
Giovanni Perricone
giovanni.perricone@ospedaleniguarda.it

Epatologia e Gastroenterologia
ASST Grande Ospedale Metropolitano Niguarda

Milano

ACLF e trapianto

mailto:giovanni.perricone@ospedaleniguarda.it


Agenda

 Definition of ACLF

 Natural history of ACLF

 The role of liver transplant in the management of ACLF



Arroyo et al, Nature Reviews Disease Primers 2016D’Amico et al, APT 2014
D’Amico et al, Journal of Hepatology 2018



Courtesy of Professor Rajiv Jalan



ACLF is a specific syndrome
characterized by:
acute decompensation;
organ failure(s);
high short-term mortality.

AD means development of:
•ascites;
•hepatic encephalopathy;
•gastrointestinal hemorrhage;
•bacterial infections.

OFs (liver, kidney, brain, coagulation,
respiration, circulation) are defined
by the original CLIF-SOFA score or its
simplified version CLIF-C OF score.

High short-term mortality means a
28-day mortality rate ≥15%.
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Overall impact of bacterial infections on clinical course and survival in patients with ACLF

 The clinical course (ACLF 2–3 at final assessment: 47% vs 26%; p<0.001) was significantly worse and the
probability of 90-day transplant-free survival significantly shorter in patients with ACLF and bacterial infection
(either at diagnosis or during follow-up) than in those without (45% vs 70%, p<0.001).

 Infected patients with ACLF-1 and ACLF-2 showed a lower 90-day probability of survival than those without
infection. In contrast, patients with ACLF-3 with and without infections did not show differences in prognosis.

 Appropriate empirical antibiotic therapy was administered in 74% and 72% of bacterial infections triggering
and complicating ACLF, respectively.

 Adequacy of initial antibiotic strategies was associated with lower critical care requirements, better evolution
of the syndrome in infection-triggered ACLF and lower 28- and 90-day mortality.



Fungal infection and colonisation

 Fungal isolation was infrequent and mainly observed in patients with ACLF (3.9% vs 0.4%, p=0.005).
 Of the 16 patients with ACLF and fungal isolation, 7 corresponded to invasive

candidiasis (five candidemias and two secondary peritonitis), 1 to probable IA and 8 to colonisation by Candida.

 6 out of the 8 invasive fungal infections were diagnosed during follow-up in patients with ACLF. In the
remaining two patients (a secondary peritonitis and an IA), diagnosis was performed at ACLF diagnosis.

 Mortality rates associated with invasive fungal infection and colonisation were 57% and 44% at 28 day and 71%
and 67% at 90 day, respectively.



 MDR bacteria were more frequently isolated in the ICU and in nosocomial episodes.
 MDR bacterial infections were more severe (higher rate of severe sepsis/shock and/or ACLF at diagnosis)

and associated to lower resolution rate and higher mortality at 28 days, especially if treated with
inadequate empirical antibiotic strategies.

 A nosocomial origin of infection, ICU admission and recent hospitalization within the previous 3 months
were the only independent risk factors for MDR bacterial infections identified in the whole CANONIC
cohort.

 Inadequacy of first-line antibiotic strategies had a negative impact on short-term survival, both in patients
with AD and ACLF, a feature also observed when the analysis was restricted to MDR bacterial infections.

 Broad schemes covering all potential pathogens should be empirically used in the nosocomial setting and
in severe sepsis/shock and should be followed by rapid de-escalation strategies to avoid a further spread
of antibiotic resistance.

Fernendéz J et al, Journal of Hepatology 2019
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The CLIF-C ACLF score

CLIF-C ACLF score = 10 x [0.33 x CLIF-OFs + 0.04 x Age + 0.63 x Ln (WBC count) – 2] 

The cumulative probability of death at time “t” can be estimate by the equation:
P = 1 – e -Cl(t) x exp [β(t) x Clif-C-ACLF score]

Jalan et al, Journal of Hepatology 2014

The score can be calculated at the European Foundation for the study of Chronic Liver Failure (EF-CLIF) website
http://www.efclif.com



Jalan et al, Journal of Hepatology 2014



Choudhury A et al, Hepatol Int 2017 

The score can be calculated at AARC website
http://www.aclf.in/ ?page=doctor_aarc_grade_cal 
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Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Gustot T et al. 
2015

CANONIC
Europe
29 centers

CLIF-C criteria 35 pts with initial ACLF:
- 25 pts with ACLF at LT (ACLF-1, 5; 

ACLF-2, 11; ACLF-3, 9)
 Mean MELDs 34 and mean CLIF-C 

ACLFs 50.3
 Renal failure 64%, coagulation 

failure 60%, liver failure 56%, 
circulatory failure 36%, cerebral 
failure 22%, respiratory failure 0%

