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Abbreviations

AAH Acute alcoholic hepatitis
ACLF Acute-on-chronic liver failure
ARLD Alcohol-related liver disease
DAA Direct-acting antiviral
ESLD End-stage liver disease
HCC Hepatocellular carcinoma
HE Hepatic encephalopathy
HPS Hepatopulmonary syndrome
HRS Hepatorenal syndrome
LT Liver transplantation
MELD Model for end-stage liver disease
POPH Portopulmonary syndrome
QoL Quality of life

Overview
Liver transplantation (LT) is considered the best therapeutic option for patients 
with end-stage liver disease (ESLD), hepatobiliary malignancies, and acute 
liver failure worldwide. Since 1967, when the first successful liver transplan-
tation was performed, there has been a progressive evolution on the indica-
tions for LT, according to changes in epidemiology and in ethical and cultural 
issues. This chapter will describe the indications for LT in patients with liver 
cirrhosis.
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2.1  Introduction

Liver cirrhosis determines more than one million deaths per year in the World [1, 2], 
with an increasing trend [3]. Liver transplantation (LT) has been considered an 
excellent therapeutic option for patients with cirrhosis and its complications, pro-
ducing a significant increase in life expectancy and improvement in quality of life 
(QoL) [4]. After refinements of surgical technique, intensive care, diagnosis, and 
immunosuppression with excellent survival results, liver transplant programs have 
spread worldwide [5, 6]. Patients should be selected for LT if expected survival in 
the absence of LT is 1 year or less, or if the patient has an unacceptable QoL due to 
liver disease. In the United States, the total number of LT candidates continues to 
rise (11,340 candidates in 2016 compared to 10,636 in 2015), with simultaneous 
increase in transplants per year (+10% in 2016 vs. 2015) [7]. Nevertheless, several 
issues, such as limited organ availability, longer waiting times, and thus morbidity 
and mortality challenges, remain to be solved yet [8–10].

2.2  Liver Transplantation for Complications of End-Stage 
Liver Disease

Liver cirrhosis represents the most common indication for LT (52% of all indica-
tions), followed by cholestatic diseases (11%), metabolic diseases (6%), and acute 
liver failure (5%). In Europe, primary liver tumors represented the 14% of indica-
tions for LT between 1999 and 2009, more than 90% occurring on cirrhosis [11]. 
The main indications for LT in patients with cirrhosis, according to etiology of liver 
disease and liver-related complications, are shown in Table 2.1.

Compared to the 1990s, end-stage liver disease (ESLD) is facing a proportion-
ally decreasing trend as indication for LT, mainly due to the contemporary increase 
in malignancies [7, 11]. Patients transplanted for ESLD displayed a 1- and 5-year 
post-LT survival of 85% and 73%, with variations due to underlying etiologies and 
transplantation date.

Since 2002, the model for end-stage liver disease (MELD) score [12] has been 
adopted in most allocation systems worldwide. Given that patients with MELD ≤14 
had a 1-year survival lower with LT rather than without transplantation [13–15], a 
MELD score  ≥  15 is recommended for listing patients with ESLD [4, 16]. 
Nevertheless, MELD score does not reflect the impact of complications of liver cir-
rhosis such as refractory ascites and recurrent encephalopathy in the risk of mortal-
ity without transplantation. Thus, in the last decades, several attempts have been 
made to improve its prognostic accuracy [17, 18], being the addition of serum 
sodium to the MELD equation the most relevant [19–21]. However, other prioritiza-
tion rules tailored to specific characteristics of waitlisted patients—including extra 
points for complications of portal hypertension, waiting time, hepatocellular carci-
noma—have been proposed [22–27]. Among complications of portal hypertension, 
refractory ascites is one of the most prevalent (20% cumulative incidence within 
5  years) [28] and associated with a poor prognosis (median survival of about 
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6 months) [29]. Even if several therapeutic options (e.g., transjugular intrahepatic 
portosystemic shunt, intra-abdominal devices) have been recently proposed [30, 
31], LT is associated with a net benefit in survival and with a gain in QoL and costs 
for patients with refractory ascites [32].

