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Abstract
Purpose of Review Liver transplantation is an important therapeutic option for patients with life-limiting liver disease, which may
present in the form of acute liver failure, end-stage chronic liver disease, primary hepatic cancers, or inborn metabolic disorders.
While significant strides have been made with respect to liver transplantation outcomes, the practice is constrained by an organ
supply/demand mismatch. The purpose of this review, therefore, is to review the general indications and contraindication to liver
transplantation, and to provide an overview of the transplant evaluation process. These considerations ultimately shape the
specific criteria for patient selection, which will continue to evolve as means are developed to expand the donor pool, improve
surgical techniques, broaden indications for safe transplant, and extend the lifetime of a graft.
Recent Findings Selected patients with unresectable hilar cholangiocarcinoma may be candidates for liver transplantation.
Patients over 65 years may be transplant candidates if they possess a favorable comorbidity profile. Patients at body mass index
extremes (≥ 40 or < 18.5) have increased post-transplant mortality and require nutritional evaluation.
Summary Liver transplantation may be life saving for patients with acute liver failure or end-stage liver disease. It is therefore
critical for healthcare providers caring for patients with liver disease to be familiar with the general indications for transplantation
and to know when it is appropriate or inappropriate to refer for transplant evaluation.

Keywords Liver transplantation . Cirrhosis . Acute liver failure . Model for end-stage liver disease (MELD) . Hepatocellular
carcinoma . Cholangiocarcinoma

Introduction

Liver transplantation (LT) may be curative or life prolonging
for appropriately selected patients with acute liver failure, ad-
vanced cirrhosis, hepatic malignancy, or inborn metabolic dis-
orders. Given vast improvements in surgical technique, organ
preservation and procurement, and immunosuppression over
the past several decades, modern LT is characterized by re-
markable improvements in post-transplant patient survival,
graft survival, and quality of life. In 2010, Duffy et al. dem-
onstrated an actuarial 20-year post-transplant survival of 52%
for the patient and 42% for the graft. They also reported

improved health-related quality of life in 20-year survivors
as compared with control patients with chronic liver disease,
diabetes, or congestive heart failure [1]. Taken together, LT is
now regarded to be a durable surgery and is the therapy of
choice for a broad range of conditions that severely impair
hepatic function.

In the face of excellent LT outcomes, a principal challenge
is the current burden of severe liver disease and the associated
scarcity of donor organs. More than 6000 liver transplants
have been performed on an annual basis in the United States
(US) since 2004, with 7841 performed in 2016 alone [2••].
However, there are currently in excess of 14,000 patients reg-
istered on the transplant waiting list at any given time, and
more than 3000 either die or are delisted annually as a result of
worsening illness that precludes transplant. This supply-
demand mismatch places emphasis on an appropriate patient
selection system that balances principles of benefit, justice,
and fairness. Although the approach to transplantation varies
across the globe, this review will focus on the US allocation
system and its attendant approach to patient selection and pre-
transplant evaluation.
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The US Liver Transplant Allocation System

In 1984, the National Organ Transplant Act established the
Organ Procurement and Transplant Network (OPTN), a na-
tional system for curating and developing policy around
waiting lists, organ donation, matching, and transplantation.
The United Network for Organ Sharing (UNOS) is a federally
funded organization that currently manages the OPTN. In
contrast to other solid organ systems, the current allocation
of deceased donor liver grafts is based purely on waitlist mor-
tality, where patients with the highest short-termmortality will
be offered donor organs first. Patients on the LT list are prior-
itized based on their Model for End-Stage Liver Disease-
sodium (MELD-Na) score, which is calculated from bilirubin,
international normalized ratio (INR), creatinine, and sodium.
MELD-Na orders transplant candidates from less ill (MELD
6) to extremely ill (MELD 40); the 3-month mortalities of
these extremes are 7% and 90%, respectively.

There are several important exceptions to the standard
MELD scoring system. First, a status 1 listing is reserved for
patients with rapidly progressive liver disease and a prognosis
of hours to days to live without transplantation, typically pa-
tients with acute liver failure or post-transplant graft failure.
Status 1 escalates a patient to the top of the waiting list irre-
spective of MELD score and also broadens geographic access
to potential donors. Second, there are a handful of identified
circumstances in which the MELD score underestimates the
true short-term mortality of a patient with liver disease. In
these cases, MELD exception points can be granted provided
specific criteria are met. Finally, if a patient is felt to have a
risk of death that is not captured by either of the above
mechanisms—usually for exceptionally rare hepatic
disorders—a clinical team may submit an appeal for consid-
eration of non-standard exception points.

