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Abstract: Alcohol-related liver disease (ALD) is the most common indication for liver transplantation (LT)
in the United States. The judicious allocation of organs and improvement in outcomes requires identification
and monitoring of patients with ALD at high-risk for relapse post-transplantation. The controversial
movement toward early LT for severe alcohol-related hepatitis (SAH) has also raised concern for alcohol
relapse. While LT cures ALD, treatment of alcohol use disorder (AUD) must be included in the care plan to
prevent a return to drinking and subsequent graft ALD. Patients with underlying AUD must be recognized,
offered brief interventions and referred for multimodal multidisciplinary treatment that includes medications
and psychotherapies along with sober support groups, family engagement, and a new dedication to healthy
living in order to help sustain remission. Such comprehensive care will increase L'T" candidacy in patients
with ALD while optimizing clinical outcomes of patients transplanted with AUD.
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Introduction ALD often have underlying alcohol use disorder (AUD) and

Alcohol-related liver disease (ALD) continues to be a remain at risk for alcohol relapse and subsequent damage

. . . . S . to the transplanted organ, which can be mitigated with
major cause of cirrhosis and a primary indication for liver

transplantation (LT); currently, alcohol is responsible for
80% of deaths from liver disease and 50% of deaths from
cirrhosis (1). Since the 1990s ALD has risen as a viable
indication for LT with similar, if not better, mortality
outcomes compared to other conditions (2). As the incidence
of Hepatitis C virus (HCV) cirrhosis has declined with
effective anti-viral treatment, ALD has become the most
common indication for LT  in the United States (Figure I).
While LT addresses the effects of ALD, patients with
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targeted interventions addressing the underlying AUD.
ALD continues to share a strong association with AUD with
80% of patients with ALD presenting for L'T" with alcohol
dependence (3). Sustained or heavy alcohol relapse places
the transplanted organ at risk, with one study estimating
1 in 3 patients developing graft cirrhosis due to heavy
drinking relapse (4). This risk can be decreased if patients
successfully complete an alcohol rehabilitation program
prior to LT (2). Such studies suggest the importance of
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Liver transplants in the US by major indication 2009-2018. Based on OPTN data from 7/2019
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Figure 1 Liver transplants in the US by major indication 2009-2018. Based on OPTN data from 7/2019.

recognizing the underlying AUD as part of the transplant
assessment, as well as accurately prognosticating relapse risk
post-transplant while attempting to decrease that risk by
treating the addiction along with the liver disease.

As liver transplant teams take on more ALD patients,
they will need to better evaluate and manage AUD in the
context of waitlist management and post-transplantation
care. At a liver transplant program in Italy, one approach
imbedded intensive addiction treatment within the transplant
clinic, which not only reduced relapse rates in comparison to
historic controls from 35.1% to 16.4%, but also reduced the
8-year mortality rate from 37.8% to 14.5% (5). Most liver
transplant programs do not have such specialized services in
their clinics and instead use mental health assessments along
with psychosocial scoring systems to stratify relapse risk. A
middle ground may be for transplant providers to diagnose
the AUD, briefly intervene and co-treat the patient with
providers outside the transplant team. Patients identified
to be at the highest risk for relapse would merit additional
ongoing oversight, including self-monitoring and reporting
through mobile technology, routine toxicology at visits, and
structured scales to assess relapse. Overall, assessment and
subsequent management of AUD varies among transplant
centers, and optimal care may occur on a range tailored to
the patients AUD severity and relapse risk.

Definition and identification of alcohol addiction,

alcohol dependence, and AUD

Studies on AUD in ALD often fail to recognize and
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define AUD, which is different than quantification of
drinks. A clear diagnosis along with staging severity
and a review of comorbidities is an essential first step in
management. Alcohol addiction, alcohol dependence, and
AUD are labels often used interchangeably but they have
different definitions. Moreover, the LT literature lacks a
standardized approach to assessing AUD, likely driven by
uneven expertise distribution, fiscal resources, and different
processes of decision-making (3). The identification of
the disorder is further impeded by patient factors such as
hepatic encephalopathy and alcohol brain damage. Stigma
about addiction can also associate with psychological
barriers such as shame, guilt, and denial that are often
heightened in patients seeking transplantation, impairing
accurate assessment of AUD (6). Therefore, a trained
psychiatrist or psychologist, one preferably with expertise
in addiction, is ultimately best suited to evaluate the
candidate’s AUD history, insight into their addiction, and
the diagnosis of other psychiatric disorders.

