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How to Preserve Liver Grafts From Circulatory
Death With Long Warm Ischemia? A Retrospective
Italian Cohort Study With Normothermic Regional
Perfusion and Hypothermic Oxygenated Perfusion
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Background. Donation after circulatory death (DCD) in Italy, given its 20-min stand-off period, provides a unique bench
test for normothermic regional perfusion (NRP) and dual hypothermic oxygenated machine perfusion (D-HOPE). Methods.
We coordinated a multicenter retrospective Italian cohort study with 44 controlled DCD donors, who underwent NRP, to pre-
sent transplant characteristics and results. To rank our results according to the high donor risk, we matched and compared
a subgroup of 37 controlled DCD livers, preserved with NRP and D-HOPE, with static-preserved controlled DCD transplants
from an established European program. Results. In the ltalian cohort, D-HOPE was used in 84% of cases, and the pri-
mary nonfunction rate was 5%. Compared with the matched comparator group, the NRP + D-HOPE group showed a lower
incidence of moderate and severe acute kidney injury (stage 2: 8% versus 27% and stage 3: 3% versus 27%; P=0.001).
Ischemic cholangiopathy remained low (2-y proportion free: 97% versus 92%; P=0.317), despite the high-risk profile result-
ing from the longer donor warm ischemia in Italy (40 versus 18 min; P<0.001). Conclusions. These data suggest that

(Transplantation 2021;105: 2385-2396).

NRP and D-HOPE vyield good results in DCD livers with prolonged warm ischemia.

)

INTRODUCTION

Liver transplantation from donation after circulatory death
(DCD) donors is an effective means to overcome the donor
shortage. However, DCD livers are burdened with a high
rate of complications due to the donor warm ischemia
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time.""* By combining the advantages of organ recondi-
tioning, improved transplant logistics, and viability testing,
normothermic regional perfusion (NRP) and machine per-
fusion (MP) have shown the potential to improve outcomes
and reduce the complication rate after DCD liver transglan-
tation, though further research is needed in this field.*
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In Italy, circulatory death is legally declared after a
stand-off period of 20 min, confirmed by a flat ECG. Based
on this legal constraint, the first DCD liver transplant pro-
gram was launched only in 2015.” Unlike in most coun-
tries around the world, all DCD livers in Italy are procured
with femoral vessels cannulation and NRP in the donor.'”
In the context of the good results from various clini-
cal studies, the majority of DCD livers procured in Italy
undergo end-ischemic dual hypothermic oxygenated per-
fusion (D-HOPE) following NRP and cold storage before
implantation, with the aim to mitigate ischemia-reperfu-
sion injury and improve liver function.>® The encouraging
results of the first Italian series have promoted the wider
use of this protocol and encouraged other Italian centers
to implement a DCD liver transplant program despite the
high overall donor risk.'*"?

Based on the exceptionally long donor warm ischemia
time in Italy, there is a general reluctance to use such DCD
livers for transplantation due to the expected high risk of
graft failure. The use of in situ or ex situ MP technology
may help to improve graft function and assess liver viabil-
ity to support the decision making whether to utilize such
livers or not.

We present here a multicenter Italian cohort study to
evaluate outcomes from controlled DCD (cDCD) liver
donors, preserved by a combination of NRP, cold ischemia,
and D-HOPE. To rank our results in the context of the
high donor risk, we match and compare our ¢cDCD cohort
with outcomes from another established transplant center
in the United Kingdom.

MATERIALS AND METHODS

This is a multicenter retrospective cohort study. Seven
Italian transplant centers participated in this study. Each
center provided all consecutive DCD liver transplants
performed from September 2015 (start of the activity in
Italy) to April 2019. Two investigators from each center
completed an electronic data collection form provided
by the coordinating center. The primary sources for data
collection were donors’ and recipients’ operative reports,
organ quality forms, recipients’ medical notes, laboratory
tests during hospitalization, and posttransplant follow-up
visits. The data that support the findings of this study are
available from the corresponding author upon reasonable
request.

