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Supervivencia 1 mes 3 meses 1 año 3 años 5 años 10 años 15 años 20 años 

Cirrosis alcohólica aislada* (4648) 95.9% 92.3% 88.3% 83.2% 79.1% 66.1% 53% 41.4% 
Hepatocarcinoma (5493) 96.7% 94.4% 87.7% 76.3% 68.2% 53.8% 41.5% 31.8% 
Cirrosis Viral aislada* (3380) 94.4% 90.7% 83% 75.2% 69.3% 58.9% 48.1% 37.3% 
*Sin 2º diagnóstico y AcVHC negativo 

 
GLOBAL Wilcoxon Test p< 0.01 

Todas comparaciones p< 0.05 excepto Hepatocarcinoma vs Cirrosis viral aislada 
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immunosuppressive medications, thereby placing the
patient at risk for graft dysfunction or loss. Defining
rates of alcohol consumption, however, remains diffi-
cult and is largely dependent on inaccurate methods of
detection. Self-reporting of alcohol use through phone
or mail communication, or during routine clinic visits,
is subject to significant reporting error. Biochemical
markers such as blood alcohol levels, urine toxicology
screens, and carbohydrate-deficient transferring are
subject to the timing, quantity, and frequency of alco-
hol intake, and therefore are poorly sensitive in detect-
ing alcohol use.25

When alcohol use is reported or detected following
liver transplantation, the rate of consumption can vary
widely from a single isolated drink (“slip”), to a pattern of
repetitive intake of significant amounts of alcohol
(“relapse”). When a definition of any alcohol use is
applied, the rate of posttransplant alcohol consumption
appears to be quite high, approximately 20% (range,
7%-95%) of patients at a follow-up of 21 to 83 months

following transplantation.15,21,26–51 Table 2 presents sum-
mary data from 30 published studies that assessed rates of
alcohol relapse based on an “any use” definition. The wide
variation in rates may reflect, in part, the timing, fre-
quency, and methods of assessing alcohol intake.

Although there are some data to suggest that alco-
hol use may diminish over time following liver trans-
plantation,21 it is striking that some patients resumed
drinking very early in the posttransplant period.
Approximately 15% of patients started drinking
within the first 6 months, and isolated cases of drink-
ing within the first 2 months have been described.22

Of greater concern are reports in which recurrent
alcohol use is more directly quantified; these show
that more than one-third of patients designated as
“any use” drinkers were involved in repetitive drink-
ing patterns (more than 10 episodes), while the
remainder reported mild to moderate alcohol use.26

Frequent and systematic screening for recidivism
may be useful in preventing and identifying relapses

Table 2. Alcohol Use Following Liver Transplantation for ALD in 30 Published Studies

Author Reference Year
No. of

Patients
Mandated
Abstinence Follow-up

Relapse
Rate

Study
Design

Anand et al. 27 1997 39 None 25 months 13% Retrospective
Bellamy et al. 15 2001 123 None 7 years 13% Retrospective
Berlakovich et al. 21 1994 44 None 78 months 32% Retrospective
Bird et al. 28 1990 18 None 4 mo–7 yrs 17% Retrospective
DiMartini et al. 26 2001 34 None 1 year 38% Retrospective
Doffoel et al. 50 1992 57 6 months Not stated 33% Retrospective
Everson et al. 29 1997 42 None Not stated 17% Retrospective
Fabrega et al. 30 1998 44 None 40 months 18% Prospective
Foster et al. 31 1997 63 None 49 months 22% Retrospective
Gerhardt et al. 32 1996 41 None Not stated 49% Retrospective
Gish et al. 33 1993 29 None 24 months 24% Prospective
Gish et al. 34 2001 61 None 83 months 20% Prospective
Gledhill et al. 22 1999 24 None 14 months 25% Retrospective
Howard et al. 35 1994 20 None 34 months 95% Retrospective
Iasi et al. 36 2003 66 None 14 months 15% Retrospective
Karman et al. 56 2001 49 6 months 3 years 21% Retrospective
Knechtle et al. 37 1993 32 None Not stated 13% Retrospective
Krom 51 1994 30 6 months Not stated 13% Retrospective
Kumar et al. 38 1990 52 None 25 months 12% Retrospective
Lucey et al. 39 1997 50 None 63 months 34% Retrospective
Mackie et al. 40 2001 46 None 22 months 46% Retrospective
Osorio et al. 41 1994 43 6 months 21 months 19% Retrospective
Pageaux et al. 42 2003 128 None 54 months 31% Retrospective
Pereira et al. 43 2000 56 None 30 months 50% Retrospective
Stefanini et al. 44 1997 18 6 months Not stated 27% Retrospective
Tang et al. 45 1998 56 None Not stated 50% Retrospective
Tome et al. 46 2002 68 3 months 38 months 10% Retrospective
Tringali et al. 47 1996 58 None 49 months 22% Retrospective
Yates et al. 48 1998 43 6 months 21 months 19% Retrospective
Zibari et al. 49 1996 29 None Not stated 7% Retrospective
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Alcoholismo	DSM-5

“Consumo	continuado	de	alcohol	a	pesar	de	las
consecuencias	negativas	biológicas,

psicosociales	y	conductuales	mantenidas	
en	el	tiempo	(ultimo	año)”

Abuso	Alcohólico Dependencia

Trasplante	Hepático
20-25% 4-5% 70-75%

Beresford,	1997			Dimartini,	2004
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Que tiempo de abstinencia asegura ausencia de recaida?