Indications for Liver Transplantation

Three underlying principles dictate which patients should
be referred for and potentially undergo transplant. First, the
recipient should have irreversible liver disease that is ex-
pected to be fatal without transplantation. This disease may
be acute or chronic in nature. Second, the patient should
have sufficient reserve to survive the operative and periop-
erative period. Finally, the candidate should be expected to
have significant survival and quality of life benefit from
LT. The following section reviews the accepted indications
for LT in the US and the associated clinical evidence.
These indications are largely consistent with the most re-
cent practice guidelines as detailed by the American
Association for the Study of Liver Disease (AASLD;
Table 1) [3••].

Acute Liver Failure

A sudden insult with rapid loss of hepatic function may lead to
acute liver failure (ALF), which is defined as coagulopathy
(INR ≥ 1.5), hepatic encephalopathy (HE), and onset less than
26 weeks in a patient without underlying chronic liver disease.
Approximately 2000 cases of ALF occur in the US annually
[4], with disproportionate involvement of younger patients
(median age 38), female predominance (73%), and a median
time to death of 5 days without transplantation [5]. The most
common cause of ALF is acetaminophen overdose (39%),
followed by undetermined etiology (17%), idiosyncratic drug
reaction (13%), acute hepatitis A or B infection (12%), and

Table 1 Indications and contraindications for liver transplant

Indications

Acute liver failure

Hepatic artery thrombosis within 14 days of liver transplant

Cirrhosis with:

Decompensation (variceal bleeding, hepatic encephalopathy, or ascites)

MELD score ≥ 15
Hepatopulmonary syndrome or portopulmonary hypertension (select
patients)

Primary hepatic neoplasms:

Hilar cholangiocarcinoma (highly selected, after neoadjuvant therapy
protocol)

Hepatocellular carcinoma within the Milan criteria

Inborn metabolic conditions:

Cystic fibrosis with concomitant lung and liver disease

Primary hyperoxaluria type I with significant renal insufficiency

Familial amyloid polyneuropathy

Contraindications

Absolute contraindications

Active extrahepatic malignancy

Intrahepatic cholangiocarcinoma

Hepatocellular carcinoma outside Milan criteria or metastatic

Severe cardiopulmonary disease

Uncontrolled sepsis

Active alcohol or illicit substance abuse

Acquired immune deficiency syndrome (AIDS)

Persistent non-compliance or lack of social support

Technical and/or anatomic barriers to liver transplantation

Relative contraindications

Advanced age

Portal venous thrombosis

Human immunodeficiency virus (HIV) infection

MELD score < 15

Morbid obesity (body mass index [BMI] ≥ 40)
Poor medical compliance or social support

Active psychiatric comorbidities
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shock (6%). The proportion of ALF caused by acetaminophen
overdose in the US has increased over time, with more recent
estimates in excess of 50% of cases [6].

Depending on the severity of injury, host factors, and med-
ical resources available, there are three potential clinical courses
for patients with ALF: (1) spontaneous recovery, (2) LT, or (3)
rapid progression to multiorgan dysfunction and death. In a
large series, 43% of ALF patients experienced spontaneous
recovery, 29% underwent LT, and 25% died either awaiting
transplant or were never listed [5]. For any patient with ALF,
expeditious referral to a transplant center is paramount.
Because of the condition’s high short-term mortality, patients
listed for transplant are eligible for status 1a. Specific criteria for
status 1a listing for patients with ALF include (1) care in an
intensive care unit, (2) renal replacement therapy, (3) ventilator
dependence, and (4) INR ≥ 2 with development of HE within
8 weeks of the initial liver injury [3••].

The decision to proceed to transplant and the timing of sur-
gery are of critical consequence. A patient who might have
spontaneously recovered with supportive care will be subjected
to a high-risk surgery and lifelong immunosuppression if LT is
pursued too aggressively. At the same time, observing an ALF
patient for too long may lead to multiorgan dysfunction that
ultimately precludes transplant. Data suggest that the etiology
of ALF may help predict recovery with supportive care. For
example, patients with acetaminophen, ischemia, or hepatitis
A–induced ALF are more likely to have spontaneous recovery
(~ 60%) as compared with ALF incited by autoimmune hepa-
titis, hepatitis B, idiosyncratic drug reactions, Wilson’s disease,
or Budd-Chiari (~ 25%) [5]. Several prognostic models have
also been developed to assist with transplant decision-making.
The most widely used is the King’s College Criteria [7]. Data
from 588 patients with ALF who received medical manage-
ment were used to construct prognostic scoring systems for
acetaminophen-induced and non-acetaminophen-induced
ALF. Numerous studies have evaluated the clinical perfor-
mance of the criteria, with sensitivity and specificity estimates
for predicting mortality ranging from 58 to 68% and 82–95%,
respectively [8]. Other predictive scoring systems used in ALF
include the Clichy criteria, MELD, and the Acute Liver Failure
Study Group (ALFSG) index.