 Vasoactive agents 52%, RRT 40% 
and MV 28%

- 10 pts with ACLF resolution at LT
 Mean MELDs 25.8
 Liver failure 60%, coagulation failure 

10%
 Vasoactive agents 50%, MV 10%

1-year: 
- pts with ACLF at LT: 

75.3% (ACLF-1, 80%; 
ACLF-2, 71.6%; ACLF-
3, 77.8%)

- pts with ACLF 
resolution before LT: 
90% 

DDLT

LT within 28 days (median 
time between ACLF diagnosis 
and LT 11 days)

6-month probability of 
survival of d3-7 ACLF-2 or -3 
pts undergoing LT compared 
to LT-free survival probability 
in d3-7 ACLF-2 or -3 pts: 
80.9% vs 10%

Gustot T et  al, Hepatology 2015; 62: 243-252



Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Levesque E et al.
2017

France
1 centre

CLIF-C criteria 140 pts with ACLF at LT with a 
mean MELDs 29.5 and a 
mean CLIF-SOFAs 10.3
- ACLF-1, 68 pts
- ACLF-2, 42 pts
- ACLF-3, 30 pts (3-OFs 

10 pts, ≥4 OFs 20 pts)

Coagulation failure 65%, liver 
failure 53.6%, renal failure 
19.3%, cerebral failure 23.6%, 
respiratory failure 20.7%, 
circulatory failure 17%

RRT 11%

1-year: 70% (ACLF-1 or -2, 
77.2%; ACLF-3, 43.3%)

DDLT

Mean post-LT ICU and 
hospital stays: 17.5 and 47.5 
days

1-year survival post-LT in 210 
pts without ACLF: 91.4%

Levesque et al, Liver International 2017



Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Artru F et al.
2017

France
3 centers

CLIF-C criteria 73 pts with ACLF-3 with median MELDs 
and CLIF-C ACLFs at LT 40 and 63.5, 
respectively
- MV 46 pts
- Noradrenalin, median dose 0.5 

mg/h, 45 pts
- RRT 34 pts 

1-year: 83.6% DDLT

Absolute contraindications to LT: active 
gastrointestinal bleeding, control of sepsis <24 h, 
hemodynamic instability requiring dose of 
noradrenalin >3 mg/h, severe ARDS (PaO2/FiO2 <150)

Median pre-LT ICU stay 9 days (5-14) and median time 
between placement on WL and LT 8 days (3-24)

Median post-LT ICU stay 18 days (10-33.5) and median 
total hospital stay 51 days (37-79.8)

100% pts with ACLF-3 developed complications

1-year survival of 119 non-LT controls: 7.9%

1-year survival of controls without ACLF (292 pts), with 
ACLF-1 (119 pts), and with ACLF-2 (145 pts): 90%, 
82.3%, and 86.2%

Artru et  al, J. Hepatol. 2017; 67 : 798-715



Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Sundaram V et al.
2019

UNOS registry CLIF-C criteria 7375 pts with ACLF-1
7513 with ACLF-2
6381 with ACLF-3
- 3 OFs 3583 pts
- 4 OFs 1646 pts
- 5 OFs 866 pts
- 6 OFs 286 pts

1-year:
- No ACLF, 91.9%
- ACLF-1, 89.1%
- ACLF-2, 88.1%
- ACLF-3, 81.8%
 MV: 75.3%%
 No MV: 85.4%
 Circulatory failure: 78.4%
 No circulatory failure: 85.3%
 KPS <80%: 81.8%
 KPS ≥80%: 88.5%
 DRI ≥1.7: 78.1%
 DRI <1.7: 82.9%
 FRS >8: 74.7%
 FRS ≤8: 84.4%
 LT after 30 days: 79.4%
 LT within 30 days: 82.5%

Death or WL removal within 90 days of 
transplant listing
- No ACLF
 MELD-Na <25: 16.1%
 MELD-Na 25-29: 19.9%
 MELD-Na 30-34: 21.2%
 MELD-Na ≥35: 21.2%
- ACLF-1
 MELD-Na <25: 19.9%
 MELD-Na 25-29: 21.8%
 MELD-Na 30-34: 21.1%
 MELD-Na ≥35: 22.7%
- ACLF-2
 MELD-Na <25: 30.9%
 MELD-Na 25-29: 20.7%
 MELD-Na 30-34: 18.9%
 MELD-Na ≥35: 22%
- ACLF-3
 MELD-Na <25: 43.8%
 MELD-Na 25-29: 36.9%
 MELD-Na 30-34: 29.9%
 MELD-Na ≥35: 35.2%