Donor Management

Two possible ¢cDCD scenarios were included in this
study: cDCD donors on mechanical ventilation and ¢cDCD
donors offered while on extracorporeal membrane oxy-
genation (ECMO). All ¢cDCD donors on mechanical ven-
tilation (modified Maastricht classification 2013, category
I1)'* were patients with devastating brain injury not ful-
filling brain death criteria, where the decision to with-
draw treatment was independent of the process of organ
donation and based exclusively on futility. For analgesia,
we followed the protocol proposed by Kompanije et al."
Premortem administration of heparin is allowed in Italy;
an intravenous bolus of 300 IU/kg was administered as
systolic blood pressure dropped below 50 mm Hg.'® Death
was declared after 20 min of flat ECG, according to the
Italian guidelines.'” cDCD donors on ECMO were patients
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maintained on systemic arteriovenous ECMO to treat, for
example, refractory cardiogenic shock. According to the
Italian guidelines, such donors were classified as controlled
if the ECMO was maintained for several days with subse-
quent treatment withdrawal.'®

NRP Management

In Italy, super-rapid recovery is not allowed in DCD
donors, and the use of NRP is mandatory in all cases.'®
For the initiation of NRP, the femoral vessels are percu-
taneously cannulated on one side. Premortem insertion
of Seldinger wires, but not complete vessel cannulation,
is allowed.'® An occlusion balloon is inserted through the
contralateral femoral artery and inflated at the level of the
supraceliac aorta to exclude perfusion of the donor’s heart
and brain. Proper positioning of the balloon is confirmed
by chest x-ray. In cDCD donors on ECMO, systemic per-
fusion is stopped for death declaration and then restarted
and regionalized as NRP. To establish a proper NRP, the
circuit is primed with 800-1000mL of Ringer’s acetate
solution and pump flow rates are kept at 1.7-3 L/min/m*
with an arterial Po, at 80-90 mm Hg, with an arterial Pco,
at 35-40 mmHg, and a perfusion temperature of 37 °C.
The maintenance of NRP relied on a membrane oxygen-
ator, heat exchanger, and cardiopulmonary bypass pump—
either Rotaflow Console or Cardiohelp System (Maquet,
Rastatt, Germany). Alanine transaminase, full arterial gas
profile, and lactate are routinely measured every hour dur-
ing NRP. We aimed at maintaining NRP for 4 h (mini-
mum 1h) before cold perfusion. Provided that pump flow
was stable, we extended perfusion in case of suboptimal
trend of parameters or for logistical reasons. A liver biopsy
of the left lateral segment is performed before cold flush
and examined on a frozen section to assess macrosteatosis
and fibrosis, as well as any evidence of extensive necrosis.
At the end of NRP, the cold preservation solution (6000
8000 mL Celsior; 4 °C) is flushed directly through the arte-
rial cannula.

Donor and Liver Selection

Potential donors were enrolled in the ¢cDCD program
if younger than 75 y and if donor warm ischemia time
(DWIT) was <60 min. DWIT was defined as the time from
oxygen saturation falling below 70% or systolic blood
pressure below 50 mmHg to the start of NRP."'® Donors
were excluded if significant infection or neoplastic con-
traindications to donation were evident. The following cri-
teria were considered as relative contraindications for liver
recovery: serum alanine transaminase of >1000 IU/L at
the end of NRP, an upward trend in serum lactate during
NRP, suboptimal macroscopic aspect (eg, poorly perfused
or congested livers), macrosteatosis of >30%, or a fibrosis
Ishak score 2.

Allocation

The DCD livers were allocated according to the
Italian allocation policy, primarily on a regional basis."”
Superurgent patients and candidates with a model for
end-stage liver disease (MELD) score >30 points were
excluded. Most centers preferably selected low-risk recipi-
ents and prioritized candidates, for example, with hepato-
cellular carcinoma (HCC).
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Machine Perfusion

Six centers regularly used end-ischemic MP in all DCD
liver grafts after transport and back-table surgery. Only 1
transplant center reserved MP exclusively for liver grafts pre-
senting with one of the above-mentioned relative contrain-
dications for liver recovery or if a prolonged cold ischemia
time (CIT) was expected. For D-HOPE, the livers were con-
nected to an extracorporeal organ perfusion system or Liver
Assist device (Organ Assist, Groningen, The Netherlands)
and perfused through the portal vein (5 mmHg, continu-
ous) and the hepatic artery (25 mmHg, pulsatile) with
recirculated, cooled (10 °C), and oxygenated (Po,=60-80
kPa) Belzer MP solution (Bridge to Life, London, United
Kingdom). Normothermic MP was used in only 1 case, fol-
lowing the protocol reported by op den Dries.?’

