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A B S T R A C T

Introduction and Objectives: Outcomes of liver transplantation (LT) with donors after circulatory death (DCD)

have been considered suboptimal due to higher rates of ischemic cholangiopathy, especially when the super-

rapid recovery (SRR) technique is used. This study aimed to compare the incidence of complications between

recipients receiving DCD vs those receiving donors after brain death (DBD) in a large-volume liver transplant

centre.

Methods: We performed a retrospective cohort study (LT from January 2015 to December 2018) comparing

recipients who underwent a LT with DCD vs. a control group of LT with DBD, matched 1:1 without replace-

ment by propensity score matching that included the following variables: LT indication, recipient sex and

age, donor age and MELD score.

Results: 51 recipients with DCD-LT (29 SRR, 22 normothermic regional perfusion [NRP]) were matched with

51 DBD-LT recipients. Biliary complications were more frequent in DCD, 10% (n=5), all with SRR technique, vs

2% (n=1) in the DBD group, p=0.2. Two patients (4%) suffered primary graft non-function in the DCD group (1

SRR and 1 NRP) versus zero in the DBD group (p=0.49). Postoperative bleeding and reinterventions were also

higher in the DCD group: 7 (13.7%) vs 1 (1.95%) and 8 (15.7%) vs 2 (3.9%) respectively (p=0.06 and 0.09). On

the 1st postoperative day AST/ALT peak was higher in DCD (p≤0001). The incidence of rejection, vascular

complications, renal injury, hospital stay, and readmissions were similar in both groups. Cumulative 1-, 2-, 3-

and 4-year graft and patient survival were also similar.

Conclusions: DCD donors are an adequate option to increase the donor pool in LT, achieving similar graft and

patient survival rates to those achieved with DBD donors, especially when the NRP technique is used.

© 2022 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Despite multiple strategies, particularly the use of elderly donors,

a significant imbalance between liver offer and demand [1] is still a

reality in most transplant centres, and donation after circulatory

death (DCD) represents an important source to expand the donor

pool. Although concerns related to warm ischemia and damage to

the biliary tree have been described, the introduction of normother-

mic regional reperfusion (NRP) has improved outcomes both in Spain

and elsewhere [2]. Spain remains the world leader in organ trans-

plantation, registering 1034 liver transplants in 2020 [3]. Yet, like

elsewhere, numbers are insufficient to satisfy organ demand. The use
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of DCD with NRP has allowed to increase the overall organ donor pool

in recent years.

The interest in DCD LT experimented a growth in the late 80s

[4]. DCD donors represent a specific type of extended criteria

donors, for whom death is declared based on cardiopulmonary cri-

teria rather than cessation of brain function [5]. Following long-

term success with kidney transplantation from DCD [6], specialists

have focused on liver grafts. Based on an increasing experience in

Spanish centres, a Consensus Statement of DCD in LT recipients

was recently held organized by the Spanish Liver Transplantation

Society [1,2,7−10].

At first, uncontrolled DCD grafts without NRP were used cau-

tiously, due to the high incidence of ischemic cholangiopathy (IC),

primary graft non-function (PNF), vascular complications - such as

arterial thrombosis-, acute rejection and renal insufficiency, among

others [11−15]. The most common complication of this technique

is IC, as the biliary tree seems to be more sensitive to warm ische-

mia and ischemia-reperfusion than hepatocytes [16]. The IC risk

differs related to the type of DCD and the liver recovery technique

used [2,17−26]. As described previously, the general use of NRP

technique has reduced the rate of IC [2,20]; in addition, a better

donor selection criteria, including donor time arrest of less than 20

minutes in Maastricht other than III and donor age under 70 years

[9,25,27], has also resulted in better outcomes. Of note, the recent

extended use of controlled DCD with normothermic reperfusion

has shown to substantially improve outcomes with series demon-

strating results that are close to those achieved using DBD donors

[2,13−15].

Interestingly, DCD grafts have shown to be an important source of

organs for patients with hepatocellular carcinoma (HCC) on the wait-

ing list. These patients tend to have lower functional MELD scores,

one of the factors that was initially thought to improve outcomes

when using DCD donors [28−30], making DCD a good option for

reducing their time on the waiting list before these candidates exceed

the Milan criteria.

