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Benign CRLM HCC CC

Mortality 0.7% 1.7% 6.4% 8.2%

Morbidity 48% 52% 64% 75%

Severe morbidity 17% 23% 27% 42%

Length of stay (days) 11 (1-90) 13 (1-82) 14 (3-84) 20 (2-81)
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Abstract
Objectives: Recent improvements in surgical technique have extended the indications for liver resec-
tion. The aims of this study were to assess whether this extension is associated with a changing patient
profile and to evaluate how this potential shift has influenced mortality after liver resection in order to
define standard expectations for hepatectomy.
Methods: The characteristics and postoperative outcomes of all patients undergoing elective hepate-
ctomy from 2000 to 2009 were reviewed retrospectively. Multivariate analysis was conducted to deter-
mine the factors associated with mortality in the subgroup of patients with malignant disease.
Results: Among the 2012 patients in whom hepatectomies were performed, the percentage of patients
operated for malignancy increased from 66.4% in 2000 to 82.3% in 2009 (P < 0.001). These patients
experienced higher mortality (4.5% versus 0.7%; P < 0.001), were significantly older, and displayed
greater comorbidity and underlying parenchymal disease compared with those with benign lesions.
Mortality over the entire study period was 3.5% and was fairly stable, dropping from 3.8% in 2000 to 3.1%
in 2009 (P = 0.686). On multivariate analysis, age of >60 years, an American Society of Anesthesiologists
score of !3, major resection, vascular procedure, severe fibrosis (F3–F4) and steatosis of >30% were
associated with increased mortality in patients with malignant disease.
Conclusions: The profile of patients undergoing liver resection has changed and now includes more
high-risk patients with diseased parenchyma undergoing major hepatectomy for malignancy. This change
in patient profile is responsible for the stability in mortality rates over the years.
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Introduction

During the last decades of the 20th century, several factors con-
tributed to reduce mortality after hepatectomy from 5% to almost
0%.1–4 Among these factors, better knowledge of both liver
anatomy and physiology, including of liver regeneration and
preoperative volume modulation,5 better morphological assess-
ment,6 advances in parenchymal transection with the selective use
of vascular control7 and sophisticated perioperative management

have all contributed to reduce the risks associated with liver resec-
tion. Although better characterization of liver lesions prevents the
unnecessary resection of benign lesions, the number of hepatec-
tomies carried out for malignancy is increasing. For example, both
screening in high-risk individuals with viral hepatitis or metabolic
syndrome, and more efficient chemotherapy regimens currently
allow resection in increasing numbers of patients with hepatocel-
lular carcinoma (HCC) and colorectal liver metastasis (CLM).
However, such patients are more likely to demonstrate pathologi-
cal changes in the underlying parenchyma, such as fibrosis, stea-
tosis and chemotherapy-associated liver injury.8–10 It is therefore
likely that such parenchymal changes, along with modifications in
patient characteristics, may impede anticipated improvements in
results after liver resection.11,12 Hence, the aims of the current
study were to assess changes in both the profile of patients under-
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Résection du CHC : une population spécifique 



• Sélection préopératoire : maximiser les chances 
d’accès à un traitement curatif sans être futile

• Suites : morbidité minimum – ne pas nuire

• Anticipation de la récidive et son traitement (re-
résection, TH)

La résec:on du CHC s’intègre dans une stratégie 
oncologique longue durée

Les objectifs seront donc :
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Obésité / NASH
Cardiovasculaire
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La chirurgie mini-invasive :
Minimiser l’impact en respectant les règles carcinologiques

Minimiser le traumatisme



Overall postoperative complications Ascites

Pan et al, Frontiers in oncology 2021

Bénéfices de la laparoscopie dans le CHC
sur cirrhose

784 vs 1191



Résec&on du CHC et laparoscopie : 
État des lieuxRésection du CHC et laparoscopie 
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Laparoscopie et HTP 