Study Design

We presented the main characteristics and the trans-
plant results of the cDCD Italian series. In the next step,
the cDCD cases with NRP and sequential D-HOPE in the
Italian cohort (NRP+D-HOPE group) were matched with
an external comparator group, transplanted at the Queen
Elizabeth Hospital in Birmingham, United Kingdom. The
DCD program represents here a relatively low-risk donor
cohort of type Il DCD donors, with a 5-min stand-off
period, followed by super-rapid donor cannulation, cold
flush (UW solution), and recovery with subsequent static
cold storage. DCD livers with in situ or ex situ MP were
not considered for the matching process.

We performed a 1:1 case-control computer matching
analysis without replacement to correct for differences in
baseline donor and recipient characteristics in the groups.
Based on the overall number of DCD transplantations
performed at the center in Birmingham between January
2009 and April 2019 (total n=347), the matching pro-
cess involved the correction for potential key confound-
ers as follows: donor age (x1 y), donor body mass index
(x0.5kg/m?), CIT(x1h), and recipient age (=1 y). For each
NRP + D-HOPE-treated DCD liver in Italy, 1 appropriate
untreated DCD liver (simply cold stored) from Birmingham
was matched according to previously defined parameters.
We accepted a difference of 4-5 MELD points to keep the
perfect match in other relevant donor risk parameters, pro-
vided that all the recipients in the 2 groups remained low
MELD. To limit further biases potentially associated with
the shorter follow-up of the Italian series, early and mid-
term outcomes (up to 24 mo posttransplant) were consid-
ered in the comparison.

Definitions

CIT was defined as the time from cold flush (or end
of NRP) to removal of the organ from cold storage solu-
tion or the start of ex situ D-HOPE perfusion. The MELD
score was calculated as the laboratory MELD without the
inclusion of exception points for HCC at the time of liver
transplantation.”! Primary nonfunction (PNF) was defined
as graft failure with no identifiable secondary cause result-
ing in either retransplantation or death within the first
week. Acute kidney injury (AKI) was defined according
to Kidney Disease: Improving Global Outcomes criteria
and classified into 3 stages.”>** Patients’ morbidity during
hospitalization was assessed by the Clavien-Dindo score.”*
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The diagnosis of ischemic cholangiopathy (IC) was based
on cholangiographic evidence of diffuse intrahepatic,
hilar, or extrahepatic biliary strictures in the presence of
a patent hepatic artery. Isolated anastomotic strictures
were excluded from IC." Patients with T-tube underwent
cholangiography on postoperative day 7 and 3 mo post-
transplant. Magnetic resonance or endoscopic retrograde
cholangiopancreatography was undertaken when clini-
cally indicated by elevated liver enzymes or symptoms of
cholestasis. Non-IC biliary complications included bile
leaks and anastomotic strictures. Patients who died or
required retransplantation within the first week for non-
biliary causes were excluded from the subgroup analyses
focusing on IC.

Ethical Approval and Informed Consent

The application of NRP and D-HOPE in DCD donors
was established in an ad hoc protocol by the Italian
Ministry of Health (National Transplant Center).'® Local
ethical committees review of the protocol deemed that for-
mal approval was not required owing to the retrospective,
observational, and anonymous nature of this study. The
possibility of organ donation was discussed with the donor
families, and a signed authorization was obtained before
the procedure. Liver transplant candidates were informed
of the possibility to receive a DCD liver and signed a con-
sent form at the time of listing. This consent was confirmed
by the recipient at the time of organ offer.”

Statistical Analysis

Continuous data were reported as median and range;
categorical data were reported as counts and percentages.
Comparisons between the NRP +D-HOPE group and the
matched comparator group were performed using the
Wilcoxon signed-rank test for continuous variables and
the Fisher exact test for categorical variables. Overall sur-
vival, graft survival, and proportions free from vascular
complications, artery thrombosis, biliary complications,
and IC were estimated using the Kaplan-Meier method;
the log-rank test was used to assess differences among
groups. A P<0.05 was considered statistically significant
in all the analyses. All the analyses were performed using
the statistical software SAS V.9.4 (SAS Institute, Cary, NC).