Valliant´s study:  Recurrence (8-10 y follow up)

6 months of abstinence : 59%

24 months of abstinence  : 41%  

Vaillant GE. Liver Transpl Surg 1997

7 years better than 6 months  

Valliant GE. A 60–year follow-up of alcoholic men. 
Addiction, 2003
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Predictive	factors	of	durable	abstinence		

8

Positives
ü acknowledgment	by	the	patient	of	his	or	her		addiction
ü strong	social	support	
ü substitute	activities
ü a	source	of	improved	self-esteem	
ü a	rehabilitation		relationship
ü perception	of	negative	consequences	of	alcohol	relapse

Negatives
• preexisting	psychiatric	comorbidities
• unremitting	multidrug	abuse
• repeated	unsuccessful	attempts	of	rehabilitation	
• social	isolation

Vaillant liver	transpl 1997



“ No	single	factor	seems	to	be	of	major	importance	as	a	predictor”

Dew	et	al	Liver	Transpl.	2008	.

54		studies
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In 2011, Mathurin and colleagues demonstrated, in a
ground-breaking pilot study from France and Belgium, that
rescue liver transplantation could save the lives of carefully
selected patients with severe alcoholic hepatitis who had
failed medical treatment (1). Their report challenged the
view that patients with severe alcoholic hepatitis were
unsuitable candidates for liver transplantation, which has
prevailed for many years (2).

The reasons to deny liver transplantation to patients with
severe alcoholic hepatitis are complex. First, a significant
proportion will recover with medical management that
includes abstinence from alcohol (1,3). Therefore, in 1997,
when a national conference organized by the American
Society of Transplantation andAmericanAssociation for the
Study of Liver Diseases reviewed minimal criteria for
placement of candidates on the transplant waiting list, a
requirement for 6 months’ abstinence had become the
norm for any patient with alcoholic liver disease in many US
programs (4). The conference recommendations were that
the minimal criteria for listing of patients with alcoholic liver
disease should include ‘‘approval by the center evaluation
committee. . . and favorable assessment by a substance
abuse professional and reported abstinence of at least
6 months at time of listing’’ (2). The authors acknowledged
that the last criterion excluded patients with severe
alcoholic hepatitis, and thus they left open the possibility
of exceptions (2). Since then, the application of a required
abstinent period of 6 months has been challenged due to
the high early mortality rate of patients with severe
alcoholic hepatitis and the poor predictability of 6-month
sobriety on future alcohol relapse (5). The adoption in
France of a more nuanced model to assess the risk of
alcohol relapse was an important step leading to the
French–Belgian study of rescue liver transplantation for

patients with severe alcoholic hepatitis unresponsive to
medical management (6).

Perhaps the more fundamental reason in the United States
for the failure to offer liver transplantation to patients with
severe alcohol hepatitis is ambivalence among transplant
programs, insurance companies, and the public about
alcohol use disorders. These views may be expressed as
concern that patients without extended sobriety will
experience poor outcomes due to alcohol relapse. How-
ever, while patients with alcoholic liver disease who
undergo transplantation are at risk of alcohol relapse, and
severe alcohol relapse is associated with liver and other
personal injuries, the vast majority of alcoholic patients
have excellent outcomes after liver transplantation (7,8).
These results have been achieved in transplant programs
that apply stringent selection criteria including requiring a
fixed interval of abstinence. It is unknown whether similar
excellent outcomes would be the norm were the selection
of candidates with short intervals of sobriety to become
commonplace.

The decision to approve a patient with alcoholic liver
disease for transplantation is challenging for most pro-
grams andmay be impacted by personal and programmatic
beliefs, rather than scientific evidence. Volk et al conducted
a prospective of four US selection committees and
observed inconsistent judgments, lack of consensus
between committee members, and expression of opinions
outside committee members’ areas of expertise were
common (9). Further, participants stated that alcoholic
patients posed to them the most difficult dilemmas. A
particular area of contention is interpreting the significance
of consumption of small amounts of alcohol, typically
described as ‘‘a slip’’ (6). Indeed, fear on the part of the
candidate that admission of any use of alcohol may
jeopardize their chances of transplantation may restrain
him or her from seeking appropriate assistance for their
underlying addiction (10).

In the present issue of the American Journal of Transplan-
tation, Im and colleagues provide an American experience
that builds from the work of Mathurin and colleagues (11).
Again, this is a prospective pilot study, with a matched
control group, albeit from a single transplant center. Of 94
patients with severe alcoholic hepatitis unresponsive to
corticosteroids recruited during the 3 years of the study,
20 patients had acceptable psychosocial profiles, of whom
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Resultados

tions but no fungal infections (Table 2). There were four
reoperations, each occurring 1 day after early LT for
bleeding and washout. Seven of nine recipients under-
went perioperative hemodialysis with renal recovery and
cessation of hemodialysis at a median of 3 days after
early LT. Recipient 6 had recurrent Clostridium difficile
infections and developed chronic abdominal pain requir-
ing chronic opioid treatment. Recipient 7 had prolonged
respiratory failure requiring tracheostomy and later died
of necrotizing pancreatitis with Citrobacter freundii–re-
lated septicemia and multiorgan failure 16 weeks after
early LT. All recipients received tacrolimus-based
immunosuppression with no rejection episodes and were
discharged from our center at a median of 16 days after
early LT.

In the case–control study, the early LT for severe AH
recipients and control patients were statistically well
matched (Table S2). The 6-month survival rate was signif-
icantly higher among patients undergoing early LT (89%)
than among matched controls (11%, p<0.001) (Figure 2).
Congruent with previous studies of severe AH nonre-
sponders, the control patients acutely had high rates of
mortality. Two-thirds of the deaths in the control group
occurred within 1 month after presentation to our center,
highlighting the benefit of performing early LT for severe
AH.

Burden of early LT for severe AH
During the study period, 292 adult liver transplants were
performed at our center, with alcoholic liver disease
(ALD) as the indication in 10%. The nine early LT for sev-
ere AH recipients comprised 3% of the total and 31% of
those transplants for ALD overall. The non-AH, ALD
recipients had a median abstinence period of 25 months
before LT. In total, 18 (90%) of 20 provisionally accepted
early LT candidates, and seven (78%) early LT recipients
were referred from other hospitals via interhospital trans-
fer, including three for second opinion evaluation from
other LT centers not performing early LT for severe AH.

