
ESA PAPER
Hypothermic Oxygenated Perfusion Versus Normothermic
Regional Perfusion in Liver Transplantation From Controlled

Donation After Circulatory Death
Comparative Study
First International
Xavier Muller, MD,�y Kayvan Mohkam, MD, PhD,� Matteo Mueller, MD,y Andrea Schlegel, MD,y
Federica Dondero, MD,z Ailton Sepulveda, MD,z Eric Savier, MD,§ Olivier Scatton, MD, PhD,§

Petru Bucur, MD, PhD,� Ephrem Salame, MD, PhD,� Heithem Jeddou, MD,jj Laurent Sulpice, MD, PhD,jj
Gabriella Pittau, MD,�� Marc-Antoine Allard, MD, PhD,�� Jean-Yves Mabrut, MD, PhD,�

Philipp Dutkowski, MD,y Pierre-Alain Clavien, MD, PhD,y and Mickael Lesurtel, MD, PhD�Y
Objective: To compare HOPE and NRP in liver transplantation from cDCD.

Summary of Background Data: Liver transplantation after cDCD is asso-

ciated with higher rates of graft loss. Dynamic preservation strategies such as

NRP and HOPE may offer safer use of cDCD grafts.

Methods: Retrospective comparative cohort study assessing outcomes after

cDCD liver transplantation in 1 Swiss (HOPE) and 6 French (NRP) centers. The

primary endpoint was 1-year tumor-death censored graft and patient survival.

Results: A total of 132 and 93 liver grafts were transplanted after NRP and

HOPE, respectively. NRP grafts were procured from younger donors (50 vs

61 years, P < 0.001), with shorter functional donor warm ischemia (22 vs

31 minutes, P < 0.001) and a lower overall predicted risk for graft loss (UK-

DCD-risk score 6 vs 9 points, P< 0.001). One-year tumor-death censored graft

and patient survival was 93% versus 86% (P¼ 0.125) and 95% versus 93% (P¼
0.482) after NRP and HOPE, respectively. No differences in non-anastomotic

biliary strictures, primary nonfunction and hepatic artery thrombosis were

observed in the total cohort and in 32 vs. 32 propensity score-matched recipients

Conclusion: NRP and HOPE in cDCD achieved similar post-transplant
 Copyright © 2020 Wolters Kluw

recipient and graft survival rates exceeding 85% and comparable to the
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benchmark values observed in standard DBD liver transplantation. Grafts

in the HOPE cohort were procured from older donors and had longer warm

ischemia times, and consequently achieved higher utilization rates. Therefore,

randomized controlled trials with intention-to-treat analysis are needed to

further compare both preservation strategies, especially for high-risk donor-

recipient combinations.

Keywords: DCD, graft preservation, liver transplantation, machine

perfusion, organ donation
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L iver transplantation (LT) from controlled donation after cardiac
death (cDCD) is a promising strategy to rescue patients with end-

stage liver disease and reduce waiting-list dropout.1 During the
cDCD process, however, periods of hypoperfusion and circulatory
arrest in the donor expose the liver graft to deleterious warm ischemic
injury which may impair its functionality after transplantation.2–3

Consequently, recipients of cDCD grafts present an increased risk of
graft loss mainly related to higher rates of primary non function or
biliary complications, notably non-anastomotic strictures, with the
need of re-transplantation.4–6

To reduce the risk associated with cDCD grafts while respect-
ing local ethical and regulatory constraints of the donation process
around the world, 2 main dynamic preservation strategies have been
implemented in clinical practice, that is, normothermic regional
perfusion (NRP) and hypothermic oxygenated perfusion (HOPE).7

NRP in the donor before liver graft procurement followed by
static cold storage may reduce the incidence of both graft loss and
ischemic-type biliary complications after cDCD LT.8–9 It can addi-
tionally be beneficial for several types of organs from the same donor.
Another preservation strategy is to apply static cold storage followed
by end-ischemic HOPE of liver grafts after procurement.10 HOPE
has been shown to allow transplantation of very high-risk cDCD
donor-recipient combinations.11 Despite these promising results a
direct comparison is lacking. Thus, this study aims at providing the
first international multicentric large-scale comparison of outcomes
after NRP and HOPE in cDCD LT.

METHODS

Study Design
This is a retrospective study comparing outcomes after cDCD

LT in one NRP cohort from 6 high-volume French centers and one
er Health, Inc. All rights reserved.

