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Abstract

Background and Aims: Liver transplant is a specialized treatment for a spectrum of indications 

that use a scarce resource. Transplant is guided by principles of justice, equity and benefit with 

a constant conflict between competing interests. Organs are a national resource with a goal 

of equitable distribution across sites. An AASLD guideline for the evaluation and selection of 

appropriate transplant candidates has been available since 2005.

Methods: A multidisciplinary writing group of liver transplant experts and a librarian convened 

over 24 months. The writing group reviewed the literature, generated guideline recommendations 

and rated the level of evidence for each recommendation based on the Oxford Center for 
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Evidence-Based Medicine. The group categorized the strength of recommendations based on the 

level of evidence, risk–benefit ratio, and patient preferences.

Conclusions: Liver transplant is a lifesaving procedure that should be offered to selected 

patients with clear indications and a reasonable prospect of benefit. The evaluation is designed 

to identify those in need, to outline hurdles to a successful outcome, and to develop an effective 

transplant plan. The goal of this document is to provide a template for this process.
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Introduction:

The first human liver transplant was performed in 1963. By 2003, approximately 10,000 

transplants had been performed in the US.1 In 2023, over 10,000 liver transplants were 

performed in the US in a single year.2 The growth of the field has been driven by 

developments in immunosuppression, wider patient selection, advances in pre- and post-

transplant medical care, better surgical techniques, and most recently in management of 

donors prior to transplantation.3

Liver transplantation (LT) is life saving for many patients with acute or chronic liver 

dysfunction not amenable to medical management. It is also a therapeutic option for some 

with malignancy or metabolic illnesses that have no effective medical treatment. Thus, 

transplant is a therapy option that is etiology agnostic. It is a rescue treatment, and the 

work up and waitlist management of a patient prior to transplantation is individualized 

based on several factors. These factors include the severity of illness, surgical complexity, 

co-morbidities, familial and social circumstances, and the costs to the health care system. 

Challenges are further exacerbated by the scarcity of organs so that not every patient who 

might benefit from transplantation receives this life-saving treatment. Utility is tempered by 

concepts of social justice. As outlined by the ethics committee of the Organ Procurement 

and Transplantation Network (OPTN), “However, in public policy related to allocation of 

organs using the principle of utility, there is widespread consensus that certain social aspects 

of utility should not be considered. In particular, the social worth or value of individuals 

should not be considered, including social status, occupation, and so forth.” 4

This is the third guideline published by the AASLD. Many of the topics covered in the 

prior documents5, are again raised, with updated guidance based on the most recent evidence 

from the literature. New topics not previously discussed, including new indications for 

transplantation, are also addressed based on the most recent available data. It is out of 

the scope of this guidance to provide a comprehensive discussion of all disease processes 

that can lead to transplantation or their management. Rather, we seek to provide an outline 

for the provider evaluating a patient for liver transplantation. The only diagnoses that 

are considered separately are those in which the indications for transplantation are not 

related to progression of liver disease (e.g., liver tumors). Irrespective of diagnosis, all 
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evaluation and testing must be tailored to the individual patient, the disease that led to the 

patient’s presentation, and their risk/benefit profile. Transparency and consistency should be 

included in the liver transplant evaluation process. In an ideal system, all parties, including 

patients, families and providers should be able to understand all stages of the evaluation 

and selection process. Consistency refers to consistent selection practices both within and 

between centers. This goal of consistency forms the foundation of these guidelines. With 

this guideline, a provider should have a template to understand and initiate a liver transplant 

evaluation.

Methods

Formulation of Clinical questions

Prior to the literature search and writing, the committee developed questions to be addressed 

in the guidelines. The goal was to address all issues important to a multidisciplinary 

committee evaluating the benefits and risks of transplant for an individual candidate. These 

questions formed the foundation of the literature search.

Evidence Review

Literature Search and Grading of Evidence: Literature search strategies were 

developed in collaboration with a medical librarian for the concepts, indications and 

contraindications for liver transplantation in adult liver transplant patients. Databases 

searched included Ovid MEDLINE and Embase.com, and searches for gray literature were 

run in the Cochrane Library and relevant association websites. Initial search was completed 

on May 15, 2023. All searches were limited to English, humans, and from January 1, 

2016, to August 31, 2023. MEDLINE and conference abstract records were excluded in the 

Embase search.

Studies were selected for inclusion in the systematic review of evidence if they met 

the following criteria: (1) peer reviewed full-text articles; (2) population of patients with 

consideration for liver transplantation; (3) population of patients who have received a liver 

transplantation; and (4) include one of the outcomes of interest. Articles were excluded 

from the systematic review if they were conference abstracts that were not published in 

peer-reviewed journals, editorials, commentaries, case reports, narrative reviews, consensus 

documents, and letters; full text articles that were not available in English; and studies that 

did not report on outcomes of interest.

A total of 1066 unique studies met the search term requirements. Based on a screening 

of titles and abstracts from these studies,344 articles continued to full-text review and 

183 articles to data extraction. A total of 261 studies provided data that informed the 

recommendations. Data was not extracted from excluded articles, but these were available 

as discussion or background references. A refresher literature search was conducted on 

January 23, 2025, and relevant articles that addressed the PICO questions published since 

the previous search were also included. Additional articles not identified in the search but 

thought to be key to the evidence needed to formulate recommendations were also rarely 

included.
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Guideline statements were developed and graded by members of the writing group based on 

available evidence and level of evidence was assessed using the Oxford Grading system.6 

Recommendations were then assigned the strength of recommendations based on the level 

of evidence, risk-benefit ratio and patient preferences. Recommendations were graded as 

strong when supporting evidence was robust and consistent to allow the adoption of the 

recommendations by clinicians as standard of care. Recommendations were graded as 

weak when the evidence was weaker, inconsistent or conditional and alternative approaches 

were available, to allow clinicians to be flexible in their decision-making. Agreement or 

disagreement on each guideline statement was voted upon by each member of the writing 

group using the Alchemer survey platform.

Panel Composition, Review process, Funding: The guideline was developed by a 

multidisciplinary writing group. The guidelines were reviewed by the Practice Guidelines 

Committee, made available for public comment approved by the AASLD Governing Board 

and the AST Board of Directors. The AASLD Governing Board approved the final version 

on October, 2025. Conflict of interest was managed according to AASLD’s Code for the 

Assessment and Management of Conflict of Interest (3). This guideline was funded by the 

AASLD.

Section 1: Referral for Liver Transplantation

Question 1: Which patients with chronic liver disease are appropriate to be considered for 

liver transplant evaluation?

Guideline Statements:

1. Patients with chronic liver disease who experience a decompensating event 

should be referred for liver transplant evaluation. In the absence of a 

decompensating event, the MELD score threshold for referral is unclear, but 

data suggest that for patients on the waitlist, LT survival benefit may be achieved 

at MELD scores greater than 12. MELD score alone should not be a barrier to 

referral for transplantation. (Strong, Level 4)

2. Patients with acute-on chronic liver failure (ACLF) should be considered for 

referral to a liver transplant center. (Strong, Level 4)

Rationale and Background: Patients with cirrhosis who experience sentinel events that 

signify a worsening prognosis warrant referral for LT evaluation3. As shown in Figure 1, 

these include but are not limited to decompensating events related to portal hypertension 

such as ascites, hepatic encephalopathy, or variceal hemorrhage. Unfortunately, many 

patients who meet criteria for referral, either are never sent to a transplant center or if 

they are, are not placed on the transplant waiting list.8 Based on a national VA database, 

patients with certain diagnoses (e.g. alcohol-associated liver disease) or social factors (e.g. 

African-American race, lower annual income) have a lower likelihood of being referred or 

listed. We believe that it is incumbent on transplant centers to facilitate referral whenever 

possible.
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The 2013 AASLD Practice Guideline advised that referral should be considered in patients 

with a “complication such as ascites, hepatic encephalopathy, or variceal hemorrhage’ or a 

MELD score of 15 or greater”.5 A more recent analysis indicates that though the prognosis 

of patients with calculated MELD scores of 29 or less has improved, MELD score still 

accurately stratifies patients in ranks of greater 90-day mortality without transplantation.9

Since 2013, the MELD score has undergone several adjustments to account for the excess 

risk of hyponatremia, female sex, and malnutrition on mortality.10 Data utilizing MELD-

Na , the precursor to the most recent version of MELD, suggested a 1-year survival of 

deceased donor liver transplant for patients on the wait list with MELD-NA scores as low 

as 12.11 It is important to recognize that while MELD score is invaluable at calculating 

survival, these studies were not designed to evaluate timing for referral. These studies 

evaluated survival on the wait list as compared to survival one year after transplant. Many 

of the patients with lower MELD score may have had complications of portal hypertension 

that were not reflected in their MELD score. These are patients who are sometimes called 

“underrepresented by MELD.” This group could have been referred based on their clinical 

symptoms rather than their score. While we lack contemporary data to establish an absolute 

threshold of MELD 3.0 at which patients should be referred for liver transplantation (LT), 

the majority of the working group believes that a MELD score (in its most recent iteration) 

of 15 still appears to be a reasonable threshold in the absence of portal hypertensive 

complications.12 Patients should be considered for LT referral at any MELD score in the 

presence of uncontrolled portal hypertensive complications. Furthermore, a survival benefit 

of live-donor liver transplantation has been reported in recipients with MELD scores as low 

as 11.13 Thus, lower MELD score should never be a barrier to referral for transplantation 

if the provider believes that the patient will benefit from transplantation. Additionally, this 

discussion does not encompass MELD exceptions which include but are not limited to 

hepatocellular carcinoma (HCC) and the liver-lung syndromes whose prognosis is not well 

characterized by MELD score.3

Acute-on-chronic liver failure (ACLF) refers to acute decompensation occurring in patients 

with chronic liver disease.14 It is characterized by intense systemic inflammation, organ 

failure, and a poor prognosis. ACLF is often precipitated by infection, such as spontaneous 

bacterial peritonitis (SBP), decompensating events such as variceal bleeding, or alcohol-

associated hepatitis in patients with alcohol-associated liver disease. ACLF scoring systems 

enable the stratification of patients into subgroups with escalating risk of death based on 

cumulative multisystem failures of liver, kidney and brain function, coagulation, circulation, 

and respiration. Patients with ACLF typically have high MELD scores, and thus would 

merit consideration for LT. 15 Unfortunately, it appears that patients with ACLF often fail to 

receive LT, when it could have been lifesaving.16

Question 2: Which patients with acute liver failure (ALF) should be referred to a liver 

transplant center?

Guideline Statements:

3. All patients with acute liver failure should be referred to a liver transplant center 

for urgent evaluation. (Strong, Level 2)
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4. Liver transplant centers should be able to respond promptly to requests for 

transfer of patients with acute liver failure. (Strong, Level 5)

Rationale and Background: The definition of acute liver failure (ALF) can vary 

depending on geography and has been modified since first description.17, 18 In the United 

States, ALF generally refers to acute liver disease (less than 26 weeks) in a patient with 

no history of chronic liver disease or cirrhosis that is associated with encephalopathy and 

coagulopathy. Every patient with ALF should be considered for referral/transfer to a liver 

transplant center to provide a higher level of care with or without liver transplant.19,20 Since 

only 1/3 of patients with ALF ultimately undergo liver transplantation and 1/3 recover, 

timely referral to a transplant center may allow for better management to avoid transplant 

altogether. Referral to the transplant center should be made in the first few hours after 

presentation, and prior to meeting ALF diagnostic criteria, as the complications of the 

disease could jeopardize safe transfer.21, 22

Given that expedited transfer is critical, providers should quickly assess any barriers to 

transfer. In many areas of the United States, insurance can be a barrier for transplant. 
23,24 Additional barriers to be quickly evaluated are concomitant substance use disorder 

and/or systemic infection which could either temporarily or permanently disqualify the 

affected patient for transplant listing. However, the presence of these barriers should not 

prevent referral as experienced transplant centers may be able to mitigate these barriers to 

transplantation. Hospitals that offer liver transplantation should make every effort to create 

and facilitate systems that allow easy referral and transfer. Insurance providers need to 

become educated on the medical acuity of these cases and expedite case review.