Follow-up and assessment of alcohol relapse
Eight (89%) of nine early LT for severe AH recipients are
alive at a median follow-up of 735 days (range, 181–1170
days). All surviving recipients had liver enzyme and crea-
tinine levels that returned to within normal range by 28
days after early LT. Hepatology follow-up visits were fre-
quent in the first 6 months after early LT, with a median
of 15 visits at a median interval of 11 days. All recipients
enrolled in AR programs when deemed medically feasi-
ble by their hepatologist at a median of 130 days after
early LT. Recipient 3 had self-reported slips of 60 and
15 g of alcohol at 84 and 260 days after early LT, respec-
tively, without further consumption based on self-report-
ing and serial urine ethyl glucuronide testing (24–26).
Neither episode was associated with symptoms or
abnormal liver enzymes. Alcohol relapse was diagnosed
in recipient 5 at 180 days after LT due to elevated liver
tests and positive urine ethyl glucuronide and confirmed
by the presence of AH on liver biopsy. She has main-
tained good graft function but likely has ongoing alcohol
consumption. There were no slips or relapses reported
or noted in the other recipients.

Discussion

In this early report of an initial US experience with a strat-
egy of early LT for severe AH, we demonstrate that excel-
lent clinical outcomes can be achieved with low burden
on the donor pool and low rates of alcohol relapse. Nonre-
sponders to medical therapy for severe AH experienced a
dismal 6-month mortality rate of 70%, comparable to that
of previous studies (27–30). The high proportion of nonre-
sponders was likely due to referral bias, as more than
two-thirds of this cohort was composed of interhospital
transfers, which increased over time for early LT consider-
ation and highlights the key role of local providers. In addi-
tion, concerns about potential denial of coverage by
private or public insurers due to short sobriety duration
limiting access to early LT were unfounded, which is con-
sistent with a recent survey of LT centers (21,32,32).

In practice, attempting to replicate the European methodol-
ogy in the United States was not straightforward. It
required programmatic changes: revised policies,
increased inpatient transfer and service volume, a dedi-
cated addiction team, and candid multidisciplinary discus-
sions of complex medical and psychosocial profiles of
potential candidates. Despite these obstacles, our study
confirms the findings of Mathurin and colleagues in a North
American patient cohort. Despite higher median MELD
scores at the time of LT, the 6-month survival of early LT
for severe AH recipients (89%) was superior to that of
recipients in the European trial (77%) and matched control
nonresponders (11%) (12). This former difference may be
related to a smaller study cohort, less glucocorticoid expo-
sure, and local factors, particularly the presence of Asper-
gillus infections described in France and Belgium (12,33).

Figure 2: Kaplan–Meier estimates of survival in nine early
liver transplant recipients and nine matched controls.
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Mallory bodies, and neutrophil-predominant steatohepatitis). Cir-
rhotic changes were also noted.

Statistical Analysis
Categorical variables were compared using Fisher exact test,

given the study sample size. Continuous variables were first assessed
for distribution normality; comparisons were then made using
2-sample t test, Wilcoxon rank-sum test, or Kruskal-Wallis test
where appropriate. Two records from Group 2 with missing alcohol

consumption before abstinence data were excluded from the single
associated comparative test. Kaplan-Meier method was performed to
estimate survival from death and recidivism according to transplant
indication. Survival curves were compared using log-rank test. P
values less than 0.05 were considered statistically significant. All
statistical analyses were performed using Stata IC version 13.1 (Stata
Corp, College Station, TX).

The study was approved by the Institutional Review Board at
the Johns Hopkins Hospital.

TABLE 2. Hopkins Psychosocial Scale Scoring Allocation

Protective Characteristics

0 Points þ1 Points þ2 Points

Self-admission to hospital Involuntary Knew help was needed,
but did not seek help

Admitted self for treatment

Drinks/day preabstinence >17 9 to 17 <9
Insight into diagnosis No insight (including overt

encephalopathy)
Limited insight Completely accept diagnosis

Marital status Single / divorced / widowed – Married / boyfriend / girlfriend
Abstinence before transplant "2 weeks 2–4 weeks #4 weeks

At Risk Characteristics

–2 Points –1 Points 0 Points

Psychiatric comorbidity History of psychiatric disease – No history of psychiatric disease
History of other substance abuse Illicit substance abuse Active smoker None
History of failed rehab attempt Relapse after a formal rehabilitation

program
– No attempt at formal rehab

Family history of alcoholism Immediate family Extended family None
Employment immediately before

presentation
Yes – No

Legal History (eg, DUI, custody loss
because of alcohol abuse, and so on)

Multiple incidents 1 incident None

TABLE 3. Patient Baseline Characteristics

Acute Alcoholic Hepatitis,
Group 1 (n ¼ 17)

Alcoholic Cirrhosis, #6
Month Abstinence Group 2

(n ¼ 26) P

Age –mean (SD) 49.6 (12.1) 51.4 (9.0) 0.57
Male Sex – no. (%) 13 (76.5) 17 (65.4) 0.51
Alcohol consumption before abstinence – units/day – median