HOPE cohort from the University Hospital of Zurich, Switzerland.
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obtained (KEK 2019-0100).
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The study period covered 4 years (2015–2019) for the French cohort
and 6 years (2012–2019) for the Zurich cohort. Outcomes were
assessed until January 1, 2020.

The cDCD program in France is a national program and
procurement of liver grafts in the setting of cDCD is exclusively
performed with NRP. All French centers included in this study follow
the same cDCD procedure standardized by the national organ donation
agency.12 The French authorities chose a step-up approach in the
selection of cDCD donors, for example limiting donor age to<61 years
until May 2017 followed by <66 years until June 2018 and currently
<71 years. Detailed criteria were: planned cold ischemia time (CIT)
�8 hours, donor age �71 years, functional donor warm ischemia
(fDWI) time <45 minutes and no-flow <25 minutes, liver trans-
aminases (AST or ALT) increase less than 4 times the upper normal
value during NRP, liver graft biopsy with frozen section showing
macrovesicular steatosis <20%, and at least 60 minutes of NRP.13

The cDCD program in Switzerland has been established in
2012. In contrast to the French program selection of grafts was
exclusively performed during HOPE, based on data from animal
models and recent advances in assessment of mitochondrial metabo-
lism (Supplementary material, http://links.lww.com/SLA/C422).14–16

In-situ NRP
NRP is an extra-corporeal membrane oxygenation based

perfusion system applied to the donor before the start of organ
procurement. After cardiac arrest of the donor, a ‘‘no-touch’’ period
of 5 minutes was mandatory before brain death could be declared.
Femoral artery cannulas were then introduced over pre-placed guide-
wires to reconstitute blood flow at physiological temperatures to the
potential donor organs (postmortem vessel cannulation). Of note, on
treatment withdrawal heparin (300 UI/kg) was administered to the
donor to prevent blood clotting. The minimal required duration of
NRP for the procurement to proceed was 60 minutes. Once NRP was
terminated, organs were cold flushed and a standard procurement
followed by static cold storage was performed (Supplementary
material, http://links.lww.com/SLA/C422).

Ex-vivo HOPE
In the setting of HOPE, super rapid en bloc multiorgan

retrieval was performed. After documentation of circulatory arrest,
brain death diagnosis was confirmed after a no-touch period of 10
minutes (lowered to 5 minutes since 2018). Importantly, no heparin
was administered to the donor at treatment withdrawal. After brain
death diagnosis, the iliac artery was cannulated unilaterally after
laparotomy and the organs were cold flushed with Institute-George-
Lopez-1 solution. Static cold storage was used to transport the graft
to the transplant center.

After back-table preparation, HOPE was performed using the
Liver Assist device (Organ Assist). Ex-vivo liver perfusion was
performed through the portal vein only, with active oxygenation
and low pressure and flow (3 mm Hg, 150–300 mL/min). The Uni-
versity of Wisconsin Machine Perfusion solution (Belzer MPS) was
used as perfusion solution for all HOPE procedures (Supplementary
material, http://links.lww.com/SLA/C422). After 30 minutes of perfu-
sion, liver graft quality was assessed by fluorescence spectroscopic
analyses of the perfusate, as previously described.16

Endpoints and Definitions
The primary endpoint was 1-year tumor-death censored graft

and patient survival.
Secondary endpoints included early graft function indicators

(International normalized ratio, factor V), level of liver transami-
nases (ALT, AST) and the composite score for early allograft

17
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dysfunction (EAD) by Olthoff et al.
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Functional donor warm ischemia (fDWI) time was defined as
duration from mean arterial blood pressure below 50 mm Hg to cold
aortic perfusion in the HOPE cohort and mean arterial blood
pressure below 45 mm Hg to initiation of the perfusion in the
NRP cohort. Asystolic warm ischemia started at the occurrence
of cardiac arrest.

We defined 3 main phases of liver graft preservation: (1)
duration of static cold storage which is common to HOPE and NRP,
(2) duration of HOPE or NRP, and (3) total ex-vivo preservation
which is defined as the time from aortic cross-clamp in the donor to
graft reperfusion in the recipient.

Liver graft utilization rate was defined as the proportion of
liver grafts which were transplanted after initiation of therapeutic
withdrawal in donors eligible for liver graft donation.

