http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0093
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0093
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0093
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0094
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0094
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0094
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0094
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0094
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0095
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0095
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0095
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0095
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0096
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0096
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0096
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0096
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0097
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0097
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0097
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0098
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0098
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0098
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0099
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0099
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0099
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0099
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0099
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0100
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0100
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0100
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0100
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0100
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0101
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0101
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0101
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0101
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0101
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0102
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0102
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0102
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0102
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0102
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0103
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0103
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0103
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0103
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0103
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0104
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0104
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0104
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0104
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0104
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0105
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0105
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0105
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0105
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0106
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0106
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0106
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0106
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0106
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0107
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0107
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0107
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0107
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0107
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0108
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0108
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0108
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0108
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0108
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0109
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0109
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0109
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0109
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0110
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0110
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0110
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0110
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0110
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0111
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0111
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0111
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0111
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0111
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0112
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0112
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0112
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0112
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0112
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0113
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0113
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0113
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0113
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0113
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0114
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0114
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0114
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0114
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0114
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0115
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0115
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0115
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0115
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0115
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0116
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0116
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0116
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0116
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0116
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0117
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0117
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0117
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0117
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0117
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0118
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0118
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0118
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0118
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0118
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0119
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0119
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0119
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0119
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0119
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0120
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0120
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0120
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0120
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0120
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0121
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0121
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0121
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0121
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0121
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0122
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0122
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0122
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0122
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0122
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0123
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0123
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0123
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0123
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0123
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0124
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0124
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0124
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0124
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0124
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0125
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0125
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0125
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0125
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0125
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0126
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0126
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0126
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0126
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0127
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0127
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0127
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0127
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0128
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0128
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0128
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0128
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0128
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0129
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0129
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0129
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0129
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0129
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0130
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0130
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0130
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0130
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0130
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0131
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0131
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0131
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0131
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0131
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0132
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0132
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0132
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0132
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0132
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0133
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0133
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0133
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0133
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0134
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0134
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0134
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0134
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0134
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0135
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0135
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0135
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0135
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0135
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0136
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0136
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0136
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0136
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0136
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0137
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0137
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0137
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0137
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0138
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0138
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0138
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0138
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0138
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0139
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0139
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0139
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0140
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0140
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0140
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0140
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0140
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0141
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0141
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0141
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0141
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0141
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0142
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0142
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0142
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0142
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0143
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0143
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0143
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0143
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0144
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0144
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0144
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0145
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0145
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0145
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0146
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0146
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0146
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0147
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0147
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0147
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0147
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0147
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0148
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0148
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0148
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0148
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0148
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0149
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0149
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0149
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0149
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0149
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0150
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0150
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0150
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0150
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0150
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0151
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0151
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0151
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0151
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0151
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0152
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0152
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0152
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0152
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0152
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0153
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0153
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0153
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0153
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0153
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0154
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0154
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0154
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0154
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0154


M.C. Morelli, M. Rendina, G. La Manna et al. Digestive and Liver Disease 53 (2021) S49–S86 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[

[  

[  

[

[  

[  

[  

[

[

 

 

 

 

 

 

[  
[155] Guitard J , Ribes D , Kamar N , et al. Predictive factors for chronic renal failure
one year after orthotopic liver transplantation. Ren Fail 2006;28:419–25 . 

[156] Fagiuoli S , Leandro G , Bellati G , et al. Liver transplantation in Italy: prelimi-
nary 10-year report. The Monotematica Aisf-Olt Study Group. Ital J Gastroen- 

terol 1996;28:343–50 . 
[157] Nair S , Verma S , Thuluvath PJ . Pretransplant renal function predicts sur- 

vival in patients undergoing orthotopic liver transplantation. Hepatology 
2002;35:1179–85 . 

[158] Asrani SK , Saracino G , O’Leary JG , et al. Recipient characteristics and morbid-

ity and mortality after liver transplantation. J Hepatol 2018;69:43–50 . 
[159] Chapman JR . Chronic calcineurin inhibitor use is nephrotoxic. Clin Pharmacol 

Ther 2011;90:207–9 . 
[160] Varo E , Bañares R , Guilera M . Underestimation of chronic renal dysfunction

after liver transplantation: ICEBERG study. World J Transplant 2015;5:26–33 . 
[161] Kivelä JM , Räisänen-Sokolowski A , Pakarinen MP , et al. Long-term renal 

function in children after liver transplantation. Transplantation 2011;91: 

115–120 . 
[162] Utsumi M , Umeda Y , Sadamori H , et al. Risk factors for acute renal injury in

living donor liver transplantation: evaluation of the RIFLE criteria. Transpl Int 
2013;26:842–52 . 

[163] Saliba F , De Simone P , Nevens F , et al. Renal function at two years in liver
transplant patients receiving everolimus: results of a randomized, multicenter 

study. Am J Transpl 2013;13:1734–45 . 

[164] De Simone P , Fagiuoli S , Cescon M , et al. Use of Everolimus in Liver
Transplantation: Recommendations From a Working Group. Transplantation 

2017;101:239–51 . 
[165] Cillo U , Saracino L , Vitale A , et al. Very Early Introduction of Everolimus in De

Novo Liver Transplantation: Results of a Multicenter, Prospective, Randomized 
Trial. Liver Transpl 2019;25:242–51 . 

[166] Lupo L , Panzera P , Tandoi F , et al. Basiliximab versus steroids in double ther-

apy immunosuppression in liver transplantation: a prospective randomized 
clinical trial. Transplantation 2008;86:925–31 . 

[167] Losurdo G , Castellaneta A , Rendina M , et al. Systematic review with meta–
analysis: de novo non-alcoholic fatty liver disease in liver-transplanted pa- 

tients. Aliment Pharmacol Ther 2018;47:704–14 . 
[168] Younossi ZM , Marchesini G , Pinto-Cortez H , et al. Epidemiology of Nonalco- 

holic Fatty Liver Disease and Nonalcoholic Steatohepatitis: Implications for 

Liver Transplantation. Transplantation 2019;103:22–7 . 
[169] Holmer M , Melum E , Isoniemi H , et al. Nonalcoholic fatty liver disease is an

increasing indication for liver transplantation in the Nordic countries. Liver 
Int 2018;38:2082–90 . 

[170] Huh JH , Yadav D , Kim JS , et al. An association of metabolic syndrome and
chronic kidney disease from a 10-year prospective cohort study. Metabolism 

2017;67:54–61 . 

[171] Brück K , Stel VS , Gambaro G , et al. CKD Prevalence Varies across the Euro-
pean General Population. J Am Soc Nephrol 2016;27:2135–47 . 