Troisi et al BJS 2021

17 centres
100 lap vs 100 open
PSM 
Child B

Pertes sanguines (110 vs 400ml)
Morbidité (38% vs 51%)
Morbidité majeure (7% vs 21%)
Ascite

MAIS

HTP

Coelio :26% complica1ons (vs 12%)
B7<B8<B9



Azoulay et al, J Hep Rep 2021

Résection du CHC, laparoscopie et HTP Laparoscopie et HTP 

Lap 34%
Major 28%
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>65a
71 vs 71 PSM
Complic respi 19% vs 7%

Résec:on du CHC et laparoscopie : 
Pa:ent agé

>70a
38 vs 84
Overall complic 18% vs 46%
Mortalité comparable



Résection du CHC et laparoscopie : 
Patient obèse

68 overweight, 28 obese (IMC>30) vs 68 
Complic 20% vs 46%
Complic majeures 2% vs 15%
Hospit 7 vs 16j

CHC = 20 / 68
Cirrhose = 9 vs 12

Peu de données
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Textbook outcome comple>on 

 Univariate analysis Multivariate analysis 
 HR 95% CI  P value HR 95% CI  P value 
Sex (male vs female) 0.87 0.30–2.50 0.87    
Age > 65, years 1.99 0.95–4.18 0.07 0.58 0.26–1.31 0.19 
ASA score > 3 0.76 0.29–2.03 0.59    
BMI > 30, kg/m2 1.16 0.44–3.03 0.77    
Platelets < 150, /mm3 1.80 0.72–4.47 0.21    
Single nodule 1.23 0.59–2.57 0.58    
Tumor size > 50, mm 1.06 0.49–2.33 0.87    
Laparoscopic resection 0.30 0.36–0.67 0.003 4.27 1.77–10.28 0.001 
Pedicle clamping 0.42 0.19–0.94 0.03 0.33 0.14–0.80 0.01 
Liver fibrosis F3-F4 0.98 0.44–2.17 0.96    
 

Prognos'c 
factors of TO
comple'on 

Laparoscopie après CEIA+EP 
Etude multicentrique française
N= 117 (41 vs 76)
Hépatectomies droites après CEIA+EP

Turco et al, under review



Résec:on du CHC après CEIA+EP 

Turco et al, under review



Hépatectomie robot-assistée et CHC

Di Benede3o et al Int J Surg 2020N=280



Hépatectomie robot-assistée et CHC

Zhu et al Ann Surg 2022

Durée d’hospit + courte coelio, robot (6/8/12)

Postop complications= (12%/17%/23%)
Récidive =

10% majeures (6/4/9)



• Sélection préopératoire : maximiser les chances 
d’accès à un traitement curatif sans être futile

• Suites : morbidité minimum – ne pas nuire

• Anticipation de la récidive et son traitement (re-
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Rehépatectomie ? … oui, coelio

Liang et al. Int J Surg 2020

Les lois de 
l’attraction

Re-résection du CHC



Au moment de la TH …

1. Moins d’adhérences
2. Moins de pertes sanguines
3. Durée opératoire diminuée

Voir à long terme



Caractéristiques per-opératoires de la TH après résection première
Cœlioscopie, n=43 Laparotomie, n=127 P

Durée ischémie froide, médiane
(quartile) 398,0 [360 – 496] 461,0 [384 – 559,5] 0,117

Transfusions, n (%) 19 (44,2) 90 (71,4) 0,002
Type de culots, médiane (quartile)

Culots globulaires rouges
Plasma frais congelé

Cell Saverâ
Culots plaquettaires

0.0 [0,0 – 3,5]
0,0 [0,0 – 2,5]
0.0 [0,0 – 0,0]
0,0 [0,0 – 0,0]

2,0 [0,0 – 7,0]
0,0 [0,0 – 4,75]
0,0 [0,0 – 0,0]
0,0 [0,0- 0,0]