Decompensated or Advanced Cirrhosis

Cirrhosis affects more than 600,000 individuals in the US and
decreases survival relative to the general population [9].
Cirrhosis alone, however, is not an indication for LT. Based
on the risk of transplant and scarcity of donor organs, most
patients with cirrhosis are considered too healthy for trans-
plant. At the same time, end-stage liver disease causes an
estimated 50,000 to 75,000 deaths in the US annually [10].
Fewer than 20% of these patients are referred for transplant
evaluation, and fewer still are ultimately listed for transplant.

Between the extremes of relative health and critical illness lie
the criteria for transplant evaluation in patients with cirrhosis.
It is generally accepted that LT may be appropriate in patients
with (1) decompensated cirrhosis or (2) MELD ≥ 15.

The primary decompensations of cirrhosis are ascites, var-
iceal hemorrhage, HE, and jaundice. The transition from com-
pensated to decompensated disease is a seminal event in the
natural history of cirrhosis, and occurs at a rate of 5–7% per
year. Decompensation reduces median survival from >
12 years to ~ 2 years [11], and accumulation of multiple de-
compensations further decreases survival. Given these steep
increments in mortality, index decompensation should prompt
referral for transplant evaluation. There is nuance to this gen-
eral rule, however, as certain conditions may cause decom-
pensations that are potentially reversible. For example, pa-
tients with alcoholic hepatitis often develop ascites, encepha-
lopathy, and jaundice, but with supportive care and alcohol
abstinence, patients may return to a compensated state.
Similarly, flares of autoimmune hepatitis may respond briskly
to immunosuppression and patients with unchecked hepatitis
B may respond to antivirals. In these limited circumstances,
decompensation may be reversed with appropriate therapies,
and LT evaluation may not be necessary. Of course, it can be
difficult to discern if a given patient will experience this de-
gree of improvement, and transplant evaluation should be ac-
tively considered based on the clinical course.

The second broad indication for consideration of LT in
cirrhosis is a MELD ≥ 15. In a landmark study by Merion
et al., wait list and post-transplant mortality were followed in
a cohort of 12,996 patients with cirrhosis. The HR (HR) for 1-
year post-transplant mortality was higher than waiting list
mortality in patients with a MELD < 15 (HR 1.76 for
MELD 12–14, p = 0.04) [12]. In essence, a survival inflection
point exists in the MELD spectrum where the associated risks
of transplant outweigh the benefits. In practice, many physi-
cians refer patients for transplant referral once the MELD
score exceeds 10. This allows the patient to initiate the evalu-
ation process, address any potential barriers to transplantation,
and become familiar with the transplant team. The patient can
thus be listed more expeditiously once the MELD score
reaches 15 or more.

Primary Hepatic Neoplasms

The two primary hepatic malignancies that may potentially be
treated with LT are hepatocellular carcinoma (HCC) and hilar
cholangiocarcinoma. HCC is an aggressive hepatic cancer that
develops in patients with cirrhosis or chronic liver disease. It
has a high propensity for multifocal spread, which in many
cases limits the role of surgical resection. LT has thus been an
attractive option for treatment as it may cure HCC while also
addressing underlying chronic liver disease. Early experience
with LT for unselected HCC patients was characterized by
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frequent tumor recurrence and poor outcomes [13]. However,
with the recognition that patients with smaller HCC foci fared
better with LT, specific criteria were established to assist with
appropriate patient selection. These so-called Milan criteria
were defined in a landmark study by Mazzaferro et al., and
require a single tumor ≤ 5 cm or no more than three tumors
each ≤ 3 cm. Four-year survival for patients with Milan
criteria was 75%, similar to cirrhotic patients without HCC
undergoing transplant [14]. UNOS currently uses the Milan
criteria to assign MELD exception points to patients with
HCC, who often have lowMELD scores that do not adequate-
ly reflect short-termmortality [15]. Patients who are outside of
the Milan criteria may be downstaged with therapies such as
radiofrequency ablation or transarterial chemoembolization,
although the process for assigning exception points in these
cases is evolving.