[172] Musso G , Gambino R , Tabibian JH , et al. Association of non-alcoholic fatty
liver disease with chronic kidney disease: a systematic review and meta-anal- 

ysis. PLoS Med 2014;11:e1001680 . 
[173] Mellinger JL , Pencina KM , Massaro JM , et al. Hepatic steatosis and cardiovas-

cular disease outcomes: An analysis of the Framingham Heart Study. J Hepa- 
tol 2015;63:470–6 . 

[174] Rahman M , Xie D , Feldman HI , et al. Association between chronic kidney dis-

ease progression and cardiovascular disease: results from the CRIC Study. Am 

J Nephrol 2014;40:399–407 . 

[175] Patel SS , Lin FP , Rodriguez VA , et al. The relationship between coronary artery
disease and cardiovascular events early after liver transplantation. Liver Int 

2019;39:1363–71 . 
[176] De Luca L , Kalafateli M , Bianchi S , et al. Cardiovascular morbidity and mortal-

ity is increased post-liver transplantation even in recipients with no pre-ex- 

isting risk factors. Liver Int 2019;39:1557–65 . 
[177] Burra P , Berenguer M , Pomfret E . The ILTS Consensus Conference on

NAFLD/NASH and Liver Transplantation: Setting the Stage. Transplantation 
2019;103:19–21 . 

[178] Musso G , Tabibian JH , Charlton M . Chronic kidney disease (CKD) and NAFLD:
time for awareness and screening. J Hepatol 2015;62:983–4 . 

[179] Germani G , Laryea M , Rubbia-Brandt L , et al. Management of Recur- 

rent and De Novo NAFLD/NASH After Liver Transplantation. Transplantation 
2019;103:57–67 . 

[180] Becker GJ . KDIGO clinical practice guideline for management of blood pres- 
sure in CKD. Kidney Int 2012 . 

[181] https://kdigo.org/wp- content/uploads/2018/03/KDIGO- DM- GL- SoW- Public- 
Review-FINAL.pdf . 

[182] Vilar-Gomez E , Martinez-Perez Y , Calzadilla-Bertot L , et al. Weight Loss 

Through Lifestyle Modification Significantly Reduces Features of Nonalcoholic 
Steatohepatitis. Gastroenterology 2015;149:367–78 e5; quiz e14-5 . 

[183] Sharp Collaborative G . Study of Heart and Renal Protection (SHARP): ran- 
domized trial to assess the effects of lowering low-density lipoprotein 

cholesterol among 9,438 patients with chronic kidney disease. Am Heart J 
2010;160:785–94 e10 . 

[184] Chan TM . Hepatitis B and Renal Disease. Curr Hepat Rep 2010;9:99–105 . 

[185] Kupin WL . Viral-Associated GN: Hepatitis B and Other Viral Infections. Clin J 
Am Soc Nephrol 2017;12:1529–33 . 

[186] Deray G , Buti M , Gane E , et al. Hepatitis B Virus Infection and the Kidney:
Renal Abnormalities in HBV Patients, Antiviral Drugs Handling, and Specific 

Follow-Up. Adv Hepatol 2015;2015:596829 . 
S84 
[187] Kamimura H , Setsu T , Kimura N , et al. Renal Impairment in Chronic Hepatitis
B: A Review. Diseases 2018;6 . 

[188] Finelli L , Miller JT , Tokars JI , et al. National surveillance of dialysis-associated
diseases in the United States, 2002. Semin Dial 2005;18:52–61 . 

[189] Lok AS . Chronic hepatitis B. N Engl J Med 2002;346:1682–3 . 
[190] Fabrizi F , Lunghi G , Martin P , et al. Serological and molecular testing in hep-

atitis B and the dialysis patient. Int J Artif Organs 2002;25:91–9 . 
[191] Snydman DR , Bregman D , Bryan JA . Hemodialysis-Associated Hepatitis in the 

United States, 1974. J Infect Dis 1977;135:687–91 . 

[192] Petrosillo N , Puro V , Ippolito G . Prevalence of human immunodeficiency virus, 
hepatitis B virus and hepatitis C virus among dialysis patients. The Italian 

Multicentric Study on Nosocomial and Occupational Risk of Blood-Borne In- 
fections in Dialysis. Nephron 1993;64:636–9 . 

[193] Burdick RA , Bragg-Gresham JL , Woods JD , et al. Patterns of hepatitis B preva-
lence and seroconversion in hemodialysis units from three continents: the 

DOPPS. Kidney Int 2003;63:2222–9 . 

[194] Marcelli D , Stannard D , Conte F , et al. ESRD patient mortality with adjustment
for comorbid conditions in Lombardy (Italy) versus the United States. Kidney 

Int 1996;50:1013–18 . 
[195] Ow MM , de Zoysa JR , Gane EJ . The impact of oral antiviral therapy

on long-term survival of hepatitis B surface antigen-positive patients on 
haemodialysis. N Z Med J 2014;127:34–42 . 

[196] Papatheodoridis G , Dalekos G , Sypsa V , et al. PAGE-B predicts the risk of de-

veloping hepatocellular carcinoma in Caucasians with chronic hepatitis B on 
5-year antiviral therapy. J Hepatol 2016;64:800–6 . 

[197] Raffetti E , Fattovich G , Donato F . Incidence of hepatocellular carcinoma in un-
treated subjects with chronic hepatitis B: a systematic review and meta-anal- 

ysis. Liver Int 2016;36:1239–51 . 
[198] Nho KW , Kim YH , Han DJ , et al. Kidney transplantation alone in end-stage

renal disease patients with hepatitis B liver cirrhosis: a single-center experi- 

ence. Transplantation 2015;99:133–8 . 
[199] Fornairon S , Pol S , Legendre C , et al. The long-term virologic and pathologic

impact of renal transplantation on chronic hepatitis B virus infection. Trans- 
plantation 1996;62:297–9 . 

200] EASL 2017 Clinical Practice Guidelines on the management of hepatitis B 
virus infection. J Hepatol 2017;67:370–98 . 

[201] KDIGO 2018Clinical practice guideline for the prevention, diagnosis, evalua- 

tion, and treatment of Hepatitis C in chronic Kidney Disease. Kidney Int Suppl 
2018;8(2011):91–165 . 

202] Fabrizi F , Messa P . Transmission of hepatitis C virus in dialysis units: a sys-
tematic review of reports on outbreaks. Int J Artif Organs 2015;38:471–80 . 

203] Espinosa M , Martin-Malo A , Alvarez de Lara MA , et al. High ALT levels predict
viremia in anti-HCV-positive HD patients if a modified normal range of ALT 

is applied. Clin Nephrol 20 0 0;54:151–6 . 