0,007
0,300
0,069
0,834

Durée opératoire, médiane
(quartile) 483,0 [387,75 – 586,75] 504,0 [422,5 -

615,75] 0,381

Adhérences, n (%) 38 (95,0) 118 (99,2) 0,317
Classification OLSG, n (%)

Type 0
Type 1
Type 2
Type 3

2 (5,0)
12 (30,0)
17 (42,5)
9 (22,5)

1 (0,8)
6 (5,0)

46 (38,7)
66 (55,5)

<0,001
0,25

0,002
0,67

<0,001
Combari, et al---under review

Résection CHC coelio et TH

Bicentrique, n=170
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MELD >14 + CHC

TH délai court

Accès à la transplantation en France



Sortie de liste: 15-33%

MELD BAS :
« POINTS » CHC mais

- A#ente … DONC
- Risque de progression

Accès à la transplantation en France



La TH = la gestion de la pénurie



Adaptation à la pénurie

Greffons

« marginaux »
Donneur vivant
BiparDDon
Perfusion

Traitements d’attente
(CHC)
TACE
Destruction
RT 

Stratégies alternatives à la TH
Résections/destructions itératives
TH salvage 
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La radiothérapie stéréotaxique en traitement 
d’attente

ESSAI PROSPECTIF TRANSRADS-01



Adaptation à la pénurie

Greffons

« marginaux »
Donneur vivant
Bipartition
Perfusion

Traitements d’attente
(CHC)
TACE
Destruction
RT 

Stratégies alterna>ves
RésecDons/destrucDons itéraDves
TH salvage 



Stéatose
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Age

Donneur 
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Donneurs à critères élargis
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Risque de
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Loi de sĂŶ͛ƚ Hoff 

� Ă͛ƉƌğƐ�Karangswa AJT 2016 

Metabolisme
anaerobie

10%

Une solution limitant les consequences de 
l’ischémie-reperfusion ?

Conservation au 
froid, statique

-- > Apport dynamique d’oxygène



Xu H.et al, JSR 2011.

No flow 60 min  → UW 4°C 2 heures 

→ Perf. 4h normothérmie + sang

Normothermic Machine Perfusion
Reduces Bile Duct Injury and Improves
Biliary Epithelial Function in Rat
Donor Livers
Sanna op den Dries,1,2 Negin Karimian,1,2 Andrie C. Westerkamp,1,2 Michael E. Sutton,1,2

Michiel Kuipers,1,2 Janneke Wiersema-Buist,2 Petra J. Ottens,2 Jeroen Kuipers,3

Ben N. Giepmans,3 Henri G. D. Leuvenink,2 Ton Lisman,1,2 and Robert J. Porte1

1Section of Hepatobiliary Surgery and Liver Transplantation, Department of Surgery, 2Surgical Research Laboratory, and
3Department of Cell Biology, University of Groningen, University Medical Center Groningen, Groningen, the Netherlands

Bile duct injury may occur during liver procurement and transplantation, especially in livers from donation after circula-
tory death (DCD) donors. Normothermic machine perfusion (NMP) has been shown to reduce hepatic injury compared
to static cold storage (SCS). However, it is unknown whether NMP provides better preservation of bile ducts. The aim
of this study was to determine the impact of NMP on bile duct preservation in both DCD and non-DCD livers. DCD
and non-DCD livers obtained from Lewis rats were preserved for 3 hours using either SCS or NMP, followed by 2 hours
ex vivo reperfusion. Biomarkers of bile duct injury (gamma-glutamyltransferase and lactate dehydrogenase in bile) were
lower in NMP-preserved livers compared to SCS-preserved livers. Biliary bicarbonate concentration, reflecting biliary epi-
thelial function, was 2-fold higher in NMP-preserved livers (P < 0.01). In parallel with this, the pH of the bile was sig-
nificantly higher in NMP-preserved livers (7.63 6 0.02 and 7.74 6 0.05 for non-DCD and DCD livers, respectively)
compared with SCS-preserved livers (7.46 6 0.02 and 7.49 6 0.04 for non-DCD and DCD livers, respectively). Scan-
ning and transmission electron microscopy of donor extrahepatic bile ducts demonstrated significantly decreased injury of
the biliary epithelium of NMP-preserved donor livers (including the loss of lateral interdigitations and mitochondrial
injury). Differences between NMP and SCS were most prominent in DCD livers. Compared to conventional SCS, NMP
provides superior preservation of bile duct epithelial cell function and morphology, especially in DCD donor livers. By
reducing biliary injury, NMP could have an important impact on the utilization of DCD livers and outcome after trans-
plantation.

