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THE MULTI-ORGAN DYSFUNCTION AND EVALUATION FOR LIVER TRANSPLANTATION (MODEL) 
SCORE PREDICTS HIGH PROBABILITY OF 1-YEAR POST-TRANSPLANT MORTALITY IN PATIENTS 
WITH SEVERE ACUTE-ON-CHRONIC LIVER FAILURE 

Background: Two important conditions in patients with chronic liver disease:
- Acutely decompensated cirrhosis → ascites, GI bleeding, hepatic encephalopathy, or any combination
- Acute-on-chronic liver failure → Syndrome associated with high-risk of short-term death (<28 days after 
hospital admission) in patients with acutely decompensated cirrhosis

Three major features characterize the syndrome:
a) Occurs in the context of intense systemic inflammation
b) Develops after proinflammatory precipitating events (alcoholic hepatitis, infection)
c) Associated with single or multiple organ failure

Grade 1.- Single renal failure (creatinine 1.5-1.9)
Grade 2.- Two organ failures of any combination
Grade 3.- Three or more organ failures of any combination

• Scarcity of donor organs and potentially high post-LT mortality → OLT?

#3. Vinay Sundaram et al; N Engl J Med. 2020;382:2137-45; Liver Transplantation. 2020;26(12):1594-1602.



THE MULTI-ORGAN DYSFUNCTION AND EVALUATION FOR LIVER TRANSPLANTATION (MODEL) 
SCORE PREDICTS HIGH PROBABILITY OF 1-YEAR POST-TRANSPLANT MORTALITY IN PATIENTS 
WITH SEVERE ACUTE-ON-CHRONIC LIVER FAILURE 

Aim: To develop a tool to determine if critically ill patients with severe ACLF have a high likelihood of mortality 
within 1-year after LT.

Methods: Data from 15 LT centers in the United States of patients transplanted from the intensive care unit 
(ICU), years 2014-2019. 
• Predictors were selected from univariate logistic regression analysis (p<0.10). 
• Following the TRIPOD statement, we estimated overall performance, discrimination, and calibration. 
• The final model was selected based on performance and simplicity.

Results: 735 patients transplanted from the ICU
521 (70.8%) had severe ACLF
- 237 with ACLF-2
- 284 with ACLF-3
Median age: 55 y/o, median MELD Na+ at transplant 40
104 patients with severe ACLF (19.9%) died within a year

#3. Vinay Sundaram et al.



THE MULTI-ORGAN DYSFUNCTION AND EVALUATION FOR LIVER TRANSPLANTATION (MODEL) 
SCORE PREDICTS HIGH PROBABILITY OF 1-YEAR POST-TRANSPLANT MORTALITY IN PATIENTS 
WITH SEVERE ACUTE-ON-CHRONIC LIVER FAILURE 

Using stepwise logistic regression, we created the Multi-Organ Dysfunction and Evaluation for Liver 
transplantation (MODEL) score, which ranges from 0.08 to 1.14.

The following variables were included: 
• age >50 years (OR=2.24, p=0.012)
• one vasopressor at LT (OR=1.80, p=0.09) 
• more than one vasopressor at LT (OR=4.05, p<0.001) 
• respiratory failure (OR=2.03, p=0.019) 
• multi-drug resistant bacterial infection before LT (OR=1.90, p=0.02)

- The combined c-statistic of the training and validation sets for the MODEL score was 0.71, indicating good 
discrimination. 
- Observed and expected probability revealed good calibration (Brier score of 0.14). 
- Hosmer-Lemeshow Goodness-of-Fit Test of Deciles of Mortality Risk showed excellent performance (p=0.8). 

#3. Vinay Sundaram et al.



THE MULTI-ORGAN DYSFUNCTION AND EVALUATION FOR LIVER TRANSPLANTATION (MODEL) 
SCORE PREDICTS HIGH PROBABILITY OF 1-YEAR POST-TRANSPLANT MORTALITY IN PATIENTS 
WITH SEVERE ACUTE-ON-CHRONIC LIVER FAILURE 

A MODEL score of >0.43 predicted mortality ≥30% within 1-year after LT with a specificity above 87%, 
while a score >0.66 predicted ≥40% mortality in 1 year after LT with a specificity above 94%. 

Conclusion: The MODEL score provides a prognostic tool using easily available information to predict high 

probability of mortality within 1-year post-LT in patients transplanted with severe ACLF. Such information can 

guide patients and providers as to whether LT may be futile. We are piloting an online calculator.