ACLF grade 3 ACLF grade 3

Sundaram et al,  Gastroenterology 2019



Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Moon DB et al.
2017

Korea
1 center

CLIF-C criteria 190 pts with ACLF and MELDs 
≥30 (mean MELDs 38.4)
- ACLF-1, 96 pts
- ACLF-2, 43 pts
- ACLF-3, 51 pts

1-, 3-, and 5-year patient 
survival: 79.5%, 73.6%, and 
72.1%

LDLT

Hospital mortality: 15.8%

Frequency of total 
complications: 74.7%

1-, 3-, and 5-year graft 
survival: 76.8%, 72.1%, and 
70.5%

1-, 3-, and 5-year patient 
survival of 137 non-ACLF pts 
with MELDs ≥30: 90.5%, 
83.2%, and 81.8%



Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Huebener P et al.
2018

Germany
1 center

CLIF-C criteria 98 pts with ACLF within 3 
months prior to LT

At diagnosis
- ACLF-1, 24 pts
- ACLF-2, 45 pts
- ACLF-3, 29 pts

Median MELDs at LT 34.5

37 pts experienced recovery 
of at least 1 OF(s) before LT

3-month survival: 72.4%
- ACLF-1, 84.2%
- ACLF-2, 75%
- ACLF-3, 66%

2-year survival: 60.2%

Median ICU and hospital stay
post-LT: 16 and 45 days

3-month, and 2-year survival
of 152 non-ACLF pts: 96.1%,
86.8%

90-day patients and graft
survival rates identical
between ACLF improvers and
non-ACLF LT recipients.

Bhatti ABH et al.
2018

Pakistan
1 center

CLIF-C criteria 60 pts with a median MELDs 
29
- ACLF-1, 43 pts
- ACLF-2, 15 pts
- ACLF-3,   2 pts

1-year overall survival: 92%
- ACLF-1, 91%
- ACLF-2, 93%
- ACLF-3, 100%

LDLT

1-year overall survival in 59 
ACLF pts non-receiving LT: 
11% 

Thuluvath PJ et al. 
2018

UNOS CLIF-C criteria Pts who were transplanted 
within 30 days of listing
- No OF 7881 pts with 

a mean MELDs 16
- 1 OF 4330 pts with a 

mean MELDs 27
- 2 OFs 3557 pts with a 

mean MELDs 34
- 3 OFs 1947 pts with a 

mean MELDs 39
- 4 OFs 932 pts with a 

mean MELDs 39
- 5-6 OFs 677 pts with 

a mean MELDs 40

1-year survival
- No OF 90%
- 1 OF 88%
- 2 OFs 88%
- 3 OFs 84%
- 4 OFs 81%
- 5-6 OFs 81%

5-year survival
- No OF 74%
- 1 OF 74%
- 2 OFs 74%
- 3 OFs 73%
- 4 OFs 67%
- 5-6 OFs 67%

LT median time 4-5 days in 
pts with ≥3 OFs

30-day removal from the list 
because death or LT
- No OF 10%
- 1 OF 45%
- 2 OFs 80%
- 3 OFs 92%
- 4 OFs 94%
- 5-6 OFs 98%



Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Yadav SK et al.
2019

India
1 center

CLIF-C criteria 117 pts with a mean MELDs 
30.6 and a mean CLIF-C ACLFs 
46.9
- ACLF-1, 28 pts
- ACLF-2, 48 pts
- ACLF-3, 41 pts

1-year survival
- ACLF-1, 92.9%
- ACLF-2, 85.4%
- ACLF-3, 75.6%

Entire study cohort: 218 pts 
(ACLF-1, 35; ACLF-2, 66; ACLF-
3, 117). 

Underwent to LT: ACLF-1, 
80%; ACLF-2, 72.7%; ACLF-3, 
35%

LDLT

Absolute contraindications to 
LT: circulatory failure (high 
dose inotropes), respiratory 
failure (MV), renal failure 
(HD)

Post-LT morbidity: sepsis 41%

Mortality without LT at 3 
months: ACLF-1, 28.5%; ACLF-
2, 77.7%; ACLF-3, 93.4%



Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Chan AC et al. 2009 China
1 center

APASL criteria 149 pts with ACLF divided in 2 
subgroups
- Acute exacerbation 

of chronic hepatitis 
B: 50 pts, median 
MELDs 37

- Cirrhosis with acute 
deterioration: 99 pts, 
median MELDs 35

HRS 57 pts, pre-LT HD 28, MV 
43 pts

1-, 3-, and 5-year overall 
survival rates: 96% and 95%, 
96% and 90.5%, 93.2% and 
90.5%