While the use of these DCD is extended in the clinical practice,

there are still some unknown aspects and the number of high levels

and control studies comparing different technics is small.

We aimed to examine the incidence of complications in DCD graft

recipients and compare the results with patients receiving DBD grafts

during the same period in a large-volume liver transplant centre

where the DCD procurement has also evolved over the last years,

with the introduction of NRP as the standard of care.

2. Materials and methods

2.1. Study design

We performed a retrospective cohort study, including adult

patients (aged ≥ 18 years) undergoing LT with DCD donors from Jan-

uary 1st, 2015 to December 31st, 2018 in La Fe University Hospital,

with a minimum follow-up of 6 months after LT. These patients were

compared with LT recipients with DBD donors selected by propensity

score matching during the same period.

Exclusion criteria were: retransplantation, split livers, multiorgan

transplantation and MELD score ≥ 30.

Data were acquired from the prospectively maintained liver trans-

plant database of our hospital, and from patients’medical records.

2.2. Ethical statement

Exemption from informed consent requirements was approved

owing to the retrospective nature of the study. Many participants

had likely passed or moved by their places of residence.

The study protocol conformed to the ethical guidelines in the

1975 Declaration of Helsinki. This Is reflected by the approval of the

study from the La Fe Health Department (2019-016-1).

2.3. Outcomes

The primary endpoint was patient and graft survival (death-

uncensored) from LT date until the end of follow-up, death, or

retransplantation. Two groups were compared: DCD and DBD graft

recipients.

Secondary endpoints were incidence of PNF and early graft non-

function; biliary complications (leak, IC, strictures) diagnosed by

either magnetic resonance cholangiography or by T-tube cholangiog-

raphy; vascular complications (portal vein thrombosis, hepatic artery

stenosis or thrombosis); renal failure at 1st month, cellular rejection

(confirmed by liver biopsy, using the Banff classification); postopera-

tive bleeding; reinterventions; length of hospital stay and number of

readmissions; and liver function test values during the first six

months after transplantation.

2.4. Definitions

PNF was defined as an immediate graft failure, with poor ini-

tial function requiring retransplantation or leading to death

within seven days after LT, without any identifiable cause of graft

failure [31]. Early graft non-function was defined according to

Olthoff definition [32].

IC was defined as the set of disorders characterized by multiple

diffuse strictures affecting the graft biliary system in the absence

of concomitant hepatic artery thrombosis or stenosis, secondary

to an impaired blood supply [33,34], evaluated by T-Tube cholan-

giography on day 4 and month 2 after LT (done by protocol in

every LT recipient carrying a T-Tube); or by magnetic resonance

cholangiography done on a clinical basis when cholestatic

enzymes were altered.

Vascular complications (portal vein thrombosis and hepatic artery

stenosis or thrombosis) were evaluated by Doppler ultrasound at

24 hours, day 7 and month 2 after LT or when needed on a clinical

basis.

Postoperative bleeding was defined as a drop in haemoglobin

level > 3 g/dL and/or any post-operative transfusion of red blood cells

(RBC) for falling haemoglobin and/or the need for invasive re-inter-

vention to stop bleeding [35].

Renal failure was defined as a glomerular filtration (eGFR) under

60mL/min/1,73m2.

2.5. Collected variables

- Pre-transplant recipient variables: sex and age, indication for LT,

body mass index (BMI, kg/m2), MELD (only for patients with

chronic liver disease), presence of renal failure (eGFR < 60 mL/

min), cardiovascular risk factors (arterial hypertension, diabetes

mellitus, hypercholesterolemia or hypertriglyceridemia; only if

requiring pharmacological therapy), presence of previous portal

vein thrombosis.

- Related to donor and surgery: donor age and sex; DCD cause of

death; type of DCD (controlled or uncontrolled, according to

Maastricht classification); extraction technique (NRP or SRR); cold

ischemia time (minutes); warm ischemia time (minutes); NRP

time (minutes); type of biliary anastomosis.