The current model of alcohol addiction has been built
and refined by a burgeoning understanding of behavioral
neuroscience. Alcohol addiction has been defined as the
three repetitive stages of the “addiction cycle” along with
their neurobiological correlates outlined by Volkow et al. (7)
including (I) binge and intoxication (II) withdrawal and
negative affect and (III) preoccupation and anticipation,
which correlate with the respective brain regions (I) basal
ganglia (II) extended amygdala and (III) prefrontal cortex.
Neurotransmitters such as dopamine, opioid peptides,
gamma-aminobutyric acid (GABA), and endocannabinoids
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Craving, or a strong desire or urge to use alcohol

CINOGOAN

caused or exacerbated by alcohol
10. Tolerance, as defined by either of the following:
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Alcohol is often taken in larger amounts or over a longer period than was intended
There is a persistent desire or unsuccessful efforts to cut down or control alcohol use
A great deal of time is spent in activities necessary to obtain alcohol, use alcohol, or recover from its effects

Recurrent alcohol use resulting in a failure to fulfill major role obligations at work, school, or home

Continued alcohol use despite having persistent or recurrent social or interpersonal problems caused or exacerbated by the effects of alcohol
Important social, occupational, or recreational activities are given up or reduced because of alcohol use

Recurrent alcohol use in situations in which it is physically hazardous

Alcohol use is continued despite knowledge of having a persistent or recurrent physical or psychological problem that is likely to have been

a. A need for markedly increased amounts of alcohol to achieve intoxication or desired effect
b. A markedly diminished effect with continued use of the same amount of alcohol

11. Withdrawal, as manifested by either of the following:
a. The characteristic withdrawal syndrome for alcohol

b. Alcohol (or a closely related substance) is taken to relieve or avoid withdrawal symptoms

The presence of at least 2 of these symptoms indicates an alcohol use disorder (AUD). The severity of the AUD is defined as follows: Mild: the
presence of 2 to 3 symptoms; Moderate: the presence of 4 to 5 symptoms; Severe: the presence of 6 or more symptoms.

Figure 2 DSM-5 criteria for AUD. AUD, alcohol use disorder.

Q1: How often did you have a drink containing alcohol in the past year?

Never = 0, Monthly or less = 1, Two to four times a month = 2, Two to three times a week = 3, Four or more times a week = 4

Q2: How many drinks did you have on a typical day when you were drinking in the past year?

None, | do not drink =0,10or2=0,30r4=1,50r6=2,7t09=3, 10 ormore =4

Q3: How often did you have six or more drinks on one occasion in the past year?

Never = 0, Less than monthly = 1, Monthly = 2, Weekly = 3, Daily or aimost daily = 4

The AUDIT-C is scored on a scale of 0-12 (scores of O reflect no alcohol use). In men, a score of 4 or more is considered positive; in women, a score of 3 or

more is considered positive.

Figure 3 AUDIT-C. AUDIT, Alcohol Use Disorder Identification Test.

can mediate positive reinforcement early in the addiction
cycle. As the disease progresses negative reinforcement can
predominate through glutamate and the down-regulation
of GABA. Along with this neurocircuitry, recent data on
genetic polymorphisms may help predict addictive alcohol
use behavior but are not ready for diagnostic clarity. While
the term addiction has been retained for this neuroscientific
understanding, the labels of alcohol dependence and AUD
define the clinical syndrome and are more useful in practice.
The current ICD-11 [2018] has simplified the diagnosis
of alcohol dependence to three domains which include
(I) loss of control over alcohol use leading to (II) social
or physical dysfunction and (III) physiologic dependence
comprising tolerance and withdrawal (8). In this step-
wise syndromic approach, two of the three criteria are
required for the diagnosis. A more graded diagnosis of
AUD has been developed for the Diagnostic and Statistical
Manual 5" edition (DSM-5) for both research and clinical
considerations (Figure 2) (9). One of the criteria, craving,
defined as a strong subjective desire to drink making
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it difficult to think of anything else, was added as a
neuroadaptive response to prolonged drinking. The AUD is
rated mild, moderate, or severe with increasing number of

the 11 signs and symptoms (Figure 2).

Screening tools to identify and intervene on AUD

Screening tools such as the Alcohol Use Disorder
Identification Test (AUDIT) and AUDIT-C may aide
the initial identification of AUD. The AUDIT is a 10-
item screening tool (scored between 0-40) developed by
the World Health Organization (WHO) and validated
for clinician-administration and self-report. Patients
who score between 8-19 on the AUDIT should be given
directed advice on the reduction of hazardous drinking and
offered a plan for follow up, while those scoring between
20-40 are referred to an addiction specialist (1). The first
three questions rely on the quantification and frequency
of alcohol intake, and these questions form the shortened
AUDIT-C (Figure 3). In a large systematic review of the
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AUDIT-C and its longer version, the authors found the
shorter version to be equally sensitive and specific for
identifying AUD and recommended a cutoff of >4 points
for men and >3 points for women (10).

In addition to these screening tools, laboratory testing
suggestive of alcohol use causing ALD should be followed-
up with assessment for AUD. Laboratory results of recent
drinkers can reveal higher gamma-glutamyl transferase
(GGT) values, increased AST/ALT ratio, and increased
volume of red blood cells (MCV). While helpful when
present, these results may not be present and are not specific
for alcohol use causing ALD. Therefore, while laboratory
results can be helpful in signaling possible underlying AUD
causing ALD, results are nonspecific with limited sensitivity.

In the emergency department and primary care settings
the practice of screening, brief intervention, and referral to
treatment (SBIRT) identified and reduced drinking in select
patients—SBIRT may not be sufficient in patients with heavy
alcohol use (11). Nonetheless SBIRT has been trialed in a liver
clinic and has been shown to effectively identify AUD and
comorbid depression with 82% of enrolled patients finding
their quality of life improved and 87% wishing to continue
with the behavioral program (12). Brief sessions taking as
little as 5 minutes that incorporate motivational interviewing
(MI) can be particularly effective in mobilizing patients to
seek specialized treatment (1). Therefore, screening for AUD
and offering brief interventions as part of usual clinical care,
could be an efficient and effective approach to diagnosing and
offering initial treatment for AUD.