MODEL score significantly outperformed the MELD-Na+, 
MELD lactate, donor (D)-MELD, Delta MELD and Balance 
of Risk scores at predicting 1-year post-LT mortality 
(p<0.001)

#3. Vinay Sundaram et al.



HEPATOCELLULAR CARCINOMA SURVEILLANCE BIOMARKERS AFP-L3 AND DES-GAMMA-
CARBOXY PROTHROMBIN IN THE CONTEXT OF CURRENT AFP BIOMARKER UTILIZATION IN 
BRIDGE TO LIVER TRANSPLANT

Background: AFP when elevated has been associated with significantly worse post-LT outcomes

• > 30% of patients without elevated AFP are positive for the HCC biomarkers AFP bound to 
lens culinaris agglutinin (AFP-L3) or des-γ-carboxy prothrombin (DCP). 

• The role of AFP-L3 and DCP in refining AFP-based prognosis pertaining to bridge to liver 
transplant (LT) outcomes is unclear.

Aims: Risk of tumor progression based upon biomarker profile in bridge to liver transplant

Methods: This was a single-center, prospective study at a tertiary LT center receiving first line 
liver-directed therapy (LDT) in bridge or downstage to LT. 

Cox proportional hazards model and Kaplan-Meier analysis were used to identify factors 
associated with increased time-to-progression during time between liver directed therapy and liver 
transplant

#1522. Michael Schneider et al.



HEPATOCELLULAR CARCINOMA SURVEILLANCE BIOMARKERS AFP-L3 AND DES-GAMMA-
CARBOXY PROTHROMBIN IN THE CONTEXT OF CURRENT AFP BIOMARKER UTILIZATION IN 
BRIDGE TO LIVER TRANSPLANT

Results: 126 patients
• Triple negative   32.5%
• AFP +   10.3%
• AFP neg., DCP and/or AFP L3 +   27.8%
• AFP +, DCP and/or AFP L3 +   29.4%

Univariate analysis showed:
• + AFP L3 and/or DCP with + AFP ↑ progression 

risk                                                           (p<0.001) 

• AFP + only ↓ progression risk

• Median time-to-progression:
- AFP+ with AFP L3 and/or DCP + → 14 months 
- Other groups → 33 months                    (p<0.001)               

#1522. Michael Schneider et al.

Conclusion: AFP, AFP L3, and DCP are independent HCC prognostic factors when controlling for radiographic tumor burden. 

Measuring biomarker status can help guide treatment strategies in bridge to LT candidates.



PRETRANSPLANT TERLIPRESSIN TREATMENT FOR HEPATORENAL SYNDROME 
DECREASES THE NEED FOR RENAL REPLACEMENT THERAPY BOTH PRE- AND 
POSTTRANSPLANT: A 12-MONTH FOLLOW-UP ANALYSIS OF THE CONFIRM TRIAL

Background:  Terlipressin improves renal function in some patients with HRS.
• A post hoc 12-month follow-up of LT recipients from a placebo-controlled trial of terlipressin

(CONFIRM; NCT02770716) to evaluate the need for RRT and overall survival.

Methods: Patients with HRS were treated with terlipressin plus albumin or placebo plus 
albumin for up to 14 days. 

Outcomes compared between groups included: 
• Incidence of HRS reversal
• Need for RRT (pretransplant and posttransplant)
• Patient overall survival at Day 365 posttransplant

Simultaneous liver–kidney transplant recipients were excluded from the analysis. 

#1522. Michael Schneider et al. N Engl J Med 2021;384:818-828



PRETRANSPLANT TERLIPRESSIN TREATMENT FOR HEPATORENAL SYNDROME 
DECREASES THE NEED FOR RENAL REPLACEMENT THERAPY BOTH PRE- AND 
POSTTRANSPLANT: A 12-MONTH FOLLOW-UP ANALYSIS OF THE CONFIRM TRIAL

Results: Of the 300 patients in CONFIRM

• Terlipressin n=199 vs, Placebo n=101

• 70 (23%) patients underwent LT 
Terlipressin n=43; Placebo, n=27) 

• HRS reversal:
- Terlipressin 37%, n=16 
- Placebo 15%, n=4              (P=.033) 

• Overall survival at Day 365 post LT
- Terlipressin group 93% (n=40)  
- Placebo 82% (n=22)              (P=.078) 

#164. Ethan Weinberg et al.



PRETRANSPLANT TERLIPRESSIN TREATMENT FOR HEPATORENAL SYNDROME 
DECREASES THE NEED FOR RENAL REPLACEMENT THERAPY BOTH PRE- AND 
POSTTRANSPLANT: A 12-MONTH FOLLOW-UP ANALYSIS OF THE CONFIRM TRIAL

Conclusion: 

• Pretransplant terlipressin treatment of patients with HRS decreased the need for RRT pre and 

posttransplant. 