(min-max)
8 (4–70) 9 (2–76) 0.90

Employed – no. (%) 10 (58.8) 9 (34.6) 0.21
Living with others – no. (%) 17 (100) 24 (92.3) 0.51
Living with children age #18 – no. (%) 2 (11.8) 4 (15.38) >0.99
Living with children age <18 – no. (%) 3 (17.6) 7 (26.9) 0.71
Married/Stable companion – no. (%) 13 (76.5) 19 (73.1) >0.99
Family history of alcoholism – no. (%) 7 (41.2) 11 (42.3) >0.99
Has had past failed attempts at alcohol rehab – no. (%) 6 (35.3) 7 (26.9) 0.74
History of psychiatric disease – no. (%) 4 (23.5) 6 (23.1) >0.99
History of illicit drug abuse – no. (%) 4 (23.5) 11 (42.3) 0.33
High-risk alcoholism relapse score #4 – no. (%) 3 (17.6) 3 (12.5)% 0.68
Length of abstinence at transplant – days – median (min-max) 40 (14–160) 522 (189–7039) <0.001
Time listed before transplant – days – median (min-max) 6 (1–31) 91.5 (4–1088) <0.001
Maddrey’s discriminant function – median (min-max) 67 (32–164)y – –
Lille Score – median (min-max) 0.78 (0.60–0.90)z – –
Cirrhosis 15 (88.2) 26 (100) 0.15
Hepatocellular carcinoma (HCC) – no. (%) 1 (5.9) 6 (23.1) 0.22
MELD score at listing – median (min-max) 37 (27–48) 19.5 (6–32) <0.001
MELD score at match – median (min-max) 38 (30–40) 28 (8–42) <0.001

%Excludes 2 subjects without available alcohol consumption information.
yExcludes 2 subjects with missing values.
zCalculated only for those who received steroid treatment.
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HIGH		Risk Alcoholism Relapse (HRAR)
Duración	del	consumo	:	 <11	años	 (0)

12-24	 (1)
>25 (2)

Numero	de	Unidades	
De	bebida	standard/	día: <9	 (0)

9-17 (1)
>18 (2)

Numero	de	intentos	de	
Tratamiento	previo	 Ninguno	 (0)

Uno	 (1)
>1												 (2)

Riesgo	de	recurrencia:

Bajo.	2-3
Medio	3-4
Alto	5-6
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in Group 2 were excluded from alcohol relapse analysis, as they died
postoperatively before discharge to a home setting, with the assump-
tion that they would be unable to access alcohol in a supervised
healthcare setting. Alcohol relapse was similar in Group 1 versus
Group 2 (23.5% vs 29.2%; P> 0.99). Relapse with harmful patterns
was higher in Group 1, but lacked statistical significance (23.5% vs
11.5%; P ¼ 0.42). Eight of 11 patients (73%) had reachieved
sobriety at last follow-up, and constituted a ‘‘slip’’ rather than a
sustained relapse to alcohol. Both patients with sustained alcohol
relapse in Group 1 with sustained alcohol relapse were the only
patients with negative HPSS scores in post-hoc analysis (Table 6).
The HRAR scale, a scoring system developed to estimate risk of
relapse in alcoholism, was not predictive of alcohol relapse in our
patients.11,12

Burden of Early Liver Transplantation for Organ
Allocation

Seventeen of 43 (40%) LTs performed for ALD were allocated
to the pilot, which accounted for 7.4% of the total 230 adult LTs
performed at our center during the time period. Fifteen of 17 in
Group 1 (88%) were transferred to the Johns Hopkins Hospital from
an outside hospital by referral.

Histology
Fifteen of 17 patients (88%) in Group 1 had evidence of

cirrhosis on explant histology. Twelve patients of 17 (70%),
including the 2 patients without cirrhosis, had histology consistent
with acute steatohepatitis. The other 5 patients had otherwise non-
specific findings on histology: the first had cirrhosis, marked

FIGURE 1. Kaplan-Meier estimates of survival after liver trans-
plantation. Recipients transplanted for acute alcoholic hepatitis
(Group 1, solid line) had similar survival estimates compared to
those with alcoholic cirrhosis and "6 months of abstinence
before transplant (Group 2, dashed line) (P ¼ 0.922).

TABLE 5. Drinking Patterns of Patients with Alcohol Relapse

Group Patient Sex
Age

(Years)
HPSS
ScoreD

HRAR^

Score

Time to
relapse
Post-LT
(days) Binge# Frequenty

Sober
at Last

Follow Up

Acute alcoholic hepatitis 1 F 48 $1 3 89 Y Y N
2 M 26 $4 1 77 Y N N
3 M 56 þ2 3 69 Y N Y
4 M 26 þ1 0 155 Y N Y

Alcoholic cirrhosis, abstinence 5 M 41 – 3 345 Y Y N
6 F 58 – 3 355 N N Y
7 F 52 – 2 338 N N Y
8 F 55 – 2 526 Y N Y
9 F 55 – 4 650 N N Y
10 F 50 – 0 176 N N Y
11 F 48 – 3 256 Y N Y

^
HRAR score ranges 0–6, with scores 4 and above being considered high risk in prior studies.

D
HPSS score assigned to Group 1 and Group 3 based on psychosocial assessments, which ranges -14 to þ10 (refer to Table 2 for scoring details).
#Binge drinking was defined as 6 units of alcohol in a day for men, 4 units for women.
yFrequent drinking was defined as any alcohol consumption more than 4 days a week.
HPSS indicates Hopkins Psychosocial Scoring System; HRAR, High Risk Alcohol Relapse scale.

FIGURE 2. Kaplan-Meier estimates of recidivism after liver
transplantation. Recidivism was not significantly different
between patients with acute alcoholic hepatitis (Group 1, solid
line) and cirrhotic individuals with "6 months of alcohol
abstinence before transplant (Group 2, dashed line) (P ¼
0.985).
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Estudio	piloto			HAA	:	17		vs	26	Cirrosis	alcohólica	con	>6	meses	de	abstinencia

Recaida grupo	1	:	23.5%
Recaida grupo	2:	29%
Median	follow up:	1.5	years

 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

cholestasis with steatosis; the second had incidental 1.4 cm HCC,
cirrhosis, cholestasis with bile duct proliferation; the third had
cirrhosis, scattered infarcts, with marked cholestasis; the fourth
had cirrhosis, marked cholestasis and bile plugging; the fifth had
cirrhosis with marked cholestasis.