Non-anastomotic biliary stricture (NAS) was defined as either
multifocal, unifocal intrahepatic, or hilar strictures with or without
the presence of concomitant hepatic artery thrombosis (HAT) or
arterial complications. NAS was detected clinically and confirmed
by magnetic resonance cholangiography.

Statistical Analysis
Categorical variables are expressed in quantities and percen-

tages and continuous variables are expressed as median with inter-
quartile range. Continuous variables were compared using the Mann-
Whitney U test. Categorical variables were compared using the Chi-
square test or the Fisher exact test. P-values < 0.05 were considered
statistically significant. Survival rates were estimated using Kaplan-
Meier methods, with comparisons between groups performed using
log-rank tests.

To adjust for covariate imbalances between the 2 groups, we
performed a propensity score matching. The propensity score was
calculated using a non-parsimonious binary logistic regression
model, with treatment allocation as endpoint (NRP vs HOPE) and
the 6 UK DCD Score variables (donor age, donor body mass index,
recipient age, fDWI time, and CIT) as covariates.5 (Details in
Supplementary Material, http://links.lww.com/SLA/C422).
Approval by the French institutional local and national ethics com-
mittee and approval by the local Swiss ethics committee were
RESULTS

During the study period, 132 and 93 cDCD liver grafts were
successfully procured and transplanted after NRP and HOPE, respec-
tively. Due to more stringent donor selection criteria in the NRP
cohort, the liver graft utilization rate was significantly lower com-
pared to the HOPE cohort (63% vs 81%, P < 0,001, Fig. 1). Median
post-LT follow-up was 20 [interquartile range (IQR) 9–25] and 28
(IQR 15–248) months for NRP and HOPE, respectively.

HOPE livers were procured from older donors (61 vs 50 years,
P < 0.0001) with longer fDWI times (31 vs 22 minutes, P < 0.001)
resulting in a higher donor risk index (DRI) (2.47 vs 2.01, P< 0.001)
(Table 1). In the NRP cohort, procurement started after median
184 minutes of NRP in the donor, followed by static cold storage
for 5.7 (IQR 4.7–6.6) hours before implantation. HOPE liver grafts
first underwent 4 (IQR 3.1–5) hours of cold storage followed by a
median 132 minutes HOPE perfusion and subsequent transplanta-
tion. Median total ex-vivo preservation was 5.7 and 6.4 hours after
NRP and HOPE, respectively (P < 0.001).

Overall, recipients had low labMELD scores with 55% and
45% presenting hepatocellular carcinoma in the NRP and HOPE
group, respectively (P¼ 0.96). Overall, donor-recipient combination
presented a higher predicted risk of graft loss in the HOPE cohort
er Health, Inc. All rights reserved.

(UK-DCD-risk score 6 vs 9 points, P < 0.001) (Table 2).
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Liver donors where therapeu�c 
withdrawal was ini�ated

n=251

Liver donors where NRP was ini�ated

n=226 (90%)

Livers procured

n= 195 (78%)

NRP cDCD cohort (2015-2019) #

Livers procured and HOPE treated

n= 118 (95%)

HOPE cDCD cohort (2012-2019) #

Discarded: n=25
• FDWI >30 min: n=16 (7%)
• TDWI>3h : n=8 (3%)
• Other: n=1 (0,4%)

Discarded: n=31
• Technical problem: n=19

(8%)
• ALT/AST>4x baseline during 

NRP: n=12 (5%)

Discarded: n= 36
• Pathological biopsy* or macroscopic aspect: 

n=35 (14%)
• Adverse event during transport: n=1 (0,4%)

Liver donors where therapeu�c 
withdrawal was ini�ated 

n=124

Discarded: n=6
• TDWI>3h : n=6 (5%)

Discarded: n= 18
• Pathological biopsy* or macroscopic 

aspect: n=6 (5%)
• High mitochondrial injury: n=12 (10%)

Livers transplanted

n= 159 (63%)

Livers transplanted

n= 100 (81%)