Additionally, in the hospital, the medical inpatient
admission to manage alcohol withdrawal also offers an
opportunity to assess motivation for sobriety and make
plans for addiction treatment and sober support (13). A
consult-liaison psychiatrist could further explore underlying
and comorbid mood and anxiety disorders that would be
critical to identify as treatment of these conditions can help
stabilize the AUD. Blunted affect, hopeless attitude are
common emotional and behavioral features of patients who
have recently stopped alcohol use (7). In this diagnostic
endeavor the primary goal of the mental health professional
is to identify the severity of the AUD, its comorbidities and
determine the proper intensity of treatment.

Alcohol relapse
Defining alcobol relapse

The identification of alcohol relapse in AUD patients is
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critically important to optimizing transplant candidate
selection and caring for post-transplant patients but is
heterogeneously defined and variably assessed (14). Relapse
is generally defined as a return to the prior drinking
behavior with the word lapse or “slip” signifying a brief use
of alcohol without returning to the prior patterns. While
relapse is associated with morbidity and mortality, slips may
be an opportunity to review risk factors and perform brief
intervention to avoid subsequent relapse. Relapse and slips
may occur at any time on the waitlist or post-transplant.
Combining self-report, structured tools, collateral
information, and toxicology should best approximate the
true incidence of relapse.

Recognizing relapse rates post-transplant

Studies found waitlisted liver transplant candidates to
have relapse rates of 15-25% (6). Post LT meta-analysis
identified an annual rate of 5.6% for any alcohol use and
2.5% for heavy alcohol use (15). These annual rates appear
to accumulate; by year 5, 28% of recipients with ALD will
have relapsed to some alcohol use with 12.5% to severe and
problematic use. Additionally, some centers have reported
relapse rates after LT as high as 20-25% (4); though this is
still lower than relapse rates between 20% and 80% found in
the general population after initial treatment for AUD (16).
While selection bias for those having undergone transplant
may be lowering those rates, the reported rates of up to 1:4
patients post-transplant experiencing harmful relapse are
concerning, and this detection is occurring in the setting of
non-standardized assessment for alcohol relapse post-LT.
A pattern to relapse has emerged with the heaviest drinkers
having an early onset as early as 6 weeks with peaking intake
at year 3 (17). As transplantation of patients with ALD rising,
recognition of relapse rates and standardizing approach to
relapse assessment becomes imperative.

Approach to relapse assessment

Relapse assessment involves a multifaceted approach
with limitations with use of only a single modality. Self-
report may only reveal alcohol relapse in a subset of
patients and this may be interviewer dependent. In one
prospective study of post LT patients evaluated by their
hepatologist and addiction specialist, the hepatologist only
identified half of the problematic alcohol use compared
to the addiction specialist. In this study the AUDIT also
improved detection; identifying 22% more relapse post
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liver transplant compared to the hepatologist assessment
alone (18). Sensitive and specific laboratory tests for alcohol
use include the percentage of carboxy-deficient transferrin
(%CDT) or Phosphatidylethanol (PEth) in serum and ethyl
glucuronide (EtG) in urine. In a sample of LT candidates
and recipients, the shorter 3 item AUDIT-C screening
tool in combination with the urine EtG had the highest
detection rate for alcohol consumption (AuROC =0.98) (19).
Blood PEth levels have also been found to correlate with
chronic levels of alcohol consumption and their AUDIT
score (20). In the post assessment phase, similarly, the most
optimal strategy to identify relapse to drinking appears to
be a combination of patient interview, caregiver report, and
laboratory monitoring.

Overall, AUD is a relapsing/remitting condition with
expected relapse and slips. Assessment of relapse should be
approached with care and support. The liver transplant team
establishes a powerful emotional bond with the recipient.
Many patients who have resumed substance use are relieved
to learn that the transplant team will not abandon them
after a slip or an even more severe relapse. Moreover, it is
helpful to not condone or dismiss small amounts of alcohol
use in a patient in an abstinence treatment plan (21). What
may seem supportive can be distorted by the patient with an
addiction and become an excuse to drink more regularly.

Risk assessment for relapse

"To optimize identifying alcohol relapse, recognizing patients
at greatest risk for relapse with subsequent tailoring of testing
and intervention will help. Risk assessment includes a survey of
risk and protective factors along with a review of the patients’
prior efforts at modifying these factors. Prospective studies
of alcohol relapse in liver transplant patients identified a
diagnosis of alcohol dependence (severe or moderate AUD), a
family history of alcoholism, low social support, and a shorter
duration of pre-transplant sobriety to be predictive of relapse
post-transplant (22). Additionally, phenotyping AUD into two
types to distinguish between a late onset AUD alone (type 1)
vs. early onset AUD with other substance abuse (type 2) may
help with predicting relapse, with the second type portending
a higher risk and a lower benefit from treatment (3). A wealth
of data from prospectively studied cohorts, multicenter
retrospective cohorts, and studies proposing a scoring tool to
assess relapse risk were reviewed to create a comprehensive
data collection tool (14,23) which is summarized in Tible 1.
Using these tools to identify patients at risk for relapse may
help tailor relapse assessment and interventions to reduce
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relapse risk; i.e., patients at higher risk for relapse would
undergo more frequent assessment for relapse and be offered
more interventions to reduce relapse risk than patients at lower
risk for relapse.