Cholangiocarcinoma is a rare but extremely aggressive ma-
lignancy arising from the biliary tree, most commonly en-
countered in patients with primary sclerosing cholangitis.
Untreated cholangiocarcinoma has a 9% survival rate at
3 years [16]. Although surgical resection is the only viable
treatment option for patients with intrahepatic or extrahepatic
cholangiocarcinoma, highly selected patients with hilar malig-
nancy (i.e., tumor arising near the hepatic duct bifurcation)
may benefit from LT. Resection is frequently contraindicated
for hilar lesions because of bilateral liver involvement, encase-
ment of vascular structures, or local lymphatic invasion. Initial
attempts to transplant such patients were met with poor out-
comes, with < 30% 5-year survival [17]. Subsequently, the
Mayo Clinic and University of Nebraska pioneered a protocol
introducing neoadjuvant radiochemotherapy prior to LT in
patients with hilar cholangiocarcinoma. This yielded 5-year
survival rates in excess of 80% [18]. As such, in 2009,
UNOS began granting MELD exception points to patients
with unresectable, non-metastatic hilar cholangiocarcinoma
who have received an approved neoadjuvant therapy protocol.
The benefit of this transplant approach was confirmed in a
2012 study of 12 transplant centers, where the recurrence-
free survival at 5 years was found to be 65% among 214
transplanted patients [19].

Inborn Metabolic Conditions

Several genetic disorders that cause hepatic injury are eligible
for MELD exception points, including cystic fibrosis (CF),
primary hyperoxaluria, and familial amyloid polyneuropathy
(FAP). CF is an autosomal recessive disorder that impairs the
functionality of the CFTR (CF transmembrane conductance
regulator) chloride channel, resulting in thickened exocrine
gland secretions that lead to multiorgan dysfunction such as
obstructive airway disease and pancreatic insufficiency.
Hepatobiliary disease is characterized by inspissation of the
biliary tree, progressive cholestasis, and occasionally cirrhosis

with portal hypertension. Because CF patients with lung and
liver disease have increased mortality with lung transplant
alone, combined lung-liver transplantation may be indicated.
Currently, for MELD exception points, the patient must have
a forced expiratory volume at 1 s (FEV1) of less than 0.40 and
a CF diagnosis confirmed by genetic testing [20].

Primary hyperoxaluria type I is an autosomal recessive
alanine:glyoxylate aminotransferase (AGT) enzyme defect
that results in hyperoxaluria, oxylate stone formation, and
progressive renal failure. Kidney transplantation alone will
not correct the underlying enzyme deficiency, as ATG is nor-
mally present in the liver. Consequently, combined liver-
kidney transplant is the only definitive cure. Exception criteria
include significant renal insufficiency (glomerular filtration
rate ≤ 25 mL/min or on dialysis), dual listing for liver-
kidney transplant, and AGT deficiency as confirmed on liver
biopsy or genetic testing [20].

Finally, FAP is an autosomal dominant hereditary amyloid-
osis caused by a mutation in the transthyretin (TTR) gene.
Although many variants exist, the most common is a
Val30Met point mutation, occurring in ~ 85% of FAP pa-
tients. TTR mutation results in widespread progressive amy-
loid deposition, principally involving the liver, heart, kidneys,
GI tract, eyes, and the peripheral and autonomic nervous sys-
tem. Because TTR is almost exclusively produced in the liver,
transplantation may restore normal TTR production and be
lifesaving. However, it has been demonstrated that ocular
and cardiac disease can progress despite LT, and as such,
younger patients with a shorter duration of disease may have
better post-transplant outcomes [21]. Exception criteria in-
clude ability to ambulate independently, cardiac ejection frac-
tion > 40% or dual heart-liver transplant listing, biopsy-
proven amyloid organ involvement, and identification of the
TTR mutation [20].

Contraindications to Liver Transplantation

Absolute Contraindications

An important step in the evaluation process is recognizing
which patients should not be transplanted. Although contrain-
dications vary considerably by transplant center, there are a
number of accepted absolute contraindications. These include
severe cardiopulmonary disease, uncontrolled sepsis, active
extrahepatic malignancy, acquired immune deficiency syn-
drome (AIDS), brain death, and anatomic or technical barriers
to transplant (Table 1). Active alcohol or illicit substance
abuse is an additional absolute contraindication, but the dura-
tion of abstinence required prior to listing is variable. Many
institutions require at least 6 months of demonstrated absti-
nence and enrollment in a substance abuse program. This
standard is based literature that sobriety less than 6 months
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is an independent predictor of post-LT recidivism [22], al-
though the data are controversial [23]. As such, many trans-
plant centers are more lenient with regard to abstinence
duration.