Question 3: Which patients with hepatocellular carcinoma (HCC) should be considered for 

liver transplant evaluation?

Guideline Statements

5. Patients diagnosed with HCC without extrahepatic metastases should be 

considered for liver transplantation. (Strong, Level 1)

6. Staging for HCC should be done with multiphasic contrast enhanced abdominal 

CT or MRI, with interpretation of imaging at a transplant center, and a staging 

CT chest to rule out thoracic metastases. (Strong, Level 2)

7. Milan criteria should be used as a guide for transplantation listing and the goal 

of downstaging therapies. Transplantation for patients beyond Milan should be 

reserved for patients demonstrating favorable tumor biology. (Strong, Level 2)

8. Patients with HCC being considered for liver transplantation should have an AFP 

less than 1000 ng/ml or less than 500 ng/ml if the AFP was ever above 1000 

ng/ml. (Strong, Level 2)

Rationale and Background: Liver transplantation is a curative treatment for patients 

with hepatocellular carcinoma (HCC) as it removes the cancerous tissue and the underlying 

carcinogenic liver. All patients diagnosed with HCC should be evaluated to determine 
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whether they may be a candidate for transplantation. Patients with HCC should be managed 

in a multidisciplinary setting to improve receipt of appropriate therapies and improve patient 

outcomes. 25,26 Patient selection for transplantation in the setting of HCC is centered 

on identifying those not amenable to other curative medical or surgical treatments, while 

minimizing the risk of post-operative HCC recurrence.

Currently, in the US, LT for HCC is restricted to patients with early-stage disease as defined 

by the Milan Criteria without evidence of macrovascular invasion or extrahepatic disease 

(OPTN link for current guidelines, https://optn.transplant.hrsa.gov/media/xpdfswdv/nlrb-

guidance_adult-transplant-oncology_feb-2025.pdf. . Expected 5-year survival rates are more 

than 70% with post-LT recurrence rates of approximately 10% 27, 28 Patients who are being 

considered for transplantation with HCC should undergo multiphasic contrast enhanced 

imaging of the liver with a CT or MRI and a staging CT chest. Given heterogeneity 

in read quality at community sites, abdominal imaging conducted in community settings 

should be reviewed and interpreted at a UNOS Transplant center. 29 Serial abdominal 

staging is recommended every 3 months while awaiting transplantation, and CT chest 

staging is recommended every 6-12 months. Bridging locoregional therapies are effective in 

maintaining patients within transplantation criteria and assessing tumor biology.30,31 Current 

UNOS policy requires a six-month observation period while on the waitlist prior to being 

granted a MELD exception for HCC. Patients with complete response after surgical or 

locoregional therapy who recur within 6-60 months after complete response with T1 or T2 

HCC may be considered for a MELD exception without the 6-month waiting period after 

review by the National Liver Review Board (NLRB). Patients who demonstrate favorable 

tumor biology can receive LT early through their natural MELD score or LDLT, even if 

beyond Milan criteria.32

Alpha fetoprotein (AFP), a serum biomarker, has been integrated into the inclusion criteria 

for transplantation in patients with HCC. AFP levels correlate with tumor biology and thus, 

levels are required to be below 1000 ng/mL prior to transplantation.33 If the AFP ever 

exceeds 1000 ng/mL then it must be brought down to below 500 ng/mL using HCC therapy 

prior to proceeding with transplantation. 34,35

The treatment of an extensive HCC using locoregional or systemic therapies to 

bring the tumor burden within Milan criteria (often referred to as ‘downstaging’) 

is an acceptable means by which patients with locally advanced disease can be 

offered liver transplantation. MELD exception points can be granted after successful 

downstaging to within Milan criteria in patients that are initially within UNOS 

downstaging criteria https://optn.transplant.hrsa.gov/media/xpdfswdv/nlrb-guidance_adult-

transplant-oncology_feb-2025.pdf. Over 80% of patients that meet the UNOS downstaging 

criteria, can be successfully down staged using locoregional therapy if administered in a 

protocolized fashion. 36 37 Patients who have been successfully down staged to within Milan 

have similar post-LT outcomes to patients within Milan criteria without downstaging. 38

There are insufficient data to recommend routine downstaging or bridging with 

immunotherapy-based systemic therapies for HCC alone. However, there are ongoing 

prospective trials to address this issue.
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In patients with HCCs beyond UNOS downstaging criteria, early data suggest that up 

to 65% of patients can be successfully down staged to within Milan criteria. 39 While 

patients beyond UNOS downstaging criteria do not qualify for an automatic MELD after the 

standard waiting period, they can be considered for a MELD exception on a case-by-case 

basis by the NLRB. For patients with portal vein tumor invasion, transplantation may be 

feasible after complete resolution of the thrombus with locoregional or systemic treatment 

with tyrosine kinase inhibitors and or immune checkpoint inhibitors; however, there is 

insufficient data to recommend liver transplantation in this population, and patients should 

be evaluated on a case-by-case basis. Patients with extrahepatic HCC are not candidates for 

liver transplantation.

Question 4: Which patients with cholangiocarcinoma (CCA) should be considered for liver 

transplantation?

Guideline Statements

9. Patients with unresectable peri-hilar cholangiocarcinoma that meet size criteria 

(< 3cm in radial diameter) should be considered for liver transplant evaluation. 

(Strong, Level 3)

10. A neoadjuvant protocol with radiation and chemotherapy and pre-operative 

surgical staging in patients with peri-hilar cholangiocarcinoma should be 

administered prior to transplantation. (Strong, Level 3)

11. Patients with biopsy proven unresectable intrahepatic cholangiocarcinoma or 

mixed-hepatocellular carcinoma-cholangiocarcinoma with a maximum diameter 

< 3 cm, without extrahepatic disease, may be considered for liver transplantation. 

(Weak, Level 4)

Rationale and Background: Cholangiocarcinoma (CCA) is a highly aggressive 

malignancy originating from the hepatobiliary system. Anatomically, CCA is classified 

into three categories: intrahepatic CCA (iCCA), perihilar CCA (pCCA) and distal (dCCA). 

Specifically, iCCAs arise above the second-order bile ducts, while the demarcation 

between pCCA and dCCA is defined by the insertion of the cystic duct. Currently 

liver transplantation for pCCA, mixed HCC-CCA, and iCCA is accepted under strict 

selection criteria (see optn guidelines, https://optn.transplant.hrsa.gov/media/xpdfswdv/

nlrb-guidance_adult-transplant-oncology_feb-2025.pdf). 5 40 Patients with uncontrolled 

infection, prior radiation or chemotherapy, prior biliary resection or attempted resection, 

intrahepatic metastases, and/or evidence of extrahepatic disease are not candidates for liver 

transplantation.

In patients with pCCA, the Mayo Clinic protocol for neoadjuvant therapy and staging 

prior to liver transplantation includes the use of intravenous 5-fluorouracil to enhance 

radiosensitivity, followed by external beam radiotherapy and catheter-based brachytherapy. 

Notably alternate neoadjuvant protocols, with different radiation and chemotherapy 

regimens, have been evaluated for pCCA and appear to have similar efficacy. 41,42 Following 

neoadjuvant therapy, operative staging is conducted to ensure patients with lymphatic or 

peritoneal disease are not considered for transplantation. Notably, around 20% of patients 
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have positive surgical staging. The timing for this staging is strategically set, either just 

before living donor liver transplantation (LDLT), or as the time for deceased donor liver 

transplantation (DDLT) approaches, determined by the patient’s MELD score and regional 

access to transplantation. Patients with unresectable small (<3 cm in diameter) solitary 

iCCAs or mixed HCC-CCAs without extrahepatic disease in the setting of underlying 

cirrhosis can also be considered for transplantation and can receive a MELD exception of 

MMAT-3 if imaging shows 6 months of stability after locoregional or systemic therapy prior 

to listing. Listed patients with MELD exceptions must show stability of the lesion without 

development of new cancer foci on cross-sectional imaging every 3 months. The rational 

for these criteria are based on small observational studies showing excellent oncologic 

outcomes in patients receiving transplant for iCCA, however we lack robust prospective data 

evaluating these criteria. 43 44 45

Section 2: The Transplant Evaluation

Question 5: How should patients being considered for liver transplant be evaluated?

Guideline Statements

12. Liver transplant evaluation should be conducted in a multidisciplinary fashion to 

identify patients likely to benefit from liver transplantation. (Strong, Level 4)

Rationale and Background: Each patient undergoing evaluation has an individualized 

set of tests and assessments aimed at answering three questions:

I. What is the patient’s prognosis without liver transplantation? This is in 

recognition of the current priority schema of liver transplantation in the US, 

wherein the priority for receipt of a deceased donor liver is given to patients who 

are most urgent risk of dying (sometimes referred to as ‘the sickest first’ policy).

II. Does the patient have the physical, mental, and psychosocial circumstances that 

would facilitate a successful transplant? This is in response to the requirement to 

avoid ‘futile’ transplants.

III. What are the wishes of the patient: i.e. recognition of patient autonomy

Selecting the patients that will benefit from transplantation requires evaluating medical, 

psychosocial, and financial factors that will impact both short term success and long-term 

outcomes. The issues are multifaceted and require expertise from providers with different 

perspective and skill sets. Early in the field’s evolution the need for liver transplant 

evaluation to be a multidisciplinary endeavor was recognized.46 This culminated in the 

development of the final rule and the OPTN in 2000. In the current model, transplant 

team members make individual assessments that then become a component of a larger 

complex treatment plan. Formal studies that demonstrate that this approach is superior to 

single provider evaluations are lacking, but the benefits of multidisciplinary care have been 

demonstrated in varying disciplines.47 48 49

Figure 2 displays the assessments that are frequently included in a transplant evaluation.
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Cardiac Evaluation: Question 6: What testing should be included in the cardiac evaluation 

for liver transplant?

Guideline Statements

13. Initial pre-liver transplant evaluation should include electrocardiography and 

comprehensive transthoracic echocardiography screening for cardiac functional 

and structural defects. (Strong, Level 2)

14. All liver transplant candidates require a risk factor-based assessment of coronary 

artery disease. A single risk factor for metabolic dysfunction-associated steatotic 

liver disease, or one of the following risk factors including chronic kidney 

disease, left ventricular hypertrophy, family history of premature coronary artery 

disease, active or past tobacco use, and coronary artery calcification score 

greater than zero should prompt the clinician to order advanced testing for the 

assessment of coronary artery disease. (Strong, Level 2)

15. Centers should develop an algorithm for the evaluation of coronary artery disease 

in conjunction with their cardiology services. The selection of appropriate testing 

including stress echocardiography, coronary computed tomography, and cardiac 

catheterization will depend on available resources. (Strong, Level 2)

16. Findings of clinically significant but asymptomatic coronary artery disease 

should be managed in a multidisciplinary fashion (including but not limited to 

transplant hepatology, transplant anesthesia, interventional cardiology, transplant 

cardiology, and cardiac surgery), with the goal to assess the risks and benefits of 

revascularization in the pre versus peri-transplant period. (Strong, Level 4)

Rationale and Background: The LT perioperative period places several 

cardiopulmonary stresses on the patient secondary to hypovolemia, vasoplegia, vascular 

clamping, and the impact of graft reperfusion with potential post reperfusion syndrome. 