Modifiable risk factors such as the severity of symptoms
of AUD, comorbid substance abuse, and other psychiatric
disorders will be considered later in the treatment section.
One critical modifiable risk factor which bears mention
here may be social support. Poor social support has been a
risk factor associated with post-LT alcohol relapse, while
strong social support is believed to mitigate the risk for
post-LT" alcohol use (15,22). Though it is not known which
aspects of this critical factor are essential, this variable may
include engaging caregivers facilitating patient adherence
to and active participation in addiction counseling as well
as creating a supportive environment such as removing
alcohol from the home and removal of alcohol from social
events. While such modifications can help prevent relapse
post-transplantation, other interventions have failed to
show efficacy. Some LT teams have patients sign contracts
pledging to abstain from alcohol and participate in addiction
counseling, yet one study showed no difference in post-LT
relapse rates when such written contracts were used (37).

One controversial technique to mitigate risk for alcohol
relapse requires 6 months of pre-LT sobriety. While
patients with shorter duration of pre-transplant sobriety
appear to be at increased risk for alcohol relapse, optimal
pre-transplant sobriety length to mitigate relapse risk
remains unknown. In practice, the 6-month rule of sobriety
not only assesses the patient’s ability to maintain sustained
sobriety but also allows time for possible improvement of
liver function without I'T. Nonetheless, reaching 6-month
of sobriety does not predict a decreased relapse risk, and
patients that are low-risk for relapse can present acutely
too sick to survive 6-month without a LT. Further study
of predictors of relapse-risk are necessary to optimize and
personalize pre-transplant abstinence to the candidate being
considered to obtain the best clinical outcome.

Instruments evaluating the patient’s risk for relapse
may help with creating such objective criteria. Currently
proposed instruments include the High-Risk Alcohol
Relapse (HRAR) scale and the Alcohol Relapse Risk
Assessment (ARRA) (24,27). From the 25 factors tested
in the ARRA, nine predicted relapse, with four of them
found to be the Vaillant prognostic factors: (I) continued
engagement in social activities with alcohol present (II) no
rehabilitation relationship, (III) low motivation for alcohol
treatment, and (IV) a lack of nonmedical consequences to
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Table 1 Variables associated with alcohol relapse in patients with ALD

Transplant Associated alcohol
Variables Notes population relapse
Pre Post Slip Heavy*
Demographics
Age (24) Age >50 associated with relapse risk post-LT + + +
Sex (25) Women more likely than men to relapse on the waiting list + +
Tobacco use (26,27) History of smoking more likely to relapse post-LT + + +
Alcohol use
Continued alcohol use (27) Continued alcohol use after the formal diagnosis of ALD by + +
a hepatologist associated with relapse post-LT
Quantity (24,28,29) Higher drinks per day and longer years of heavy alcohol + + +
consumption associated with increased relapse risk
Alcohol dependence (17,30) Diagnosis of pre-transplant alcohol dependence associated + + +
with relapse post-LT
Abstinence (17,24,26,29-33) Fewer months sober pre-transplant associated with relapse + + + +
post-LT
Rehabilitation (28-30,33,34) Attendance of a rehabilitation program pre-transplant + + + +
associated with relapse post-LT
Treatment motivation (27,28) Reluctance to participate in alcohol relapse prevention + +
program associated with increased risk for relapse
Consumption consequence (27) Lack of consumption consequences to employment, + +
income, housing, relationship, or legal matters
Self-admission to hospital (28) Self-admission for treatment of ALD associated with + + +
decreased relapse risk
Legal issues (28,29) History of alcohol-related legal issues associated with + + +
increased risk for relapse
Family history (17,28,30,34) Having first degree biologic relatives with AUD associated + + +
with relapse post-LT
Psychiatric factors
Other substance use Substance use other than alcohol pre-transplant associated + + +
(17,29,30,34) with relapse post-LT
Depression (26,30) History of depression pre-LT associated with relapse post- + +
LT
Perceived stress (17,27) Reporting perceived stress and poor stress management + + +
associated with risk for relapse post-LT
Confidence (17) Lack of confidence of receiving another liver if necessary + + +
associated with early relapse
Psychiatric comorbidity (26,28) Patients with a history of any psychiatric comorbidity were + + +
more likely to relapse post-LT
Personality disorder (35) Personality disorders associated with relapse + + +