204] Barrera JM , Francis B , Ercilla G , et al. Improved detection of anti-HCV in post–
transfusion hepatitis by a third-generation ELISA. Vox Sang 1995;68:15–18 . 

205] Colin C , Lanoir D , Touzet S , et al. Sensitivity and specificity of third-generation
hepatitis C virus antibody detection assays: an analysis of the literature. J 

Viral Hepat 2001;8:87–95 . 
206] Li HC , Lo SY . Hepatitis C virus: Virology, diagnosis and treatment. World J

Hepatol 2015;7:1377–89 . 
207] Pol S , Parlati L , Jadoul M . Hepatitis C virus and the kidney. Nat Rev Nephrol

2019;15:73–86 . 

208] https://www.webaisf.org/wp-content/uploads/2019/01/documento _ hcv _ 
200618.pdf . 

209] EASL recommendations on treatment of hepatitis C: Final update of the se- 
ries( � ). J Hepatol 2020;73:1170–218 . 

[210] El-Sherif A , Elbahrawy A , Aboelfotoh A , et al. High false-negative rate of
anti-HCV among Egyptian patients on regular hemodialysis. Hemodial Int 

2012;16:420–7 . 

[211] Borgia SM , Dearden J , Yoshida EM , et al. Sofosbuvir/velpatasvir for 12 weeks
in hepatitis C virus-infected patients with end-stage renal disease undergoing 

dialysis. J Hepatol 2019;71:660–5 . 
[212] Fabrizi F , Dixit V , Messa P . Impact of hepatitis C on survival in dialysis pa-

tients: a link with cardiovascular mortality? J Viral Hepat 2012;19:601–7 . 
[213] Durand CM , Chattergoon MA , Desai NM . Lessons from the real world: 

HCV-infected donor kidney transplantation as standard practice. Am J Transpl 

2019;19:2969–70 . 
[214] Goodkin DA , Bieber B , Gillespie B , et al. Hepatitis C infection is very rarely

treated among hemodialysis patients. Am J Nephrol 2013;38:405–12 . 
[215] Latchoumycandane C , Nagy LE , McIntyre TM . Myeloperoxidase formation of 

PAF receptor ligands induces PAF receptor-dependent kidney injury during 
ethanol consumption. Free Radic Biol Med 2015;86:179–90 . 

[216] Pacher P , Beckman JS , Liaudet L . Nitric oxide and peroxynitrite in health and

disease. Physiol Rev 2007;87:315–424 . 
[217] Pouria S , Barratt J . Secondary IgA nephropathy. Semin Nephrol 

2008;28:27–37 . 
[218] Bene MC , De Korwin JD , Hurault de Ligny B , et al. IgA nephropathy and

alcoholic liver cirrhosis. A prospective necropsy study. Am J Clin Pathol 
1988;89:769–73 . 

[219] Newell GC . Cirrhotic glomerulonephritis: incidence, morphology, clinical fea- 

tures, and pathogenesis. Am J Kidney Dis 1987;9:183–90 . 
220] Tissandié E , Morelle W , Berthelot L , et al. Both IgA nephropathy and alco-

holic cirrhosis feature abnormally glycosylated IgA1 and soluble CD89-IgA 
and IgG-IgA complexes: common mechanisms for distinct diseases. Kidney 

Int 2011;80:1352–63 . 

http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0155
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0155
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0155
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0155
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0155
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0156
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0156
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0156
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0156
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0156
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0157
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0157
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0157
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0157
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0158
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0158
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0158
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0158
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0158
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0159
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0159
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0160
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0160
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0160
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0160
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0161
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0161
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0161
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0161
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0161
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0162
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0162
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0162
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0162
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0162
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0163
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0163
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0163
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0163
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0163
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0164
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0164
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0164
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0164
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0164
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0165
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0165
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0165
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0165
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0165
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0166
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0166
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0166
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0166
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0166
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0167
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0167
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0167
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0167
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0167
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0168
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0168
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0168
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0168
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0168
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0169
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0169
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0169
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0169
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0169
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0170
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0170
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0170
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0170
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0170
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0171
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0171
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0171
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0171
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0171
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0172
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0172
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0172
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0172
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0172
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0173
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0173
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0173
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0173
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0173
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0174
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0174
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0174
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0174
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0174
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0175
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0175
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0175
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0175
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0175
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0176
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0176
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0176
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0176
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0176
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0177
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0177
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0177
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0177
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0178
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0178
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0178
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0178
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0179
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0179
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0179
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0179
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0179
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0180
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0180
https://kdigo.org/wp-content/uploads/2018/03/KDIGO-DM-GL-SoW-Public-Review-FINAL.pdf
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0182
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0182
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0182
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0182
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0182
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0183
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0183
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0184
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0184
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0185
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0185
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0186
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0186
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0186
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0186
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0186
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0187
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0187
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0187
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0187
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0187
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0188
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0188
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0188
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0188
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0188
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0189
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0189
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0190
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0190
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0190
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0190
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0190
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0191
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0191
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0191
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0191
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0192
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0192
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0192
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0192
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0193
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0193
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0193
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0193
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0193
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0194
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0194
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0194
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0194
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0194
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0195
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0195
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0195
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0195
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0196
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0196
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0196
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0196
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0196
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0197
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0197
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0197
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0197
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0198
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0198
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0198
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0198
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0198
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0199
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0199
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0199
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0199
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0199
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0200
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0201
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0202
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0202
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0202
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0203
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0203
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0203
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0203
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0203
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0204
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0204
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0204
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0204
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0204
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0205
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0205
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0205
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0205
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0205
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0206
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0206
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0206
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0207
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0207
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0207
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0207
https://www.webaisf.org/wp-content/uploads/2019/01/documento_hcv_200618.pdf
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0209
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0210
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0210
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0210
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0210
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0210
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0211
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0211
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0211
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0211
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0211
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0212
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0212
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0212
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0212
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0213
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0213
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0213
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0213
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0214
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0214
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0214
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0214
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0214
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0215
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0215
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0215
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0215
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0216
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0216
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0216
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0216
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0217
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0217
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0217
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0218
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0218
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0218
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0218
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0218
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0219
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0219
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0220
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0220
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0220
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0220
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0220


M.C. Morelli, M. Rendina, G. La Manna et al. Digestive and Liver Disease 53 (2021) S49–S86 

 

[  

[

[  

[  

[  

 

[

[

[

 

[  

[  

[  

[  

[  

 

[  

[  

[  

 

[  

[  

[  

[  

[  

 

[  

[  

[  

[  

[  

[  

[

[  

[  

[

[  

 