DDLT 46 pts, LDLT 103 pts

Hospital mortality: 4% and 
5.1%

Early complications (<30 
days): 62% and 70.7%

Post-LT HD: 10% and 11.1%

Median ICU stay: 6 (1-37) and 
5 (1-125) days
Median hospital stay: 18 (10-
79) and 24 (8-210) days

5-year overall survival post-
LT of 301 cirrhotic pts: 79.3%

Chen Z et al.
2011

China
1 center

Chronic pre-existing HBV, 
serum bilirubin >20 mg/dL 
and/or HE grade >2

19 pts with HBV ACLF with a 
mean MELDs 39.8

1-, 6-, and 12-month survival 
rates: 88.89%, 83.33%, and 
83.33%

LDLT

Survival of 28 pts with HBV 
ACLF not undergoing LDLT <3 
months

1-, 6-, and 12-month post-LT 
survival of 30 pts without 
ACLF: 96.67%, 93.33% and 
93.33%

Bahirwani R et al.
2011

USA
1 center

Rise in MELDs >5 points 
within 4 weeks before LT

157 pts with ACLF with a 
mean MELDs al LT 28.77

Survival rate after a median 
follow-up of 4.67 years: 
74.5%

45% of deaths post-LT in 
ACLF pts were liver-related

Post-LT survival rate in 175 
non-ACLF pts after a median 
follow-up of 3.82 years: 
83.4%



Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Ling Q et al
2012

China
1 center

APASL criteria 126 pts with HBV ACLF and 
MELDs ≥30 at listing
- emergency LT (ELT 

group) 42 pts
- ALSS with MELD <30 

at LT (DGM group) 33 
pts

- ALSS with MELD ≥30 
at LT (N-DGM group) 
51 pts

Overall survival after a 
median of 1.53 (0.03-9.86) 
years follow-up
- ELT group: 83.3%
- DGM group: 84.8%
- N-DGM group: 56.9% 

DDLT 93 pts, LDLT 33 pts

Early (<30 days) mortality
- ELT group: 14.3%
- DGM group: 9.1%
- N-DGM group: 23.5%

Xing T et al.
2013

China
1 center

APASL criteria 133 pts with HBV ACLF
- 103 pts without renal 

dysfunction (median 
MELDs 21.3): only LT

- 18 pts with HRS-1 
(median MELDs 
33.6): only LT

- 12 pts with ESRD 
(median MELDs 
32.1): CLKT

1-, 3-, and 5-year overall 
survival rates:
- pts without renal 

dysfunction: 75.7%, 
73.8%, and 72.8%

- pts with HRS-1: 
61.1%, 61.1%, and 
61.1%

- pts with ESRD: 100%, 
83.3%, and 83.3%

DDLT

Hospital mortality:
- pts without renal 

dysfunction: 20.4%
- pts with HRS-1: 

44.4%
- pts with ESRD: 0%

Early (<30 days) 
complications:
- pts without renal 

dysfunction: 13.6%
- pts with HRS-1: 

27.8%
- pts with ESRD: 8.3%

Duan BW et al.
2013

China
1 center

EASL–AASLD consensus 
working definition

+
SOFAs

100 pts with ACLF with a 
median MELDs 32 (19-53) 
and a median SOFAs 9 (6-20)
- MV 7 pts
- HRS 25 pts
- Cerebral failure 20 

pts

1-, 3-, and 5-year cumulative 
survival rates: 76.8%, 75.6%, 
and 74.1%

DDLT 84 pts, LDLT 16 pts

Overall hospital mortality: 
20%

Early (<30 days) 
complications: 41%

Median hospital stay 45 days 
(8-170)

1-, 3-, and 5-year cumulative 
graft survival rates: 73.3%, 
72.1%, and 70.6%



Study Experience Criteria for ACLF diagnosis Number of LT Survival post-LT Notes

Finkenstedt A et al. 
2013

Austria
1 center

APASL criteria 33 pts with ACLF with a 
median MELDs 27 (17-38)

Overall survival after a mean 
follow-up of 29 (2-85) 
months: 85%

3-month, 1-year, and 5-year 
survival rates: 94%, 87%, and 
82%

Median overall survival and 
transplant-free survival times 
of the entire ACLF cohort 
(144 pts): 54 and 48 days

Only 10 pts out of 144 (ACLF 
cohort) survived without LT 
with a median follow-up of 
1.5 years

DDLT

WL mortality: 54%

Probability of death on WL: 
37% after 1 month, 52% after 
3 months

Median waiting time for LT: 
24 (5-115) days

3-month, 1-year, and 5-year 
survival rates in non-ACLF 
cohort: 98%, 93%, and 82%