DISCUSSION
In severe AH, a disease with exceptionally high mortality, in

which medical therapy may be ineffective for long-term survival,
early LT is a controversial topic with sparse data.15 This retrospective
study provides a comprehensive description of a pilot program
allowing early LT for severe AH. Although our study population
is small, to our knowledge, this represents the largest single-center
experience, and the first to offer a direct comparison group of
patients undergoing traditional LT for ALD after 6 months of
abstinence, a comparison designed to focus on the main controversy:
can comparable alcohol relapse be achieved without a strict appli-
cation of the 6-month rule? Our 100% 1-year survival in Group 1
shows that early LT is lifesaving in severe AH, where mortality can
reach 70% in 6 months.3 Alcohol relapse was comparable in Group 1
and 2 (23.5% vs 29.2%; P > 0.99). These results are comparable to
the recently published results of another US center by Im et al,9

which performed early LT in 9 patients, reporting 89% survival, and
alcohol relapse in 2 (22%) patients with median follow-up of
735 days.

We are, however, very concerned about a possible increase in
harmful drinking patterns (23.5% vs 11.5%; P ¼ 0.42), and the fact
that both deaths in Group 1 were directly attributable to sustained
alcohol relapse, which prompted significant self-reflection at our
center, and the ongoing post-hoc development of the HPSS to predict
alcohol relapse in this unique patient population. These 2 cases had
significant repercussions on the morale of our transplant team, and
should serve as cautionary tales for any center considering imple-
mentation of such a program. We emphasize that such an exceptional
indication for the use of a scarce organ should only be considered
under exceptional circumstances, and our hope is that a validated
model to predict alcohol relapse will grow from the HPSS and serve
as a tool to identify those circumstances, and exclude unsuitable
candidates.

Patient Selection
Mathurin et al’s8 study had an exceptionally restrictive

selection process, where less than 2% of considered patients were
included. Exclusion of patients with history of psychiatric disease
even if medically well-managed raises concern for generalizability
of results, particularly with the high coexistence with alcohol-
ism.16

Although our results quote a selection rate of 6.3%, we caution
that this number is possibly inflated by the fact that all patients except
two were referred by an outside hospital who were presumably
already preselected by their outside providers to be potentially strong

candidates for our pilot program. In other words, only 2 patients
selected in Group 1 presented directly to the Johns Hopkins Hospital
without referral.

Although not designed as a prospective trial, and challenging
to estimate the true selectivity of our criteria because of the high
number of referrals from outside hospitals, our pilot’s selection was
less restrictive: 4 (23.5%) patients in Group 1 had psychiatric disease.
The first patient had history of severe depression with psychotic
features, the second patient had severe anxiety and PTSD, the third
patient had history of severe depression and anxiety, and the fourth
patient had history of severe anxiety and PTSD. All 4 patients were
evaluated by a psychologist before listing, and were deemed to be
stable with medication. Of note, none of the 4 patients have had
relapse to alcohol.

Furthermore, patients in the Mathurin pilot followed a strict
protocol and 24 of 26 patients received steroids.8 In our cohort,
6 (35%) patients in Group 1 received steroids for AH. These 6
patients were all steroid nonresponders by criteria used by Mathurin
et al: Lille >0.45 or continuous increase in MELD.8 The remaining
11 patients had absolute or relative contraindications to cortico-
steroid therapy (ie, infection or gastrointestinal bleeding), outlined
by exclusion criteria in most studies using steroids to treat severe
AH.17 The patients in Group 1 were selected by consensus of the
transplant committee on the basis that they were not improving with
medical therapy; 14 of 17 (82%) had worsening MELD from initial
hospitalization to listing (median þ10; range þ1 to þ23). Of the
remaining three patients, 2 patients had MELD score of 40 both at list
and match; the third patient had MELD improvement caused by
disconnect in renal and liver recovery (described in detail in the
results section), and was thought unlikely to survive to discharge
without LT by the transplant committee.

Alcohol Relapse
The 6-month rule has not been validated and criticism against

its universal application is growing.18 Traditional alcohol relapse
rates reported by studies of post-LT in alcoholic cirrhosis with at least
6 months of abstinence range from 8% to 22% 1-year post-LT to 30%
to 40% 5-years post-LT.14,19 Our alcohol relapse rate of 23.5% in
Group 1 and 29.2% in Group 2 with median follow-up of 1.5 years
and 1.6 years, respectively (P > 0.99).

Lucey13 recently advocated for adopting a less draconian
definition for alcohol use post-LT, as adopted by the addiction
literature. Although complete abstinence is still desired, he champ-
ioned developing strategies to prevent slips from becoming problem-
atic drinking rather than excluding those from LT.13 Reassuringly, 8
of 11 (73%) patients with alcohol relapse in our study have reach-
ieved sobriety, and constitute a ‘‘slip’’ rather than sustained relapse to
alcohol (Table 5). Nonetheless, experiences such as the two deaths in
Group 1, where both patients exhibited harmful drinking patterns
until death exemplify the challenges of alcohol relapse in this
population—strategies to predict, prevent, and treat alcohol relapse
are necessary.