[  

[  

[  

[  

[  

[  

[  

[  

 

 

 

 

[  

 

 

[

[

[  

[  
[221] Kalambokis G , Christou L , Stefanou D , et al. Association of liver cirrhosis
related IgA nephropathy with portal hypertension. World J Gastroenterol 

2007;13:5783–6 . 
222] Babbs C , Warnes TW , Torrance HB , et al. IgA nephropathy in non-cirrhotic

portal hypertension. Gut 1991;32:225–6 . 
223] Safi W , Rauscher I , Umgelter A . Contrast-induced acute kidney injury in cir- 

rhotic patients. A retrospective analysis. Ann Hepatol 2015;14:895–901 . 
224] Sujan R , Cruz-Lemini M , Altamirano J , et al. A validated score predicts Acute

Kidney Injury and survival in patients with alcoholic hepatitis. Liver Transpl 

2018;24:1655–64 . 
225] Altamirano J , Fagundes C , Dominguez M , et al. Acute kidney injury is an early

predictor of mortality for patients with alcoholic hepatitis. Clin Gastroenterol 
Hepatol 2012;10:65–71 e3 . 

226] Sersté T , Njimi H , Degré D , et al. The use of beta-blockers is associated with
the occurrence of acute kidney injury in severe alcoholic hepatitis. Liver Int 

2015;35:1974–82 . 

[227] Thorat A , Jeng LB . Management of renal dysfunction in patients with liver
cirrhosis: role of pretransplantation hemodialysis and outcomes after liver 

transplantation. Semin Vasc Surg 2016;29:227–35 . 
228] Formica RN Jr . Simultaneous liver kidney transplantation. Curr Opin Nephrol 

Hypertens 2016;25:577–82 . 
229] Fong TL , Khemichian S , Shah T , et al. Combined liver-kidney transplantation 

is preferable to liver transplant alone for cirrhotic patients with renal failure. 

Transplantation 2012;94:411–16 . 
230] Hussain SM , Sureshkumar KK . Refining the role of simultaneous liver kidney 

transplantation. J Clin Transl Hepatol 2018;6:289–95 . 
[231] Locke JE , Warren DS , Singer AL , et al. Declining outcomes in simultaneous

liver-kidney transplantation in the MELD era: ineffective usage of renal allo- 
grafts. Transplantation 2008;85:935–42 . 

232] Hmoud B , Kuo YF , Wiesner RH , et al. Outcomes of liver transplantation alone

after listing for simultaneous kidney: comparison to simultaneous liver kid- 
ney transplantation. Transplantation 2015;99:823–8 . 

233] Northup PG , Argo CK , Bakhru MR , et al. Pretransplant predictors of recovery
of renal function after liver transplantation. Liver Transpl 2010;16:440–6 . 

234] Singal AK , Hasanin M , Kaif M , et al. MELD stratified outcomes among recip-
ients with diabetes or hypertension: simultaneous liver kidney versus liver 

alone. J Clin Gastroenterol 2018;52:67–72 . 

235] Sripongpun P , Mannalithara A , Kwo PY , et al. Potential Benefits of Switching
Liver Transplant Recipients to Tenofovir Alafenamide Prophylaxis. Clin Gas- 

troenterol Hepatol 2020;18:747–9 . 
236] Garcia-Tsao G , Friedman S , Iredale J , et al. Now there are many (stages) where

before there was one: In search of a pathophysiological classification of cir- 
rhosis. Hepatology 2010;51:1445–9 . 

[237] Reverter E , Cirera I , Albillos A , et al. The prognostic role of hepatic ve-

nous pressure gradient in cirrhotic patients undergoing elective extrahepatic 
surgery. J Hepatol 2019;71:942–50 . 

238] Burra P , Giannini EG , Caraceni P , et al. Specific issues concerning the man-
agement of patients on the waiting list and after liver transplantation. Liver 

Int 2018;38:1338–62 . 
239] Willey CJ , Blais JD , Hall AK , et al. Prevalence of autosomal dominant

polycystic kidney disease in the European Union. Nephrol Dial Transpl 
2017;32:1356–63 . 

240] Fabrizi F , Plaisier E , Saadoun D , et al. Hepatitis C Virus Infection, Mixed

Cryoglobulinemia, and Kidney Disease. American Journal of Kidney Diseases 
2013;61(4):623–37 . 

[241] Barsoum RS , et al. Hepatitis C virus: from entry to renal injury - facts and
potentials. Nephrology Dialysis Transplantation 2007;22(7):1840–8 . 

242] Porath B , Gainullin VG , Cornec-Le Gall E , et al. Mutations in GANAB, Encod-
ing the Glucosidase II α Subunit, Cause Autosomal-Dominant Polycystic Kid- 

ney and Liver Disease. Am J Hum Genet 2016;98:1193–207 . 

243] Cornec-Le Gall E , Alam A , Perrone RD . Autosomal dominant polycystic kidney
disease. Lancet 2019;393:919–35 . 

244] Masyuk TV , Masyuk AI , Torres VE , et al. Octreotide inhibits hepatic cysto-
genesis in a rodent model of polycystic liver disease by reducing cholan- 

giocyte adenosine 3 ′ ,5 ′ -cyclic monophosphate. Gastroenterology 2007;132: 
1104–1116 . 

245] Hughes J , Ward CJ , Peral B , et al. The polycystic kidney disease 1 (PKD1) gene

encodes a novel protein with multiple cell recognition domains. Nat Genet 
1995;10:151–60 . 

246] Cornec-Le Gall E , Torres VE , Harris PC . Genetic Complexity of Autoso-
mal Dominant Polycystic Kidney and Liver Diseases. J Am Soc Nephrol 

2018;29:13–23 . 
[247] Gansevoort RT , Arici M , Benzing T , et al. Recommendations for the use

of tolvaptan in autosomal dominant polycystic kidney disease: a position 

statement on behalf of the ERA-EDTA Working Groups on Inherited Kid- 
ney Disorders and European Renal Best Practice. Nephrol Dial Transplant 

2016;31:337–48 . 
248] Capasso GMC , Cirillo MGM , Magistroni R , Messa P , Remuzzi G , Scolari F . Po-

sition Statement Della Sin Sull’impiego Del Tolvaptan Nei Pazienti Con Rene 
Policistico Autosomico Dominante. Società italiana di Nefrologia; 2018 . 