When associated with poor liver function, refractory and recurrent hepatic 
encephalopathy (HE) is a widely accepted indication for liver transplantation, given 

Table 2.1 Indications to liver transplantation according etiology of liver disease

By etiology
 • Viral
  ◦ Hepatitis C
  ◦ Hepatitis B
  ◦ Hepatitis B/D coinfection
  ◦ Hepatitis BC/BCD coinfection
  ◦ Hepatitis due to HIV coinfection
 • Alcohol
 • Metabolic diseases
  ◦ NAFLD
  ◦ Wilson disease
  ◦ Hemochromatosis
  ◦ Alpha-1 antitrypsin deficiency
 • Miscellaneous liver diseases
  ◦ Budd–Chiari syndrome
  ◦ Familial amyloidosis
  ◦ Cystic fibrosis
  ◦ Hereditary hemorrhagic telangiectasia
  ◦ Polycystic liver disease
  ◦ Primary hyperoxaluria
 • Cryptogenic
 • Autoimmune
 • Drug related
 • Cholestatic diseases
  ◦ Primary biliary cholangitis
  ◦ Primary sclerosing cholangitis
  ◦ Secondary sclerosing cholangitis
By indication
 • End-stage liver disease
 • Isolated complications of portal hypertension
  ◦ Hepatic encephalopathy
  ◦ Refractory ascites
  ◦ Hepatorenal syndrome
  ◦ Gastrointestinal (variceal) bleeding
  ◦ Portopulmonary hypertension
  ◦ Hepatopulmonary syndrome
 • Acute-on-chronic liver disease
 • Miscellaneous
  ◦ Recurrent bacterial infection/cholangitis
  ◦ Significant impairment of QoL (i.e., intractable pruritus, repeated hospitalizations)
 • Hepatobiliary malignancies
  ◦ Hepatocellular carcinoma
  ◦ Cholangiocarcinoma

2 Indications to Liver Transplantation for Liver Cirrhosis



22

the poor prognosis related to this complication (20% of 5-year survival) [33], the 
impairment of QoL, the high rate of hospitalization, and the increase of healthcare 
costs [34, 35]. Furthermore, several studies showed that HE has been associated 
with increased mortality while in the waiting list (WL) [34, 36], suggesting the need 
for prioritization. Complete post-LT recovery from severe forms of recurrent/persis-
tent HE remains still a matter of debate [37].

Hepatorenal syndrome (HRS) represents another indication for LT, given the 
worse prognosis [38] and the high probability of recurrence (about 20%), regardless 
of the use of specific medical therapy [32, 39]. There are still conflicting data about 
the role of HRS in the posttransplant renal function. If the net benefit provided by 
LT in renal function has been widely established [40], some data suggested a post-
 LT creatinine impairment in patients with episodes of HRS before LT, compared to 
those without [41–43].

Hepatopulmonary syndrome (HPS) is present in 10–15% of patients with portal 
hypertension, being caused by reversible intrapulmonary vascular dilatations [44]. 
HPS has been associated with a twofold risk in mortality and a significant impair-
ment in QoL without LT [44, 45]. In the last decade, there has been a modest expan-
sion of criteria for LT in patients with HPS [4, 32, 44]. Even if only patients with 
moderate stages of HPS – defined according to a PaO2 (partial arterial oxygen ten-
sion) between 50 and 59 mmHg – have been considered suitable for LT in the past, 
recent studies showed excellent outcomes also for patients with more advanced 
stages, defined by a pre-LT PaO2 between 45 and 50 mmHg [46, 47].

Conversely, portopulmonary hypertension (POPH) (caused by the imbalance 
between vasodilating and vasoconstrictive agents and a misguided angiogenesis 
[48]) remains a controversial indication for LT, due to the absence of effective pre-
transplant treatments, high intra- and perioperative risks and the absence of com-
plete posttransplant recovery [44, 49].