FIGURE 1. Liver graft utilization rates and reasons for graft discard. #To give a complete overview we included all the donors and
liver grafts until January 1, 2020 in this figure. The total number is consequently greater than the actual study population for which
the follow-up ended on the 01.01.2020. �In NRP pathological biopsy was defined as cirrhosis, fibrosis>F1, macrosteatosis>20%. In
HOPE pathological biopsy was defined as cirrhosis, fibrosis >F1, macrosteatosis >60%. FDWI indicates functional donor warm
ischemia; HOPE, hypothermic oxygenated perfusion; NRP, normothermic regional perfusion; TDWI, total donor warm ischemia.
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Early Graft Function and Injury
Serum ALT and AST release peaked during the first 24 hours

after transplantation with higher median peak values after HOPE
(ALT 1197 vs 594; AST 1302 vs 489, P < 0.001; Supplementary
Material Fig. S1, http://links.lww.com/SLA/C422). This translated
into 68% of EAD in the HOPE cohort compared to 20% in the NRP
cohort (P < 0.001). Synthetic liver function expressed by factor V
and INR improved rapidly over the first 48 hours post-LT for both
cohorts reaching a plateau after postoperative day 5. ALT/AST levels
decreased to similar levels in both groups (Fig. 2).

Graft and Patient Survival
One-year tumor-death censored graft and patient survival was

93% versus 86% and 95% versus 93% after NRP and HOPE,
respectively (P¼ 0.12; P¼ 0.48) (Fig. 3). No significant differences
were observed for NAS (4.5% vs 8.6%, P ¼ 0.22), primary non
function (2.3% vs 4.3% P ¼ 0.39) and HAT (3% vs 2.2%, P ¼ 0.69)
between NRP and HOPE, respectively (Table 3).

Risk Adjusted Donor-recipient Combinations
After propensity-score matching of donor and recipient risk
 Copyright © 2020 Wolters Kluw

factors for graft loss, a subgroup analysis was performed with 32

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
cases in each group. After matching, both cohorts presented with
comparable fDWI time (27 minutes), donor age (58 vs 59 years) and
cold ischemia time (HOPE 285 minutes vs NRP 309 minutes) result-
ing in a median UK-DCD risk score of 8 in both cohorts (IQR HOPE
6–11; IQR NRP 5–9) (Supplementary Material Fig. S2, http://
links.lww.com/SLA/C422). Transaminase release remained higher
in the HOPE cohort but 1-year tumor-death censored graft survival
was still comparable (93% vs 87.3% for NRP and HOPE, P ¼ 1).
Importantly, rates of NAS, HAT, and primary non-function (PNF)
remained similar in both cohorts. Serum creatinine levels at post-LT
day 7 were higher after HOPE (111 vs 68 mmol/L, P¼ 0.01) but renal
replacement rates were not significantly different (Table 3).

DISCUSSION

This is the first large-scale international multicentric study
comparing 2 different preservation strategies, NRP and HOPE, in
cDCD LT. Both, NRP and HOPE disclosed 1-year tumor-death
censored graft survival rates >85% with similar rates of NAS,
HAT, and PNF, comparable to the benchmark in DBD LT.18 How-
ever, the graft utilization rate was significantly higher in the HOPE
group, despite longer donor warm ischemic times and higher donor
er Health, Inc. All rights reserved.

age, compared to liver grafts transplanted after NRP. After propensity
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TABLE 1. Donor, Graft, and Preservation Characteristics

NRP
n ¼ 132

HOPE
n ¼ 93 P-value

Donor age, yr 50 (39–59) 61 (52–71) <0.001
Donor BMI, kg/m2 24 (22–27) 26.1 (24–27.8) <0.001
Cause of death, n (%)

Cerebrovascular accident 42 (31.8) 28 (30.1) 0.785
Hypoxic brain injury 57 (43.2) 48 (51.6) 0.212
Trauma 33 (25) 17 (18.2) 0.232

Donor ICU stay, days 9 (6–15.5) 4 (3–7) <0.001
Donor AST (IU) 51 (31–79.5) 68 (40–111) 0.001
Donor ALT (IU) 42 (26.5–90.5) 61 (29–94) 0.276
Donor GGT (IU) 88 (41–191) 62 (27–155) 0.037
Total donor warm Ischemia, min 31 (26.5–36) 35 (30–39) <0.001
Functional donor Warm ischemia, min 22 (19–26) 31 (26–35) <0.001
Asystolic donor Warm ischemia, min 17 (15–20) 19 (17–21) 0.017
Procurement team, n (%)

Local 81 (61.4) 65 (69.9) 0.187
Regional 51 (35.1) 28 (30.1) 0.187

NRP duration, min 184 (159–207) — —
Static cold storage, h 5.7 (4.7–6.6) 4 (3.1–5) <0.001
HOPE duration, min — 132 (105–165) —
Total ex-vivo preservation, h 5.7 (4.7–6.6) 6.4 (5.6–7.4) <0.001
Cold storage solution, n (%)