Therefore, it is not surprising that the presence of cardiac disease, particularly coronary 

artery disease (CAD) and impaired systolic function, are associated with increased mortality 

after LT. 50 Patients with pre-existing cardiac comorbidity should be optimized under the 

care of a cardiologist prior to the initiation of a liver transplant evaluation. For patients 

with no underlying cardiac disease, transthoracic echocardiography, incorporating strain and 

tissue doppler imaging, detects both systolic and diastolic impairment as well as valvular 

abnormalities and is also an accepted screening tool for portopulmonary hypertension and 

hepatopulmonary syndrome.51 Whether and how to use newer echocardiographic criteria for 

cirrhotic cardiomyopathy in the evaluation of LT candidates have not been defined. 52

The burden of CAD is increasing in LT candidates due to the increase in metabolic 

dysfunction associated steatotic liver disease (MASLD). Therefore, preoperative evaluation 

is focused on optimizing the detection, treatment and impact on LT candidacy of clinically 

significant cardiac disease while limiting the potential adverse consequences and costs 

of invasive testing. This focus requires multidisciplinary expertise in cardiology and 

anesthesiology with providers who are experienced with managing patients with cirrhosis 

associated physiology. There is an increasing number of testing options available, and 
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no generally accepted algorithm is in use for the detection of CAD. Impaired functional 

status, blunted chronotropy, vasodilation and increased cardiac output that occur with 

decompensated cirrhosis limit the accuracy of stress testing for detection of ischemia. 

This has increased focus on computed tomography (CT)-based assessments of coronary 

occlusion and perfusion.53,54 A meta-analysis of LT studies including 15,880 participants 

led to a coronary risk score based on clinical risk factors, allowing targeted use of 

stress echocardiography and coronary catheterization.50 In addition, an American Heart 

Association Scientific Statement, endorsed by the American Society of Transplantation 

(AST), supports the use of a combination of cardiovascular risk factor scoring like CAD-LT 

score55 and CT based assessment of coronary disease to define burden of disease and target 

the use of stress imaging and coronary angiography.56 57 58 CT coronary assessment is a 

well-tolerated study, but providers must be cognizant of the standard contraindications for all 

CT contrast studies. The only relative contraindication of note for patients with liver disease 

is significant hypotension at baseline as beta blockers and nitroglycerin are required to be 

administered during the procedure.59

In the asymptomatic patient, we suggest a stepwise approach (Figure 3) to assess for CAD 

that is directed by non-invasive testing results, risk factors, and age. It should be noted that 

the numerical age as a risk factor is variable depending on the studies evaluated.56 There 

was no consensus among this expert panel on a single best approach to the evaluation of 

a patient with risk factors for CAD. We recommend that centers develop an approach to 

evaluation that is supported by the most recent data, available resources and input from their 

local cardiology consultants.

If the diagnosis of clinically significant CAD is made, it is important to have a 

multidisciplinary discussion to assess the necessity and feasibility of revascularization in 

the perioperative period or if the presence of CAD precludes a candidate from pursuing 

liver transplantation. This recommendation is a departure from previous guidance that 

recommended consideration of revascularization in all patients with significant coronary 

artery disease. Finally, it must be noted that development of screening strategies for CAD 

is advancing at a pace that is outside the boundaries of this article. Appropriate testing 

continues to evolve, and providers must consider the dynamics of the field when choosing 

the most appropriate testing for their patients in the future.

Pulmonary Evaluation: Question 7: What pulmonary evaluation testing should be 

performed in patients being evaluated for liver transplantation?

Guideline Statements

17. Chest imaging should be performed in all patients. (Strong, Level 4)

18. In the absence of concomitant lung disease and/or significant pulmonary 

risk factors (tobacco use, occupational or environmental pathology), routine 

pulmonary function tests are not indicated. (Strong, Level 2)

19. Echocardiography with agitated saline contrast is the most sensitive screening 

test to detect intrapulmonary vascular dilatations (IPVD) and hepatopulmonary 
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syndrome (HPS) and is recommended for screening when available for use in the 

pre-LT setting. (Weak, Level 1)

20. In centers not using echocardiography with agitated saline contrast for routine 

screening, the evaluation of the presence of pulmonary symptoms or oxygenation 

abnormalities should include this test to detect potential HPS. (Strong, Level 3)

21. In patients with positive contrast echocardiography confirming the presence of 

intrapulmonary vascular dilatations (IPVD), pulse oximetry and arterial blood 

gases can be considered to determine severity and urgency for transplantation. 

(Strong, Level 3)

Rationale and Background

General Pulmonary and Hepatopulmonary Syndrome: Pulmonary abnormalities are 

common in patients being considered for LT and may influence candidacy and outcomes. 

Pulmonary disorders may be divided into three categories: 1) disorders that may affect 

both organs (cystic fibrosis, alpha one antitrypsin deficiency syndrome, sarcoid, hereditary 

hemorrhagic telangiectasia)- these are uncommon and recognized prior to consideration of 

LT where pulmonary evaluation and/or therapy has occurred; 2) lung disorders independent 

of liver disease (asthma, chronic obstructive pulmonary disease (COPD), interstitial lung 

disease (ILD), lung nodules) where the value of specific screening protocols is not 

established, but testing is common; and 3) pulmonary vascular complications of liver 

disease, including hepatopulmonary syndrome (HPS) and portopulmonary hypertension 

(POPH), which are unique to liver disease and portal hypertension, relatively common and 

may resolve with LT.51 As a result, screening chest imaging to assess the first two categories 

is included in the preoperative workup for all patients. However, the specific imaging studies 

used have not been standardized or studied across centers. Pulmonary function tests (PFTs) 

have very little utility for routine use in the liver transplant evaluation itself, with most 

of their benefit being in optimizing or prognosticating the patients with underlying lung 

pathology.60,61

Hepatopulmonary syndrome (HPS) must be evaluated for in all patients with chronic liver 

disease undergoing evaluation for LT. In patients with clinical data suspicious for HPS 

(dyspnea in the absence of cardiac dysfunction, platypnea, orthodeoxia), routine pulse 

oximetry along with arterial blood gas, and contrast-enhanced (bubble) echocardiography 

should be performed to increase the diagnostic yield.62,63 The authors of this paper could 

not come a consensus for the routine use of bubble echocardiography in all prospective LT 

candidates, therefore its usage is recommended when available and when HPS is suspected. 

The diagnostic criteria for HPS are the presence of microbubbles in the left heart ≥ 3 

cardiac cycles after right heart microbubbles following 10 mL agitated saline injection in 

a peripheral arm vein on bubble echocardiography, and the presence of an alveolar arterial 

gradient greater then 15mmHg (20mmHg in patient age greater than 64) 62 MELD exception 

points in the United States can be offered in the setting of PaO2 less then 60mmHg in 

the setting of portal hypertension with no other etiology of pulmonary disease noted.19 

See OPTN policies (https://optn.transplant.hrsa.gov/media/eavh5bf3/optn_policies.pdf) for a 

a list of non-malignancy etiologies for MELD exception points. There is no PaO2 cutoff 
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for patients with HPS as liver transplant is curative, with select patients with PaO2 < 50 

getting successfully transplanted.58 This severity of disease can also be supported with 

extracorporeal membrane oxygenation for oxygenation in the perioperative period. 64

Portopulmonary Hypertension (POPH): Question 8: What testing is required if 

portopulmonary hypertension is suspected?

Question 9: Can we offer transplant to patients with portopulmonary hypertension?

22. The presence of an elevated right ventricular systolic pressure (greater then 

45mmHg) or abnormalities in right ventricular structure or function on 

transthoracic echocardiogram require a right heart catheterization to evaluate for 

portopulmonary hypertension with subsequent subspecialty consultation if the 

diagnosis is confirmed. (Strong, Level 1)

23. In those with portopulmonary hypertension and a sustained response to medical 

therapy, LT can be considered, particularly in those with more advanced liver 

disease.

(Weak, Level 2)

24. In the patient undergoing treatment for portopulmonary hypertension on 

optimized therapies as determined by a pulmonary hypertension specialist, 

a mean pulmonary artery pressure of 45 mmHg with a pulmonary vascular 

resistance greater than 3 woods units should be considered a contraindication to 

transplantation. (Strong, Level 1)

Rationale and Background: POPH results from vasoconstriction and remodeling in 

pulmonary arterial resistance vessels occurring in the setting of cirrhosis and/or portal 

hypertension and is categorized in Group 1 in the WHO classification. 65 Poorly controlled 

POPH carries a poor five-year survival and is a contraindication to consideration of LT.62 

66 Multiple new targeted medications have improved the ability to control POPH and have 

resulted in prolonged survival. 67 Assessment of the estimated pulmonary artery systolic 

pressure (threshold PASP > 45mm Hg) and right ventricular size, shape, and contractility 

during echocardiography is the current screening approach and right heart catheterization is 

required to confirm the presence of elevated mean pulmonary artery pressure and increased 

pulmonary vascular resistance.62 66 The recognition that long-term survival is excellent after 

LT and that at least 50% of patients have resolution of POPH has resulted in standard 

MELD exception for a subset of patients with POPH. 68 Current exception criteria include 

a response to medical treatment for POPH to mitigate the adverse impact of elevated 

pulmonary pressures on early LT outcomes (mPAP < 35mmHg and PVR < 5 WU, or mPAP 

35-45mmHg and PVR < 3WU).19 Recent data supports that LT has the greatest impact on 

improving survival in those with POPH who respond to medical therapy in the subgroup 

with more advanced liver disease (MELD > 15).66 69 There is increasing interest in the use 

of extracorporeal support intraoperatively to bridge these higher risk patients through the 

perioperative period, however its use in liver transplantation has not been associated with 

any additional long term survival benefit due the paucity of patients supported with this 

therapy undergoing liver transplantation. 70
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Screening for Infection and Recommendations for Vaccination: Question 10: Which 

infection risks should be considered during liver transplant evaluation?

Guideline Statements

25. All candidates should receive screening for infections that may pose a peri or 

post-transplant risk. This screening may differ based on age and geography and 

should be directed by guidance from both the liver transplant and infectious 

disease communities. (Strong, Level 3)

26. Patients should receive age-appropriate vaccinations based on individual risk 

factors, as well as local and national public health recommendations. (Strong, 

Level 3)

Rationale and Background: Complications from infection continue to be a major cause 

of post-transplant morbidity and mortality. 71 72 The risk of infection is determined by 

recipient, donor, and health care system exposures. Given that recipient derived risks can 

differ based on personal experiences, a complete history of habits, travel, occupations, 

hobbies and known lifetime infections is essential. In addition, the immunodeficiencies 

associated with cirrhosis as well as frequent interaction with the health care system increases 

the risk of hospital acquired infection and colonization with multidrug resistant organisms in 

patients undergoing transplant evaluation. 73 Pre transplant evaluation should both estimate 

the risk of infection after transplant and provide a pathway to mitigate that risk or determine 

if transplantation is a safe option. To determine prophylaxis and treatment strategies, 

standard testing is recommended (Table 1).74 75

If an infection or an increased risk for infection post-transplant is identified during the 

evaluation process, consultation with an infectious disease professional experienced in 

transplant is recommended. A clear plan for managing infections should be developed 

and included in the patient’s management strategy at the time of presentation and listing. 