- Liver function test values: alanine aminotransferase or ALT (UI/L),

aspartate aminotransferase or AST (UI/L), gamma glutamyl trans-

ferase or GGT (UI/L), alkaline phosphatase or AP (UI/L), lactate

dehydrogenase or LDH (UI/L), total bilirubin (mg/dL), albumin (g/

dL), and prothrombin activity (%) on days 1, 7 and 14 post-LT, and

at months 1, 3 and 6 after LT.
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2.6. Organ recovery and surgical technique

Withdrawal of the therapeutic support was made in the operating

room. Recovery was made either with NRP with pre-mortem canula-

tion or with the SRR technique. Donor organ procurement was

always made by the same surgical team.

During NRP, serum transaminases, pH, LDH, lactate levels and CPK

were monitored to assess organ function at 20, 40, 60 and 80

minutes. Lactate levels were recommended to be stable or decreasing

during NRP, with no absolute cut-off value. Levels under three times

the normal value at any time and under four times at the end of the

procedure were recommended. According to protocol, livers were

discarded when transaminases levels exceeded greater than four

times the normal value or deteriorate.

Pump flow during NRP was 1.7−4 L/min at 37°C, temperature 35.5

−37.5°C, pH 7.35−7.45 and hematocrit >20%. Heparin, 8.4% bicarbon-

ate (as required) and two units of red cell concentrate (range 0−4)

were added to maintain these parameters.

All donors received heparin at a dose of 3mg/kg before pre-mor-

tem canulation. In SRR, heparin was administered before extubation

and in NRP heparin was initiated before femoral artery and vein can-

ulation.

Warm ischemia time was defined as the interval from the extuba-

tion of the donor to the initiation of organ perfusion. Cold ischemia

time was defined as the time from perfusion with preservation solu-

tion of organs during the recovery to the beginning of the implant

phase in the recipient [26]. NRP time was defined as the period of

time between NECMO system was initiated after a 5-minutes period

of continuous cardiorespiratory arrest, until the organ perfusion with

Celsior solution.

Surgical procedure in the recipient was the same in both DBD and

DCD grafts, using the piggy-back technique. Biliary duct anastomosis

technique was chosen depending on the anatomy, according to the

size of the biliary duct of both donor and recipient, with use of duct-

to-duct anastomosis or T-tube biliary anastomosis [36]; or exception-

ally use of hepaticojejunostomy when necessary. DCD recipients usu-

ally underwent an end-to-end choledocho-choledochostomy with a

T-tube, and exceptionally was made with no T-tube insertion accord-

ing to surgeons’ intraoperative decision.

2.7. Immunosuppression

The immunosuppression protocol was the same in both DBD and

DCD recipients, with Tacrolimus and Mycophenolate Mofetil. Basilixi-

mab was used in those with prior renal failure or acute renal failure in

the immediate postoperative days together with delayed and low

dose-tacrolimus. Prednisone was typically used in those with an

immune mediated LT indication.

2.8. Criteria for DCD donor selection

The inclusion and exclusion criteria for DCD donor selection

depend on whether the recovery of the liver graft is controlled or

uncontrolled, according to the modified Maastricht classification

(Table 1) [37]. Only Maastricht II and Maastricht III DCDs are eligible

for liver transplants in our centre.

- Inclusion criteria in uncontrolled DCD (Maastricht II): patient with

any type of cardiorespiratory arrest; graft with good consistency,

homogeneous appearance after cold perfusion, no congestion

signs, absent or mild steatosis.

- Exclusion criteria in uncontrolled DCD (Maastricht II): age ≥ 55,

time from cardiac arrest until the start of advanced life support

measures over 15 minutes, time from cardiac arrest until arrival

at the hospital over 120 minutes; warm ischemia time over 150

minutes; total time from the cardiac arrest to liver extraction over

4 hours; cold ischemia time over 8 hours; physical signs of inject-

ing drug use; existing bleeding lesions in thorax and abdomen;

existing systemic infections or neoplastic diseases; multi-organ

failure; bowel ischemia (as it can suggest there is bad perfusion in

other organs); graft with heterogeneous consistency or moderate

to severe steatosis.