IGL-1 96 (72.7) 93 (100) <0.001
Scot 15 34 (25.7) 0 (0) <0.001
Custodiol 2 (1.5) 0 (0) <0.001

Categorical variables are expressed in quantities and percentages and continuous variables are expressed as median with interquartile range.
BMI indicates body mass index; HOPE, hypothermic oxygenated perfusion; ICU, intensive care unit; IGL-1, Institute-George-Lopez-1; NRP, normothermic regional perfusion.

TABLE 2. Recipient Characteristics

NRP
n ¼ 132

HOPE
n ¼ 93

P-value

Recipient age, yr 59.5 (54.5–63) 59 (54–63.6) 0.424
Recipient BMI, kg/m2 27.1 (24–30) 27.5 (24.4–30) 0.907
Previous major surgery, n (%) 26 (19.7) 18 (19.4) 0.949
Indication for transplantaion, n (%) �

Hepatitis B 12 (9.1) 8 (8.6) 0.899
Hepatitis C 29 (22) 31 (33.3) 0.580
Hepatitis C þ B 4 (3) 2 (2.2) 0.687
Non-alcoholic-Steatohepatitis 16 (12.1) 11 (11.8) 0.947
Alcohol related liver disease 53 (40.2) 26 (28) 0.059
NASH þ alcohol 19 (14.4) 5 (5.4) 0.031
Primary sclerosing cholangitis 0 (0) 1 (1.1) 0.232
Autoimmune Hepatitis 3 (2.3) 1 (1.1) 0.503
Hemochromatosis 7 (5.3) 0 (0) 0.024
Retransplantation 0 (0) 3 (3.2) 0.038
Other 1 (0.8) 0 (0) 0.403

Hepatocelluclar carcinoma, n (%) 81 (54.7) 67 (45.3) 0.960
Recipient pre-LT status, n (%)

Home 125 (94.7) 83 (89.2) 0.128
In-hospital 6 (4.5) 9 (9.7) 0.129
Intubated 1 (0.8) 1 (1.1) 0.803

Pre-LT renal replacement therapy, n (%) 3 (2.6) 6 (6.5) 0.171
LabMELD score, points 12 (8–16) 12 (9–16) 0.833
DRI, points 2.01 (1.75–2.31) 2.47 (2.08–2.80) <0.001
UK DCD-RISK score, points 6 (3–8) 9 (7–11) <0.001

Low risk, n (%) 64 (48.5) 6 (6.5) <0.001
High-risk, n (%) 56 (42.4) 45 (48.5) 0.376
Futile, n (%) 12 (9.1) 42 (45.2) <0.001

Categorical variables are expressed in quantities and percentages and continuous variables are expressed as median with interquartile range.
�One patient may present a combination of indications.
BMI indicates body mass index; DRI, donor risk index; LT, liver transplantation.
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FIGURE 2. Early graft function and injury markers. A, Post-LT serum ALT release over the first 7 d. Early graft function expressed by
Factor V (B) and INR (C). D, Pre- and Post-LTrenal replacement therapy rates. E, ICU stay in days. F, Serum bilirubin on post-LT day 7.
ICU indicates intensive care unit; LT, liver transplantation.

FIGURE 3. Tumor death censored graft and patient survival.
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TABLE 3. Post-Transplant Outcomes in the Total and Propensity Score Matched Cohorts

NRP
n ¼ 132

HOPE
n ¼ 93 P value

PSM NRPX

n ¼ 32
PSM HOPEX

n ¼ 32 P value

ICU stay, days 5.5 (4–7) 3 (2–5) <0.001 6 (4–10) 3 (2–6) 0.010
Hospital stay, days 17 (13–24) 17 (13–23) 0.510 18 (13–32) 15 (10–25) 0.513
Serum Creatinine day 7 68 (58–90) 127 (76–233) <0.001 68 (57–101) 111 (69–214) 0.012
Renal Replacement Therapy, n (%) 6 (4.5) 29 (31.2) <0.001 4 (12.5) 11 (34.4) 0.092