Table 1 (continued)
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Table 1 (continued)
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Transplant Associated alcohol
Variables Notes population relapse
Pre Post Slip Heavy*
Medical factors
Noncompliance (35) Noncompliance was defined as missing a single clinic + + +
appointment without contact for rescheduling, missed
medication doses, or failure to refill prescription
Poorer health, fatigue, and Reporting poorer health, fatigue, bodily pain post-LT were + + +
bodily pain post LT (17) more likely to relapse post-LT
Presence of hepatocellular Absence of hepatocellular carcinoma in patients with ALD + +
carcinoma (27) associated with increased relapse risk
Socioeconomics
Employment (28) Employment immediately prior to hospitalization for ALD + + +
was associated with increased risk for relapse
Married (24,26,28,30) Marriage pre-LT associated with decreased risk for relapse + + +
post-LT
Sober sponsor (27,28) Failure to establish a rehabilitation relationship with another + +
person, i.e., patient identifies a person as their sober
sponsor, associates with increased risk for relapse
Social support (27,28) Patient reported lack of social support (none or limited) + +
associates with increased risk for relapse
Social events (27) Continued participation in social events with alcohol present + +
associated with increased risk for alcohol relapse
Scores
HRAR (24,36) Higher HRAR associated with increased relapse risk. The + + +
HRAR is a score based on the duration of heavy drinking
years, the number of daily drinks, and the number of prior
alcoholism treatments
ARRA (27) Assigns a point to nine risk factors predictive of alcohol + + +
relapse with higher scores more predictive of relapse
HPSS (28) Assigns points to the following risk factors to assess alcohol + + +
relapse risk, with higher scores suggestive of increased
relapse risk
SALT (29) Patients with lower scores were at decreased risk for + + +

relapse post-LT; points were given for >10 drinks per day,
>2 failed rehabilitation attempts, history of alcohol-related
legal issues, history of non-tetrahydrocannabinol illicit
substance use

*, Includes binge and/or sustained relapse outcomes. ALD, alcohol-related liver disease; AUD, alcohol use disorder; HRAR, High-Risk
Alcohol Relapse; ARRA, Alcohol Relapse Risk Assessment; HPSS, Hopkins Psychosocial Scoring System; SALT, Sustained Alcohol Use

Post-LT; LT, liver transplantation.
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relapse (3). More recently, two additional scales have been
developed to predict relapse risk in patients transplanted
with severe alcohol-related hepatitis (SAH) with short pre-
transplant sobriety, the Hopkins Psychosocial Scoring
System (HPSS) and the Sustained Alcohol Use Post-LT
(SALT) (28,29). The simple four item SALT score was
derived from a large multi-center retrospective cohort of
liver transplant candidates and recipients with alcoholic
hepatitis. A low SALT score had a strong negative predictive
value for sustained alcohol use and has been posited as an
easy tool to identify patients at low risk for relapse. In these
studies prior multiple rehabilitation attempts were shown
to be a risk factor for relapse. Future should involve the
analysis of prospective use of these tools and tools which
rely on modifiable risk factors (Table I).

SAH: diagnosis and risk assessment under
pressure

When considering LT in patients with ALD, a difficult
scenario involves assessing relapse risk in patients
presenting with SAH felt to have high short-term mortality.
SAH can have no prior symptomatic or clinical warning of
alcohol use causing life-threatening ALD, leaving patients
little time to consider the negative role of AUD in their
lives. This typically occurs in a younger population thought
to have high 3-month mortality. Pilot studies carefully
transplanted a subset of these patients with no prior liver
decompensation and high motivation for sobriety; these
patients were afforded early listing for transplant despite not
having the standard 6 months of sobriety (29,38,39). These
studies may be limited by the current clinical definitions
of SAH and do not address that >95% of SAH occurs in
the setting of cirrhosis with <60% having hepatitis on
explant pathology (14). Despite mixed liver pathology, these
patients are classically feeling ill with liver symptomatology
for the first time in their life, and thus many never entered
a rehabilitation program nor had significant sobriety.
Transplanting this population tests the ethics of beneficence
in the setting of a limited resource. An addiction paradigm
may be helpful in assessing and helping patients with high
mortality risk and low relapse risk. Due to a lack of time to
treat active AUD, the liver transplant teams adopting this
approach use more restrictive psychosocial selection criteria
to mitigate the relapse risk.

One practical paradigm used for this controversial
selection is to identify patients with new insight into the
AUD and motivation for treatment in the context of a first

© Translational Gastroenterology and Hepatology. All rights reserved.
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hospitalization for a severe liver decompensating event.
Insight into the underlying alcohol addiction and willingness
for treatment in the context of medical hospitalization for
the initial SAH episode presents a practical paradigm to
clarify in patients ready for this controversial practice. Only
considering patients who have sought sobriety after illness
may be selecting for patients who have less of an addiction
drive and/or more decision-making control. Retrospective
study of these highly selected patients reports relapse rates of
17% at 3 years (30), only slightly greater than and within the
reported range of relapse of other less selective, transplanted
ALD populations, 11.9% (range, 6.5-21%) (40). Therefore,
given the potential mortality benefit and the within standard
of care relapse risk, selective candidate consideration may be
appropriate.