Relative Contraindications

Relative contraindications are institution and patient-
dependent (Table 1). First, advanced age, often over 65 years,
is a relative contraindication. Early data suggested that older
age was associated with poor graft function and decreased
survival [24]; however, more recent data showed that appro-
priately selected transplant recipients over 65 had equivalent
5-year survival outcomes as compared with younger cohorts
[25]. Furthermore, older patients had fewer episodes of acute
rejection, possibly related to relative immune senescence.
AASLD guidelines argue that physiological age is more im-
portant than chronological age, and even patients over 70 may
be appropriate for transplant if the comorbidity assessment is
favorable [3••]. Second, extensive portal vein thrombosis
complicates the technical aspects of LT, and may be a relative
contraindication. Because the liver allograft must receive ad-
equate portal flow, the transplant risk of portal venous throm-
bosis requires an assessment of clot burden and degree of
collateralization. Extension of thrombosis into the splanchnic
vasculature heralds a particularly high transplant mortality risk
[26]. Third, medical non-compliance and poor psychosocial
circumstances may increase the risk of non-adherence to im-
munosuppression and routine post-transplant care. Efforts
should be made to improve support systems as able, but if
refractory, these factors may preclude transplant. Finally,
based on data summarized previously, a MELD score < 15
signifies an unfavorable risk/benefit analysis for most patients
and is a relative contraindication to transplant.

Other important relative contraindications include human
immunodeficiency virus (HIV) positivity, cholangiocarcinoma,
and obesity. HIV-positive patients exist along a spectrum of
risk for transplant. Those with extremely low CD4 counts or
an AIDS-defining illness are typically considered to have an
absolute contraindication; however, patients with well-
controlled HIV on antiretroviral therapy may do well post-
transplant. Per AASLD recommendations, a patient should
have a CD4 count > 100/μL and an undetectable viral load at
the time of transplant [3••]. Early experience with transplanta-
tion of HIV-positive patients showed adequate short-term sur-
vival outcomes, although patients with hepatitis C virus (HCV)
coinfection had higher mortality rates [27]. Patients with HIV-
HCV coinfection experience more severe HCV recurrence
post-transplant and poorer survival than those with HCV alone
[28]; however, in the modern era of highly effective direct-
acting antivirals for treating HCV, the transplant outcomes of
HIV-HCV coinfected patients are likely to improve.

Cholangiocarcinoma was previously regarded to be an ab-
solute contraindication to transplant. However, patients with
hilar cholangiocarcinoma may be candidates for LT provided
a specific protocol of neoadjuvant radiochemotherapy is
followed prior to transplant. Intrahepatic and extrahepatic
cholangiocarcinoma remain absolute contraindications to
LT. Finally, morbid obesity (body mass index [BMI] ≥ 40)
is a relative contraindication to transplant, as this confers sig-
nificantly higher mortality, increased risk of primary graft
non-function, prolonged length of hospital stay, and higher
cost of transplant [29]. Attempts at weight loss should be
pursued prior to transplant, although it is important to note
that bariatric surgery is contraindicated in decompensated
cirrhosis.

Evaluation for Liver Transplantation

LT entails the physical and hemodynamic demands of a major
surgery, a potentially protracted recovery period, the risks of
chronic immunosuppression, and increased psychosocial
stress. As such, the pre-transplant evaluation process is de-
signed to screen for patients who (1) are physically healthy
enough to survive the operative and perioperative periods, (2)
are adherent with medical recommendations to ensure com-
pliance with postoperative care, and (3) have a secure psycho-
social support system. Broadly speaking, the transplant eval-
uation involves expert consultation, basic laboratory analysis,
cardiopulmonary testing, malignancy screening, and a psy-
chosocial assessment (Table 2). As with most aspects of trans-
plant, the specific battery of testing varies by institution.

Expert Consultation

The candidate must meet a hepatologist and a transplant sur-
geon to confirm candidacy for transplant by reviewing the
history of liver disease, including the duration, severity, and
prognosis without transplant. It should be confirmed that the
limits of medical therapy have been reached, and comorbidi-
ties that might preclude or otherwise limit the benefit of trans-
plantation should be identified. The hepatologist should en-
sure that general cirrhosis care has been performed, including
esophageal variceal screening and therapy, imaging for hepa-
tocellular carcinoma, and vaccination for hepatitis A and B,
among other measures. The transplant surgeon should evalu-
ate for anatomic/technical barriers to surgery, and assist with
identifying a donor and graft approach that reflects the pa-
tient’s circumstances. In all cases, these interactions offer a
critical opportunity for the patient and family to receive edu-
cation about the transplant process and have all questions
answered.
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Laboratory Testing

The main purpose of pre-LT laboratory testing is to confirm
the blood type (which must match a donor organ), assess the
state of hepatic and renal function, and rule out concomitant
infections that might require treatment or otherwise impact
post-transplant management and outcomes. This includes:

& ABO and Rh blood typing
& Basic metabolic panel
& Complete blood count including differential
& Liver-associated enzymes and coagulation parameters
& Calcium and vitamin D
& Urinalysis
& Urine drug screen
& Serologies for hepatitis A, hepatitis B, hepatitis C, HIV,

varicella zoster virus (VZV), cytomegalovirus (CMV),
Epstein-Barr virus (EBV), and rapid plasma reagin (RPR)