Biliary Complication, n (%) 23 (17.4) 32 (34.4) 0.004 8 (25) 11 (34.4) 0.508
Anastomotic Strictures, n (%) 14 (10.6) 24 (25.8) 0.003 4 (12.5) 7 (21.9) 0.453
Non-Anastomotic Strictures, n (%) 6 (4.5) 8 (8.6) 0.215 2 (6.3) 4 (12.5) 0.688
Billiary Leak, n (%) 9 (6.8) 6 (6.5) 0.914 4 (12.5) 2 (6.3) 0.687
Overall Arterial Complications, n (%) 13 (9.8) 7 (7.5) 0.547 3 (9.4) 2 (6.3) 1

Thrombosis, n (%) 4 (3.0) 2 (2.2) 0.687 1 (3.1) 0 (0) 1
Stenosis, n (%) 8 (6.1) 5 (5.4) 0.829 2 (6.3) 2 (6.3) 1

Primary-Non-Function (PNF), n (%) 3 (2.3) 4 (4.3) 0.388 1 (3.1) 3 (9.4) 0.500
Overall Graft Loss, n (%) 18 (13.6) 24 (25.8) 0.021 5 (15.6) 8 (25) 0.727

Tumor-Death Censored Graft Loss, n (%) 10 (7.5) 14 (15.1) 0.075 4 (12.5) 5 (16.5) 1
Cause of Graft Loss, n (%)

PNF 3 (3.8) 4 (4.3) 1 (3.1) 3 (9.4)
HAT 0 (0) 2 (2) 0 (0) 0 (0)
NAS 1 (0.8) 2 (2) 1 (3.1) 0 (0)
Septic Shock 1 (0.8) 2 (2) 1 (3.1) 0 (0)
Acute/Chronic Rejection 1 (0.8) 1 (1.1) 0 (0) 0 (0)
Arterial Stenosis 0 (0) 1 (1.1) 0 (0) 1 (3.1)
Tumor Recurrence 6 (4.5) 3 (3.2) 1 (3.1) 2 (6.3)
Secondary Tumor 1 (0.8) 5 (5.5) 0 (0) 1 (3.1)
Invasive Aspergillosis 0 (0) 1 (1.1) 0 (0) 0 (0)
Budd Chiari 1 (0.8) 1 (1.1) 0 (0) 1 (3.1)
Per-operative death 1 (0.8) 0 (0) 0 (0) 0 (0)
Gas embolism 1 (0.8) 0 (0) 0 (0) 0 (0)
Portal thrombosis 1 (0.8) 0 (0) 1 (0.8) 0 (0.0)
Unknown 1 (0.8) 2 (2) 0 (0) 0 (0)

Categorical variables are expressed in quantities and percentages and continuous variables are expressed as median with interquartile range.
X: Propensity score matched cohorts.
HAT indicates hepatic artery thrombosis; ICU, intensive care unit; NAS, non-anastomotic biliary stricture; PNF, primary non-function.
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score adjustment of donor-recipient combinations (median UK-DCD
score 8), both strategies achieved similar post-LT outcomes.

Although static cold storage is still the gold standard in LT of
low-risk DBD grafts, extended criteria grafts including cDCD may
benefit from dynamic preservation strategies.18–21 However, no
direct comparison of such preservation strategies is currently avail-
able, making consensual conclusions impossible. Accordingly, this
study aimed at providing a first comparison of NRP and HOPE in the
setting of cDCD LT.

This is the largest series to date of NRP in cDCD LT. In 7
recently published studies including 8–95 patients, fDWI ranged
from 10 to 28 minutes and donor age was<60 years (Supplementary
Material, Fig. S5, http://links.lww.com/SLA/C422).8,20,22–26 Out-
comes in terms of graft and patient survival, PNF and NAS reported
in this study are similar to the 95 NRP cases published by
Hessheimer et al.8 Of note, the Spanish series had a majority of
pre-mortem cannulation with consequently shorter warm ischemic
times.

In the direct comparison between HOPE and NRP, we
observed a higher rate of EAD due to higher post-LT AST/ALT
levels and a higher proportion of post-LT renal replacement therapy
in the HOPE cohort. These differences did however not significantly
impair early graft function nor reduce 1-year graft- and patient
survival. The discrepancy between rates of EAD and post-LT liver
function measured by INR and Factor Vobserved in the HOPE cohort
warrants to review the current definition of EAD in the context of

19,27
 Copyright © 2020 Wolters Kluw

machine perfused cDCD grafts. The higher post-LT renal
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replacement rate in the HOPE cohort may be partly explained by
a 2� higher pre-LT renal replacement rate and the higher post-LT
ALT/AST levels due to longer warm ischemia times.28,29 Of note,
after adjusting for donor-recipient risk combinations in the propen-
sity score analysis, rates of renal replacement therapy were not
significantly different between the 2 groups.