Candidate selection in this scenario can be difficult; in
these emergency scenarios the process of conducting a
thorough psychiatric evaluation is complicated by many
factors. The foundation of the evaluation is the patient
interview which necessitates an alert, cooperative and
forthright patient to gather accurate information to
make the correct diagnosis, such as AUD, and formulate
an equitable treatment plan. In many SAH cases, the
precipitous medical decline does not allow patients time for
lengthy contemplation of their situation or psychological
adjustment to the crisis being faced. Often patients feel
overwhelmed about their situation and can be in denial of
the need for life saving transplantation. The psychiatrist
or psychologist should use a non-judgmental approach
and identify that they are a part of the transplant team.
Nevertheless, issues of shame and guilt can be heightened
for the patient during a transplant evaluation and can
make taking a comprehensive history challenging. Patients
may minimize their alcohol use and AUD problems in
an effort to manage impressions for transplant candidacy.
Information from collateral sources; medical records,
family, medical care providers, essential to supplement and
corroborate information from the patient interview, may be
difficult to obtain with limited time.

These constraints prevent the majority of candidates from
ultimately becoming eligible for liver transplant listing. In
the first studies published on this approach, only 25-30% of
all potential transplant candidates evaluated psychosocially
were deemed acceptable by this method (38,39). While
the low conversion of LT evaluations to L'T" listings in this
population may be improved with the previously mentioned
interview techniques, programs must remain objective and
realistic about relapse risk and its impact on the program.
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Ultimately, each SAH patient is unique and requires an
expert liver transplant team to interview, summarize and
consider all of the evaluation data to make a reasoned
decision, with future studies investigating techniques to
optimize accurate candidate selection.

Staging of illness and treatment of AUD in the
setting of LT

AUD is both an illness of the brain and its corresponding
behavior with limited study in patients with ALD. Both
biological and cognitive neuroscience inform the treatment
of addiction; to treating the brain regions responsible
for the drive to use alcohol as well as the positive and
negative reinforcers of behavior. Hepatic encephalopathy
and alcohol-related dementia must also be considered,
managed and taken into account in any treatment plan
for addiction. Severe AUD is also associated with other
neurological syndromes such as spastic paraparesis,
seizures, and language and visuospatial dysfunction
which require adequate neurological management (40).
Addiction treatment planning should then occur in concert
with other specialists. In small studies of liver transplant
recipients, lower rates of alcohol use were reported in
patients who engaged in addiction treatment pre and post-
LT in comparison to those who did not engage (40). Such
findings suggest future study of AUD interventions may be
beneficial to optimizing outcomes in LT recipients. Ideally,
the staging of the addiction and its treatment planning is
accomplished in the outpatient setting where the patient’s
cognition may be less compromised (3).

While the treatment of AUD in ALD is understudied,
direction can be sought from the general alcohol addiction
literature. Formalized treatment programs have been
studied in two large landmark randomized control trials,
Matching Alcoholism Treatments to Client Heterogeneity
(MATCH) and Combining Medications and Behavioral
Interventions (COMBINE). The MATCH trial compared
three psychosocial interventions [motivation enhanced
therapy (MET), 12-step, and cognitive behavioral therapy
(CBT)] and found these interventions to be equally effective
with patient’s lack of motivation and psychiatric severity
leading to relapse (41). The COMBINE trial found that the
combination of medications and behavioral interventions
was superior to medication alone (42). Multimodal
treatment is the mainstay for other chronic medical
conditions such as diabetes where management combines
medication, self-monitoring, diet, exercise, overall weight
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management, and close follow up. Similar approaches are
necessary to optimize pre- and post-management of patients
with AUD and ALD.

A multimodal AUD treatment plan for AUD in the
setting of ALD should include medications, MI, sober
group support, family education and engagement, healthy
replacement activities, and CBT if indicated. The current
model of addiction neuroscience may also help inform
multi-modal treatment planning by targeting these
four regions of the brain; (I) mesolimbic system and the
dopamine reward circuit (II) the orbitofrontal cortex and the
decision-making circuit (III) the prefrontal cortex involved
in planning and executive function and (IV) the amygdala/
hippocampus or emotional memory centers. In this model
the patient can be taught the simplistic but apt metaphor
of the runaway car with too much gas or acceleration in the
mesolimbic reward circuit, poor steering in the decision-
making circuit, and the loss of breaks in the pre-frontal
cortex. (Figure 4, adapted from NNCI 2019) (43).

While this neuroscience is still evolving, the current
knowledge about these four regions may prove useful in
organizing treatment goals, and if nothing else, help teach
patients how to better address their internal struggles.
The following therapies (I) medication-assisted treatment
(MAT); (II) motivational enhancement therapy (III)
individual therapy and group support and (IV) serotonin
reuptake inhibitors (SRIs) have proven efficacy and can be
implemented in concert as they work on different regions of
the brain that are thought to be dysfunctional in addiction.

MAT

Prescribed medications intended to reduce the reinforcing
effects of alcohol have been labeled MAT and include
FDA approved AUD medications such as Naltrexone,
Acamprosate, and Disulfiram along with others used off-
label. These medications may help temper the pleasurable
effects of alcohol brought on by the dopaminergic
transmission in the mesolimbic reward system. This
dopamine reward circuit serves as an accelerator for the
initial addiction and a powerful positive reinforcer of
behavior. As this circuit is overrun DFosB, a powerful
transcription factor that alters gene expression in the nucleus
accumbens (NA) mediating the neural adaptation (44).
Over time and in states of alcohol withdrawal the circuit
will be under-modulated leading to a powerful negative
reinforcer of behavior to seek the drug again.