249] Pei Y , Obaji J , Dupuis A , et al. Unified criteria for ultrasonographic diagnosis

of ADPKD. J Am Soc Nephrol 2009;20:205–12 . 
250] Pei Y , Hwang YH , Conklin J , et al. Imaging-based diagnosis of autosomal dom-

inant polycystic kidney disease. J Am Soc Nephrol 2015;26:746–53 . 
[251] Torres VE , Harris PC . Autosomal dominant polycystic kidney disease: the last 

3 years. Kidney Int 2009;76:149–68 . 
S85 
252] Aussilhou B , Douflé G , Hubert C , et al. Extended liver resection for poly-
cystic liver disease can challenge liver transplantation. Ann Surg 2010;252: 

735–743 . 
253] Scolari F , Dallera N , Saletti A , et al. [ADPKD: predictors of Renal Disease pro-

gression]. G Ital Nefrol 2016:33 . 
254] Irazabal MV , Rangel LJ , Bergstralh EJ , et al. Imaging classification of autosomal

dominant polycystic kidney disease: a simple model for selecting patients for 
clinical trials. J Am Soc Nephrol 2015;26:160–72 . 

255] Chapman AB , Devuyst O , Eckardt KU , et al. Autosomal-dominant polycys- 

tic kidney disease (ADPKD): executive summary from a Kidney Disease: 
Improving Global Outcomes (KDIGO) Controversies Conference. Kidney Int 

2015;88:17–27 . 
256] Cornec-Le Gall E , Audrézet MP , Rousseau A , et al. The PROPKD Score: A New

Algorithm to Predict Renal Survival in Autosomal Dominant Polycystic Kidney 
Disease. J Am Soc Nephrol 2016;27:942–51 . 

[257] Blair HA . Tolvaptan: A Review in Autosomal Dominant Polycystic Kidney Dis- 

ease. Drugs 2019;79:303–13 . 
258] Torres VE , Chapman AB , Devuyst O , et al. Tolvaptan in patients with autoso-

mal dominant polycystic kidney disease. N Engl J Med 2012;367:2407–18 . 
259] Torres VE , Chapman AB , Devuyst O , et al. Multicenter, open-label, extension 

trial to evaluate the long-term efficacy and safety of early versus delayed 
treatment with tolvaptan in autosomal dominant polycystic kidney disease: 

the TEMPO 4:4 Trial. Nephrol Dial Transpl 2017;32:1262 . 

260] Wyatt CM , Le Meur Y . REPRISE: tolvaptan in advanced polycystic kidney dis-
ease. Kidney Int 2018;93:292–5 . 

[261] Meijer E , Visser FW , van Aerts RMM , et al. Effect of Lanreotide on Kidney
Function in Patients With Autosomal Dominant Polycystic Kidney Disease: 

The DIPAK 1 Randomized Clinical Trial. JAMA 2018;320:2010–19 . 
262] Caroli A , Perico N , Perna A , et al. Effect of longacting somatostatin analogue

on kidney and cyst growth in autosomal dominant polycystic kidney dis- 

ease (ALADIN): a randomised, placebo-controlled, multicentre trial. Lancet 
2013;382:1485–95 . 

263] Perico N , Ruggenenti P , Perna A , et al. Octreotide-LAR in later-stage autosomal
dominant polycystic kidney disease (ALADIN 2): A randomized, double-blind, 

placebo-controlled, multicenter trial. PLoS Med 2019;16:e1002777 . 
264] Perico N , Antiga L , Caroli A , et al. Sirolimus therapy to halt the progression of

ADPKD. J Am Soc Nephrol 2010;21:1031–40 . 

265] Walz G , Budde K , Mannaa M , et al. Everolimus in patients with autosomal
dominant polycystic kidney disease. N Engl J Med 2010;363:830–40 . 

266] Serra AL , Poster D , Kistler AD , et al. Sirolimus and kidney growth in autoso-
mal dominant polycystic kidney disease. N Engl J Med 2010;363:820–9 . 

267] Hogan MC , Masyuk TV , Page LJ , et al. Randomized clinical trial of long-acting
somatostatin for autosomal dominant polycystic kidney and liver disease. J 

Am Soc Nephrol 2010;21:1052–61 . 

268] van Keimpema L , Nevens F , Vanslembrouck R , et al. Lanreotide reduces the
volume of polycystic liver: a randomized, double-blind, placebo-controlled 

trial. Gastroenterology 2009;137:1661–8 e1-2 . 
269] Van Keimpema L , De Koning DB , Van Hoek B , et al. Patients with isolated

polycystic liver disease referred to liver centres: clinical characterization of 
137 cases. Liver Int 2011;31:92–8 . 

[270] Gigot JF , Jadoul P , Que F , et al. Adult polycystic liver disease: is fenestra-
tion the most adequate operation for long-term management? Ann Surg 

1997;225:286–94 . 

[271] Schnelldorfer T , Torres VE , Zakaria S , et al. Polycystic liver disease: a criti-
cal appraisal of hepatic resection, cyst fenestration, and liver transplantation. 

Ann Surg 2009;250:112–18 . 
[272] van Keimpema L , Höckerstedt K . Treatment of polycystic liver disease. Br J 

Surg 2009;96:1379–80 . 
[273] Okano A , Hajiro K , Takakuwa H , et al. Alcohol sclerotherapy of hepatic

cysts: its effect in relation to ethanol concentration. Hepatol Res 20 0 0;17: 

179–184 . 
[274] Neijenhuis MK , Gevers TJ , Hogan MC , et al. Development and validation of a

disease-specific questionnaire to assess patient-reported symptoms in poly- 
cystic liver disease. Hepatology 2016;64:151–60 . 

275] Neijenhuis MK , Wijnands TFM , Kievit W , et al. Symptom relief and not cyst
reduction determines treatment success in aspiration sclerotherapy of hepatic 

cysts. Eur Radiol 2019;29:3062–8 . 

[276] Wang MQ , Duan F , Liu FY , et al. Treatment of symptomatic polycystic liver
disease: transcatheter super-selective hepatic arterial embolization using a 

mixture of NBCA and iodized oil. Abdom Imaging 2013;38:465–73 . 
[277] Zhang JL , Yuan K , Wang MQ , et al. Transarterial Embolization for Treatment

of Symptomatic Polycystic Liver Disease: More than 2-year Follow-up. Chin 
Med J (Engl) 2017;130:1938–44 . 

278] Bernts LHP , Echternach SG , Kievit W , et al. Clinical response after laparo- 

scopic fenestration of symptomatic hepatic cysts: a systematic review and 
meta-analysis. Surg Endosc 2019;33:691–704 . 