TABLE 6. HPSS and HRAR Scores for Group 1

N HPSS score – median (min-max) P High Risk HRAR – n (%)y

No Alcohol Relapse 13 þ3 (þ1 to þ8)# – 3 (23)#

Alcohol Relapse, Now Sober (‘‘Slip’’) 2 þ1.5 (þ1 to þ2) 0.09 0 (0)
Sustained Alcohol Relapse 2 $2.5 ($4 to $1) 0.03 0 (0)

#HPSS and HRAR scores for 1 patient could not be calculated due to missing data for pre-abstinence quantity of drinking.
yHRAR score defined as ‘‘high risk’’ when 4 or above.
Overall P ¼ 0.03 for HPSS between all 3 groups.
HPSS indicates Hopkins Psychosocial Scoring System; HRAR, High Risk Alcohol Relapse scale.
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Figure 1. 
(A) Kaplan-Meier curve for probability of alcohol use post-LT in 141 patients surviving to 
home discharge. The cumulative rate of alcohol use was 25%, 30%, and 34% at 1, 2, and 3 
years, respectively. (B) Kaplan-Meier post-LT survival curve in 141 patients surviving to 
home discharge, stratified by no alcohol use post-LT (non-bolded solid line) vs alcohol use 
post-LT (dashed line).The cumulative survival at 1 and 3 years post-LT was 97% and 97% in 
those with no alcohol use compared to 100% and 75% in those with post-LT alcohol use (P 
= .03). The cumulative overall survival of the entire cohort (n = 147 bolded solid line) at 1 
and 3 years. post-LT was 94% and 84%.
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Probabilidad	de	recaida alcohólica	postrasplante

Supervivencia	de	acuerdo	al	consumo	de	alcohol

BACKGROUND & AIMS: The American Consortium of Early Liver Transplantation for 
Alcoholic Hepatitis comprises 12 centers from 8 United Network for Organ Sharing regions 
studying early liver transplantation (LT) (without mandated period of sobriety) for patients with 
severe alcoholic hepatitis (AH). We analyzed the outcomes of these patients.

METHODS: We performed a retrospective study of consecutive patients with a diagnosis of 
severe AH and no prior diagnosis of liver disease or episodes of AH, who underwent LT before 6 
months of abstinence from 2006 through 2017 at 12 centers. We collected data on baseline 
characteristics, psychosocial profiles, level of alcohol consumption before LT, disease course and 
treatment, and outcomes of LT. The interval of alcohol abstinence was defined as the time between 
last drink and the date of LT. The primary outcomes were survival and alcohol use after LT, 
defined as slip or sustained.

RESULTS: Among 147 patients with AH who received liver transplants, the median duration of 
abstinence before LT was 55 days; 54% received corticosteroids for AH and the patients had a 
median Lille score of 0.82 and a median Sodium Model for End-Stage Liver Disease score of 39. 
Cumulative patient survival percentages after LT were 94% at 1 year (95% confidence interval 
[CI], 89%–97%) and 84% at 3 years (95% CI, 75%–90%). Following hospital discharge after LT, 
72% were abstinent, 18% had slips, and 11% had sustained alcohol use. The cumulative incidence 
of any alcohol use was 25% at 1 year (95% CI, 18%–34%) and 34% at 3 years (95% CI, 25%–
44%) after LT. The cumulative incidence of sustained alcohol use was 10% at 1 year (95% CI, 
6%–18%) and 17% at 3 years (95% CI, 10%–27%) after LT. In multivariable analysis, only 
younger age was associated with alcohol following LT (P = .01). Sustained alcohol use after LT 
was associated with increased risk of death (hazard ratio, 4.59; P = .01).

CONCLUSIONS: In a retrospective analysis of 147 patients who underwent early LT (before 6 
months of abstinence) for severe AH, we found that most patients survive for 1 year (94%) and 3 
years (84%), similar to patients receiving liver transplants for other indications. Sustained alcohol 
use after LT was infrequent but associated with increased mortality. Our findings support the 
selective use of LT as a treatment for severe AH. Prospective studies are needed to optimize 
selection criteria, management of patients after LT, and long-term outcomes.

Graphical Abstract
This article has an accompanying continuing medical education activity, also eligible for MOC 
credit, on page e21. Learning Objective: Upon completion of this CME activity, successful 
learners will be able to determine if a patient with severe alcoholic hepatitis is appropriate for 
consideration of early liver transplantation and identify expected outcomes after transplantation
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Predicting Low Risk for Sustained Alcohol 
Use After Early Liver Transplant for 
Acute Alcoholic Hepatitis: The Sustained 
Alcohol Use Post–Liver Transplant Score
Brian P. Lee ,1 Eric Vittinghoff,2 Christine Hsu,3 Hyosun Han,4 George Therapondos ,5 Oren K. Fix,6 David W. Victor,7 
Deepti Dronamraju,8 Gene Y. Im ,9 Michael D. Voigt,10 John P. Rice,11 Michael R. Lucey,11 Sheila Eswaran,12 Po-Hung Chen,13 
Zhiping Li,13 Haripriya Maddur,14 and Norah A. Terrault1

Early liver transplant (LT) for alcohol-associated disease (i.e., without a specific sobriety period) is controversial but 
increasingly used. Using the multicenter American Consortium of Early Liver Transplantation for Alcoholic Hepatitis 
(ACCELERATE-AH) cohort, we aimed to develop a predictive tool to identify patients pretransplant with low risk 
for sustained alcohol use posttransplant to inform selection of candidates for early LT. We included consecutive 
ACCELERATE-AH LT recipients between 2012 and 2017. All had clinically diagnosed severe alcoholic hepatitis 
(AH), no prior diagnosis of liver disease or AH, and underwent LT without a specific sobriety period. Logistic and 
Cox regression, classification and regression trees (CARTs), and least absolute shrinkage and selection operator 
(LASSO) regression were used to identify variables associated with sustained alcohol use post-LT. Among 134 LT 
recipients for AH with median period of alcohol abstinence pre-LT of 54 days, 74% were abstinent, 16% had slips 
only, and 10% had sustained alcohol use after a median 1.6 (interquartile range [IQR]: 0.7-2.8) years follow-up 
post-LT. Four variables were associated with sustained use of alcohol post-LT, forming the Sustained Alcohol Use 
Post-LT (SALT) score (range: 0-11): >10 drinks per day at initial hospitalization (+4 points), multiple prior rehabili-
tation attempts (+4 points), prior alcohol-related legal issues (+2 points), and prior illicit substance abuse (+1 point). 
The C statistic was 0.76 (95% confidence interval [CI]: 0.68-0.83). A SALT score ≥5 had a 25% positive predictive 
value (95% CI: 10%-47%) and a SALT score of <5 had a 95% negative predictive value (95% CI: 89%-98%) for 
sustained alcohol use post-LT. In internal cross-validation, the average C statistic was 0.74. Conclusion:  A prognostic 
score, the SALT score, using four objective pretransplant variables identifies candidates with AH for early LT who 
are at low risk for sustained alcohol use posttransplant. This tool may assist in the selection of patients with AH for 
early LT or in guiding risk-based interventions post-LT. (Hepatology 2019;69:1477-1487).