Acute withdrawal or safe detoxication may require
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Brain region

O Medication assisted treatment (MAT)
tempers the “accelerator” of the
dopamine reward circuit (VTA — NA)

NA

(Nucleus accumbens)

OFC

(Orbitofrontal cortex)
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“driving a car” ‘

Treatment plan

“accelerator” ‘ O Motivational Interviewing and
individual therapy help “steer” the

patient away from alcohol use

]

“steering wheel”
AA (12-step) or other group support

ensure “brakes” to situational slips
and relapse

further help “guide” the patient with
AUD to find healthier choices

= O SSRIs and individual psychotherapy

Figure 4 Neurobiology of addiction circuit and the useful metaphor of “driving a car” to help patients understand the neuroscience of

AUD along with the corresponding treatment plan (The metaphor of “driving a car” adapted from a video in the National Neuroscience

Curriculum Initiative). AUD, alcohol use disorder; AA, Alcoholics Anonymous; SSRIs, Selective serotonin reuptake inhibitors.

inpatient admission using long-acting benzodiazepines
and/or anticonvulsant mood stabilizers. In the weeks after
acute withdrawal, a post-acute withdrawal syndrome has
also been described which responds to short term use
of hypnotics such as trazodone and the start of longer-
term MAT. MAT is prescribed in the outpatient setting to
reduce cravings and help diminish relapse risk. Naltrexone
and acamprosate blunt the positive reinforcing effects of
alcohol, while disulfiram is useful in creating a negative
reinforcer of alcohol use. Disulfiram has been linked to
clinical apparent acute liver injury which can be severe and
is strongly discouraged in ALD. While naltrexone carries a
black-box warning for a risk of liver damage, its connection
to clinically apparent liver injury has not been substantiated
and its risk may be overvalued (45).

Given the benefit of naltrexone over acamprosate
in the COMBINE study, some have advocated for its
monitored use after L'T" (46). Those with a family history of
addiction, strong cravings, and a “sweet tooth” may benefit
most from naltrexone (47). The long-acting injectable of
naltrexone has been found to be more effective than the
oral medication likely due to increased adherence and may
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be safer in liver disease as it avoids first pass metabolism.
Routine monitoring of liver function tests may mitigate
any further risk of injury. Other off-label anti-craving
medications with modest benefit include topiramate,
ondansetron, gabapentin, and baclofen. Only baclofen has
been studied through randomized controlled trial (RCT)
in AUD patients with ALD with 71% achieving sustained
abstinence and reduced craving compared to 21% in the
placebo group (48). All these medications may ultimately
have their effect by reducing cue-induced dopamine release
in the NA; they have been summarized in Tible 2.

MET

Decision making and motivation are associated with
orbitofrontal and anterior cingulate connectivity and must
be engaged during referral for treatment. Orbitofrontal
inputs from the NA and amygdala mediate positive and
negative reinforcement for decision making in addiction (49).
Complex attention and motivation is further sustained by
the anterior cingulate which may be compromised in even
mild hepatic encephalopathy (3). Poor decision making can
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Table 2 Medication-assisted Therapy for AUD in ALD
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Medication Dosing Mechanism Treatment considerations for AUD in ALD
Naltrexone 50-150 mg QD; Opioid receptor FDA approved for AUD; a large number of studies show efficacy; no RCTs
380 mg IM monthly  antagonist in ALD patients. It is heavily metabolized by liver and while hepatotoxicity
risk is rare it may occur at high doses
Acamprosate  333-666 mg TID NMDA receptor FDA approved for AUD, a large number of studies show efficacy; no RCTs
antagonist in ALD patients. No hepatic metabolism but it is contraindicated in severe
renal insufficiency
Topiramate 100-400 mg BID GABA and glutamate  RCTs with a dose escalation design showed efficacy; no RCTs in ALD
modulator patients
Ondansetron  1-16 microg/kg BID  5-HT, receptor One RCT showed reduced drinking in the more severe AUD type 2; no
antagonist RCTs in ALD patients. Hepatic metabolism but no reports of toxicity
Gabapentin 600-1,800 mg TID GABA modulator RCTs with comorbid anxiety disorders and insomnia showed efficacy;
no RCTs in ALD patients. Minimal hepatic metabolism and no reports of
hepatotoxicity. Dose adjustments for ESRD
Baclofen 10-60 mg TID GABA;g receptor One RCT evidence for efficacy in advanced ALD

agonist

Minimal hepatic metabolism and no reports of toxicity

ALD, alcohol-related liver disease; AUD, alcohol use disorder; QD, once a day; NMDA, N-methyl-D-aspartate; IM, intramuscular; RCT,

randomized controlled trial.

manifest as avoidant coping which predicts AUD relapse in
long term follow up (50). Programmatic adoption of tools to
improve partnership and acceptance of the patient with AUD
will help reduce avoidant behavior and improve motivation.