RESULTS

A total of 78 DCD livers treated with NRP were evalu-
ated for transplant throughout the study period, 64 of them
were transplanted (45 from ¢cDCD, 19 from uncontrolled
DCD [uDCD]), and 44 transplants from ¢DCD were
finally included in the analysis (Figure 1). The utilization
rate was calculated from initiation of NRP to acceptance
for transplantation and was found to be 86.5% and 73.1%
for cDCD and uDCD, respectively. The number of overall
DCD donors (both controlled and uncontrolled) initially
offered for NRP was not available for this study period.
No technical failure nor complications were observed dur-
ing NRP. The use of sequential D-HOPE depended on the
local protocol adopted by each center. Normothermic MP
was used in 1 cDCD case, which displayed immediate graft
function and no complications over a 12-mo follow-up;
for its uniqueness, it was excluded from the analysis. The
median follow-up of the Italian cohort was 17 mo, and
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FIGURE 1. Composition of the Italian DCD cohort according to donor type and management. NRP was used in all cases. The utilization
rate was 86.5% and 73.1% for controlled and uncontrolled donors, respectively. The use of sequential D-HOPE or normothermic MP
depended on the local protocol adopted by each center. No livers were declined during D-HOPE. Overall, 44 controlled liver transplants
were included in the analysis. cDCD, controlled donation after circulatory death; DCD, donation after circulatory death; D-HOPE, dual
hypothermic oxygenated perfusion; HA, hepatic artery; HAT, hepatic artery thrombosis; MP, machine perfusion; NRP, normothermic
regional perfusion; PNF, primary nonfunction; uDCD, uncontrolled donation after circulatory death.

all transplants have a follow-up of at least 1 y. Within the
same period, overall, 867 liver transplantations were per-
formed in Birmingham. Following exclusion of all DBD
livers, split procedures, combined and domino transplants,
and machine perfused grafts, a pool of 181 transplanted
DCD livers was used for the computerized match.

Characteristics and Outcomes of the Italian cDCD
Cohort

Table 1 provides patient characteristics and early post-
transplant outcomes of Italian cases. D-HOPE was used
in 84% of cases, and the PNF rate was 5%. In the 2 liv-
ers, which developed PNF, pretransplant biopsy showed
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Patients’ characteristics and posttransplant outcomes of the Italian cases
Variable Level ¢DCD (N=44)
Recipient characteristics
Age (y), median (min—-max) 58 (37-70)
BMI (kg/m?), median (min-max) 25.2 (18.4-34.5)
Sex, n (%) Women 9 (20)
Men 35(80)
Liver disease, n (%) Alcoholic cirrhosis 12 (27)
Hepatitis B 5011
Hepatitis C 16 (36)
NAFLD 1(2
Primary biliary cirrhosis 49
Primary sclerosing cholangitis 102
Retransplant 2 (5)
Other 3(7)
HCC, n (%) No 15 (34)
Yes 29 (66)
Laboratory MELD score, median (min—max) 9 (6-25)
Life support pretransplant, n (%) No 44 (100)
Yes 0(0)
Previous dialysis, n (%) No 44 (100)
Yes 0(0)
Previous admission to hospital, n (%) No 43 (98)
Yes 1)
Ascites, n (%) No 32 (73)
Yes 12 (27)
Encephalopathy, n (%) No 39 (89)
Yes 5(11)
Donor characteristics
Age (y), median (min—max) 59 (34-69)
BMI (kg/m?), median (min-max) 25.7 (16.2-35.2)
Sex, n (%) Women 15 (34)
Men 29 (66)
DWIT? (min), median (min—max) 40 (20-80)
Liver biopsy
Macrosteatosis (%), median (min—max) 1.5 (0-20)
Fibrosis (Ishak score), n (%) 0 25 (58)
1 11 (26)
2 7(16)
Missing 1
Necrosis, n (%) Absent 31 (72)
Focal 10 (23)
Zonal 2 (5)
Confluent 0(0)
Missing 1
Preservation and recipient operation
Duration of NRP (min), median (min—max) 250 (53-463)
D-HOPE, n (%) No 7(16)
Yes 37 (84)