279] Konstadoulakis MM , Gomatos IP , Albanopoulos K , et al. Laparoscopic fenes- 
tration for the treatment of patients with severe adult polycystic liver dis- 

ease. Am J Surg 2005;189:71–5 . 
280] Morino M , De Giuli M , Festa V , et al. Laparoscopic management of symp-

tomatic nonparasitic cysts of the liver. Indications and results. Ann Surg 

1994;219:157–64 . 
281] Kabbej M , Sauvanet A , Chauveau D , et al. Laparoscopic fenestration in poly-

cystic liver disease. Br J Surg 1996;83:1697–701 . 

http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0221
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0221
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0221
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0221
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0221
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0222
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0222
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0222
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0222
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0222
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0223
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0223
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0223
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0223
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0224
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0224
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0224
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0224
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0224
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0225
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0225
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0225
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0225
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0225
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0226
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0226
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0226
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0226
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0226
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0227
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0227
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0227
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0228
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0228
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0229
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0229
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0229
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0229
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0229
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0230
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0230
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0230
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0231
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0231
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0231
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0231
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0231
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0232
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0232
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0232
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0232
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0232
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0233
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0233
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0233
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0233
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0233
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0234
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0234
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0234
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0234
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0234
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0235
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0235
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0235
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0235
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0235
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0236
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0236
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0236
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0236
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0236
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0237
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0237
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0237
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0237
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0237
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0238
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0238
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0238
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0238
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0238
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0239
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0239
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0239
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0239
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0239
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240au
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240au
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240au
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0240
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0241
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0241
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0241
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0241
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0242
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0242
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0242
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0242
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0242
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0243
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0243
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0243
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0243
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0243
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0244
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0244
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0244
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0244
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0245
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0245
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0245
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0245
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0245
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0246
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0246
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0246
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0246
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0246
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0246
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0246
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0247
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0247
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0247
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0247
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0247
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0248
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0248
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0248
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0248
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0248
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0249
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0249
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0249
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0250
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0250
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0250
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0250
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0250
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0251
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0251
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0251
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0251
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0251
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0252
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0252
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0252
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0252
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0252
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0253
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0253
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0253
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0253
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0253
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0254
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0254
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0254
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0254
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0254
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0255
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0255
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0256
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0256
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0256
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0256
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0256
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0257
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0257
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0257
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0257
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0257
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0258
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0258
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0258
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0259
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0259
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0259
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0259
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0259
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0260
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0260
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0260
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0260
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0260
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0261
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0261
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0261
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0261
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0261
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0262
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0262
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0262
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0262
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0262
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0263
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0263
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0263
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0263
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0263
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0264
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0264
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0264
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0264
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0264
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0265
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0265
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0265
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0265
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0265
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0266
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0266
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0266
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0266
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0266
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0267
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0267
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0267
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0267
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0267
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0268
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0268
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0268
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0268
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0268
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0269
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0269
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0269
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0269
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0269
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0270
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0270
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0270
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0271
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0271
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0271
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0271
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0271
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0272
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0272
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0272
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0272
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0272
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0273
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0273
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0273
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0273
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0273
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0274
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0274
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0274
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0274
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0274
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0275
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0275
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0275
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0275
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0275
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0276
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0276
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0276
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0276
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0276
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0277
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0277
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0277
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0277
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0277
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0278
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0278
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0278
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0278
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0278
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0279
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0279
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0279
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0279
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0279


M.C. Morelli, M. Rendina, G. La Manna et al. Digestive and Liver Disease 53 (2021) S49–S86 

[  

[  

[  

[

[  

[  

[  

[  

[

 

[  

[  

[

[  

[  

[

[  

[  

[  

 

[  

[  

[  

[  

[

[  

[  

[  

 

 

 

 

 

 

 

[  

 

[

[  

[  

[  

[

[  

[  

[  

[  
282] Schindl MJ , Redhead DN , Fearon KC , et al. The value of residual liver volume
as a predictor of hepatic dysfunction and infection after major liver resection. 

Gut 2005;54:289–96 . 
283] Aussilhou B , Dokmak S , Dondero F , et al. Treatment of polycystic liver disease.

Update on the management. J Visc Surg 2018;155:471–81 . 
284] Drenth JP , Chrispijn M , Nagorney DM , et al. Medical and surgical treatment

options for polycystic liver disease. Hepatology 2010;52:2223–30 . 
285] Tseng J , Orloff SL . Management of symptomatic polycystic liver disease with 

hepatic resection. JAMA Surg 2015;150:81–2 . 

286] Legendre C , Canaud G , Martinez F . Factors influencing long-term outcome af-
ter kidney transplantation. Transpl Int 2014;27:19–27 . 

287] Ravine D , Gibson RN , Walker RG , et al. Evaluation of ultrasonographic di-
agnostic criteria for autosomal dominant polycystic kidney disease 1. Lancet 

1994;343:824–7 . 
288] Jacquet A , Pallet N , Kessler M , et al. Outcomes of renal transplantation in

patients with autosomal dominant polycystic kidney disease: a nationwide 

longitudinal study. Transpl Int 2011;24:582–7 . 
289] Andreoni KA , Pelletier RP , Elkhammas EA , et al. Increased incidence of gas-

trointestinal surgical complications in renal transplant recipients with poly- 
cystic kidney disease. Transplantation 1999;67:262–6 . 

290] Cheungpasitporn W , Thongprayoon C , Vijayvargiya P , et al. The risk for 
new-onset diabetes mellitus after kidney transplantation in patients with au- 

tosomal dominant polycystic kidney disease: a systematic review and meta–

analysis. Can J Diabetes 2016;40:521–8 . 
[291] Sallée M , Rafat C , Zahar JR , et al. Cyst infections in patients with auto-

somal dominant polycystic kidney disease. Clin J Am Soc Nephrol 2009;4: 
1183–1189 . 

292] Bobot M , Ghez C , Gondouin B , et al. Diagnostic performance of
[(18)F]fluorodeoxyglucose positron emission tomography-computed to- 

mography in cyst infection in patients with autosomal dominant polycystic 

kidney disease. Clin Microbiol Infect 2016;22:71–7 . 
293] Anselmo A , Iaria G , Pellicciaro M , et al. Native Nephrectomy in Patients With

Autosomal Dominant Polycystic Kidney Disease Evaluated for Kidney Trans- 
plantation. Transplant Proc 2019;51:2914–16 . 

294] KDIGO Clinical practise guideline on the evaluation and management of can- 
didates for kidney transplantation; 2018 . 

295] Schrier RW , Belz MM , Johnson AM , et al. Repeat imaging for intracranial

aneurysms in patients with autosomal dominant polycystic kidney disease 
with initially negative studies: a prospective ten-year follow-up. J Am Soc 

Nephrol 2004;15:1023–8 . 
296] Nurmonen HJ , Huttunen T , Huttunen J , et al. Polycystic kidney disease among

4,436 intracranial aneurysm patients from a defined population. Neurology 
2017;89:1852–9 . 