& Latent tuberculosis screening: interferon-γ release assay
or tuberculin skin testing

Cardiac Evaluation

The goal of cardiac testing prior to LT is to detect significant
coronary artery disease (CAD), valvular pathology, and/or
cardiomyopathy. If present, specific interventions may be pur-
sued prior to or during transplant, as indicated. If there is

advanced cardiac pathology, transplant may be contraindi-
cated. Estimates of CAD prevalence in cirrhosis range from
2.5 to 28%, as compared with 2.5 to 6.9% in the general
population [30]. The prevalence of CAD increases with age,
and LT recipients with CAD have higher morbidity and mor-
tality as compared with those without CAD [31].

The optimal approach to cardiac testing has not been de-
fined. Electrocardiography and echocardiography should be
performed in all patients considered for transplant. This will
allow for detection of arrhythmias, conduction abnormalities,
valvular disease, and ventricular dysfunction. To evaluate for
CAD, the AASLD practice guidelines recommend that all LT
candidates undergo non-invasive stress testing [3••]. Because
many patients with advanced liver disease are unable to reach
the minimum heart rate parameters for an exercise stress test,
pharmacological stress tests are typically performed, with do-
butamine stress tests being the most common. The American
Heart Association and American College of Cardiology
Foundation, in contrast, recommends non-invasive cardiac
stress testing only in patients with three or more risk factors
for CAD [32]. These include diabetes, hypertension, hyperlip-
idemia, smoking, age greater than 60, known cardiovascular
disease, and left ventricular hypertrophy.

If non-invasive stress testing is abnormal, cardiac catheter-
ization should be performed. If significant CAD exists (> 70%
stenosis), revascularization should be considered prior to LT.
Because of the risks of major cardiac surgery in decompen-
sated cirrhosis, revascularization through percutaneous

Table 2 Overview of testing and evaluation prior to liver transplantation

Item Detail

Expert consultation Meeting with transplant hepatologist and transplant surgeon to review appropriateness
of transplant evaluation and address questions/concerns.

Basic laboratory testing Blood typing, comprehensive metabolic panel, complete blood counts, coagulation
parameters, urinalysis, drug screen, calcium, and vitamin D.

Infectious disease testing Viral hepatitis serologies, tuberculosis testing, and RPR for syphilis. Consideration
of coccidioides and strongyloides testing if indicated.

Cardiac evaluation Electrocardiography and echocardiography. Non-invasive cardiac stress testing,
with cardiac catheterization if abnormal.

Pulmonary evaluation Pulse oximetry. If < 96% on room air, perform arterial blood gas sampling. Bubble
echocardiography, pulmonary function tests and chest CT if concern for arterial
hypoxemia. Routine echocardiography with right heart catheterization if concern
for pulmonary arterial hypertension.

Age-appropriate malignancy screening Colonoscopy, mammography, Papanicolaou screening, and low-dose chest CT as indicated.
Hepatocellular carcinoma screening with abdominal imaging ± alpha fetoprotein testing.

Hepatic imaging Triple-phase CT, gadolinium-enhanced MRI, or abdominal ultrasound with doppler imaging.

Bone density testing Calcium, vitamin D, and dual-energy X-ray absorptiometry.

Psychiatric evaluation Address substance abuse and active psychiatric conditions, as indicated.

Social work evaluation Identify psychosocial barriers to transplantation and initiate remediation.

Nutritional evaluation Assess nutritional status and implement plan to address BMI extremes.

Financial and insurance screening Ensure adequate coverage for pre-transplant evaluation, transplantation, and post-transplant care.

Adapted from the 2013 AASLD guidelines [3••]

208 Curr Hepatology Rep (2020) 19:203–212



coronary intervention is preferred, if feasible. Bare metal stent
placement has the advantage of avoiding prolonged dual an-
tiplatelet therapy (DAPT), which may delay LT. Importantly,
there is recent data demonstrating that DAPT in the setting of
stenting for CAD increases the risk of gastrointestinal bleed-
ing in cirrhotics but does not adversely impact survival [33•].
As such, DAPT should not be avoided or withheld simply
based on the presence of cirrhosis.