Duration of D-HOPE (min), median (min-max)”
CIT (min), median (min—max)

120 (42-380)
394 (180-660)

Implantation technique, n (%) Classic (cava replacement) 6 (14)
Piggy-back 38 (86)
(Continued next page)
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TABLE 1. (Continued)

Variable Level cDCD (N=44)
Hospitalization
ALT peak in first 7 d, median (min—max) 897 (120-6832)
INR on postoperative d 7 1.20 (1.00-10.00)
PNF, n (%) No 42 (95)
Yes 2 (9)
AKI, n (%) No AKI 28 (64)
AKl stage 1 8 (18)
AKI stage 2 5(11)
AKl stage 3 3(7)
ICU stay (d), median (min—max) 3(1-22)
Hospital stay (d), median (min—max)° 14 (5-63)
Clavien-Dindo highest grade, n (%) 0 21 (47)
|-l 17 (39)
llla 1(2)
IVa 3(7)
Vb 1(2)
Vv 1(2)
Biliary complications” (N=41)
Biliary complication type, n (%) No biliary complications 32 (78)
Anastomotic stenosis 5012
Biliary leak at anastomosis 12
Biliary leak at T-tube site 2 (5)
IC 1(2)
T-tube® n (%) No 12 (29)
Yes 29 (71)
Cholangiography (M/ERCP), n (%) No 30(73)
Yes 11(27)

Timing of M/ERCP (mo), median (min—max)

11.6 (6.1-40.9)

“Systolic blood pressure <50 mmHg or oxygen saturation <70% to start of NRP.
"Three missing.
“One missing.

%Patients dead or retransplanted within the first week for nonbiliary causes were excluded from the count (insufficient follow-up).

°All patients with T-tube underwent cholangiography on postoperative d 7 and 3 mo posttransplant, before tube removal.

AKI, acute kidney injury; ALT, alanine transaminase; BMI, body mass index; cDCD, controlled donation after circulatory death; CIT, cold ischemia time; D-HOPE, dual hypothermic oxygenated perfusion; DWIT,
donor warm ischemia time; HCC, hepatocellular carcinoma; IC, ischemic cholangiopathy; ICU, intensive care unit; INR, international normalized ratio; MELD, model for end-stage liver disease; M/ERCP,
magnetic resonance/endoscopic retrograde cholangiopancreatography; NAFLD, nonalcoholic fatty liver disease; NRP, normothermic regional perfusion; PNF, primary nonfunction.

zonal and absence of necrosis, respectively, without evi-
dence of steatosis or fibrosis. Only 1 recipient died from
multiorgan failure due to bacterial infection. Two-year
graft survival was 91% (Figure 2). The proportion of
patients free of any biliary complication at 2 y was 77 %,
as reflected in Figure 2C. Only 1 recipient developed hilar
strictures without peripheral involvement of the liver
and was diagnosed with IC 212 d posttransplant. Such
features were managed conservatively with endoscopic
stenting, and no relisting was required during the overall
follow-up of 27 mo. Associations between PNF, AKI, and
biliary complications with selected pretransplant vari-
ables are shown in Tables S1-S3 (SDC, http://links.lww.
com/TP/C90).

Comparison Between cDCD With NRP + D-HOPE
and the External, Matched Comparator Group With
Standard Cold Storage

NRP with sequential D-HOPE was used in 37 ¢cDCD
transplantations in Italy. In Table 2, donor and recipient
characteristics and results of this Italian group are com-

pared with the matched external comparator group. The
MELD score was slightly lower in the NRP+D-HOPE

group (9 versus 13, P=0.002) with a higher frequency of
HCC (70% versus 35%; P=0.005).

The median functional DWIT in the Italian NRP + D-HOPE
group was 40 versus 18 min in the Birmingham cohort
(P<0.001). The Italian cohort achieved, therefore, signifi-
cantly more points in the UK-DCD Risk Score (65% of
cases were allocated to the futile group), while all other
donor and recipient risk parameters remained compa-
rable.?® Despite such lower overall risk in the UK cohort,
the NRP+D-HOPE-treated high-risk cohort from Italy
achieved a lower incidence of AKI (stage 2: 8% versus 27%
and stage 3: 3% versus 27%, P=0.001) and recipients expe-
rienced fewer grade Illa and IVa complications. Additionally,
the 2-y graft survival was better in Italy (92% versus 81%;
P=0.227), and recipients were found with a lower incidence
of ischemic cholangiopathies although the difference was
not statistically significant (2-y proportion free from IC:
97% versus 92%; P=0.317) (Figures 3 and 4).