Lin KH et al
2013

Taiwan
1 center

APASL criteria 54 pts with ACLF
- pre-LT infection 

(group 1) 34 pts
- no pre-LT infection 

(group 2) 20 pts
with a median MELDs 24 

1-year patient survival:
- group 1, 94.1%
- group 2, 90%

LDLT

1-year graft survival:
- group 1, 94.1%
- group 2, 90%

O’Leary JG et al.
2019

North America
14 centers

NACSELD criteria 57 pts having experienced an 
episode of ACLF during index 
admission and with median 
MELDs at LT 31.1

3- and 6-month survival: 94% 
and 93%

DDLD and LDLT

Median time to LT: 27 days

3- and 6-month survival of 
transplanted pts without 
ACLF: 96% and 93%



 How many patients with ACLF were listed and received a LT between January 2018 and June 2019 
across Europe and how does practice vary between countries? 

 What were survival rates after listing for LT and after LT? 
 What were the determinants of mortality in both settings? 



ACLF at listing or at occurrence (if after listing)
Total (N=308)

ACLF-1 (N=68) ACLF-2 (N=109) ACLF-3 (N=131)

ACLF grade at listingabc

No ACLF (incident
cases)

19 (27.94%) 22 (20.18%) 40 (30.53%) 81 (26.30%)

1 49 (72.06%) - - 49 (15.91%)
2 - 87 (79.82%) - 87 (28.25%)
3 - - 91 (69.47%) 91 (29.55%)

Patients developing ACLF after listing 
(incident cases)

19 (27.94%) 22 (20.18%) 40 (30.53%) 81 (26.30%)

Number of organ failureabc

1 68 (100.00%) - - 68 (22.08%)
2 - 109 (100.00%) - 109 (35.39%)
3 - - 76 (58.02%) 76 (24.68%)
4+ - - 45 (34.35%) 45 (14.61%)
Missing 0 (0.00%) 0 (0.00%) 10 (7.63%) 10 (3.25%)

Type of organ failure
Liver failure 55 (80.88%) 95 (87.16%) 102 (77.86%) 252 (81.82%)
Renal failureabc 9 (13.24%) 46 (42.20%) 86 (65.65%) 141 (45.78%)
Coagulation failureabc 0 (0.00%) 54 (49.54%) 90 (68.70%) 144 (46.75%)
Brain failurebc 3 (4.41%) 12 (11.01%) 58 (44.27%) 73 (23.70%)
Circulatory failurebc 1 (1.47%) 6 (5.50%) 55 (41.98%) 62 (20.13%)
Respiratory failurebc 0 (0.00%) 3 (2.75%) 43 (32.82%) 46 (14.94%)

MELD at listingab

Median (Q1-Q3) 27.0 (20.5 - 30.0) 31.0 (26.0 - 36.0) 33.0 (21.0 - 40.0) 30.0 (23.0 - 37.0)
CLIF-C ACLF scoreabc

Median (Q1-Q3) 44.5 (40.0 - 51.0) 51.0 (45.0 - 58.0) 63.0 (54.0 - 72.0) 53.0 (46.0 - 64.0)
Missing (%) 0 (0.00%) 5 (4.59%) 20 (15.27%) 25 (8.12%)

>64 6 (8.82%) 15 (13.76%) 44 (33.59%) 65 (21.10%)
Transplantb 60 (88.24%) 87 (79.82%) 87 (66.41%) 234 (75.97%)
Time (in days) from wait-listing for 
ACLF ** to transplant / death / 
delistingabc

Median (Q1-Q3) 20.0 (8.0 - 37.5) 8.0 (4.0 - 18.0) 5.0 (2.0 - 11.0) 8.0 (3.0 - 19.5)
Deathbc 18 (26.47%) 31 (28.44%) 62 (47.33%) 111 (36.04%)
Follow-up time (in months) from 
wait-listing for ACLF* to death / end 
of follow-upb

Median (Q1-Q3) 11.7 (7.5 - 18.3) 10.2 (5.7 - 16.2) 7.1 (0.3 - 16.5) 9.8 (1.4 - 17.1)

Patients with ACLF at listing
or occurring after listing
Baseline characteristics

Belli LS et al, 
Journal of Hepatology 2021



ACLF cases enrolled in the study by country

Belli LS et al, Journal of Hepatology 2021



Belli LS et al, Journal of Hepatology 2021

Survival curves from waitlisting for ACLF or from occurrence of ACLF if it occurred after listing