The ethical and regulatory issues surrounding the therapy
withdrawal in the donor lead to specific modalities of organ pro-
curement in the setting of cDCD. In Switzerland for example, placing
catheters or administering heparinization before death of the donor is
prohibited. This led to differences in the application of HOPE or NRP
in the context of cDCD.

First, HOPE is an intervention on the liver graft after transport
to the transplant center with standard static cold storage (end-
ischemic ex-vivo perfusion). In contrast, NRP is an intervention
in the donor, performed by the procurement team, with the need of
static cold storage for transport to the transplant center.

Second, NRP requires preliminary vessel cannulation in the
donor which is an additional technical challenge to the cDCD
process.30 Indeed, during the study period, 8% of cDCD procure-
ments were aborted as a result of a technical problem with the NRP
set-up. Of note, this observation should be interpreted in the context
of an ongoing learning curve with NRP in some of the French centers,
given the recent implementation of the procedure (2015). In contrast,
no technical adverse event occurred during the 93 HOPE procedures.
Although technical problems potentially occur with every perfusion
er Health, Inc. All rights reserved.

technique, HOPE has the advantage to keep liver grafts at 8–108C. In
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contrast to normothermic temperatures, this significantly reduces the
risk of organ damage if perfusion problems occur.2

Third, the duration of ex-vivo liver graft preservation, from
aortic cross clamp in the donor to graft reperfusion in the recipient,
was longer in the HOPE cohort without significantly increasing the
duration of static cold storage. Because static cold storage negatively
impacts post-LT outcomes, the possibility of end-ischemic ex-vivo
perfusion may provide an advantage for HOPE in the setting of
marginal cDCD grafts, re-allocation or difficult recipient hepatec-
tomy by reducing cold ischemia of the liver graft.31

Another notable difference is the assessment of liver graft
quality during preservation to safely increase utilization rates without
compromising post-LT outcomes.32 In the setting of NRP, some
authors have suggested to use ALT/AST release and lactate clearance
during perfusion as an indicator for graft quality.20 Indeed, in this
study, 5% of the cDCD liver grafts were discarded because AST/ALT
levels rose to >4� baseline during NRP. Although transaminase
release is a hepatocyte injury marker, it does not reflect bile duct
viability or liver function and there’s is no robust data from pre-
clinical or human studies correlating AST/ALT to graft loss.20,33–34

Finally, a potential advantage of NRP for organ assessment may be
the ability to perfuse several cDCD organs at once including for
example kidney, pancreas, and even lungs.22 HOPE allows for a liver
targeted metabolic assessment after the first 30 minutes of perfusion,
based on a real-time measurement of perfusate levels of flavin
mononucleotide (FMN), a fragment of complex I of the mitochon-
drial respiratory chain. FMN correlates with early graft function after
transplantation in both DBD and cDCD.16 In the HOPE cohort
reported here, real-time FMN detection led to a cDCD graft utiliza-
tion rate of 81%, in contrast to 63% by NRP, with tumor-censored
graft survival comparable to DBD LT.

This study has several limitations. Data was gathered retro-
spectively from centers which use different cold storage solutions,
transplantation techniques for example piggy-back versus classic
technique, immunosuppression protocols and treatment modalities
of biliary and arterial complications. In addition, donor selection
was very different in both groups and may lead to biases and the
study did not aim to assess oncological outcomes in cDCD recipients
with HCC. Finally, cost assessment could not be performed due to
the multicentric design and important health-care differences
between the 2 countries.

In conclusion, NRP and HOPE in cDCD LT achieved similar
tumor-death censored graft and patient survival rates. Yet, fewer
grafts in the HOPE cohort were discarded, despite being procured
from older donors with longer warm ischemia times. Thus, in
contrast to some recent statements on the supremacy of NRP in
cDCD, the presented data advocates the need for a well-designed
randomized controlled trial, with an intention to treat analysis of
outcomes after HOPE and NRP, specifically in high risk recipient-
graft combinations.35,36
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prélèvements d’organes sur donneurs décédés après arrêt circulatoire de la
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