DISCUSSION

NRP is routinely used in a few countries, where the
recent literature has highlighted good outcomes in the
context of DCD liver transplantation with however very
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FIGURE 2. Two-y transplant outcomes of the Italian-controlled DCD livers: overall survival (A), graft survival (B), proportion free from
any biliary complication* (C), and proportion free from IC* (D). *The observation period started 7 d posttransplant, patients dead or
retransplanted within the first week for nonbiliary causes were excluded from the analysis. DCD, donation after circulatory death; IC,

ischemic cholangiopathy.

different donor risk profiles.**”*° In the present study, we
provide new insight regarding the use of NRP in combina-
tion with cold storage and D-HOPE in a high-risk DCD
population. Despite the unique prolonged DWIT, we dem-
onstrate here excellent results with the combined protocol
of the 2 preservation technologies, NRP and D-HOPE.

In the last few years, we have observed a progressive
reduction in the number of uDCD donors in Italy, mainly

due to inferior results and logistical challenges of this
practice, which was paralleled by an increase in ¢cDCD
donors.”" Given the absence of a cDCD comparator group
without NRP in our country, we have compared the con-
trolled transplants, preserved with NRP and D-HOPE,
with static-preserved transplants obtained from a large
and European DCD program. These data have been
used as a comparison also in other international studies

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



2392 Transplantation m November 2021 m Volume 105 m Number 11

www.transplantjournal.com

TABLE 2.

Characteristics and posttransplant outcomes of cDCD patients with NRP + D-HOPE and matched comparator group of
patients with super-rapid recovery and static cold storage

¢DCD with NRP + D-HOPE Comparator group
Variable Level (N=37) (N=37) P
Matching variables
Recipients’ age (y), median (min— max) 58 (37-70) 56 (38-66) 0.27
Donors’ age (y), median (min—max) 59 (34-69) 55 (36-69) 0.28
Donors’ BMI (kg/m?), median (min—max) 25.7 (16.3-35.2) 24.2 (13.8-38.2) 0.23
CIT (min), median (min—max) 411 (330-660) 390 (240-583) 018
Recipient characteristics
BMI (kg/m?), median (min-max) 25.0 (18.7-34.5) 25.9 (18.5-48.9) 0.56
Sex, n (%) Women 8(22) 11 (30) 0.60
Men 29 (78) 26 (70)
Class of disease, n (%) Alcoholic cirrhosis 12 (32) 10 (27) 0.10
Autoimmune hepatitis 0(0) 103
Hepatitis B 318 1(3)
Hepatitis C 14 (38) 6 (16)
NAFLD 1(3) 1(3)
Primary biliary cirrhosis 3(8) 7(19)
Primary sclerosing cholangitis 103 6 (16)
Retransplant 0(0) 0 (0)
Other 3(8) 5(14)
HCC, n (%) No 11 (30) 24 (65) 0.005
Yes 26 (70) 13 (39)
Laboratory MELD score, median (min—max) 9 (6-25) 13 (6-19) 0.002
Life support pretransplant, n (%) No 37 (100) 37 (100) -
Yes 0(0) 0(0)
Previous dialysis, n (%) No 37 (100) 37 (100) -
Yes 0(0) 0(0)
Previous admission to hospital, n (%) No 37 (100) 37 (100) -
Yes 0 (0) 0(0)
Ascites, n (%) No 27 (73) 19 (61) 0.093
Yes 10 (27) 18 (49)
Encephalopathy, n (%) No 32 (86) 25 (68) 0.096
Yes 5(14) 12 (32)
Donor characteristics
Sex, n (%) Women 14 (38) 19 (51) 0.35
Men 23 (62) 18 (49)
DWIT? (min), median (min-max) 40 (30-80) 18 (10-44) <0.001
UK-DCD Risk Score, n (%) Low risk (05 points) 0(0) 27 (73) <0.001
High risk (6—10 points) 13 (39) 6 (16)
Futile (>10 points) 24 (65) 4(11)
Preservation and recipient operation
Duration of D-HOPE (min), median (min—max) 120 (42-380) -
Implantation technique, n (%) Classic (cava replacement) 193 0(0) 1.00
Piggy-back 36 (97) 37 (100)
Hospitalization
ALT peak in first 7 d, median (min-max)® 831 (120-6441) 1078 (159-3143) 0.35
INR on postoperative d 7° 1.25(0.95-10.00) 1. 00 (0.90-2.00) <0.001
PNF, n (%) No 36 (97) 36 (97) 1.00
Yes 1(3) 1(3)
AKI, n (%) No AKI 27 (73) 13 (35) 0.001
AKI stage 1 6 (16) 4(11)
AKl stage 2 318 10 (27)
AKl stage 3 13 10 (27)
ICU stay (d), median (min-max)° 3(1-22) 3(1-22) 0.19
(Continued next page)
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¢DCD with NRP + D-HOPE Comparator group
Variable Level (N=37) (N=37) P
Hospital stay (d), median (min-max)“ 13 (5-63) 9 (5-59) 0.041
Clavien-Dindo highest grade, n (%) 0 18 (49 9 (24) 017
-l 15 (41) 16 (43)
Illa 10 4(11)
IIb 0(0) 1)
IVa 2 () 5(14)
Vb 10 29
Vv 0(0) 0(0)
Biliary complications® (N=35) (N=36)
Biliary complication type, n (%) No biliary complications 27 (17) 25 (69) 0.58
Anastomotic stenosis 4(11) 6(17)
Biliary leak at anastomosis 13 1(3)
Biliary leak at T-tube site 2 (6) 0 (0)
IC 13) 3(8)
Other 0(0) 1)