- Inclusion criteria in controlled DCD (Maastricht III): patients

admitted to hospital who suffer cardiac arrest after the intentional

withdrawal of life-sustaining treatment; graft with good consis-

tency, homogeneous appearance after cold perfusion, no conges-

tion signs, absent or mild steatosis.

- Exclusion criteria in controlled DCD (Maastricht III): age ≥ 65;

Intensive Care Unit (ICU) length of stay over 7 days; time from ini-

tiation of life-sustaining therapy withdrawal to the established

cardiac arrest over 60 minutes; functional warm ischemia time

over 30 minutes; physical signs of injecting drug use; existing

bleeding lesions in thorax and abdomen; existing systemic infec-

tions or neoplastic diseases; multi-organ failure; bowel ischemia;

graft with heterogeneous consistency or moderate to severe stea-

tosis.

2.9. Criteria for DCD recipient selection

There were no absolute criteria for the selection of DCD recipient;

yet patients with primary sclerosing cholangitis or patients undergo-

ing re-LT were typically not considered for this technique.

2.10. Statistical analyses

Control cases were selected with propensity score matching

method. Patients were matched 1:1 without replacement. Matching

variables were indication for LT, recipient sex, recipient age, donor

age and MELD score.

Propensity score matching was performed using R version 3.6 for

Windows.

A descriptive analysis was performed for all the studied variables,

summarising continuous variables in mean or median and standard

deviation (SD) or quartiles 1 (Q1) and 3 (Q3), and qualitative variables

in absolute and relative frequencies.

Normal distribution of outcome variables was confirmed with

Kolmogorov-Smirnov test. Student’s t and Mann-Whitney U tests

were used for quantitative variables, and Chi-square and Fisher exact

test for qualitative variables.

Graft and patient survival analysis were performed with Kaplan-

Meier survival curves. A p value of < 0.05 was considered significant

for all analysis.

Data analysis was performed using SPSS version 20.0 for Mac.

3. Results

A total of 377 liver transplants were performed during the study

period. Fifty-seven recipients were excluded from the study due to:

MELD score > 30 (n = 7), paediatric LT (n = 13), multiple-organ

Table 1

Modified Maastricht Classification of DCD.

Definitions

Maastricht I Uncontrolled DCD, found dead.

Maastricht II Uncontrolled DCD, witnessed cardiac arrest with unsuccessful

resuscitation.

IIA: out-of-hospital.

IIB: in-hospital.

Maastricht III Controlled DCD, withdrawal of life-sustaining therapy

Maastricht IV Uncontrolled controlled, cardiac arrest while life-brain dead.

DCD, Donation after Circulatory Death.
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transplantation (n = 13), retransplantation (n = 22) and split LT (n = 2),

with 269 patients that fulfilled the inclusion criteria. Of those, 218

received a DBD donor graft and 51 patients received a DCD donor graft.

During the study period a total of 86 DCD donors were offered but

only 51 were considered for LT; 35 were discarded mainly due to sub-

optimal macroscopic aspect, atherosclerosis, ischemia signs or long

cardiac arrest. Propensity score matching was performed to match

recipients of DCD grafts with a control group of 51 patients receiving

DBD grafts (see Fig. 1).

All patients had at least 6 months of follow-up, with a mean fol-

low-up of 27.4§13.6 months in DBD group and 23.1§12.6 in DCD

group.

3.1. Baseline features

Baseline features are shown in Table 2. Most donors were men;

donor mean ages were 54.4§15.5 and 53.5§14.5 years in DBD and

DCD respectively. Causes of DCD death were: cerebrovascular acci-

dent in 25 (49%), anoxia in 13 (25%), trauma in 6 (12%) and respira-

tory failure in 7 (14%).

Most recipients were men. Recipient’s mean ages were 59.2§5.5

and 59.3§6 in DBD and DCD groups, respectively. HCC was the lead-

ing indication for LT (68.6% in DBD and 60.8% in DCD), followed by

alcoholic cirrhosis (21.6% in both groups).