Pulmonary Evaluation

Themajor pulmonary complications of end-stage liver disease
are hepatopulmonary syndrome (HPS) and portopulmonary
hypertension (PPHTN). HPS is defined by the triad of arterial
hypoxemia, intrapulmonary vascular dilation, and chronic liv-
er disease. Although the pathophysiology is poorly defined,
vasoactive mediators such as nitric oxide produced in re-
sponse to portal hypertension may lead to angiogenesis and
pulmonary vasodilation. This results in widespread
intrapulmonary shunting at the capillary and pre-capillary lev-
el with resultant arterial hypoxemia. HPS develops in 5 to
32% of cirrhotics [3••] and significantly increases the risk of
death in patients undergoing transplant evaluation (HR 2.41,
p = 0.005) [34]. Pulse oximetry is thus indicated in all LT
patients to screen for this condition. If the oxygen saturation
is < 96% and the patient has symptoms that could be ex-
plained by HPS (i.e., progressive dyspnea, platypnea,
orthodeoxia), additional diagnostics are warranted. Arterial
blood gas sampling will provide the arterial oxygen tension
(PaO2) and contrast/bubble echocardiography can identify
intrapulmonary shunting. Because the short-term mortality
of cirrhosis with HPS is poorly characterized by MELD, ex-
ception points may be obtained if the following criteria are
met: PaO2 < 60 mmHg, evidence of intrapulmonary shunting,
and portal hypertension [20]. Importantly, alternative expla-
nations of arterial hypoxemia must be ruled out, typically with
pulmonary function testing and chest CT. After LT, patients
with HPS experience a clear survival benefit and in those who
survive to at least 6 months HPS frequently resolves [35].

PPHTN refers to unexplained pulmonary arterial hyperten-
sion (PAH) that occurs in the context of portal hypertension.
Clinically significant PPHTN occurs in up to 5% of cirrhotics
referred for LT [36], and may cause progressive dyspnea,
fatigue, and right-sided heart failure. Although the pathophys-
iology is unknown, humoral factors normally processed in the
liver may reach the pulmonary system via portosystemic
shunting and induce portal hypertension. Patients with
PPHTN undergoing LT have significantly increased short-
term mortality. Krowka et al. showed that in patients with
mean pulmonary arterial pressure (MPAP) from 35 to
50 mmHg, the perioperative mortality was 50%, and in those
with MPAP > 50 mmHg, the mortality was 100% [37].
Routine echocardiography can be used to estimate the

pulmonary arterial systolic pressure (PASP) and, if contrast
enhanced, the right ventricular systolic pressure (RVSP). PAH
is possible if the PASP is 36–49 mmHg, and likely if >
50 mmHg. A RVSP greater than or equal to 45 mmHg also
suggests PAH. If any of these findings are present, right heart
catheterization should be performed. The diagnosis of PAH is
confirmed upon findings of MPAP ≥ 25 mmHg and a pulmo-
nary capillary wedge pressure ≤ 15 mmHg. A pulmonary vas-
cular resistance (PVR) ≥ 240 dyne/s/cm−5 is also consistent
with the diagnosis. Although mild PAH (MPAP <
35 mmHg) does not appear to impact LT outcomes, patients
with more severe PAH should be referred to a PAH specialist
for consideration of vasodilator therapies. If a patient on ther-
apy can achieve an MPAP < 35 mmHg and PVR < 400
dyne/s/cm−5, LT can proceed with reasonable short-term out-
comes [3••]. Similar to HPS, MELD exception points may be
obtained if the patient meets the above criteria on treatment for
PPHTN (MPAP < 35 mmHg and PVR < 400 dyne/s/cm−5)
and has a hepatic venous pressure gradient ≥ 12 mmHg [20].

Malignancy Screening

Because the presence of extrahepatic malignancy is an abso-
lute contraindication to LT, age-appropriate cancer screening
should be performed in all patients. The specific workup de-
pends on the demographics and risk factors of the patient, and
should be performed in accordance with guideline-based rec-
ommendations, such as the US Preventive Services Task
Force. Testing may include colonoscopy to rule out colorectal
cancer, mammography to rule our breast cancer, Papanicolaou
smear to rule our cervical cancer, and low-dose chest comput-
ed tomography (CT) screening to rule out lung cancer.
Additionally, it should be ensured that the patient is up-to-
date on hepatocellular cancer screening, which may be per-
formed with an abdominal ultrasound, spiral CT scan, or mag-
netic resonance imaging (MRI), with or without alpha-
fetoprotein sampling. In patients with an incident malignancy
or a prior history of malignancy, the pursuit of curative treat-
ment and demonstration of tumor-free survival are requisite
for LT candidacy.

Infectious Disease Considerations

The main infectious disease priorities prior to transplant are to
detect active infections, treat them as indicated, and to ensure
appropriate preventative vaccination. Laboratory screening
should include hepatitis A/B/C serologies, CMV, EBV,
VZV, and RPR. Testing for tuberculosis (TB) may be com-
pleted with a tuberculin skin test or an interferon-gamma re-
lease assay (i.e., Quantiferon or T.SPOT). If the patient has
resided in an area endemic toCoccidioides (southwestern US)
or Strongyloides (portions of southeastern US), appropriate
serologic testing should be obtained. A dental examination
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should also be completed and any necessary extractions per-
formed prior to transplant.