This plan should include selected anti-microbial agents, timing of treatment and length of 

therapy if appropriate. The AST Infectious Diseases Community of Practice has published 

guidelines on appropriate infection screening of potential recipients and donors.76

Another pre-transplant strategy to decrease post-transplant infection risk is age-appropriate 

vaccinations. 77 Vaccines administered while on immunosuppression after transplant are 

less effective. 78 79. Therefore, disease immunity should be checked during evaluation, 

and patients should have needed vaccines administered prior to transplantation. If that is 

impossible, vaccines can be given 3-6 months post-transplant when the patient is no longer 

on maximum immunosuppression. Live vaccines are not recommended post-transplant 

and therefore all efforts should be made to give those before transplant if needed. Some 

vaccination recommendations may vary based on the level of infection in the community. 

Therefore, all recommendations should be personalized to individual risks, geography, local 

and national recommendations by public health agencies. We recognize that changes to 

national policies are ongoing. Providers should stay informed and follow scientific evidence. 

Current evidence based recommendations are provided (Table 2 and Figure 4).
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Finally, donor derived infections are an acknowledged risk of transplantation. Screening 

donors allows us to mitigate risks. If a donor screen is positive for infection, consultation 

with infectious disease is recommended to determine best evaluation and treatment.80 81 82

Cancer Screening in Transplant Candidate: Question 11: What cancer screening should 

be included in a liver transplant evaluation?

Guideline Statements

27. Screening for breast, cervical, colorectal, liver, lung, and prostate cancers should 

be individualized and conducted using methods and at intervals according to 

existing screening guidelines. (Strong, Level 1)

Rationale and Background: In LT candidates, various forms of cancer screening are 

recommended, including screening for liver malignancies, and other age-appropriate cancer 

screening. The recommendations for liver, colorectal, breast, cervical, lung, and prostate 

cancer screening in average risk individuals are outlined in Table 3. 25 83 84 85 86 87 88 

Candidates at higher than average risk should have individualized screening strategies prior 

to listing and during the waitlist period. Although there are no specific recommendations for 

head and neck cancer screening, targeted screening with a clinical exam could be considered 

in some patients with tobacco use or significant alcohol use. 89 Other cancers such as skin 

and upper GI cancers can be screened for in liver transplant candidates on an individualized 

basis.

Nutrition: Question 12: Should nutrition assessment be included in the liver transplant 

evaluation?

Guideline Statements

28. Consultation with a registered dietician to assess for malnutrition and risk for 

malnutrition should be included in the transplant evaluation of all patients. 

(Strong, Level 2)

29. In liver transplant candidates who are at moderate to high risk for malnutrition or 

have evidence of malnutrition, interventions to improve nutritional status should 

be initiated pre-transplant. (Weak, Level 4)

Rationale and Background: Malnutrition is a common complication of end-stage liver 

disease occurring in 45-95% of patients with cirrhosis depending on Child-Turcotte-Pugh 

class. 90 The cause of poor nutritional status is multifactorial and can be linked to 

imposed dietary limitations, poor appetite, ascites with secondary early satiety, hepatic 

encephalopathy and malabsorption. Malnutrition and sarcopenia increase pre-transplant 

morbidity and mortality,91,92 and small studies have demonstrated an impact on post-

transplant survival.93,94 95 More research is needed on the long-term impact of pre-transplant 

malnutrition on the post-transplant patient. In one review of more than 45,000 patients 

in the UNOS database who underwent transplant, being underweight (BMI < 18.5) or 

morbidly obese was associated with an increased 90- day mortality, but no significant 

impact on five-year survival was demonstrated. 96 The accuracy and prognostic value 
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of BMI is unclear.97 Therefore, patients with nutrition extremes should not be excluded 

from transplant, but evaluation of nutritional status may be useful in directing pre and 

post-transplant management.

Many screening tools exist to assess nutritional risk and nutritional status. One of the 

most commonly studied cirrhosis-specific nutritional risk screening tools is the Royal Free 

Hospital Nutrition Prioritizing Tool (RFH-NPT). This instrument has been shown to predict 

clinical decompensation and death in patients with cirrhosis.98 To assess nutritional status, 

the subjective global assessment is one of the most commonly studied tools in patients 

with cirrhosis, although results from this tool may be confounded by the presence of fluid 

retention. While these are the 2 most commonly studied tools in cirrhosis patients, there 

are insufficient data to recommend one tool over another. Assessment of nutritional risk and 

status should be guided by a registered dietician upon initial evaluation of the liver transplant 

candidate, who can initiate nutritional interventions in patients with malnutrition to optimize 

nutritional status prior to liver transplantation.99 In a single center study of 234 patients with 

cirrhosis, regular nutritional counseling by a dietician was associated with higher survival 

rates and quality of life compared to those who did not receive nutritional counseling.100 A 

complete evaluation may include malnutrition screening, sarcopenia assessment, subjective 

global assessment, and dietary intake assessment.101, 102 103 104

More specific recommendations on the management of nutrition in transplant candidates are 

beyond the scope of this document. However, a recent review and a guideline that address 

nutrition in patients with end stage liver disease and the transplant patient are available.105

Hepatic Osteodystrophy: Question 13: How should liver transplant candidates be evaluated 

and managed for evidence of bone disease?

Guideline Statements

30. Evaluation of vitamin D levels and bone density (if the patient is medically 

stable to perform the test) should be performed in all adult patients undergoing 

evaluation for liver transplantation. (Strong, Level 2)

31. Calcium supplementation, vitamin D repletion and weight-bearing exercise 

are recommended for patients with low bone mineral density prior to liver 

transplantation unless a contraindication has been identified. (Strong, Level 2)

32. Use of bisphosphonates in liver transplant candidates at high risk for osteoporotic 

fractures should be considered on a case-by base basis. (Strong, Level 3)

Rationale and Background: Hepatic osteodystrophy refers to bone disease, including 

osteopenia, osteoporosis, and osteomalacia, that occurs in patients with chronic liver disease. 

While osteomalacia (which typically is only seen in severe malnutrition) is rare, osteopenia 

and osteoporosis are reported in up to 55% of patients with cirrhosis.106 A number of 

factors related to chronic liver disease and cirrhosis increase risk of development of hepatic 

osteodystrophy including chronic cholestasis with vitamin D deficiency, physical inactivity, 

under-nutrition, hypogonadism, and sarcopenia. Factors specific to liver disease etiology 

include chronic biliary disease (leading to vitamin D deficiency), chronic alcohol use 
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(and subsequent under-nutrition), and immunosuppressive medications (i.e., for autoimmune 

hepatitis or after liver transplantation). Patients with chronic liver disease have 2 times the 

odds of osteoporotic fracture compared to those without chronic liver disease, 107 with 

a prevalence of fractures ranging from 6% to 35%.108 After LT, bone density decreases 

within the first three to six months following surgery, likely related to the combination of 

relative physical inactivity and use of high-dose corticosteroids. Bone density only starts to 

increase after the first year109, andincident fractures occur in up to 20% of liver transplant 

recipients.110

Given the high prevalence of hepatic osteodystrophy in patients being considered for LT 

and risk for worsening immediately following LT, assessment of vitamin D levels and 

bone density is advised in patients undergoing evaluation for LT. Regular weight-bearing 

exercise should be recommended for all LT candidates, and calcium and vitamin D 

supplementation for those found to have hepatic osteodystrophy. Use of bisphosphonates, 

while commonly recommended for patients (without chronic liver disease) at high risk for 

osteoporotic fracture, has not been consistently shown to improve bone mineral density or 

osteoporotic fractures in multiple studies of patients with primary biliary cholangitis,111 112 

and their effect on bone-related outcomes in patients with other liver disease etiologies has 

not been well-studied. However, studies have demonstrated no increased risk of adverse 

events associated with bisphosphonate use in those with and without cirrhosis (including 

esophageal varices).113 Therefore, use of bisphosphonates in select patients with cirrhosis 

who are at higher risk for osteoporotic fracture may be considered, such as those with 

additional risk factors such as low BMI, cholestatic or alcohol- related liver disease, or 

long-term glucocorticoid use.

Physical Function: Question 14: How should physical function be assessed in liver 

transplant candidates?

Guideline Statements

33. In ambulatory patients undergoing evaluation for liver transplantation, we 

recommend the use of a standardized tool to assess physical function, such as 

the Liver Frailty Index or Karnofsky Performance Status. (Strong, Level 2)

Rationale and Background: In the context of liver transplantation, the term ―physical 

function‖ has encompassed a broad range of concepts including physical frailty, performance 

status, aerobic exercise capacity, and disability. Many standardized tools to capture 

physical function have been studied in patients with cirrhosis including those awaiting 

liver transplantation.114 115 116 117 These have included the Liver Frailty Index (LFI), 

Fried Frailty Phenotype (FFP), Short Physical Performance Battery (SPPB), Karnofsky 

Performance Status (KPS), 6-minute walk test, cardiopulmonary exercise test (CPET), and 

activities of daily living. (See Table 4) 118 119 120,121 122 123 124 125 126 127 128 129 130 131 132 

133 134 135 136 137 138 139 140 141 142 Among these tools, the only metric that is specific to 

patients with cirrhosis is the LFI; the other tools were developed in the general population, 

often older adults. While these tools have demonstrated that poor physical function is 

associated with increased risk of mortality (including wait-list mortality) in patients with 
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cirrhosis, only the LFI, KPS, and CPET have been associated with outcomes after liver 

transplantation. 118 119 120,121 122 123 125 Lastly, the only metrics that have been studied in 

patients in the inpatient setting are KPS and the LFI; all the other metrics have only been 

studied in patients with cirrhosis in the ambulatory setting.

At the current time, there is insufficient evidence to support a recommendation for a single 

metric of physical function based on prognostic value alone, as there are no studies that 

have directly compared the test performance characteristics of these metrics against one 

another. Rather, we recommend that selection of a tool to measure physical function during 

the ambulatory evaluation of a patient for liver transplantation consider not only the data 

supporting its prognostic value for both pre- and post-transplant outcomes but its feasibility 

to measure (ideally, longitudinally) in clinical transplant practice. Among the three measures 

that have been associated with both pre- and post-transplant outcomes—LFI, KPS, and 

CPET—only LFI and KPS meet the feasibility criterion. While CPET requires specialized 

equipment, technician, and at least one hour, the LFI takes on average 90 seconds to 

complete, and the KPS can be assessed within a few seconds.143

For patients who are hospitalized, the association between physical function and post-

transplant outcomes has not been fully established. Among hospitalized liver transplant 

candidates, only the LFI and KPS have been studied. While the LFI can feasibly 

be administered in hospitalized patients with cirrhosis and is associated with waitlist 

mortality139, no study has yet evaluated its association with post-transplant outcomes. 

Conceptually, physical function may be a less reliable marker of underlying physiologic 

reserve in a patient who is acutely ill than in the ambulatory setting when the patient is in 

their ―steady state‖. Further study is needed before a formal recommendation can be made 

regarding use of tests of physical function for transplant decisionmaking among hospitalized 

patients.

Dental Evaluation: Question 15: Should an assessment of dental health be included in the 

liver transplant evaluation?

Guideline Statements

34. Dental evaluation should be included in the liver transplant evaluation providing 

the patient is stable for examination. A life-saving transplant should not be 

delayed for non-urgent dental treatment. (Strong, Level 3)

Rationale and Background: Dental disease has been demonstrated to increase the risk 

of bacterial infections both before and after liver transplant.144 Potential sources of infection 

include caries, damaged teeth, periodontitis, and dental calculus.145 The prevalence of dental 

caries in pre-transplant patients has been reported to be over 70% and dental care and 

extractions are safe in the majority of patients with no significant bleeding, which is the 

primary risk, occurring in less than 10%.146 147 Patients with bleeding tend to have higher 

INR and lower platelet counts, but these are not reliable predictors and correction with 

transfusion has not been demonstrated to decrease risk.148 If possible, management of dental 

issues that predispose to infection should be handled prior to transplantation. However, in 
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patients with high MELD and or high risk of bleeding, procedures should be deferred until 

after LT.