297] Gieteling EW , Rinkel GJ . Characteristics of intracranial aneurysms and sub- 

arachnoid haemorrhage in patients with polycystic kidney disease. J Neurol 
2003;250:418–23 . 

298] Messa P , Alfieri CM , Montanari E , et al. ADPKD: clinical issues before and
after renal transplantation. J Nephrol 2016;29:755–63 . 

299] Caillard S , Eprinchard L , Perrin P , et al. Incidence and risk factors of glu-
cose metabolism disorders in kidney transplant recipients: role of systematic 

screening by oral glucose tolerance test. Transplantation 2011;91:757–64 . 
300] Huang E , Samaniego-Picota M , McCune T , et al. DNA testing for live kidney

donors at risk for autosomal dominant polycystic kidney disease. Transplan- 

tation 2009;87:133–7 . 
[301] Wang ZX , Li YG , Wang RL , et al. Clinical classification of Caroli’s disease: an

analysis of 30 patients. HPB (Oxford) 2015;17:278–83 . 
302] Tsuchida Y , Sato T , Sanjo K , et al. Evaluation of long-term results of Caroli’s

disease: 21 years’ observation of a family with autosomal "dominant" inheri- 
tance, and review of the literature. Hepatogastroenterology 1995;42:175–81 . 

303] Habib S , Shakil O , Couto OF , et al. Caroli’s disease and orthotopic liver trans-

plantation. Liver Transpl 2006;12:416–21 . 
304] De Kerckhove L , De Meyer M , Verbaandert C , et al. The place of liver trans-

plantation in Caroli’s disease and syndrome. Transpl Int 2006;19:381–8 . 
305] Millwala F , Segev DL , Thuluvath PJ , et al. Caroli’s disease and outcomes after

liver transplantation. Liver Transpl 2008;14(1):11–17 . 
306] Harris PC , Torres VE . Polycystic kidney disease. Annu Rev Med 

2009;60:321–37 . 
S86 
307] Chapal M , Debout A , Dufay A , et al. Kidney and liver transplantation in
patients with autosomal recessive polycystic kidney disease: a multicentric 

study. Nephrol Dial Transpl 2012;27:2083–8 . 
308] Burgmaier K , Kilian S , Bammens B , et al. Clinical courses and complications

of young adults with Autosomal Recessive Polycystic Kidney Disease (ARPKD). 
Sci Rep 2019;9:7919 . 

309] Temmerman F , Missiaen L , Bammens B , et al. Systematic review: the patho-
physiology and management of polycystic liver disease. Aliment Pharmacol 

Ther 2011;34:702–13 . 

[310] Qian Q . Isolated polycystic liver disease. Adv Chronic Kidney Dis 
2010;17:181–9 . 

[311] D’Agata ID , Jonas MM , Perez-Atayde AR , et al. Combined cystic disease of the
liver and kidney. Semin Liver Dis 1994;14:215–28 . 

[312] D’Agnolo HMA , Casteleijn NF , Gevers TJG , et al. The Association of Combined
Total Kidney and Liver Volume with Pain and Gastrointestinal Symptoms in 

Patients with Later Stage Autosomal Dominant Polycystic Kidney Disease. Am 

J Nephrol 2017;46:239–48 . 
[313] Gevers TJ , Hol JC , Monshouwer R , et al. Effect of lanreotide on polycystic liver

and kidneys in autosomal dominant polycystic kidney disease: an observa- 
tional trial. Liver Int 2015;35:1607–14 . 

[314] Everson GT , Taylor MR , Doctor RB . Polycystic disease of the liver. Hepatology
2004;40:774–82 . 

[315] Kirchner GI , Rifai K , Cantz T , et al. Outcome and quality of life in patients

with polycystic liver disease after liver or combined liver-kidney transplanta- 
tion. Liver Transpl 2006;12:1268–77 . 

[316] Arrazola L , Moonka D , Gish RG , et al. Model for end-stage liver disease
(MELD) exception for polycystic liver disease. Liver Transpl 2006;12:S110–11 . 

[317] Coquillard C , Berger J , Daily M , et al. Combined liver-kidney transplantation 
for polycystic liver and kidney disease: analysis from the United Network for 

Organ Sharing dataset. Liver Int 2016;36:1018–25 . 

[318] Ueno T , Barri YM , Netto GJ , et al. Liver and kidney transplantation for
polycystic liver and kidney-renal function and outcome. Transplantation 

2006;82:501–7 . 
[319] Davis CL , Feng S , Sung R , et al. Simultaneous liver-kidney transplantation: 

evaluation to decision making. Am J Transpl. United States 2007:1702–9 . 
320] Lunsford KE , Bodzin AS , Markovic D , et al. Avoiding Futility in Simultaneous

Liver-kidney Transplantation: Analysis of 331 Consecutive Patients Listed for 

Dual Organ Replacement. Ann Surg 2017;265:1016–24 . 
[321] Lauterio A , De Carlis R , Di Sandro S , et al. Delayed kidney transplantation in

combined liver-kidney transplantation for polycystic liver and kidney disease. 
Transpl Int 2019;32:1336–8 . 

322] Fung J , Makowka L , Tzakis A , et al. Combined liver-kidney transplantation: 
analysis of patients with preformed lymphocytotoxic antibodies. Transpl Proc 

1988;20:88–91 . 

323] Kamada N , Davies HS , Roser B . Reversal of transplantation immunity by liver
grafting. Nature 1981;292:840–2 . 

324] Eid A , Moore SB , Wiesner RH , et al. Evidence that the liver does not al-
ways protect the kidney from hyperacute rejection in combined liver-kid- 

ney transplantation across a positive lymphocyte crossmatch. Transplantation 
1990;50:331–4 . 

325] Hadaya K , Ferrari-Lacraz S , Giostra E , et al. Humoral and cellular rejection af-
ter combined liver-kidney transplantation in low immunologic risk recipients. 

Transpl Int 2009;22:242–6 . 

326] Katznelson S , Cecka JM . The liver neither protects the kidney from rejection 
nor improves kidney graft survival after combined liver and kidney transplan- 

tation from the same donor. Transplantation 1996;61:1403–5 . 
327] Askar M , Schold JD , Eghtesad B , et al. Combined liver-kidney transplants: al-

losensitization and recipient outcomes. Transplantation 2011;91:1286–92 . 
328] Swenson K , Seu P , Kinkhabwala M , et al. Liver transplantation for adult poly-

cystic liver disease. Hepatology 1998;28:412–15 . 