Latent tuberculosis should be treated prior to transplantation
if possible. This can be accomplished with isoniazid- or
rifampin-based therapies, both of which are safe to use in ad-
vanced liver disease with proper monitoring. Syphilis should
also be treated prior to transplantation, typically with penicillin.
If coccidioides serologies are positive, indefinite fluconazole
prophylaxis should be considered post-transplant. The patient
must also be ruled out for active coccidioidomycosis. If present,
treatment of active disease requires confirmation of clearance
and resolution of symptoms, a process that may delay trans-
plant candidacy by 12 months or more. Finally, positive
strongyloides serologies should prompt treatment with iver-
mectin prior to transplant.

Patients should be vaccinated against hepatitis A and B if
serologies do not demonstrate immunity. Tetanus, diphtheria,
and pertussis vaccinations should be up-to-date, as well as
immunization against influenza and pneumococcus, which
includes both 23-valent and 13-valent preparations. If indicat-
ed, human papilloma virus vaccination should be completed.
Finally, if live vaccinations are required (i.e., measles, mumps,
rubella, VZV), these should be performed as early as possible
in the evaluation process, as live vaccination is contraindi-
cated after transplant, and a minimum of 4 weeks should sep-
arate live vaccination and organ transplantation.

Hepatic Imaging

Cross-sectional imaging sufficient for surgical planning
should be obtained if not already performed. Triple-phase
CT or gadolinium-enhanced MRI is most common, and may
help identify potential technical barriers to transplant, includ-
ing portal venous thrombosis, perihepatic varices, anatomic
anomalies, and sequelae of prior abdominal surgeries. If CT
or MRI cannot be obtained, ultrasound with assessment of
Doppler flows may suffice. As reviewed elsewhere, hepatic
imaging is particularly critical to accurately diagnose and
stage patients with intrahepatic malignancy in order to con-
firm transplant candidacy (i.e., Milan criteria for HCC and
hilar location for cholangiocarcinoma).

Bone Density Testing

Advanced liver disease promotes osteoporosis through rela-
tive inactivity, hypogonadism, reduced vitamin D levels, im-
paired intestinal calcium absorption, and, in certain patients,
the direct effects of alcohol, steroids, or iron overload. The
prevalence of osteoporosis in cirrhosis ranges from 15 to 56%
[38]. Patients with cholestatic liver disease such as primary
biliary cirrhosis are at particularly high risk. After transplant,
several months of obligate high-dose steroids further reduce
bone mineral density. Indeed, studies demonstrate a 1-year

post-transplant fracture risk in the 30th percentile [39]. As
such, vitamin D and calcium testing in addition to dual-
energy X-ray absorptiometry is an essential part of the trans-
plant evaluation. If osteopenia or osteoporosis is detected,
appropriate treatment should be initiated prior to transplant
in order to optimize bone density and minimize fracture risk.
This includes vitamin D and calcium supplementation for all
patients. Bisphosphonate therapy, when indicated, may also
improve bone density and reduce fracture risk in the transplant
setting [40].

Other Assessments

A formal psychosocial evaluation with a social worker and, if
indicated, a psychiatrist is necessary prior to transplant. The
purpose of this evaluation is to identify potential psychosocial
contraindications to transplant and initiate appropriate inter-
ventions as early as possible. As detailed previously, these
concerns include active alcohol or substance abuse, poor med-
ical compliance, and inadequate social support. Nutritional
status should also be assessed to identify patients at the ex-
tremes of BMI. The risks of morbid obesity (BMI ≥ 40) were
discussed above, but there is also clear evidence that under-
weight patients (BMI < 18.5) have higher wait list mortality
and worse LT outcomes as compared with those with normal
BMI [41]. These patients require consultation with a dietician
and probable initiation of enteral or parenteral feeding prior to
transplantation. Finally, financial and insurance screening
must be performed to ensure adequate coverage for the eval-
uation, transplant, and post-transplant phases of care.

Conclusion

LT is an important therapeutic option for patients with life-
limiting liver disease. Transplant evaluation involves exten-
sive testing to ensure that the patient can withstand the de-
mands of transplant surgery and post-transplant care.
Ongoing organ supply/demand mismatch further dictates the
need for strict indications and contraindications in identifying
LT-suitable candidates. This ultimately shapes the specific
criteria for patient selection, which will continue to evolve
as means are developed to expand the donor pool, improve
surgical techniques, broaden indications for safe transplant,
and extend the lifetime of a graft. It is therefore critical for
physicians to remain familiar with the general indications for
transplantation and to know when it is appropriate or inappro-
priate to refer for transplant evaluation.
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