• RRT was required statistically less frequently at Days 180 and 365 posttransplant in the 

terlipressin-treated group. 

• Terlipressin → ↑ HRS reversal, ↑ overall survival

• These findings have implications for posttransplant morbidity and mortality in patients with HRS 

who are treated with terlipressin.

#164. Ethan Weinberg et al.



FENOFIBRATE IMPROVES CHOLESTASIS IN LIVER 
ALLOGRAFT ISCHEMIC CHOLANGIOPATHY

• Ischemic cholangiopathy (IC) occurs in up to 15% of liver allografts, causing allograft failure in          
60% of cases. 
• Any intervention to ameliorate IC could increase DCD organ utilization.

Aims: Study whether fenofibrate could improve cholestasis in recipients of DCD allografts who have 
cholangiographically-confirmed IC.

Methods: 10 sequential LT recipients with IC who were undergoing endoscopic retrograde 
cholangiography (ERC) treatment
• 90 days of once-daily, maximum dose oral fenofibrate (160 mg qd). 
• All patients received the standard of care, including ERC, during fenofibrate treatment.

Results: All patients were DCD recipients with mean warm ischemia time 24.6 minutes (SD 4.9) 
and mean cold ischemia time 6.2 hours (SD 1.3). 
• IC was diagnosed by ERC at a mean 195 days (SD 177) after LT. 

L03. Michele Barnhill et al.



FENOFIBRATE IMPROVES CHOLESTASIS IN LIVER 
ALLOGRAFT ISCHEMIC CHOLANGIOPATHY

• Fenofibrate was started at a mean 289 (43-645) 
days after LT. 

• Mean ALP was 499 IU (SD 261) 90 days prior to 
treatment start and 905 IU (SD 401) at start of 
treatment, implying progressive cholestatic injury 
before fenofibrate initiation. 

• After 90 days of fenofibrate, mean ALP improved 
to 229 IU (SD 85), → 74.6% reduction from 
baseline. (p<0.005). 

• Multifocal progressive and confluence-dominant IC 
subtypes demonstrated better responses. 

• Fenofibrate was stopped in one patient at 60 days 
due to worsening jaundice.

L03. Michele Barnhill et al.



FENOFIBRATE IMPROVES CHOLESTASIS IN LIVER 
ALLOGRAFT ISCHEMIC CHOLANGIOPATHY

Conclusion: This proof-of-concept study is the first demonstration of a 

potential pharmacologic intervention to improve cholestasis in progressive 

IC after LT. 

Further studies are required to validate the role of PPAR agonists in IC.

Use as prophylactic therapy? Impact on ERC utilization? Re-transplantation 

rates?

L03. Michele Barnhill et al.



Liver Transplantation 2022

Current Transplantation Reports 2020;7:194–204

• Success of liver transplantation → Insatiable world-wide demand for liver 
grafts

• Organ shortage remains the single most important factor limiting the success 
of liver transplantation

• Strategies to ↓ the gap between available grafts and need → Marginal liver 
grafts and livers donated after circulatory death (DCD)

DCD LT Performed



EARLY OUTCOMES AND HOSPITAL RESOURCE UTILIZATION AFTER LIVER 
TRANSPLANTATION: THE IMPACT OF NORMOTHERMIC MECHANICAL PERFUSION 
IN A HIGH-VOLUME U.S. DCD LIVER TRANSPLANT CENTER

Aims: Impact of a normothermic mechanical liver 
perfusion (NMP) program using an FDA-approved 
device (Transmedics™ Liver OCS) on hospital 
resource utilization including OR utilization, blood 
transfusion, hospital length of stay (LOS), and 
hospital readmission in the first month after LT. 

Methods: Single center cohort study of all LT 
(donation after brain death (DBD) and donation 
after circulatory death (DCD)) performed in 2022 
(January 1, 2022 – May 15, 2022) (n=90). 

Calculated differences in EAD and resource 
utilization: 

• NMP-LT vs. static cold storage LT (SCS-LT) 

• Graft subtype (DCD vs DBD). 

#68. Michelle Nguyen et al.



EARLY OUTCOMES AND HOSPITAL RESOURCE UTILIZATION AFTER LIVER 
TRANSPLANTATION: THE IMPACT OF NORMOTHERMIC MECHANICAL PERFUSION 
IN A HIGH-VOLUME U.S. DCD LIVER TRANSPLANT CENTER

Results: 33 DBD LTs (36.7%) and 57 DCD LTs (63.3%) were performed. 