Traditionally, liver transplant (LT) centers 
adhere to a policy of offering LT in alco-
hol-associated liver disease (AALD) only 

after a specific period of abstinence (typically 6 

months).(1,2) However, some have advocated for excep-
tions to the “6-month rule,” with recognition that 
some patients with AALD can present acutely with 
such severe disease, either from alcoholic hepatitis 

Abbreviations: AALD, alcohol-associated liver disease; ACCELERATE-AH, American Consortium of Early Liver Transplantation for 
Alcoholic Hepatitis; ACLF, acute-on-chronic liver failure; AH, alcoholic hepatitis; AUD, alcohol use disorder; CART, classification and regression 
tree; CI, confidence interval; HRAR, High-Risk Alcohol Relapse Scale; IQR, interquartile range; LASSO, least absolute shrinkage and selection 
operator; LT, liver transplant; OR, odds ratio; SALT, Sustained Alcohol Use Post-LT; THC, tetrahydrocannabinol.

Received May 29, 2018; accepted September 23, 2018.
Additional Supporting Information may be found at onlinelibrary.wiley.com/doi/10.1002/hep.30478/suppinfo.
Supported by grants from the National Institute of Diabetes and Digestive and Kidney Diseases: University of California, San Francisco Liver 

Center P30 DK026743 and T32 DK060414 (Dr. Lee).
© 2018 by the American Association for the Study of Liver Diseases.
View this article online at wileyonlinelibrary.com.
DOI 10.1002/hep.30478

HEPATOLOGY, April 2019LEE ET AL.

1484

In internal cross-validation of the LASSO model 
for sustained alcohol use post-LT, the average C sta-
tistic was 0.74, only slightly smaller than the full-data 
estimate. A LASSO Cox proportional-hazard model 
with the same four variables had a similar C index 
estimate of 0.73. A LASSO logistic model using only 
three variables (greater than 10 drinks per day at ini-
tial hospitalization, history of any alcohol-related legal 
issues, and history of multiple rehabilitation attempts) 
had a similar C statistic estimate of 0.76 but had an 
inferior positive predictive value at the maximal score 
(38%).

Discussion
A return to sustained drinking post-LT has import-

ant ethical and clinical implications for any LT patient 
with AALD, but this may be especially true for those 
who underwent transplantation without a period of 
abstinence, as is the case in patients with AH. This 
is justifiably a major concern, as sustained alcohol use 

post-LT has been associated with a 5-fold increased 
risk of overall death compared with abstinence in LT 
recipients.(5) In the early LT population, in whom the 
acuity and severity of disease precludes the ability to 
mandate pre-LT treatment for AUD, careful selection 
of candidates for LT is imperative. By leveraging the 
large sample size in our multicenter cohort, we were 
able to develop a point score, the SALT score, to aid 
in identifying those at low risk for sustained alco-
hol use after early LT with the indication of severe 
AH. The SALT score incorporates four variables 
(greater than 10 drinks per day at initial hospitaliza-
tion, history of illicit substance abuse, history of any 
alcohol-related legal issues, and history of multiple 
rehabilitation attempts), which are routinely collected 
during pre-LT assessment and, most importantly, are 
objective and less prone to bias. The SALT score can 
easily be applied by any transplant provider as a tool 
to help guide the provider’s current selection process 
for early LT candidacy.

The LASSO(13) regression method used to develop 
the SALT score controls variable selection and coef-
ficient shrinkage through cross-validation, which on 
average prevents overfitting and improves predic-
tion in new samples and is better suited than other 
regression methods when the number of events is 
low, such as in this study. In contrast to some com-
petitive methods, including neural nets, the LASSO 
method tends to reduce the number of retained pre-
dictors, enhancing clinical utility.(13) It also produces 
coefficients, allowing for the development of a clini-
cally interpretable scoring system, which can easily be 
understood and applied by clinicians.(13) The SALT 
score’s C index of 0.76 was superior to the HRAR’s 
C index of 0.56. A SALT score of 5 or greater, which 
has a positive predictive value of 25% and a negative 

TABLE 3. SALT Score to Predict Sustained Alcohol Use 
Post-LT

Variable Points

>10 drinks/day at presentation +4
≥2 prior failed rehabilitation attempts +4
Any history of prior alcohol-related legal issues +2
History of non-THC illicit substance abuse +1

The SALT score was generated from a full LASSO logistic point-
score model to predict sustained alcohol use post-LT. The score 
assigns points to variables that were associated with sustained 
 alcohol use post-LT, and ranges were 0-11. Using a cutoff of 5, the 
SALT score had a C statistic estimate of 0.76 to predict sustained 
alcohol use post-LT.