Liver Transplantation 22 994-1005 2016 AASLD.
Received September 13, 2015; accepted February 14, 2016.

Nonanastomotic bile duct strictures are a major cause
of morbidity after liver transplantation.(1-3) These bili-
ary strictures occur more frequently in livers from
donation after circulatory death (DCD; 20.5%-33.3%)
compared to livers from donation after brain death
(0%-12.5%), and they are notoriously therapy resist-
ant.(4-7) In an effort to expand the donor pool, DCD
donors are increasingly used for transplantation.
Indeed, the percentage of DCD donors in the United
States increased from 1.1% in 1995 to 11.2% in
2010.(8) DCD grafts, procured after the donor’s circu-
lation ceases, are subject to a period of warm ischemia
in addition to the cold storage period between procure-
ment and implantation. The combination of subse-
quent warm and cold ischemia is thought to lead to

Abbreviations: ALT, alanine aminotransferase; AST, aspartate ami-
notransferase; ATP, adenosine triphosphate; DCD, donation after
circulatory death; EM, electron microscopy; GGT, gamma-glutamyl-
transferase; H & E, hematoxylin-eosin; HTK, histidine tryptophan
ketoglutarate; LDH, lactate dehydrogenase; NMP, normothermic
machine perfusion; SCS, static cold storage; SEM, standard error of
the mean.

Address reprint requests to Robert J. Porte, M.D., Ph.D., Section of
Hepatobiliary Surgery and Liver Transplantation, Department of
Surgery, University Medical Center Groningen, P.O. Box 30.001,
9700 RB Groningen, the Netherlands. Telephone: 131-50-3612896;
E-mail: r.j.porte@umcg.nl

This research work was financially supported by grants provided by
Innovatief Actieprogramma Groningen (IAG-3) and Jan Kornelis de
Cock Stichting (Groningen, the Netherlands).

994 | ORIGINAL ARTICLE

ORIGINAL ARTICLE OP DEN DRIES ET AL.

Discussion
Machine perfusion is receiving increasing attention
as an attractive alternative for SCS of liver grafts
before transplantation. Animal studies on NMP have
shown decreased hepatocellular injury and better
early posttransplant survival in NMP-preserved livers
compared to SCS-preserved livers.(12-15) However, it
remains unknown whether NMP also provides bet-
ter protection against biliary injury. In the current

study, we have performed a detailed analysis of bile
duct epithelial injury and function in both DCD
and non-DCD rat livers preserved by either NMP
or SCS.

The principal novel finding of our study is that liver
graft preservation by NMP provided significantly bet-
ter protection against biliary epithelial cell injury and
dysfunction than conventional SCS. Likewise, NMP
resulted in better preservation of the cellular ultrastruc-
tural morphology of biliary epithelium compared to

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

FIG. 7. DCD rat livers: images of scanning and transmission EM of biliary epithelium of extrahepatic bile ducts. Biopsies were taken
2 hours after reperfusion of DCD rat livers preserved by either NMP or SCS. (A) Bile duct epithelium of SCS-preserved DCD livers.
(B) Bile duct epithelium of NMP-preserved DCD livers. The lumen of the bile duct is marked with an asterisk, and the arrows point
at widening of cell-cell junctions (scanning EM) and loss of lateral interdigitations (transmission EM). White triangles indicate loss of
microvilli at the apical membrane. An apoptotic bile duct epithelium cell is marked with a pound sign (#). (C) Summary of mitochon-
drial injury in biliary epithelial cells in all 4 groups, based on a modified semiquantitative grading system, as described by Crouser
et al.(20) Scale bars are 1 lm.