The Psychosocial Evaluation: Question 16: What should be included in the psychosocial 

assessment of liver transplant evaluation, and how should the liver transplant team manage 

identified challenges?

Guideline Statements

35. Patients should be evaluated for and meet reasonable expectations for adherence 

to medical directives and mental health stability as determined by the 

psychosocial evaluation. (Strong, Level 2)

36. Patients should have adequate social/caregiver support to provide the necessary 

assistance both while waitlisted and until independently functioning in the 

postoperative period. If problems are identified, transplant teams should help 

identify strategies to mitigate social and financial barriers to transplant listing. 

(Strong, Level 3)

37. Patients with alcohol associated liver disease and indications for LT should 

be referred for liver transplant evaluation early, to allow for psychosocial 

assessment and establishing addiction treatment goals prior to the patient 

decompensating. (Strong, Level 3)

38. Length of alcohol abstinence should not be a criterion for listing exclusion, 

especially when the severity of the patient’s liver disease prevents achieving a 

longer length of sobriety. (Strong, Level 3)

39. Ongoing monitoring for alcohol cessation should be performed for listed patients 

with alcohol associated liver disease. (Strong, Level 3)

40. Discontinuing tobacco, smoked/inhaled marijuana, and drug misuse should be 

an expectation for liver transplant candidates. Monitoring for cessation of these 

substances should be performed. (Strong, Level 2)

41. Patients on medication assisted therapy (e.g., methadone, buprenorphine) for 

an opioid use disorder should not be denied transplantation based on their 

medication use alone, and expectations of reduction or discontinuation of 

medication assisted therapy should not be a requirement for transplant listing. 

(Strong, Level 3)

42. The transplant team should assist in identifying access to appropriate mental 

health evaluation and, if required, adequate longitudinal mental health treatment. 

(Strong, Level 3)

Rationale and Background: The goal of the psychosocial assessment is to identify 

any psychosocial area requiring intervention before transplant and to assist with strategies 

or treatments to address areas requiring intervention. (Figure 5) Domains of the 

psychosocial evaluation that are especially relevant to transplant outcomes include evidence 

of adherence with medical directives, adequate support from able caregivers especially in 
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the perioperative period, cognitive capacity to understand information and participate in 

decision making, and an absence of active psychiatric disorders with the potential to impact 

compliance, health outcomes, or include behaviors harmful to health such as substance 

use disorder. 5 149 Additional areas covered in the psychosocial assessment include the 

patient‘s understanding of their illness, coping behaviors in relation to their illness and 

knowledge and understanding of treatment options including transplantation.147 As the 

care of a transplant patient involves frequent clinic visits and tests, a primary caregiver 

needs to be identified to undertake transportation and other logistical tasks, especially in 

patients with a history of encephalopathy who should not be left alone to drive or care for 

themselves. The psychosocial assessor should interview and establish the support person(s) 

is free of any barriers to providing care and has understanding, willingness, and ability to 

assist with the patient‘s care needs and medical regimen before and after transplantation.149 

Given the complexities of insurance for medical care, it is also necessary to ensure that 

a potential recipient will have adequate posttransplant medication coverage. However, 

recognizing that social support and financial requirements may lend to socioeconomic 

and racial/ethnic transplant listing disparities,150 151 transplant teams have an obligation 

to identify all possible strategies to mitigate social and financial barriers to transplant listing. 

Patients should be re-evaluated at regular intervals while awaiting transplantation to update 

psychosocial information and address any psychosocial issues that may have arisen in the 

interval period.

The psychosocial evaluation must be conducted by an evaluator with training, credentialing, 

and competency in a health-care discipline directly relevant to the content of the 

evaluation.149 For most transplant programs social workers and/or mental health 

professionals typically perform the psychosocial evaluation with input from other specialists, 

psychiatrists or other specialty physicians (e.g., addiction medicine), as required based on 

the patient‘s history or symptoms. Although the psychosocial assessment is primarily based 

on direct patient interview, other sources of collateral information should be considered 

including family/caregivers, medical and pharmacy records and medical/mental health 

providers. Toxicology testing may be needed to corroborate the absence of alcohol, tobacco, 

or unprescribed medication use, and to be equitable, toxicology testing is recommended 

for all candidates during the initial evaluation.152 Screening tools or measures completed 

by the assessor to gather and synthesize information can aid in the standardization and 

organization of the interview data but there is no evidence that these measures can predict 

outcomes. Examples of instruments that have been used to evaluate transplant candidates 

include transplant-specific instruments (e.g., Stanford Integrated Psychosocial Assessment 

for Transplant [SIPAT); ; disorder specific instruments (e.g., Patient Health Questionnaire 

[PHQ; for depression; and substance use screeners (e.g., the Alcohol Use Disorders 

Identification Test—Consumption for alcohol consumption).153,154,155 These measures are 

not meant to determine eligibility for transplant, rather as tools to ensure all areas of the 

psychosocial assessment are covered and accurately summarized.149,156 157

The negative impact of substance use, particularly alcohol and tobacco use, on post-LT 

outcomes, is well established. 158 159 160 161 While the effects of nonsubstance use-related 

psychiatric disorders on transplant outcomes have not been fully determined, significant 

evidence exists demonstrating depressive symptoms pre- or post-transplant are associated 
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with poorer outcomes after transplant.162 However, existing evidence does not show patients 

with serious mental health disorders will have worse adherence or poorer survival.163 

164 . Therefore, there is no psychiatric disorder that is an absolute contraindication to 

transplantation. Even the most psychiatrically complex patients, for example those with 

a psychotic disorder or serious substance use disorder, can have successful long-term 

outcomes provided that they have proper evaluation, provision of appropriate mental health 

treatment, and adequate social support. Consensus opinion is that psychiatric disorders must 

be well controlled before transplantation and that psychosocial supports must be optimized 

to help patients cope with the stresses of transplantation, remain adherent to follow-up care, 

and avoid complications related to mental health disorders.

Specific Substance Use Considerations

Alcohol Use Disorders: Patients transplanted for alcohol associated liver disease (ALD) 

have long term post-LT survival and disease-free outcomes similar to other types of liver 

diseases. However, controversy still surrounds ALD as an LT indication and patients with 

decompensated ALD are under referred for LT evaluation. 165 Virtually all patients with 

ALD have the co-existing psychiatric diagnosis of an alcohol use disorder.166 167 Patients 

with ALD require evaluation by clinicians skilled in mental health, optimally with addiction 

experience, in order to establish the correct psychiatric diagnoses and adequate treatment 

plan. Even patients not referred for ALD, especially those with HCV, may have alcohol use 

disorders that are missed on referral but should be identified by structured psychiatric and 

substance abuse interviews, and alcohol biomarkers. Up to recently, a 6-month minimum 

period of abstinence was commonly required prior to LT, on the basis that this period 

allows addiction issues to be addressed, and in patients with recent alcohol consumption 

or acute alcohol associated hepatitis, may allow for recovery and obviate the need for LT 

as well as reduce the risk of alcohol relapse if LT remains necessary. The most recent 

AASLD guidance on alcohol-associated liver disease advocated abandoning a required fixed 

interval of abstinence as a sole criterion for selection for LT.168 Furthermore, it is critical 

not to neglect the need for addiction rehabilitation during the interval from referral to 

the transplant center and LT. To merely achieve a pre-determined interval of abstinence 

without assessment or treatment does not therapeutically address the addiction and does not 

provide the patient with psychotherapeutic support and skills to remain abstinent. Therefore, 

abstinence alone may not meet the listing criteria for LT. Post-LT contracting for alcohol 

treatment and counseling may be considered for those patients who are too sick to attend 

appropriate rehabilitation prior to transplant (e.g., AAH non-responsive to treatment).169 

Optimally, a patient with ALD should be referred in ample time to permit the transplant 

mental health clinicians to complete initial LT evaluation for the patient to begin/complete 

any addiction treatment requirements, and for any necessary reassessment to be performed. 

While some programs may not consider evaluating a patient with less than 6 months 

sobriety, waiting until they achieve 6 months before the referral or evaluation for LT is 

arranged may result in deterioration of the patient‘s medical condition so that psychosocial 

or addiction requirements determined from the initial evaluation may not be achievable. 

Ongoing monitoring by interview and toxicology screening may be considered for waitlisted 

candidates to document sobriety and continued participation in rehabilitation. Discovery 
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of alcohol use on the waitlist typically results in delisting and the requirement for further 

psychiatric and alcohol treatment intervention.170

Opioid Use Disorders and Medication Assisted Treatment: Patients on methadone or 

buprenorphine as opioid replacement therapy should not be tapered off as a requirement 

for transplant listing.171 Requiring a dose reduction or discontinuation as a condition for LT 

could destabilize the patient and precipitate a relapse. Dosing of these medications should be 

done by the prescriber in discussion with the patient about the longitudinal treatment plan. 

Post-LT dosing may need to be increased to accommodate improved liver function.

Tobacco Consumption: Cigarette smoking is implicated in adverse outcomes in LT 

recipients including cardiovascular mortality, increased incidence of hepatic artery 

thrombosis, oropharyngeal and other neoplasms following LT resulting in significant 

potentially avoidable long-term mortality.172 While tobacco use is common in patients 

with a history of liver disease, the use of chewing tobacco, which is associated with 

oropharyngeal malignancies, is not well studied. There are compelling reasons to prohibit 

all tobacco use in LT candidates, and indeed some programs make cigarette and or tobacco 

cessation a condition for listing for LT, especially in those with COPD or CAD and require 

negative serial nicotine or anabasine screens for documenting tobacco cessation. However, 

recent US data Centers for Disease Control and Prevention (CDC), Office on Smoking and 

Health. Tobacco Disparities Dashboard. U.S. Department of Health and Human Services 

show that cigarette smoking is disproportionately prevalent in persons from disadvantaged 

backgrounds, as assessed by household income or level of educational achievement, such 

that smoking cessation requirements could promote inequity.173 Transplant teams should 

assist candidates in tobacco cessation efforts.

Marijuana Use: The effects of inhaled marijuana on post-transplant outcomes have not 

been rigorously studied. However, the National Academy of Medicine has cautioned about 

the negative health effects of inhaled marijuana and case reports have identified possible 

association between smoked marijuana and lung infections in immunosuppressed transplant 

patients. 174 175 While some programs exclude patients with active marijuana use from LT, 

this remains controversial despite well founded fears on adverse health effects.176 Many 

programs will accept conversion to medicinal marijuana with edible, not inhaled or vaped, 

routes of delivery.

Section 3: Contraindications to Liver Transplant (When referral may not be appropriate, 
Figure 6)

Question 17: What factors should be considered when evaluating contraindications to liver 

transplantation?