329] Jeyarajah DR , Gonwa TA , Testa G , et al. Liver and kidney transplantation for
polycystic disease. Transplantation 1998;66:529–32 . 

330] Lang H , von Woellwarth J , Oldhafer KJ , et al. Liver transplantation in patients
with polycystic liver disease. Transpl Proc 1997;29:2832–3 . 

http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0280
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0280
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0280
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0280
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0280
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0281
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0281
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0281
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0281
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0281
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0282
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0282
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0282
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0282
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0282
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0283
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0283
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0283
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0284
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0284
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0284
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0284
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0285
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0285
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0285
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0285
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0285
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0286
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0286
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0286
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0286
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0286
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0287
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0287
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0287
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0287
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0287
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0288
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0288
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0288
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0288
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0288
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0289
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0289
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0289
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0289
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0289
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0290
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0290
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0290
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0290
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0290
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0291
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0291
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0291
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0291
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0291
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0292
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0293
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0293
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0293
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0293
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0293
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0294
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0294
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0294
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0294
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0294
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0295
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0295
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0295
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0296
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0296
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0296
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0296
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0296
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0297
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0297
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0297
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0297
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0297
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0298
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0298
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0298
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0298
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0298
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0299
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0299
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0299
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0299
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0299
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0300
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0300
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0300
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0300
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0300
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0301
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0301
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0301
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0301
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0301
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0302
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0302
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0302
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0302
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0302
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0303a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0303a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0303a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0303a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0303a
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0303
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0303
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0303
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0304
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0304
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0304
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0304
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0304
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0305
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0305
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0305
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0305
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0305
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0306
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0306
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0306
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0306
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0306
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0307
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0307
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0308
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0308
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0308
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0308
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0308
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0309
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0309
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0309
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0309
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0309
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0310
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0310
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0310
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0310
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0310
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0311
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0311
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0311
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0311
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0312
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0312
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0312
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0312
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0312
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0313
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0313
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0313
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0313
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0313
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0314
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0314
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0314
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0314
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0314
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0315
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0315
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0315
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0315
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0315
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0316
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0316
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0316
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0316
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0316
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0317
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0317
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0317
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0317
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0317
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0318
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0318
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0318
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0318
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0318
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0319
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0319
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0319
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0319
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0319
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0320
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0320
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0320
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0320
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0321
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0321
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0321
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0321
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0321
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0322
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0322
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0322
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0322
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0322
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0323
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0323
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0323
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0324
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0324
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0324
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0324
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0324
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0325
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0325
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0325
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0325
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0325
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0326
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0326
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0326
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0326
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0326
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0327
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0327
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0327
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0327
http://refhub.elsevier.com/S1590-8658(21)00152-3/sbref0327

	Position paper on liver and kidney diseases from the Italian Association for the Study of Liver (AISF), in collaboration with the Italian Society of Nephrology (SIN)
	1 Introduction
	2 The diagnosis of kidney damage in patients with chronic liver disease
	2.1 Renal function in chronic liver disease
	2.2 Renal function in liver cirrhosis
	2.2.1 Biomarkers of renal function in liver cirrhosis
	2.2.2 Urinary Biomarkers of renal function in liver cirrhosis

	2.3 Kidney diseases
	2.3.1 Renal fibrosis
	2.3.2 Kidney disease associated with liver disease

	2.4 Use of contrast media
	2.5 Evaluation of renal function in patients with complicated liver cirrhosis

	Questions
	3 Acute kidney injury in liver cirrhosis
	3.1 Diagnosis of AKI in liver cirrhosis
	3.2 Staging of AKI in liver cirrhosis
	3.3 Pathophysiology of AKI in liver cirrhosis
	3.3.1 Systemic circulatory and cardiac dysfunction
	3.3.2 Systemic inflammation

	3.4 Pathology of AKI
	3.5 Clinical impact of AKI on compensated/decompensated liver cirrhosis
	3.6 Prevention of AKI
	3.7 Treatment of AKI
	3.7.1 HRS-AKI

	3.8 The relationship between AKI and CKD
	3.9 The relevance and management of AKI in liver transplant setting

	Questions
	4 Chronic kidney disease in patients with chronic liver disease
	4.1 The impact of chronic kidney disease on chronic liver disease
	4.2 Prevalence of CLD in patients with CKD
	4.3 The impact of liver disease on chronic kidney disease
	4.4 Clinical impact of chronic kidney disease in the liver transplant setting
	4.4.1 Preoperative renal function
	4.4.2 Immunosuppression
	4.4.3 Metabolic syndrome


	Questions
	5 Kidney damage according to different etiology of liver disease
	5.1 NASH and chronic kidney disease
	5.1.1 NASH comorbidities and chronic kidney disease
	5.1.2 Clinical impact of NASH in the kidney transplantation setting

	5.2 Pathogenesis of kidney diseases associated with HBV infection
	5.2.1 Burden of HBV infection in patients on dialysis
	5.2.2 Evaluation of HBV candidates for kidney transplant
	5.2.3 Evaluation of HBV kidney transplanted patients

	5.3 Pathogenesis of renal diseases associated with HCV infection
	5.3.1 Screening of HCV in patients on dialysis
	5.3.2 Treatment of HCV in patients on dialysis
	5.3.3 Treatment of HCV-positive candidates for kidney transplant

	5.4 Alcohol-related liver disease and kidney injury
	5.4.1 Clinical impact of AKI in acute alcoholic hepatitis

	5.5 Indications for isolated liver or combined liver-kidney transplantation
	5.5.1 NASH associated liver disease
	5.5.2 HBV chronic liver disease
	5.5.3 HCV chronic liver disease


	Questions
	6 Polycystic kidney and liver disease
	6.1 Genetic background, phenotypic expression and natural history in polycystic kidney and liver disease
	6.2 Relevance of prognostic scores
	6.3 Role of medical treatment
	6.4 What is the impact of radiological and surgical treatment on gastro-intestinal symptoms control?
	6.5 Management of patients with polycystic disease in the transplant setting
	6.5.1 Work up in transplant candidate with polycystic liver-kidney disease

	6.6 Liver and kidney transplantation in the treatment of Caroli syndrome
	6.6.1 Combined liver-kidney transplantation in Caroli’s Disease

	6.7 Indications for isolated liver or combined liver-kidney transplantation in polycystic diseases
	6.7.1 Conditions in which a delayed strategy could be preferred to a simultaneous one in combining liver-kidney transplantation
	6.7.2 Immunosuppression issues be addressed in liver-kidney polycystic diseases


	Questions
	Declaration of Competing Interest
	Acknowledgement
	References