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

OP DEN DRIES ET AL. LIVER TRANSPLANTATION, July 2016
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Mitochondrial injury score
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• Nécessité d’un transporteur 
d’O2

Marecki et al Liver transplantation 2017

Quelles conditions de perfusion
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78 vs 78
DCD
Sténoses biliaires non anastomo1ques 6% vs 18% 
(p=0.03)
Sd reperfusion : 12% vs 27%
Dysfonc1on précoce : 26% vs 40%

Hypothermie



Mueller et al. Ann Surg 2020



Mueller et al. Ann Surg 2020



Hypothermie

• Seule ou avant 
normothermie

• Protection mitochondriale, 
restockage ATP

• Prévention de la non-
fonction primaire et de la 
cholangite ischémique

Normothermie

• Conditions physiologiques –
métabolisme 37°

• Test de viabilité en temps réel

• Permet interventions 
pharmacologiques (corrections 
metaboliques, défatting)

• Nécessité d’un transporteur 
d’O2

Marecki et al Liver transplantation 2017

Quelles condi:ons de perfusion



Hypothermie

• Seule ou avant 
normothermie

• Protection mitochondriale, 
restockage ATP

• Prévention de la non-
fonction primaire et de la 
cholangite ischémique

Normothermie

• Conditions physiologiques –
métabolisme 37°

• Test de viabilité en temps réel

• Permet interventions 
pharmacologiques (corrections 
metaboliques, défatting)

• Nécessité d’un transporteur 
d’O2

Marecki et al Liver transplantation 2017

Quelles condi:ons de perfusion



Normothermie

Nature 2018



Impact of Portable Normothermic Blood-Based Machine Perfusion
on Outcomes of Liver Transplant
The OCS Liver PROTECT Randomized Clinical Trial
James F. Markmann, MD, PhD; Marwan S. Abouljoud, MD, PhD; R. Mark Ghobrial, MD, PhD; Chandra S. Bhati, MD; Shawn J. Pelletier, MD; Amy D. Lu, MD;
Shane Ottmann, MD; Tarunjeet Klair, MD; Corey Eymard, MD; Garrett R. Roll, MD; Joseph Magliocca, MD; Timothy L. Pruett, MD; Jorge Reyes, MD;
Sylvester M. Black, MD; Christopher L. Marsh, MD; Gabriel Schnickel, MD; Milan Kinkhabwala, MD; Sander S. Florman, MD; Shaheed Merani, MD;
Anthony J. Demetris, MD; Shoko Kimura, MD, PhD; Michael Rizzari, MD; Ashish Saharia, MD; Marlon Levy, MD; Avinash Agarwal, MD;
Francisco G. Cigarroa, MD; James D. Eason, MD; Shareef Syed, MD; W. Kenneth Washburn, MD; Justin Parekh, MD; Jang Moon, MD;
Alexander Maskin, MD; Heidi Yeh, MD; Parsia A. Vagefi, MD; Malcolm P. MacConmara, MD

IMPORTANCE Ischemic cold storage (ICS) of livers for transplant is associated with serious
posttransplant complications and underuse of liver allografts.

OBJECTIVE To determine whether portable normothermic machine perfusion preservation
of livers obtained from deceased donors using the Organ Care System (OCS) Liver
ameliorates early allograft dysfunction (EAD) and ischemic biliary complications (IBCs).

DESIGN, SETTING, AND PARTICIPANTS This multicenter randomized clinical trial (International
Randomized Trial to Evaluate the Effectiveness of the Portable Organ Care System Liver for
Preserving and Assessing Donor Livers for Transplantation) was conducted between
November 2016 and October 2019 at 20 US liver transplant programs. The trial compared
outcomes for 300 recipients of livers preserved using either OCS (n = 153) or ICS (n = 147).
Participants were actively listed for liver transplant on the United Network of Organ Sharing
national waiting list.