Guideline Statements

43. Neither high MELD score (>40) nor ACLF are contraindications to transplant. 

Providers should assess trajectory of clinical course, probability of an 

acceptable outcome, and risk of futility when deciding to move forward with 

transplantation. (Strong, Level 3)
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44. Physical frailty/function, while a risk factor for worse outcomes after liver 

transplantation, should not be considered a sole contraindication to liver 

transplantation. (Strong, Level 2)

45. When physical frailty/function are being considered as a criterion for evaluating 

a patient’s transplant candidacy, we recommend use of a standardized metric to 

reduce subjectivity and error in this assessment. (Strong, Level 2)

46. Mental health disorders, even if serious, are not an absolute contraindication to 

liver transplantation. Efforts should be made to treat and stabilize mental health 

disorders with an opportunity for reassessment of transplant eligibility. (Strong, 

Level 3)

47. Yerdel grade IV PVT (complete splanchnic vein thrombosis) without sufficient 

collateral veins (left gastric vein, pericholedochal collaterals) is a relative 

contraindication to isolated liver transplantation. (Weak, Level 2)

48. Patients with BMI greater than 40 or BMI less than 18.5 should undergo muscle 

mass and nutritional status screening to identify treatable factors. (Strong, Level 

3)

49. Patients should not be excluded from liver transplant evaluation based on BMI 

alone. (Strong, Level 3)

Rationale and Background

Medical:

ACLF/Infection/MELD: Acute on chronic liver failure (ACLF) is a term to describe 

patients with or without cirrhosis who have both hepatic and extrahepatic organ failure. 

The care of these patients utilizes significant hospital resources, and the outcomes are 

often poor. 177, 178 While ACLF and multiorgan dysfunction is associated with high pre-LT 

mortality, post-LT survival is as high as 80%, independent of grade of ACLF. 15 16 Certain 

comorbid conditions with a diagnosis of ACLF may make transplantation prohibitive due 

to the risk of peri-operative mortality. Factors that have been recognized to worsen post-

transplant outcomes include high lactate levels, severe respiratory failure and increasing 

vasopressor requirements. 179 180 181 Despite the recognition of the impact of these factors 

on morbidity and mortality, absolute cutoffs have not been established and decisions are 

still at the discretion of the providers taking care of the patients. One factor that appears 

to be most predictive of outcome and futility is the trajectory of the patient‘s clinical 

course. 182 183 184 Treatment and stabilization of these conditions, however, can lead to 

acceptable LT outcomes. A MELD greater than 40 in patients with ACLF in isolation is 

not a contraindication to transplantation; additive factors such as advanced age, need for 

mechanical ventilation, need for retransplant, extremes of BMI, and need for dialysis may 

make the risks of transplantation so high to not be safe or feasible.185 186 187 188

Frailty: While frailty is a multidimensional state of vulnerability encompassing a broad 

spectrum of domains including physical, cognitive, psychological, nutritional, and social, 

studies of liver transplant candidates have largely focused on the physical aspects of the 
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frail phenotype that include not only physical frailty itself but also performance status, 

aerobic capacity, and disability.117 Pre-transplant frailty has been strongly associated with 

hepatic decompensation and waitlist mortality, independent of disease severity including 

MELD, ascites, and hepatic encephalopathy.189 190 191 192 Importantly, it is also associated 

with adverse outcomes after liver transplant. For example, in a study of over 1,100 liver 

transplant recipients at 8 U.S. liver transplant centers, frailty [as measured by the LF)] was 

associated with over two-fold increased risk of death after liver transplant (HR 2.13, 95% 

CI 1.39–3.26), as well as increased healthcare utilization (e.g., longer length of stay, ICU 

days, etc.). 118 Low KPS score, defined as between 10–40%, was associated with an 43% 

increased risk of post-transplant mortality (95% CI 3552%) and 38% increased risk of graft 

failure (95% CI 31–46%).126 That being said, acceptable survival rates among frail patients 

who were selected for liver transplantation have been reported. U.S. multi-center data have 

demonstrated that net survival benefit of liver transplantation can be achieved at all stages of 

frailty (by the LFI).193 Furthermore, frailty and self-reported physical functioning improves 

in most patients after liver transplantation, although only 40% achieve ―robustness‖ at 

1-year post-transplant, suggesting an unmet need for interventions beyond liver transplant 

alone to optimize and accelerate recovery of physical fitness after liver transplantation. 120 

193

Given these data, frailty should not be considered an absolute contraindication to liver 

transplantation; however, transplantation of a patient who meets criterion for frailty should 

be considered with caution. Frailty should be considered one among many factors that are 

considered in the global clinician assessment of a liver transplant candidate.194 195 Use 

of a standardized metric to assess frailty can improve mortality risk prediction above and 

beyond clinician assessment (“the eyeball test”) alone in patients with cirrhosis awaiting 

liver transplantation. 196

Psychosocial: While significant untreatable mental health or cognitive disorders could 

negate potential gains from transplant, active mental health disorders that could respond 

to treatment should not be considered absolute contraindications. It may be assumed that 

serious mental health disorders (e.g., psychotic disorders, bipolar disorder, post-traumatic 

stress disorder, serious alcohol or substance use disorders or serious character pathology) 

would lead to worse medical and surgical outcomes following transplant. However, patients 

who have good social support and receive expert mental health care in collaboration 

with their transplant care do not have worse outcomes or poorer adherence to medical 

directives. 149 197 198 199 200 Adequate attempts at treatment and symptom resolution should 

be made with an opportunity for reassessment for transplant. Significant mental health 

disorders that are unresponsive to treatment, repeated suicide attempts or those that have a 

deteriorating course could be considered relative if not absolute contraindications. Examples 

include cognitive disorders (e.g., mild dementia) with deteriorating cognitive course or 

a serious ongoing alcohol or substance use disorder with poor insight or motivation for 

abstinence. Individuals who are unable to care for themselves (e.g., intellectually disabled or 

cognitively impaired) can have successful outcomes if the deficits are stable and adequate 

long-term care provision has been made. Serious psychopathology that prevents adherence 

to medical directives or formation of a cooperative relationship with the transplant team is a 
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potential contraindication if mental health treatments or therapies targeting these behaviors 

are unsuccessful. Thus, a history of potentially injurious health behaviors that have 

been addressed or effectively treated, should not disqualify patients from transplantation. 

Transplant programs should work with patients to help them overcome barriers to obtaining 

adequate treatment and remain in remission before transplant to ensure a successful outcome 

after transplant.201

Surgical

PVT: Yerdel grade IV PVT (complete splanchnic vein thrombosis) without sufficient 

collateral veins (left gastric vein, pericholedochal collaterals etc.) is a relative 

contraindication for isolated liver transplantation. There are case reports/case series of 

experienced centers successfully revascularizing these patients with interventional radiology 

techniques. 202 203 204

BMI: There remains controversy surrounding the impact of BMI, both low and high on 

post-transplant outcome.5 205 However, it should be noted that various studies have shown 

both lower or no change in transplant survival despite severe obesity. 206 207 208 209 210 

Therefore, there is no consensus on lower or upper BMI thresholds to be considered for liver 

transplant.

BMI likely does not capture the complete physical condition of the patients as outlined in 

earlier sections. Muscle mass (including in those with sarcopenic obesity) and nutritional 

status should be considered as concomitant, but potentially modifiable factors when risk 

stratifying patients at extremes of BMI.210 211 However, the impact of modifying these 

risk factors either before or at the time of transplantation remains unclear. Small studies 

have evaluated combined liver transplantation with bariatric procedures for obese patients 

and reported acceptable short- and long-term outcomes with a non-significant difference in 

mortality and no increase in surgical complications as compared to liver transplant alone.212 

213 214

Section 4: Special Situations

Living Donor Liver Transplant: Question 18: Are there unique issues that should be 

addressed in patients considering a living donor liver transplant?

Guideline Statements

50. Potential LT recipients should be educated regarding all donor types including 

living donors to give them the option to pursue LDLT. (Strong, Level 2)

51. Older recipient age should not be the sole criterion to deny LDLT to potential 

transplant recipients. (Strong, Level 2)

52. Assurance of an adequate graft-to-recipient weight ratio (generally >/= 0.8%) is 

an important consideration in the feasibility of LDLT. (Strong, Level 1)

53. LDLT should be considered in all patients, including those with higher MELD, 

with attention to recipient clinical predictors of outcome, assurance of a high-

quality donor graft with adequate graft-to-recipient weight and venous outflow, 
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in the context of surgical and center experience and expertise. Caution is 

warranted in candidates with MELD >30. (Strong, Level 2)

Rationale and Background: Living donor liver transplantation (LDLT) offers an 

opportunity to expand transplant access for persons with end stage liver disease (ESLD) 

and is associated with improved survival, shorter waiting time, and lower Model for 

End Stage Liver Disease (MELD) score at transplant.215 Donor safety is prioritized 

with comprehensive evaluation protocols, data driven informed consent processes, and 

perioperative care pathways utilized to mitigate risk and provide optimized donor 

outcomes.216 217 There is significant variation across transplant centers in the United States 

in LDLT and resulting disparity in access.218 While some differences in patient access to 

LDLT reflect clinical factors, disparity in LDLT is also noted based on center practice 

and socioeconomic determinants of health.219 All potential recipients should be educated 

regarding all donor types including living donors and the option to pursue LDLT.

Given the technically complex nature of LDLT, and the reduced size of the liver graft in 

the perioperative period presenting risk for small-for-size syndrome, special consideration 

is warranted regarding the evaluation of the adult patient‘s clinical factors in determining 

LDLT candidacy. Thresholds of acceptance across clinical domains may vary dependent 

on surgical team expertise and transplant center experience, volume, and resources.220 

Recipient age, obesity, and MELD are discussed below. Ethical considerations involve 

assessing and optimizing donor safety, evaluating expected recipient outcomes, and 

considering individual and societal needs towards tripartite ethical equipoise, a framework 

that aims to balance these three considerations.221 (Figure 7)

Upper Age Threshold: In an analysis of the Adult-to-Adult Living Donor Liver 

Transplantation Cohort (A2ALL) outcomes compared to the national US experience, 

recipient age per 10 years was associated with increased mortality risk (HR 1.20). 222 

Though recipient age greater than 60 has been associated with reduced early graft failure 

(within 30 days).223 In more recent scarce and primarily international literature, “older” 

age has been variably defined and data on outcomes specific to “older” recipients of LDLT 

conflicting.224 225 226 227 228 229 230 231 A recent OPTN/UNOS liver transplant registry 

study analyzed patients ≥70 years old receiving a LDLT vs a DDLT and additionally 

analyzed recipients ≥70 years old undergoing LDLT vs patients 18-69 undergoing LDLT. 

Graft and patient survival rates at 1-, 3-, and 5-years were comparable for LDLT and 

DDLT among recipients ≥ 70 yr. When compared to younger recipients of a graft from a 

living donor, patients in the LDLT ≥70yr group had similar post-transplant functional status, 

re-transplant rates and similar causes contributing to graft failure. However, significantly 

lower graft and patient survival rates were observed. 232 Considering transplant-related 

survival benefit rather than expected posttransplant survival alone may allow for a more 

complete assessment of the utility of transplantation in older recipients.233 234 Consideration 

of physiologic age rather than chronologic age with attention to cardiovascular disease, 

functional status, and assessment of malignancy risk is prudent. 235
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Obesity in Potential LDLT Recipients: Unique considerations to LDLT for patients with 

obesity include the ability to achieve an adequate graft-to-recipient weight ratio (GRWR)236 

237 , the impact of recipient obesity on liver regeneration, and operative complications. 