Insight and motivation can be improved through MET
and MI. MET is a therapy designed to help patients advance
from contemplation to planning. This type of therapy was
originally developed as a manual-guided intervention for the
MATCH trial which utilized MI in regular sessions (41). In a
small controlled trial of waitisted patients with ALD, MET
was shown to reducing drinking behavior (51). MI is a brief
intervention delivered by any clinician to enhance motivation
to change behavior. It is a collaborative approach of
increasing the patient’s ambivalence about their behavior with
the ultimate goal to resolve this ambivalence and promote
healthy action. The key principles of this therapy include an
exploration of the gap between patient’s present and desired
health status without confrontation communication (“change
talk”) and supporting their efforts to make changes. MET
and brief MI are complementary to MAT treatment.

Individual and group support

The pre-frontal cortex serves as the breaks to the runaway
drive of the mesolimbic system. Diminished self-awareness
and poor insight into addiction related to deficits in the
prefrontal cortex may compromise further preparation
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and motivated action to change (52). Unharnessed internal
and external stimuli can prompt a risk for relapse; whereas
executive functions, planning and organization, can negate
this impulse to drink again. Early in sobriety this internal
“cognitive control” system may still be compromised.
Group support such as Alcoholics Anonymous (AA or 12-
step) can help give healthy choices for the patient who is
having difficulty with cognitive control. The MATCH
trial found 12-step to be equivalent to professional help
like MET and CBT. When using control groups, abstinent
rates are often twice as high in individuals who attended
AA compared to those who did not (53). Nonetheless, it
has been estimated that 40% of AA members drop out in
the first year and this faith-based approach may not be
suited for all patients (54). SMART recovery is a similar
but non-faith-based program which relies on group support
to prevent relapse. While any non-drinking replacement
activities may be helpful to prevent relapse, the caring
relationships that form in these settings may be a key
ingredient and thus attendance of patients with AUD in
such programs should be encouraged if not required by LT
centers (3).

Beyond group meetings, an individual sponsor can serve
as a guide through sobriety and be available to the patient
who is struggling with craving or who has had a recent
slip. Family therapy is often needed to ensure that the
family understands the extent of the addiction so they may
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also support the sobriety. Even if the patient is not using
AA, family and friends may benefit from the emotional
support group Al-Anon. While there is no evidence that
an “alcohol contract” confirming the transplant candidate’s
commitment to abstinence affects alcohol consumption
after liver transplant it may help serve as a conversation
with the family about their ongoing engagement (37).

Selective serotonin reuptake inhibitors (SSRIs) and
psychotherapy

The development of AUD involves elevated anxiety, low
mood, and increased sensitivity to stress. This negative
affect is mediated by pathological neuroadaptations in the
extended amygdala which cause the individual to return to
drinking in order to escape the dysphoria (7). Explicit and
implicit emotional memories may have further conditioned
individuals to drinking behavior. Screening and treatment
of co-existing psychiatric disorders has been consistently
found to be an essential part of addiction treatment (55).
The more common type 1 AUD with late onset drinking
may better respond to this dual diagnosis treatment (3).
SSRIs and tricyclic antidepressants (T'CAs) can stabilize
mood and improve abstinence rates in depressed relapsing
alcoholic individuals (56) and may be the most appropriate
pharmacological interventions for transplant recipients if
concurrent mood symptoms are present. Some studies have
shown that SSRIs may increase rates of relapse, especially in
those with type 2 AUD (57).

Psychotherapy may be particularly helpful in stabilizing
reactive anxiety and depression. Emotional and episodic
memory of past alcohol use and its setting can long seed
risk of relapse in those with unstable anxiety and mood
disorders. The stress response, partially modulated by
the amygdala, and long remembered by the amygdala/
hippocampal complex, manifest as adjustment reactions
and less commonly post-traumatic stress disorder (PTSD),
upsetting the usual psychological homeostasis, driving
the individual to revert to older coping strategies. CBT
can particularly help with teaching the patient about their
past pairing of environmental cues and rewards through
conditioning. High physiologic and social cues to drink (i.e.,
alcohol expectancies) and confidence to control behavior (i.e.,
self-efficacy) can be modified by CBT. Through therapy, the
patient may also find strategies to engaged natural rewards
such as social events and exercise, which will then increase
their salience for the future. CBT along with other therapies
like dialectical behavioral therapy (DBT) can help reduce
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reactivity to harmful internal cues to relapse.

Conclusions

The burden of ALD is rising and will increase demand
to identify AUD and engage patients early in multimodal
treatment. Using a multi-modal (screening interviews,
laboratory testing, medications) as well as multi-disciplinary
(hepatologist, social worker, psychiatrist) approach,
AUD should not present a barrier to listing. In building
a therapeutic alliance with patients and their families,
confronting feelings of shame and guilt, recruiting the care
and support of friends and family, and treating underlying
psychiatric co-morbidities, patients can feel comfortable
discussing cravings or relapses prior to and post-transplant.
As for any other chronic medical illness, a longitudinal
multimodal treatment plan for AUD should be established
early in the treatment course to work to stabilize the various
reversible risks for relapse in concert with LT consideration.
Further studies in optimizing this approach, including
care coordination, use of medications and behavioral
interventions, and relapse monitoring, will be essential
to creating a framework that minimizes relapse risk while
maximizing transplant candidacy, inevitably improving
clinical outcomes.
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