INTERVENTIONS Transplants were performed for recipients randomly assigned to receive
donor livers preserved by either conventional ICS or the OCS Liver initiated at the donor
hospital.

MAIN OUTCOMES AND MEASURES The primary effectiveness end point was incidence of EAD.
Secondary end points included OCS Liver ex vivo assessment capability of donor allografts,
extent of reperfusion syndrome, incidence of IBC at 6 and 12 months, and overall recipient
survival after transplant. The primary safety end point was the number of liver graft–related
severe adverse events within 30 days after transplant.

RESULTS Of 293 patients in the per-protocol population, the primary analysis population for
effectiveness, 151 were in the OCS Liver group (mean [SD] age, 57.1 [10.3] years; 102 [67%]
men), and 142 were in the ICS group (mean SD age, 58.6 [10.0] years; 100 [68%] men).
The primary effectiveness end point was met by a significant decrease in EAD (27 of 150
[18%] vs 44 of 141 [31%]; P = .01). The OCS Liver preserved livers had significant reduction in
histopathologic evidence of ischemia-reperfusion injury after reperfusion (eg, less moderate
to severe lobular inflammation: 9 of 150 [6%] for OCS Liver vs 18 of 141 [13%] for ICS;
P = .004). The OCS Liver resulted in significantly higher use of livers from donors after
cardiac death (28 of 55 [51%] for the OCS Liver vs 13 of 51 [26%] for ICS; P = .007).
The OCS Liver was also associated with significant reduction in incidence of IBC 6 months
(1.3% vs 8.5%; P = .02) and 12 months (2.6% vs 9.9%; P = .02) after transplant.

CONCLUSIONS AND RELEVANCE This multicenter randomized clinical trial provides the first
indication, to our knowledge, that normothermic machine perfusion preservation of
deceased donor livers reduces both posttransplant EAD and IBC. Use of the OCS Liver also
resulted in increased use of livers from donors after cardiac death. Together these findings
indicate that OCS Liver preservation is associated with superior posttransplant outcomes
and increased donor liver use.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02522871

JAMA Surg. doi:10.1001/jamasurg.2021.6781
Published online January 5, 2022.
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were randomized to OCS Liver or to ICS preservation of the do-
nor liver before the recovery team departed for organ re-
trieval. During organ recovery, once donor livers were exam-
ined and accepted for transplant and for inclusion in the
PROTECT trial, preservation followed the randomization as-
signment. For the OCS Liver instrumentation, the hepatic ar-
tery and portal vein were cannulated for inflow, and the
suprahepatic cava for outflow; the common bile duct was
cannulated for bile collection and quantitation. Type-
specific or O Rh-negative blood was sourced from banked ir-
radiated, leukocyte-depleted packed red blood cells.

Formalin-fixed biopsy material was received by the cen-
tral laboratory, paraffin embedded, and sectioned at 4 µm prior
to routine staining with both hematoxylin-eosin and CD31
(mouse monoclonal, M0823; Dako) immunostaining proto-
cols. Sections were assessed for sectioning and staining qual-
ity before being converted to high-resolution (40×; 0.116 μm/
pixel) whole-slide imagery using a Zeiss AxioScan.Z1 automated
scanning system. Resultant whole-scan images were quality

controlled for focus and scanning artifacts and entered into a
21 CFR Part 11 compliant imaging database for prospective
scoring (treatment group and donor organ subtype were not
available to the reviewing pathologist). In total, 42 histopatho-
logic criteria were electronically recorded in the database,
which included comprehensive semiquantitative assess-
ment of severity and composition of portal, lobular, and any
other notable features. We used CD31 staining to assess the
integrity of the endothelium lining. At the completion of the
study, all histopathologic scoring was extracted and analyzed
using R, version 3.6.3 (R Foundation for Statistical Comput-
ing) for graphical and statistical data review, summary, and
presentation.