Adequate GRWR is generally considered >/= 0.8% though it has been shown in patients 

receiving a graft with a GRWR less than 0.8 that an absolute graft weight of 650 grams 

predicted a good outcome with a positive predictive value of 94%).236 237 238 239

It should be noted that data focused on graft and patient survival among obese recipients 

of LDLT has been focused on LDLT in the overweight (BMI 25-30) and those with class 

1 obesity (BMI of 30-35). Body mass index in the overweight or obese range alone has 

not been associated with a significant detriment in graft survival, recipient survival, or 

post-LDLT outcomes in international studies. Extrapolation of this data to a US population 

and US transplant centers should be done with caution.240 241 242 243 Sarcopenic obesity, 

acknowledging its variable definitions across studies, impairs liver volume increase post 

LDLT, and leads to reduction in 1 and 5-year overall survival.244 245

Upper MELD Threshold: There are numerous international studies supporting LDLT 

utilization in high MELD candidates that are summarized in Table 5.246 247 248 249 US 

data also shows some similar benefits of LDLT with increasing MELD, however there is a 

tendency for worsened graft survival with MELD >30.250 It should be noted that there was 

significant variability in center volume as well as a defined impact of LDLT center volume 

on graft survival. In addition, the nature of study of national registry data limits our ability 

to examine granular data which may impact outcome including GRWR, surgical outflow 

construction, and use of inflow modulation and relevant outcomes including occurrence of 

small-for-size syndrome. 250 251

Non-hepatic Malignancies with Liver Involvement: Question 19: Should patients with 

non-hepatic malignancy with liver involvement be considered for liver transplantation?

54. Patients with neuroendocrine tumors and neuroendocrine metastases not 

amenable to surgical resection should be considered for liver transplant 

evaluation with strict selection criteria. (Strong, Level 1)

55. In patients with biopsy confirmed hereditary hepatic epithelioid 

hemangioendotheliomas (HEHE), liver transplant evaluation should be 

considered. (Strong, Level 4)

56. In patients with nonresectable hepatic colorectal metastases within strict 

eligibility, liver transplant may be considered. (Strong, Level 2)

Rationale and Background

Neuroendocrine tumors: Neuroendocrine tumors (NET) are uncommon tumors, typically 

arising from the gastrointestinal tract, pancreas, or lung with a high rate of liver metastasis. 
252 The optimal management of NET liver metastases remains controversial with many 

centers utilizing LT in this population. Patients with NET liver metastasis (NELM) have 

acceptable 5-year survival rates ranging from less than 60% up to 97% in well-selected 

patients252 253 Unfortunately, the recurrence rate after LT is 31-57%, speaking to the 
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need for appropriate patient selection. Patients with primary pancreatic NET (PNET) 

have the worst 5-year survival of the group with a 44% survival rate compared to Gastro-

intestinal NET (GI NET) of 62%.205 Some of the centers with the best survival for 

NELM recommend the use of the Milan Criteria based on low grade histology, metastatic 

diffusion less then 50%, primary tumor drained by portal system and stable disease for 

6-months.253 Specific recommendations for identifying patients for LT with NET are 

proposed based on the Organ Procurement and Transplantation Network (OPTN) data 

from July 27, 2023 https://optn.transplant.hrsa.gov/media/xpdfswdv/nlrb-guidance_adult-

transplant-oncology_feb-2025.pdf

Hereditary hepatic epithelioid hemangioendothelioma: Hereditary hepatic epithelioid 

hemangioendothelioma (HEHE) is a very rare vascular tumor with an erratic clinical 

course and often not amenable for surgical resection due to multifocal liver involvement 

at presentation. 254 The most effective treatment is LT, which has survival rates up to 

90%-100% and 70%-70% at 1 and 5 years, respectively.247 MELD exception points for 

prioritization for LT can be given to patients with HEHE after hepatic sarcoma has been 

ruled out. HEHE is rare, and a limited number of providers have experience treating this 

population. Therefore, experienced centers are best positioned to consider LT and associated 

neoadjuvant therapy for this diagnosis.

Colorrectal Cancer Liver Metastases (CRLM): Patients with unresectable oligometastatic 

liver metastases from colorectal cancer can be eligible for transplantation and MELD 

exception points (MMAT-20 or 15 points, whichever is higher) provided stringent selection 

criteria are met. The evidence for the benefits of transplant in patients with CLRM comes 

from prospective observation studies and trials. In the prospective (SECA-II) study, patients 

with unresectable CLRM were selected for LT if they met prespecified inclusion criteria, 

including resection of primary colon cancer, no evidence of extrahepatic disease, and 

response to first line chemotherapy, Overall survival of the 15 patients who underwent 

transplant at 1, 3, and 5 years were 100%, 83%, and 83%, respectively with a median 

follow-up of 36 months. Disease-free survival at 1, 2, and 3 years were 53%, 44%, and 35%, 

respectively. Overall survival from time of relapse at 1, 2, and 4 years were 100%, 73%, and 

73%, respectively. Recurrence was mainly slow growing pulmonary metastases amenable to 

curative therapies.255 Most recently the TransMet trial, 94 patients with unresectable CLRM 

were randomized 1:1 to LT + chemotherapy vs chemotherapy alone. In the intention-to-treat 

population, 5-year overall survival was 56·6% (95% CI 43·2–74·1) for liver transplantation 

plus chemotherapy and 12·6% (5·2–30·1) for chemotherapy alone (HR 0·37 [95% CI 

0·21–0·65]; p=0·0003).256 Current OPTN selection criteria include patients with colorectal 

metastases are outlined in optn guidance: https://optn.transplant.hrsa.gov/media/xpdfswdv/

nlrb-guidance_adult-transplant-oncology_feb-2025.pdf.

Multiple-Organ Transplantation: Question 20: What additional factors should be 

considered when evaluating a patient for multi-organ transplant?

57. All multi-organ transplants should be evaluated and listed as a consensus 

between organ specific multi-disciplinary teams. (Strong, Level 5)
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58. Multi-organ transplant for patients with congenital heart disease and patients 

requiring multi-visceral transplantation may be best conducted at centers with 

established protocols and providers with prior experience. (Weak, Level 5)

59. Preparation for multi-organ transplants should include detailed pre, peri, 

and postoperative planning with clear communication and delineation of 

responsibilities. (Strong, Level 4)

Rationale and Background: Patients in need of LT may have coexisting diseases in 

other organs that can both impair their ability to tolerate liver transplantation and/or curtail 

their overall survival. In addition, other patients with end-organ disease of the kidney, 

heart or lung, may have liver disease that impairs their ability to tolerate transplantation 

of that organ. In these candidates, multi-organ transplantation is a consideration (Table 6). 

Therefore, we currently have populations being considered for simultaneous liver-kidney 

transplant (SLKT), combined liver-heart transplant (CHLT) and simultaneous lung-liver 

transplant (LLT). Multi-organ transplantation represents a small proportion of all transplants, 

but numbers are growing. 257 258 259 The number of heart -liver transplants over the past 20 

years has increased steadily with forty to fifty CHLT surgeries now performed each year in 

the United States. 260 A full discussion of the complexities of multi-organ transplant is out 

of the scope of this document. The topic is included to highlight the need for multidiscipline 

directed guidance and research. In addition, multi-visceral transplantation and multi-organ 

transplant in the patient with congenital heart disease require an additional level of expertise 

and attention beyond the co-existence of individual transplant teams in a center.

Simultaneous transplantation of two organs can be controversial as providers try to balance 

equity and utility for a single patient requiring two organs as compared to two patients 

that can benefit from a single organ.261 The foundation of transplantation principles states 

that utility should maximize the benefit that is realized by the population of potential organ 

recipients. Equity in transplantation implies that the access of two candidates to an available 

organ should be equivalent if they are both expected to derive similar benefit.262 Depending 

on the organ combination, post-transplant outcomes vary.

The outcome data on combined heart liver transplant is complicated by the different 

etiologies of both heart and liver disease in the population. A patient with alcohol associated 

liver and heart disease does not have the same risk profile as a patient with congenital heart 

disease and associated liver disease. Recent evidence suggests that post-transplant outcomes 

are at least equivalent and may be better in patients with Fontan-associated liver disease 

(FALD) who received a combined heart-liver transplant when compared to patients who 

received heart transplant alone. Combined heart liver transplant recipients demonstrated a 

trend toward improved survival at 1 year (93% vs 74%; P = 0.097) and improved survival at 

5 years (86% vs 52%; P = 0.041) compared with those who received heart transplant alone. 
263

Data are mixed in patients being evaluated for liver-lung transplant. In one study, patients 

who received LLT had comparable survival to patients who received an isolated lung 

transplant264, but a different study demonstrated that LLT recipients had significantly worse 
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survival when compared to patients who received liver transplant alone. Unadjusted 1, 3, 

and 5-year patient survival in the matched cohort was 92.2%, 82.8%, and 80.9% for the 

liver-alone recipients and 82.5%, 72.2%, and 62.2% for the LLT recipients (p = 0.005).265 

This highlights the challenge of quantifying benefit which may vary depending on the 

population and the outcomes that are being analyzed.

The liver and kidney transplant communities have worked together to create medical criteria 

that optimize outcomes, https://optn.transplant.hrsa.gov/media/ulvk1dug/mot_slk_policy-

notice_062023.pdf. These criteria establish medical eligibility for adult SLK candidates 

and have created a safety net kidney allocation priority for liver-alone recipients with new 

or continued renal impairment. Early analysis of data after implementation of the policy 

has demonstrated a decrease in SLK transplant, decreased waitlist mortality rates in kidney-

after-liver (KAL) listings within one year of liver transplant, and an increase in transplant 

rates with no significant difference in 1-year patient /graft survival when comparing KAL 

patients to patients who received kidneys alone.266

Similar types of medial eligibility criteria are needed when choosing patients to be 

considered for CHLT and LLT. Recently, a consensus conference of cardiothoracic and 

liver transplant providers met to develop criteria for those who may need dual heart-

liver transplant, to discuss the ethical issues related to multiorgan transplant and to 

optimize pre, peri and post-transplant management.267 The current criteria for CHLT 

and LLT have no medical basis and are largely based on geography and not equity 

or utility https://optn.transplant.hrsa.gov/media/b13dlep2/policy-notice_lung_continuous-

distribution.pdf. Though criteria for listing are still in development, once a patient is deemed 

to be a multi-organ candidate, clear ongoing communication is needed before, during, and 

after transplantation. The patient selection must be a multidisciplinary process with detailed 

perioperative, intraoperative and postoperative planning.268

Conclusions and Unanswered Questions:

Liver transplantation has become part of the standard of care for patients with life-

threatening acute and chronic liver disease. Over the last 40 years, as some diagnoses have 

declined as indication for LT because of better medical and surgical care (e.g., the significant 

decline of HCV as an indication for LT is the most notable example in the Western world), 

other causes of liver disease have risen in prominence to take their place. As a result, despite 

a steady year to year increase in the number of utilizable livers in the US, the number of 

potential recipients has always exceeded the available donor organs. Despite evolution in 

management of potential donor organs both in- and ex-vivo, and further advances in the 

treatment of an array of liver diseases (steatotic-fibrotic liver disease, infections, cancer) 

we anticipate that the imbalance between patient demand and donor supply will persist 

for at least the next decade.3 On this basis, the need for a careful, fair, and equitable 

selection process for liver transplantation will continue. Each component should be based on 

available data with the goal of achieving the best outcomes. This requires ongoing review 

and modification of our systems and criteria. Future research should help us reach that 

goal. A list of potential and pertinent topics has been identified (Table 7). This list is not 

exhaustive and is meant to inspire not limit.
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Figure 1: 
Decompensation events that warrant liver transplant evaluation: This figure summarizes the 

most common (but not limited to) events that may demonstrate hepatic failure.
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Figure 2: 
The multiorgan evaluation of the pre-liver transplant patient (Used with permission of Mayo 

Foundation for Medical Education and Research, all rights reserved)
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Figure 3: 
Potential cardiac assessment screening pathway for patient with no history of cardiac 

disease. (adapted from Cheng et al)

*Dyslipidemia, history of hypertension, chronic kidney disease, left ventricular hypertrophy, 

family history of premature CHD, active or past tobacco use, and coronary artery 

calcification score >0
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Figure 4: 
A summary of the vaccines needed in the pre-liver transplant period as prophylaxis
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Figure 5: 
Levels of Consideration and Components of the Psychosocial Evaluation
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Figure 6: 
Approach to Contraindications for Liver Transplantation
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Figure 7: 
What makes living donor liver transplantation unique. From: Mayo ClinicPress. Mayo Clinic 

Health Letter Special Report: Liver Donor Transplant May 2020 (MC2020-0520).