In summary, end-stage liver disease and the complications of portal hypertension 
represent well-known indications for liver transplantation, with excellent posttrans-
plant outcomes, both in terms of survival and quality of life. In the next years, we 
will expect a modest expansion for some of these indications.

2.3  Liver Transplantation for ACLF

Acute-on-Chronic Liver Failure (ACLF) has been defined by both hepatic and 
extrahepatic organ failures [50] and recognized as a life-threatening condition in 
patients with cirrhosis. Criteria for definition of ACLF may vary worldwide, 
according to the epidemiology and clinical presentation [32, 51]. Moreover, 
ACLF is characterized by a dynamic course [52], with a detrimental short-term 
outcome, especially at worse stages (28-day transplant-free mortality 42–92% 
for ACLF 2–3 [52]), as demonstrated by specific prognostic scores [53–55]. 
Given these characteristics, the choice and timing to offer a graft to such patients 
are difficult. Levesque et al. [56] showed that ACLF—diagnosed using European 
Association for the Study of the Liver—Chronic Liver Failure (EASL-CLIF) 
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criteria – was associated with a five-fold higher risk in mortality within 90 days 
posttransplant. On the contrary, this could be balanced with the high prioritiza-
tion granted by MELD score and with the net benefit provided by LT [57]. In a 
further multicenter French study [58] on 73 selected patients with ACLF-3 stage, 
LT was associated with a significantly higher survival than patients without 
transplant (1-year survival 83.9% vs. 7.9%), even postoperative complications 
occurred in 100% of patients. A larger report from the United Network for Organ 
Sharing (UNOS) database [59] confirmed the transplant benefit in ACLF-3 
patients (30-day survival without LT 8% vs. 1-year post-LT survival 84%). 
Another retrospective study from Germany [60] demonstrated that patients with 
a clinical stabilization (defined by recovery of at least one previously failed organ 
system) before transplantation had posttransplant survival similar to that of 
patients without ACLF.

In summary, ACLF represents a growing indication for LT in the last few years; 
further refinement of selection criteria and definition of correct timing for LT are on 
ground, in order to provide a correct balance between post-LT survival and futility 
of transplantation [57].

2.4  Specific Indications for Liver Transplantation: Changing 
Trends in the Last Years

2.4.1  Hepatitis C

Cirrhosis due to hepatitis C (HCV) infection, with or without hepatocellular carci-
noma (HCC), has been the leading indication for LT worldwide. Recurrent HCV 
infection of the allograft is universal if the virus is detectable at the time of trans-
plant, with variable clinical course. In one third of liver recipients, recurrent HCV 
infection leads to cirrhosis in the graft within only 5 years after LT [61]. A small 
proportion of recipients can develop fibrosing cholestatic HCV, a severe form of 
recurrence carrying a poor prognosis [62, 63]. In the last years, the approval of 
interferon-free (IFN-free) regimens for the treatment of chronic HCV has been a 
major step forward in transplant hepatology. The safety and efficacy of direct-acting 
antivirals (DAAs) allow to treat patients awaiting LT as well as individuals with 
HCV recurrence after LT [64–66].

Consequently, the number of waiting list registrants as well as the number of 
liver transplants for HCV-related cirrhosis decreased dramatically in the last years. 
The US scenario showed a 32% decrease of waitlist registrations for HCV-related 
decompensated disease after DAA introduction [67]. Similarly, in Europe there was 
a significant decrease in the LT rates for HCV (from 21.1% in 2014 to 10.6% in 
2017) [68], being the decline more evident in patients with decompensated disease. 
In Italy, where the prevalence of HCV as indication to LT is higher, the decrease was 
even more evident [69].

In the next future, HCV-related cirrhosis would not be an indication for LT any-
more, as happened for HBV after the introduction of antivirals and vaccination.