Belli LS et al, Journal of Hepatology 2021

Cumulative incidence of transplant and death



Variable Univariate model Multivariate model
Hazard Ratio

(95% Confidence Interval)
p-value

Hazard Ratio
(95% Confidence Interval)

p-value

Incident case 2.77 (1.75 - 4.39) <.0001 1.87 (1.12 - 3.13) 0.0167
ACLF baseline

2 vs 1 1.82 (0.83 - 3.99) 0.1331
3 vs 1 3.47 (1.68 - 7.19) 0.0008

Sex (male vs female) 1.06 (0.66 - 1.72) 0.8043
Age >60 2.03 (1.29 - 3.19) 0.0023 1.89 (1.15 - 3.11) 0.0118
Number of organ failure

2 vs 1 1.82 (0.83 - 4.00) 0.1329 1.97 (0.93 - 4.15) 0.0755
3 vs 1 2.85 (1.30 - 6.26) 0.0091 2.85 (1.33 - 6.12) 0.0073
4+ vs 1 5.53 (2.49 - 12.29) <.0001 5.29 (2.39 - 11.70) <.0001

Organ failure
Liver failure 0.85 (0.45 - 1.59) 0.6006
Kidney failure 2.32 (1.45 - 3.71) 0.0004
Coagulation failure 1.11 (0.70 - 1.76) 0.6452
Brain failure 1.92 (1.19 - 3.09) 0.0075
Circulatory failure 2.31 (1.40 - 3.82) 0.001
Respiratory failure 3.59 (2.19 - 5.87) <.0001

MELD at listing (1-unit 
increase) 0.96 (0.93 - 0.99) 0.006

CLIF-C ACLF score classes
40-52 vs ≤ 40 0.83 (0.16 - 4.32) 0.8249
52-64 vs ≤ 40 3.25 (0.74 - 14.23) 0.1177
>64 vs ≤ 40 12.94 (3.09 - 54.27) 0.0005

Type of precipitating event 
(multiple events possible)

Infection 1.02 (0.62 - 1.67) 0.9378
Alcohol 0.38 (0.14 - 1.02) 0.0545
Bleeding 1.44 (0.87 - 2.40) 0.1552
Other 0.27 (0.07 - 1.10) 0.0668

MDRO infection 4.55 (2.90 - 7.16) <.0001 3.83 (2.27 - 6.46) <.0001
Gram positive 4.09 (2.05 - 8.18) <.0001
Gram negative 2.81 (1.69 - 4.66) <.0001
Other 5.82 (3.18 - 10.64) <.0001

Belli LS et al, Journal of Hepatology 2021

Analysis of
predictors of death or 
delisting before LT
(competing risks model).



ACLF at LT Total (N=234)1 (N=58) 2 (N=78) 3 (N=98)
PATIENTS’ FEATURES 
ACLF occurring after listingab

21 (36.21%) 13 (16.67%) 14 (14.29%) 48 (20.51%)
Type of organ failure

Liver failureab 32 (55.17%) 69 (88.46%) 88 (89.80%) 189 (80.77%)
Renal failurebc 16 (27.59%) 23 (29.49%) 64 (65.31%) 103 (44.02%)
Coagulation failureab 8 (13.79%) 50 (64.10%) 76 (77.55%) 134 (57.26%)
Brain failurebc 2 (3.45%) 8 (10.26%) 50 (51.02%) 60 (25.64%)
Circulatory failurebc 0 (0.00%) 5 (6.41%) 48 (48.98%) 53 (22.65%)
Respiratory failurebc 0 (0.00%) 1 (1.28%) 28 (28.57%) 29 (12.39%)

PaO2/FiO2 at LT
Median (Q1-Q3) - - 253.5 (195.0 - 296.0) 253.5 (195.0 - 296.0)
PaO2/FiO2 at LT <200 - - 6 (21.43%) 6 (20.69%)

MELD at LTabc

Median (Q1-Q3) 28.0 (25.0 - 32.0) 34.0 (30.0 - 38.0) 38.5 (33.0 - 40.0) 34.0 (30.0 - 39.0)
MELD at LT >30ab 20 (34.48%) 57 (73.08%) 84 (85.71%) 161 (68.80%)
MELD at LT >35abc 5 (8.62%) 30 (38.46%) 61 (62.24%) 96 (41.03%)

CLIF-C ACLF score at LTabc

Median (Q1-Q3) 43.0 (39.0 - 47.0) 50.5 (46.0 - 55.0) 62.0 (55.0 - 67.0) 52.0 (45.0 - 61.0)
Classesabc