AWilcoxon signed-rank test for continuous variables, Fisher exact test for categorical variables.
bSystolic blood pressure <50 mmHg (or oxygen saturation <70%) to start of NRP or cold flush.

“One missing: comparator group.

“Two missing: 1 “cDCD with NRP + D-HOPE group” and 1 “comparator group.”

“Patients dead or retransplanted within the first week for nonbiliary causes were excluded from the count (insufficient follow-up).
AKI, acute kidney injury; ALT, alanine transaminase; BMI, body mass index; cDCD, controlled donation after circulatory death; CIT, cold ischemia time; D-HOPE, dual hypothermic oxygenated perfusion;
DWIT, donor warm ischemia time; HCC, hepatocellular carcinoma; IC, ischemic cholangiopathy; ICU, intensive care unit; INR, international normalized ratio; MELD, model for end-stage liver disease;
NAFLD, nonalcoholic fatty liver disease; NRP, normothermic regional perfusion; PNF, primary nonfunction; UK-DCD, United Kingdom donation after circulatory death.

and served here as a reference for DCD transplantation
in Europe.’” Despite the potential limitations resulting
from a matched analysis between 2 different countries,
the donor risk parameters, including DWIT, were defined
and measured with the same methods in both cohorts.
We considered a difference of 4-5 MELD points clini-
cally neglectable, provided that recipients in both groups

presented with a low laboratory MELD score. Other than
DWIT, where matching was impossible, the selected risk
parameters appeared homogeneous between the groups.*®
Premortem administration of heparin in the Italian cohort
may constitute an advantage compared with the United
Kingdom.?* Nevertheless, the higher UK-DCD Risk Score,
resulting from the longer DWIT, would have advised
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normothermic regional perfusion.

against transplantation of 65% of the Italian cases when
offered in the United Kingdom. Despite such high risk, the
NRP+D-HOPE group has achieved similar good results
and a lower incidence of posttransplant AKI when com-
pared with the UK comparator group.