• NMP was utilized in 48 LTs (DCD n=38 (66.6%); DBD n=10 (39.3%). 

• Mean donor age was higher in the DCD-NMP (49 ± 9) and DBD-NMP (57 ± 14) than the 
DCD-SCS (39 ±13) and DBD-SCS (46 ±14). 

• Median allocation MELD at transplant was 23 for both NMP and SCS groups. 

• NMP-LT was associated with lower odds of EAD compared to SCS-LT (OR 0.41, p<0.05). 

• Among DCD LT subgroup, EAD was less frequent in NMP compared to SCS (36.8 % vs 
89.5%, p<0.001). 

• EAD was similar in DBD LT for NMP and SCS groups. 

#68. Michelle Nguyen et al.



EARLY OUTCOMES AND HOSPITAL RESOURCE UTILIZATION AFTER LIVER 
TRANSPLANTATION: THE IMPACT OF NORMOTHERMIC MECHANICAL PERFUSION 
IN A HIGH-VOLUME U.S. DCD LIVER TRANSPLANT CENTER

• Total operating time was shorter in NMP-LT compared to SCS-LT (253 minutes vs. 283 minutes, 
p = 0.02). 

• NMP-LT was associated with less intraoperative and total blood product transfusion during the 
index postoperative hospitalization. 

• The median hospital LOS and overall 30-day readmission rate was similar between NMP-LT and 
SCS-LT. 

• Unadjusted graft survival was similar in NMP-LT (47/48, 97.9%) and SCS-LT (41/42 97.6%) at the 
end of follow-up. 

Conclusion: NMP utilization in a high-volume DCD LT center suggests benefits in rates of EAD, 
operating time, and blood transfusion. Further study with more statistical power is needed to 
understand impacts on hospital LOS and readmission.

#68. Michelle Nguyen et al.



2022 AASLD Industry Colloquium: Perspectives 
and Advances in Liver Preservation 

Liver Perfusion → Normothermic vs. hypothermic
Three randomized controlled clinical trials:

• Reduction in acute liver injury
• Reduction in post-reperfusion syndrome (cholangiopathy)
• Increased duration of preservation
• Organ viability assessment
• Increased organ utilization

Randomized trials are not suited to compare 
technologies that make different claims

Friend et al, AASLD 2022



Long-Term Normothermic Machine Perfusion

Hepatology 2022;76:1531-1549

• Expanded assessment of viability
• Ex situ liver regeneration, nutrients
• Liver defatting
• Change in logistics

“Transplantation of a human 
liver following 3 days of ex situ 
normothermic preservation”

Nat Biotechol 2022;40(11):1610-1616



Long-Term Normothermic Machine Perfusion

Hepatology 2022;76:1531-1549; Nat Biotechol 2022;40(11):1610-1616



Xenotransplantation

• In 1993, Makowka et al performed the first heterotopic pig liver 
xenotransplant in a patient with acute liver failure. 

• Genetically modified pigs through CRISPR genome editing has made the 
clinical use of pig to human xenotransplant possible.

Three groups in the US have recently moved forward with trials in human 
subjects:
• University of Maryland, Baltimore
• New York University Langone Health
• University of Alabama at Birmingham

Front Immunol 2022; 13: 900594



3D Bioprinting and Liver Transplantation
3D bioprinted hepatorganoids: 
• Broadly acquired liver functions, such as albumin secretion, drug metabolism and glycogen storage after 

differentiation.

• Functional vascular systems were also formed after transplantation.

• Increased synthesis of liver-specific proteins. The mice acquired human-specific drug metabolism activities.

• Prolonged survival of mice with liver failure.

• This technology along with appropriate cells can be used to create artificial organs.

Int J Sug. 2018;56:1-6; Gut. 2021;70(3): 567–574; Adv.Mater. 2022, 34, 2110054.



Bioengineered Livers

Am J Transpl 2021;22(3):731; COMMUNICATIONS BIOLOGY (2021)4:1157 

Sustained perfusion of revascularized 
bioengineered livers heterotopically 
transplanted into immunosuppressed pigs

Nat Biomed Eng. 2020;4(4):437-445



Bioengineered Livers

Am J Transpl 2021;22(3):731; COMMUNICATIONS BIOLOGY | (2021)4:1157



Transportation of Organs for Transplant

“Pre and post flight biopsies revealed no 
changes” 

• Pancreas, kidneys, corneas.

Ann Surg. 2021;274(3):e282-e288; MissionGO Magazine; LifeSource.



Thank you!