≤40 22 (37.93%) 7 (8.97%) 2 (2.04%) 31 (13.25%)
40-52 32 (55.17%) 38 (48.72%) 17 (17.35%) 87 (37.18%)
52-64 4 (6.90%) 30 (38.46%) 43 (43.88%) 77 (32.91%)
>64 0 (0.00%) 3 (3.85%) 35 (35.71%) 38 (16.24%)

Pre-LT MDRO infection
Yes 6 (10.34%) 4 (5.13%) 13 (13.27%) 23 (9.83%)

Lactate before LT (mmol/L)
Median (Q1-Q3) 1.6 (1.4 - 2.5) 2.1 (1.6 - 2.8) 2.0 (1.5 - 2.9) 2.0 (1.4 - 2.7)
Missing (%) 16 (27.59%) 8 (10.26%) 2 (2.04%) 26 (11.11%)
Lactate >4 2 (3.45%) 4 (5.13%) 14 (14.29%) 20 (8.55%)
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Characteristics of patients receiving a liver transplant

ACLF at LT Total (N = 234)
1 (N = 58) 2 (N = 78) 3 (N = 98)

POST-LT FEATURES
Intubation >48 hrsbc, N of pts (%) 10 (17.24%) 18 (23.08%) 44 (44.90%) 72 (30.77%)

Days of intubation 
Median (Q1-Q3) 7.0 (3.0 - 15.0) 6.0 (4.0 - 12.0) 9.5 (4.0 - 23.0) 8.0 (4.0 - 20.0)

RRTbc, N of pts (% )
15 (25.86%) 18 (23.08%) 46 (46.94%) 79 (33.76%)

Days of RRT
Median (Q1-Q3) 8.0 (3.0 - 22.0) 13.0 (6.0 - 19.0) 11.0 (4.0 - 24.0) 11.0 (4.0 - 22.0)

Length (days) of total hospital stay after LTb

Median (Q1-Q3) 24.0 (18.0 - 39.0) 30.0 (21.0 - 54.0) 37.5 (24.5 - 69.5) 32.0 (21.0 - 55.0)
Length (days) of ICU stay after LTb

Median (Q1-Q3) 7.5 (5.0 - 13.0) 10.0 (6.0 - 17.0) 12.5 (7.0 - 29.0) 11.0 (6.0 - 20.0)
Post-LT MDRO infections

Yes 14 (24.14%) 15 (19.23%) 30 (30.61%) 59 (25.21%)
Death 6 (10.34%) 12 (15.38%) 19 (19.39%) 37 (15.81%)
Follow-up time (in days) from wait-listing for 
ACLF* to transplantab

Median (Q1-Q3) 17.0 (8.0 - 32.0) 6.5 (3.0 - 17.0) 6.0 (2.0 - 13.0) 7.0 (3.0 - 20.0)
Follow-up time (in months) from transplant to 
death / end of follow-up

Median (Q1-Q3) 13.1 (7.4 - 17.4) 10.7 (7.4 - 16.7) 12.7 (7.6 - 17.9) 12.0 (7.5 - 17.6)
Follow-up time (in months) from wait-listing 
for ACLF* to death / end of follow-up

Median (Q1-Q3) 15.5 (8.2 - 18.7) 11.8 (8.0 - 17.7) 13.0 (7.7 - 18.2) 13.0 (8.0 - 18.4)
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Variable Univariate models Multivariate model
HR (95% CI) p-value HR (95% CI) p-value

Incident case 1.81 (0.89 - 3.66) 0.1
ACLF at LT

2 vs 1 1.51 (0.57 - 4.03) 0.4071
3 vs 1 1.89 (0.75 - 4.73) 0.1743

Sex (male vs 
female) 1.02 (0.51 - 2.03) 0.9545
Age >60 0.54 (0.23 - 1.30) 0.1717
Number of organ 
failure

2 vs 1 1.51 (0.57 - 4.03) 0.4071
3 vs 1 1.87 (0.69 - 5.05) 0.2193
4+ vs 1 1.92 (0.67 - 5.54) 0.2261

Organ failure
Liver 1.01 (0.44 - 2.29) 0.9879
Kidney 1.99 (1.03 - 3.83) 0.0401
Coagulation 0.96 (0.50 - 1.85) 0.9114
Brain 1.87 (0.96 - 3.64) 0.0643
Circulatory 1.30 (0.63 - 2.69) 0.4746
Respiratory 0.59 (0.18 - 1.93) 0.387

PaO2/FiO
2 at LT <200 0.95 (0.13 - 6.90) 0.9562
Severe alcoholic 
hepatitis 0.59 (0.18 - 1.93) 0.3833
MELD at LT (1 unit 
increase) 1.05 (1.00 - 1.11) 0.0436
MELD >30 1.66 (0.76 - 3.63) 0.2047
MELD >35 1.73 (0.91 - 3.31) 0.096
CLIF-C ACLF score 
at LT (classes)