A recent national Spanish cohort study has reported
superior results in ¢cDCD transplantations using NRP
when compared with super-rapid recovery and standard
cold storage. However, despite the much lower DWIT of

the Spanish cohort (13min) compared with the Italian
one, which has been achieved partly by premortem can-
nulation, the authors still reported a slightly higher graft
loss of 12%.* Conversely, a recent UK report has shown a
97.7% 90-d graft survival and no IC with NRP only, but
still with a much shorter asystolic period (16 min) com-
pared with Italy.”®

IC is traditionally considered the Achilles’ heel of DCD
liver transplantation, leading to higher patient morbidity
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and graft loss."”* While prolonged DWIT is a recognized
risk factor for IC, several retrospective studies have high-
lighted the role of NRP or D-HOPE/portal vein HOPE in
reducing its incidence.>***** Considering the exception-
ally long DWIT, the incidence of IC in the Italian cohort
was low, which further supports the role of perfusion tech-
nologies. In our ¢cDCD cohort, we identified only 1 case
(2.3%) of IC, which constitutes an encouraging result in
the context of the available literature."* Importantly, the
occurrence of IC did not impact graft survival, and the
recipient, who developed signs of IC maintained fit with
good graft function at 27 mo posttransplant.

The combination of NRP and subsequent D-HOPE-
treatment provides the advantages of early liver reoxy-
genation to enable the initial selection of DCD livers
with a favorable metabolic situation to achieve success-
ful liver transplantation. This approach may also improve
transplant logistics. Although the application of NRP has
been found to induce similar pathways as found during
ischemic preconditioning with an increase of adenosine
levels within the liver, the entire mechanism of protection
remains incompletely understood.*>*® Further analysis of
more parameters obtained from donors and perfusates
during NRP in DCD donors is needed to fully establish
a reliable set of parameters to assess liver viability and
increase the utilization rate of DCD livers.

There is evidence that D-HOPE and portal vein HOPE
ensure improved and prolonged preservation and protects
from reperfusion injury by switching mitochondria into
a low-flux electron transfer stage before reperfusion.®*’
These underlying mechanisms could have contributed
to the low complication rate observed in our series. The
specific contribution of each perfusion approach requires
however further investigation because a comparative
cohort with the same risk and procurement with NRP and
cold ischemia without additional D-HOPE treatment was
small and conclusive results are therefore not available.
Ongoing and future trials comparing both technologies are
required to answer this question.

Despite the high overall donor risk, the utilization rate
of the Italian DCD livers on NRP appears higher when
compared with most other European series. The majority
of reported DCD livers used with NRP ranged between
50% and 60%."%*® The Zurich group has reported a 90%
utilization rate of HOPE-treated DCD livers classified as
extended or futile without previous NRP.*

The possibility of predicting graft function based on
parameters measured during NRP has not been demon-
strated conclusively, as also illustrated in the supplemen-
tary data (SDC, http://links.lww.com/TP/C90). A level of
transaminases 3 or 4 times higher than normal baseline
values during or at the end of NRP are routinely consid-
ered as contraindications for liver utilization.>® Based on
such criteria, 55% of the DCD livers in our Italian cohort
would have been declined for transplantation. Our results
emphasize that such boundaries could be pushed further,
and the subsequent D-HOPE treatment has very likely
contributed to this higher utilization. The experience of
safety of our combined approach has led to a continuation
of our DCD program.

In our study, the liver grafts preserved with NRP and
subsequent D-HOPE presented a lower incidence of AKIL.
D-HOPE treatment was associated with a reduction in the
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incidence of AKI also in the supplementary analysis. Very
few other studies have considered the impact of MP on
posttransplant renal function, with mixed results. Patrono
et al** have reported a lower incidence of moderate-to-
severe AKI using D-HOPE in grafts from brain-dead
donors, while Dutkowski et al® have observed no differ-
ence between HOPE-treated DCD livers compared with
statically preserved controls. The pathogenesis of post-
transplant AKI is multifactorial but mostly explained by
the release of proinflammatory mediators after reperfusion.
The protective effect of D-HOPE toward AKI thus consti-
tutes further evidence that D-HOPE reduces the ischemia-
reperfusion injury with subsequent reduced downstream
inflammation with less cytokine release and improved
early kidney function after liver transplantation.>*"-*

The main limitations of this study are its retrospective
nature, the absence of randomization, and the relatively
low numbers.

In conclusion, DCD liver transplantation is practicable
and safe in Italy despite the legal restraint of a 20-min
stand-off period. The analysis of this unique population
suggests that the use of NRP and sequential D-HOPE has
contributed to such excellent results despite the very high-
risk profile.
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