Rochester, MN: Mayo Clinic, May 2020; used with permission of Mayo Foundationfor 

Medical Education and Research, all rights reserved.
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Table 1:
Screening for Infection

Recommended Screening Labs for all patients Diagnosis

CMV IgG CMV

EBV IgG EBV

HBsAG, HBcAB, HBsAb Hepatitis B

Anti HCV IgG- if positive, RNA Hepatitis C

HEV (conditional) Hepatitis E

HIV Antibody, if positive, HIV RNA Human Immunodeficiency Virus

Rectal and nasal swab MDRO
Rectal: CPE, VRE
Nasal: MRSA

PPD or IGRA (Quanti-Feron-TB Bold Plus and T-Spot Mycobacterium Tuberculosis

RPR, if positive follow with specific treponemal test Syphilis

Toxo IgG Toxoplasmosis

VZV Varicella

Conditional Screening if exposure risk

Coccidioides serology or skin testing Coccidioidomycosis

Serum Antibody tests Histoplasmosis

Strongyloides IgG Strongyloides

Trypanosoma C serology Trypanosoma cruzi
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Table 2:
Recommended Vaccine Schedules in the Pre-Liver Transplant Candidate

Vaccines Strength of Recommendation

COVID Adult patients should receive: 2 doses of Pfizer-BioNTechmRNA, or 2 doses of Moderna mRNA, or 2 doses of 
Novavax Adjuvanted, or 1 dose of Janssen Adenoviral vector; All followed by booster dose of mRNA vaccines > 
2months after primary series

HAV 2 doses of Havrix 6 to 12 months apart, or Vaqta 6 to18 months apart, or 3 doses of Twinrix at 0,1and 6 months

HBV All patients should receive: 2-dose Heplisav-B 4 weeks apart, or 3-dose Engerix-B, Recombivax-HB or Twinrix at 0, 
1 and 6months

HIB Recommended for adults with an additional risk factor/indication,e.g. anatomical or functional asplenia, 
haematopoietic stem cell transplant or other additional factors

HPV Adult patients should receive 2 or 3 doses through age 26 depending on age at initial vaccination

Influenza One dose yearly

Pneumococcal Patients between 19-64 years should receive 1dose of PPSV23. Patients > 64 years should receive 1 dose of PPSV23 
at least 1 or 5 years after PCV13 or PPSV23, respectively

Meningococcal 
ACWY/B

Recommended for adults with an additional risk factor/indication,e.g. anatomical or functional asplenia, 
haematopoietic stem cell transplant or other additional factors

MMR (live) Patients with no evidence of immunity and born in 1957 or later should receive 1 or 2 dose(s) depending on 
indication. Should be completed 4 weeks prior to transplant

Tdap or DT All patients should receive 1dose of Tdap, then Td or Tdap booster every 10 years

Varicella (recombinant 
non-live and live)

Zoster recombinant (Shingrix): Patients > 50 years should receive 2doses 2-6 months apart, regardless of previous 
herpes zoster or history of zoster live vaccine. Zoster live attenuated (Zostavax): Vaccination might be indicated if 
benefit of protection outweighs risk of adverse reaction in specific patient. Should be completed 4 weeks prior to 
transplant.
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Table 3:
Recommended Cancer Screening in Liver Transplant Candidates

Screening Test Screening interval

Hepatocellular 
carcinoma

Liver ultrasound and alpha fetoprotein

If poor liver visualization is noted on ultrasound a liver MRI or CT 
should be conducted for surveillance

If cross-sectional imaging is planned for other purposes, then it should 
be protocoled to screen for HCC

Every 6 months

Colorectal Cancer Average risk patients ≥45 years old should undergo screening using 
colonoscopy or Stool DNA-FIT testing

Higher than average risk patients should be screened using 
colonoscopy

High quality colonoscopy should be 
conducted with the last 10 years. More 
frequent intervals per guidelines based on 
polyp history, family history, or with the 
presence of any hereditary syndromes

Stool based DNA-FIT testing should be 
completed every 1-3 years

Breast Cancer Female candidates ≥ 40 years old should undergo mammography

In candidates unable to undergo mammography, alternate tests such as 
breast ultrasound or MRI could be considered

Screening should be conducted on a biennial 
basis

Cervical Cancer Female candidates ≥ 21 years old should undergo screening with 
cytology and high-risk human papillomavirus testing

Screening should be conducted every 3 years 
in average risk individuals up to 49 years of 
age

Screening should be conducted every 5 years 
in average risk individuals ≥ 50 years of age

Lung Cancer Candidates aged ≥ 50 years old with a history of 20 pack year smoking 
history should undergo low dose CT chest.

Screening should be discontinued in patients who have not smoked in 
15 years.

Screening should be conducted annually

Prostate Cancer Prostate cancer screening should be conducted in male candidates ≥ 50 
years of age

Annual prostate specific antigen testing

Abbreviations: MRI: Magnetic Resonance Imaging, CT: Computed Tomography, DNA-FIT: Fecal Immunochemical Test
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Table 4:
Metrics of Physical Function

Metric Objective Studied in 
inpatients

Associated with 
outcomes after liver 
transplantation

Additional comments

Karnofsky Performance 
Status

-- ✓ ✓ - Rapid, easy to administer
- Strong evidence base to support its prognostic 
value both before and after transplant
- Established cut-offs:
- High=80-100
- Medium=50-70
- Low=0-40

Clinical Frail Scale -- -- -- - Rapid, easy to administer
- Low granularity
- Established cut-off for frail: CFS>4

Activities of Daily Living -- ✓ -- - Low ceiling effect

Fried Frailty Instrument -- -- -- - Captures the multi-dimensional construct of frailty

6-minute walk test ✓ -- -- - Captures aerobic exercise capacity

Liver Frailty Index ✓ ✓ ✓ - Cirrhosis-specific metric
- Strong evidence base to support its prognostic 
value both before and after transplant

Short Physical Performance 
Battery

✓ -- -- -

Cardiopulmonary Exercise 
Test

✓ -- ✓ - Captures aerobic exercise capacity
- Requires specialized equipment and personnel

-
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Table 5:
LDLT Studies on High MELD Patients

Author/Year Study Design Study 
Population

Outcomes

Anouti et al 2024 Retrospective 
Cohort
Registry Study

3558 LDLT 
recipients

An association of high MELD (>/=25) with lower graft survival was noted for 
recipients of LDLT and deceased brain-dead donor liver transplant (DBDLT). 
with no significant difference in 1- and 5-year graft survival between high-
MELD LDLT compared with high-MELD DBDLT recipients.

Rosenthal et al 
2024

Retrospective 
Cohort
Registry Study

4495 LDLT 
recipients

LDLT led to superior patient survival at MELD <20 (adjusted HR 0.92; p = 
0.024) and 20–24 (adjusted HR 0.70; p < 0.001), equivalent patient survival 
at MELD 25–29 (adjusted HR 0.97; p = 0.843), but worse graft survival at 
MELD =30. Sensitivity analysis exploring outcomes using a MELD score 
threshold of 30 or above noted LDLT had increased hazard of graft loss 
compared to DBDLT recipients. The effect of MELD >/=30 on graft survival 
was more pronounced in the MELD-Na era and among patients transplanted 
with NASH.

Roll et al 2022 
(ERAS4OLT)

Systematic 
Review

35 studies 
included in final 
synthesis

MELD scores >25 alone is not a contraindication to LDLT though candidacy 
of these patients should be determined by a multidisciplinary team that takes 
into consideration the presence of comorbidities as well as donor factors 
that influence immediate graft function (e.g., donor age, graft size, steatosis, 
severity of portal hypertension, and venous drainage of the graft). They 
specifically noted that patients with MELD scores >35 should have an optimal 
graft (i.e., GRWR >.8, donor age<50-years, no steatosis, excellent venous 
drainage).

Jayant et al 2023 
(CHALICE)

Systematic 
Review and 
Meta-analysis

10 studies with 
2180 LDLT 
recipients

LDLT recipients and Low MELD-LDLT recipients had comparable mortality 
at 1, 3 and 5- years post-transplant with no differences observed in the 
rates of major morbidity, hepatic artery thrombosis, biliary complications, 
intraabdominal bleeding, wound infection and rejection; however, the High 
MELD -LDLT group had higher risk for pulmonary infection, abdominal fluid 
collection and prolonged ICU stay.

Yun et al 2023 Retrospective 
Single Center

223 DDLT and 
126 LDLT 
recipients

No statistical difference in graft survival between MELD >/= 35 LDLT and 
DDLT groups. Old age, acute on chronic liver failure, re-transplantation, 
preoperative intensive care unit stay and red blood cell (RBC) transfusion 
during the operation were risk factors for graft failure.

Matoba et al 2023 Retrospective 
Single Center

102 LDLT 
recipients

Comparable survival post LDLT among low MELD group: ≤20, moderate 
MELD group: 21-30, and high MELD group: ≥31.

Abbreviations: LDLT: Living Donor Liver Transplant, DDLT: Deceased Donor Liver Transplant, GRWR: Graft to Recipient Weight Ratio
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Table 6:
Indications for Dual Organ Transplant Consideration

Heart  • Congenital Heart Disease
 ∘ Fontan Associated Liver Disease (FALD)
• Non-congenital heart disease with non-cardiac cirrhosis (e.g. alcohol, hepatitis 
C)
• Transthyretin cardiac amyloidosis
• Separate liver and heart pathologies

Kidney  • Chronic Kidney Disease from alternative diagnosis
• Acute Renal Failure not expected to resolve post liver transplant
• Metabolic Disorders

Lung  • Cystic Fibrosis
• Alpha-1-antitrypsin
• Separate liver and lung etiologies

Multivisceral  • Anatomical preclusions (Grade IV Portal Vein Thrombosis)
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Table 7:
Future Directions in the Liver Transplant Evaluation

Transplant Selection Can evaluation for LT be made a community-health-based process?

Should a quality-of-life assessment be included in candidate selection?

Malignancy Should routine downstaging be performed in HCC looking at the impact of immunotherapy?

When should transplant be done for non-hepatic malignancy?

Is there a role for transplant in treating primary or secondary cancers with a goal of life-extension rather than 
cure? How much lifeextension justifies the transplantation?

Cardiopulmonary
Testing

Are there advanced echocardiographic parameters to better define cirrhotic cardiomyopathy and its impact on 
transplant candidate selection?

Physical Function Can we better understand the impact of interventions on optimizing physical function in decompensated 
patients in the pre-transplant period?

Psychosocial Assessment Can prospective studies better determine what constitutes psychosocial unsuitability?

Contraindications Does high BMI continue to have an outcome impact in the era of advanced bariatric management?

Bone Health Do bisphosphonates have an impact on bone health outside of the pathology of primary biliary cholangitis?

Multiple Organ Transplant What are the appropriate medical eligibility criteria for choosing patients and determining allocation for 
heart-liver and lung-liver transplants?
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