2 Indications to Liver Transplantation for Liver Cirrhosis



24

2.4.2  Hepatitis B

In the past, chronic HBV infection was considered a relative contraindication to LT, 
except in experimental protocols. Following the advent of intravenous administra-
tion of anti-HBV immunoglobulins, LT became an accepted therapeutic option for 
HBV-infected patients [70]. Currently, with antiviral treatment before and after liver 
transplantation, the 1- and 5-year survival of patients transplanted for HBV equals 
that of patients transplanted for non-HBV disease [71].

Using the current antiviral strategies, patients can be transplanted with no detect-
able viremia. Data from several observations suggested that the rate of reinfection 
of the graft with HBV is higher in those recipients who are HBV-DNA positive at 
the time of LT [71, 72]. Suppression of viral replication also appears to decrease the 
necroinflammation in the liver related to HBV infection, leading to a decrease of 
fibrogenesis and carcinogenesis [73–75].

2.4.3  Alcohol-Related Liver Disease

Globally, alcohol use remains a leading cause of death (age-standardized deaths of 
2.2% and 6.8% in females and males, respectively), even if epidemiology and 
modalities of assumption are rapidly changing [76, 77].

In the European scenario, alcohol-related liver disease (ARLD) accounted for 
38% of indications for LT in patients with end-stage liver disease between 1999 and 
2009, whereas In the US landscape [7], it rose from 21% to 26% of all indications 
between 2009 and 2016.

The increasing trend in LT for ALD has been mainly due to profound social, medi-
cal, and ethical evolution in the management of ALD candidates in the transplant 
setting. The need for abstinence of at least 6 months prior to LT (“six-month rule”), in 
order to evaluate a possible improvement in liver function without alcohol consump-
tion and patients’ adherence has been recently questioned in the last years [78, 79].

In this view, acute alcoholic hepatitis (AAH), a detrimental condition associated 
with high short-term mortality, previously considered a contraindication to LT, 
because of a too short period of abstinence, has been recently reconsidered in the 
field of transplantation. In the last decades, many efforts have been made to better 
refine the outcome of patients with severe AAH not responding to medical therapy. 
The pioneering study by Mathurin et al. [80] demonstrated both a dramatic improve-
ment in survival for selected patients who underwent LT in comparison to their 
expected survival and a low rate of recidivism at 2 years. Thus, the option of trans-
plantation has been considered for selected patients with AAH in many transplant 
programs worldwide, with excellent results [9, 81, 82].

2.4.4  NAFLD

Nonalcoholic fatty liver disease (NAFLD) is an emerging indication to LT world-
wide [83–85]. This might be due to the epidemic increase in obesity (15% of women 
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and 11% of men are obese) and to profound changes in lifestyle [86]. The prevalence 
of NAFLD is 22% in Europe, 27.4% in Asian Countries, and 30% in the USA [87–
89]. In the US scenario, this increased burden on the general population has also 
determined an increase in NAFLD-related cirrhosis and increased proportion of new 
wait-listings for liver transplant [90]. Notably, NAFLD has been considered the most 
rapidly growing indication to LT (+162% from 2003 to 2014) and the fastest growing 
case of hepatocellular carcinoma among candidates for LT [91]. However, it is pos-
sible that these data could be partly influenced by the misdiagnosis of NAFLD as 
“cryptogenic cirrhosis” in the past, who accounted for 4% of all indications to trans-
plantation before 2009. Furthermore, NAFLD accounted for a significant increase in 
simultaneous liver-kidney transplantation, from 8.2% in 2002 to 22% in 2011, while 
the proportion of simultaneous liver-kidney transplantation performed for HCV or 
ALD decreased from 52% to 40% in the same period [92]. Patients with NAFLD 
have an excellent post-LT survival (5-year patient survival 77%) [93], even if they 
seemed at higher risk for cardiovascular complications and sepsis [94].

 c Tip Acute-on-chronic liver failure is a dynamic syndrome 
characterized by worse outcome, especially at advanced stages.

New ethical, social, and cultural perspectives are changing the issue 
of liver transplantation for acute alcoholic hepatitis.

An epidemic increase in obesity and the profound changes in lifestyle 
would change the indications trend for LT in the next future.
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