Outcomes
The primary effectiveness end point was the incidence of
EAD,10 defined as the presence of 1 or more of the following:
aspartate aminotransferase level higher than 2000 IU/L (to
convert to microkatals per liter, multiply by 0.0167) within the
first 7 postoperative days; bilirubin 10 mg/dL or higher (to con-
vert to micromoles per liter, multiply by 17.104) on postopera-
tive day 7; international normalized ratio of 1.6 or higher on
postoperative day 7; or graft primary nonfunction within the
first 7 days, defined as irreversible graft dysfunction leading
to recipient death or emergency retransplant, in the absence
of immunologic or surgical causes.

The secondary effectiveness and other critical clinical
end points included the ability of the OCS Liver to monitor
donor liver function throughout preservation; patient
survival at day 30 or at initial hospital discharge if longer
than 30 days; incidence of IBC defined as nonanastomotic
ischemic strictures or bile leaks, confirmed with an endo-
scopic retrograde cholangiopancreatography or magnetic
resonance cholangiopancreatography radiologic examina-
tion and blindly adjudicated by a 3-member independent
clinical events committee; extent of reperfusion syndrome
after transplant assessed by recipient’s lactate levels
approximately 120 minutes after reperfusion in the recipi-
ent; and histologic assessment of the donor liver after trans-
plant compared with baseline histologic specimen obtained
before retrieval from the donor. All histopathologic evalua-
tions were assessed using a blinded, independent core
laboratory with extensive experience in liver transplant
pathology.

The primary safety end point was the mean number of
liver graft–related severe adverse events (LGRSAEs) per pa-
tient within the initial 30 days after liver transplant. The LGR-
SAEs were predefined as a primary nonfunctioning graft, IBCs,
hepatic vascular complications, or liver graft infection.

Statistical Analysis
The primary analysis population for effectiveness was the per-
protocol population, consisting of all randomized recipients
who received a donor liver that underwent the complete pres-
ervation procedure as per randomization assignment and had
no major protocol violations. Safety was analyzed based on the
as-treated population, consisting of all patients with a liver
allograft. The modified intention-to-treat population con-

Figure 1. Organ Care System (OCS) Liver Components
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transplanted vs clinically turned down based on OCS Liver assessment of lactate
levels. Error bars represent SD.
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Discussion

Until the recent development of perfusion strategies,12-16,21-28

solid organ preservation had been restricted to ICS, with the
concern of resultant ischemia-reperfusion injury5,8 contrib-
uting to underuse of donor organs for transplant. The results
of this randomized clinical trial showed that portable normo-
thermic machine perfusion, the OCS Liver, was superior to
ICS, conferring a lower incidence of EAD and IBCs in recipi-
ents of liver allografts.

Some clinicians have championed using in situ normo-
thermic regional perfusion in the donor body prior to DCD liver

allograft retrieval.27,29 This approach has not been broadly ad-
opted owing to the complexity and impracticality of routine
implementation during multiorgan recovery and because a pe-
riod of cold storage generally follows normothermic regional
perfusion. Nasralla et al16 reported the first European random-
ized clinical trial of normothermic machine perfusion in 220
liver transplants and showed early significant reduction in peak
enzymes in the normothermic machine perfusion group. How-
ever, protection from IBC was not observed, and there was no
reported mechanistic explanation for the peak enzyme differ-
ences. A recent nonrandomized study used end-ischemic nor-
mothermic machine perfusion for donor livers that would have
otherwise been discarded.30 Donor livers in that trial had a me-

Figure 3. PROTECT Trial Primary Effectiveness End Point (Incidence of Early Allograft Dysfunction [EAD]), Posttransplant Pathology Assessment
(Incidence of Liver Lobular Inflammation), Posttransplant Histology Representative Specimens of Moderate to Severe Lobular Inflammation,
and PROTECT Trial Incidence of Ischemic Biliary Complications Within 12 Months After Transplant

Histologic specimens showing moderate to severe lobular inflammation
after transplant
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