TABLE 4. Sensitivity, Specificity, and Positive and Negative Predictive Values of SALT Score to Predict Sustained Alcohol 
Use Post-LT

SALT Score 
Cutoff Sensitivity (95% CI) Specificity (95% CI) Positive Predictive Value (95% CI) Negative Predictive Value (95% CI)

≥5 55% (23-83%) 84% (76-90%) 25% (10-47%) 95% (89-98%)
≥6 55% (23-83%) 87% (79-92%) 29% (11-52%) 95% (89-98%)
≥7 45% (17-77%) 94% (88-97%) 42% (15-72%) 95% (89-98%)
≥8 27% (6-61%) 96% (90-99%) 38% (9-76%) 93% (87-97%)
≥9 18% (2-52%) 97% (93-99%) 40% (5-85%) 93% (86-97%)
≥10 18 (2-52%) 97% (93-99%) 40% (5-85%) 93% (86-97%)
11 9 (0-41%) 99% (95-100%) 50% (1-99%) 92% (86-96%)
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positive predictive value of 25% (95% CI: 10%-47%), 
a negative predictive value of 95% (95% CI: 89%-
98%), and a specificity of 84% (95% CI: 76%-90%) 
for sustained alcohol use post-LT (Table 4). Setting 
the cutoff at the maximum score of 11, the SALT 

score had a positive predictive value of 50% (95% CI: 
1%-99%), a negative predictive value of 92% (95% CI: 
86%-96%), and a specificity of 99% (95% CI: 95%-
100%). A total of 105 of 129 (81%) patients had a 
SALT score of less than 5.

FIG. 2. (A) AUROC curve of full LASSO model for any alcohol use post-LT. A LASSO logistic model for any alcohol use post-LT, 
which incorporated age, history of multiple alcohol-related legal issues, and history of any alcohol-related legal issues as an ordinal 
variable, had a C statistic estimate of 0.66 (95% CI: 0.57-0.74). (B) AUROC curve of full LASSO model for sustained alcohol use 
post-LT. A LASSO logistic model for sustained alcohol use post-LT, which incorporated greater than 10 drinks per day at initial 
hospitalization, history of illicit substance abuse, history of any alcohol-related legal issues, and history of multiple rehabilitation 
attempts, had a C statistic estimate of 0.76 (95% CI: 0.68-0.83). Abbreviation: AUROC, area under the receiver operating characteristic.

Score	>11		PPV	50%	NPV:	92%

C:	0.76
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HEAV Y AR AFTER LT
Among the 70 patients with AR, 44 (63%) met the 
definition for heavy AR and 26 (37%) for nonheavy 
AR. The median (IQR) duration of heavy AR was 830 
(506-1837) and was longer than 100 days in all of them. 
The cumulative probability of heavy AR was 2.3%, 
7.5%, 12%, and 29% at 1, 3, 5, and 10 years after LT, 

respectively. On comparing these 2 groups of patients, 
a lower duration of abstinence (median 9 [IQR, 4-13] 
versus 12 [IQR, 6-23] months; P = 0.049) and con-
comitant abuse of cocaine (34% versus 11%; P = 0.05) 
were associated with heavy AR (Table 2). The proba-
bility of heavy AR in LT recipients with <6 months 
of abstinence was 10.1%, 17.6%, and 34.8% at 1, 3, 
and 5 years after LT, significantly higher than that for 

FIG. 1. (A) Cumulative probability of AR (including slips, indicated by the solid line) or heavy AR (dotted line) in patients with AUD 
before LT (Kaplan-Meier). (B) The cumulative probability of heavy AR after LT in patients with <6 months of abstinence (n = 60, 
solid line) was higher than in those with >6 months of abstinence (n = 249, dotted line; 10.1%, 17.6%, and 34.8% versus 0.4%, 3.2%, 
and 6.4% at 1, 3, and 5 years after LT, respectively; log-rank, 0.000). (C) Among LT recipients with <6 months of abstinence before LT 
(n = 60), those with an HRAR score ≥3 (n = 15, solid line) exhibited a higher risk of heavy AR compared with those with an HRAR 
score <3 (n = 45, dotted line; 20%, 36.7%, and 47% versus 6.8%, 12.4%, and 27% at 1, 3, and 5 years, respectively; log-rank, 0.013).
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with a 138% increased risk of heavy AR (Table 3; see 
the Supporting Materials for likelihood ratio tests 
for interactions and Supporting Fig. 2 for risk func-
tion). On categorizing the duration of abstinence 
before LT, <6  months of abstinence was an inde-
pendent risk factor for heavy AR (HR, 3.91; 95% 
CI, 1.85-8.24; P < 0.001). The combination of the 
HRAR score and the duration of abstinence before 
LT identified candidates with a high risk for heavy 
AR, especially among those with shorter duration 
of abstinence (Fig. 2). In patients with <6  months 
of abstinence, the probability of heavy relapse was 
20%, 36.7%, and 47% at 1, 3, and 5 years in patients 
with moderate-to-high HRAR score compared with 

6.8%, 12.4%, and 27% at 1, 3, and 5 years in those 
with low HRAR score (log-rank, 0.013, Fig. 1C). 
The area under the curve of duration of abstinence 
before LT for the prediction of heavy alcohol use 
relapse was 0.71 (95% CI, 0.63-0.80; P  <  0.001). 
The observed risk for AR was especially high among 
patients with <3  months of abstinence and those 
with 3-6  months of abstinence and a high HRAR 
score (Fig. 2; Supporting Fig. 3).

PATIENT AND GRAFT OUTCOMES
The overall patient survival of the entire cohort 
was 97.7%, 82.2%, and 68.3% at 1, 5, and 10 years, 

TABLE 3. Pretransplant Risk Factors Independently Associated With the Severity of AR After LT Using Multinomial 
Logistic Regression

Risk Factors

Nonheavy AR Heavy AR

OR (95% CI) P Value OR (95% CI) P Value

Moderate-to-high HRAR score (≥3) 1.25 (0.44-3.57) 0.68 2.39 (1.02-5.56) 0.04
Time of abstinence, months 1.01 (0.90-1.14) 0.81 0.81 (0.66-0.98) 0.03

NOTE: The comparison was made to the no AR group.

FIG. 2. Percentage of patients with heavy AR (solid bar) and nonheavy AR (empty bar) after LT according to the duration of abstinence 
(months) and the HRAR score (low, 0-2; moderate-to-high, ≥3). P = 0.000 for heavy AR in patients with <3 months of abstinence and 
those with 3-6 months of abstinence and a high HRAR score compared to the remainder.
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