40-52 vs <= 40 3.06 (0.71 - 13.32) 0.1353
52-64 vs <= 40 2.39 (0.53 - 10.80) 0.2561
>64 vs <= 40 3.67 (0.78 - 17.27) 0.1002

Variable
Univariate models Multivariate model

HR (95% CI) p-value HR (95% CI) p-value
Type of precipitating event (multiple events possible)

Infection 1.28 (0.61 - 2.68) 0.5192
Alcohol 0.17 (0.02 - 1.21) 0.0764
Bleeding 1.36 (0.63 - 2.92) 0.4328
Other 1.51 (0.58 - 3.91) 0.3974

Pre-LT MDRO 
infection 3.86 (1.82 - 8.21) 0.0004 3.67 (1.63 - 8.28) 0.0017

Gram positive 2.33 (0.32 - 16.99) 0.4051
Gram negative 2.89 (1.20 - 6.95) 0.0178
Other

26.25 (5.71 - 120.63) <.0001
Lactate before LT 
(1-unit increase) 1.07 (0.96 - 1.20) 0.1944
Lactate at LT 
>4 mmol/L 3.63 (1.64 - 8.04) 0.0015 3.14 (1.37 - 7.19) 0.0069
WBC before LT (1-
unit increase) 1.01 (0.97 - 1.06) 0.6503
Intubation >48 hrs 4.11 (2.11 - 7.99) <.0001
RRT 2.86 (1.49 - 5.48) 0.0016 2.74 (1.37 - 5.51) 0.0046
Donor age (1-unit 
increase) 1.02 (0.99 - 1.04) 0.1668
WIT in min (1-
minute increase) 1.00 (0.99 - 1.01) 0.4667
CIT in min (1-
minute increase) 1.00 (1.00 - 1.00) 0.7306
Time from listing 
to LT (1-day 
increase) 1.00 (0.99 - 1.01) 0.8561
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 74 patients with ACLF died after listing, with infection being the most frequent precipitant (63.5% [47/74]).
 Infections from MDROs were observed in 60% of patients who died (28/47) with mortality being directly related to

MDROs in 26 patients.

Belli LS et al, Journal of Hepatology 2021



 37/234 patients who received a LT (15.8%)
died after LT.

 Main cause of death was sepsis with MOF
in 21 patients.

 Of the 23 patients with a MDRO infection
pre-LT, 13 (56.5%) had a new infection from
MDRO post-LT.

 In 11 cases the post-LT MDRO infection was
from the same organism isolated before LT.

 7/13 died.

Belli LS et al, Journal of Hepatology 2021
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Artzner T et al, Liver Transplantation 2022



 No correlation between the number of patients admitted to the ICU and the number of patients listed with ACLF-3 or those transplanted 
with ACLF-3

 Significant correlation between listing and transplanting 
patients with ACLF-3 (correlation coefficient: 0.8; p < 0.0001).

 In particular, the 4 centers that transplanted the highest 
number of patients with ACLF-3 were also the centers that 
listed the highest number of patients with ACLF-3 

Artzner T et al, Liver Transplantation 2022



Gustot T et  al, Hepatology 2015

Engelmann et al, Critical Care 2018



Absolute contraindications for LT
 active gastrointestinal bleeding
 control of sepsis for less than 24 h
 hemodynamic instability requiring a dose of norepinephrine ≥ 3 mg/h
 severe lung impairment, defined by a ratio PaO2/FiO2 <150

Artru et  al, J. Hepatol. 2017; 67 : 798-715



Linecker M et al, Journal of Hepatology 2018



 The Delphi panelists recommended denying LT in
case of severe frailty.

 No consensus was reached regarding the age of the
recipient.



A consensus was reached ranking respiratory, circulatory, and metabolic
failures as essential considerations in determining LT candidacy.

A threshold of:
Pao2/FiO2 ≤150 mmHg
norepinephrine dose ≥1 μg/kg per minute
lactate level ≥9 mmol/L
was considered a contraindication to LT.

x



Artzner T et al, AJT 2020



Organ allocation in the MELD era

• MELD underestimates the risk of death of ACLF patients

• Mortality of patients with ACLF in comparison to those with ALF



Sundaram et al,  Gastroenterology 2019



Hernaez R et al, Journal of Hepatology 2020



Organ allocation in the MELD era

• MELD underestimates the risk of death of ACLF patients

• Mortality of patients with ACLF in comparison to those with ALF



Sundaram V et al, Hepatology 2019



Sundaram et al, Clinical Gastroenterology and Hepatology 2022
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