About half (52.9%) of the patients in the DBD group had at least

one cardiovascular risk factor; 21.6% had renal failure before LT and

25.5% had portal vein thrombosis at time of surgery. The median

MELD score at transplantation was 11 (8-17) in the DBD group and

13 (9-18) in the DCD group.

Regarding surgery, recovery was made with SRR in 29 patients

(56.9%) and with NRP with pre-mortem canulation in 22 (43.1%) in

the DCD group. The most common type of biliary anastomosis was

duct-to-duct anastomosis without T-Tube in the DBD group, 45.1%,

and T-Tube biliary anastomosis in the DCD group, 82.4% (Table 2).

3.2. Biochemical data

Peak AST and ALT at day 1 after transplant was higher in the DCD

group vs the DBD group (1369 UI/L [749-2311] vs 694 UI/L [349-

1026]) (p≤0.001), as well as bilirubin at day 7 (3.6 g/dL [1.9-6.2] vs

7.1 g/dL [2.6-9.4]) (p=0.024). There were no other significant differen-

ces in blood parameters between both groups during follow-up (see

Table 3, post-transplant complications and outcomes).

3.3. Clinical outcomes

Clinical outcomes are shown in Table 3. PNF occurred in 2 (3.9%)

DCD recipients (one of them died 24 hours after LT; the other one

Fig. 1. Flow diagram showing included patients.

Table 2

Baseline characteristics.

DBD (n=51) DCD (n=51)

RECIPIENT CHARACTERISTICS

Recipient age (years) 59.2 § 5.5 59.3 § 6

Recipient sex

Male

Female

39 (76.5%)

12 (23.5%)

38 (74.5%)

13 (25.5%)

Presence of cardiovascular risk factors 27 (52.9%) 22 (43.1%)

BMI (kg/m2) 28.7 § 4.9 27.9 § 4.8

Presence of renal failure before LT 11 (21.6%) 11 (21.6%)

Portal vein thrombosis at the time of surgery 6 (11.8%) 13 (25.5%)

MELD 11 (8-17) 13 (9-18)

Indication for LT

Viral cirrhosis

Alcoholic cirrhosis

HCC

Others

4 (7.8%)

11 (21.6%)

35 (68.6%)

1 (2%)

8 (15.7%)

11 (21.6%)

31 (60.8%)

1 (2%)

DONOR CHARACTERISTICS

Donor age (years) 54.2 § 15.5 53.5 § 14.5

Donor sex

Male

Female

32 (62.7%)

19 (37.3%)

31 (60.8%)

20 (39.2%)

SURGICAL FEATURES

Controlled/uncontrolled DCD

Maastricht III

Maastricht IIa

49 (96.1%)

2 (3.9%)

Recovery technique

SRR

NRP

29 (56.9%)

22 (43.1%)

Cold ischemia time (minutes) 257 § 100.2 304.6 § 80

Warm ischemia time (minutes) 45.5 § 11.5 49.5 § 18

NRP (minutes) 106 (54-280)

Type of biliary anastomosis

Duct-to-duct anastomosis without T-tube

T-tube biliary anastomosis

Hepaticojejunostomy

23 (45.1%)

27 (52.9%)

1 (2%)

8 (15.7%)

42 (82.4%)

1 (2%)

FOLLOW-UP TIME (MONTHS) 27.4 § 13.6 23.2 § 12.6

DBD, Donation after Brain Death; DCD, Donation after Cardiac Death; BMI, Body Mass

Index; LT, Liver Transplantation; MELD, Model of End-stage Liver Disease; HCC,

Hepatocellular carcinoma; SRR, Super Rapid Recovery; NRP, Normothermic Regional

Perfusion.

Values expressed as mean § standard deviation, median (interquartile range) or

number (percentage) as appropriate.
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was retransplanted 48 hours later), whereas in the DBD group none

of the patients suffered this complication (p=0.49). 9 and 11 patients

in DBD and DCD respectively suffered early allograft disfunction

defined by Olthoff (p=0.62).

Six patients developed biliary complications: 5 (9.8%) in the DCD

and one (1.95%) in the DBD group (p=0.2). The five DCD organs had

been retrieved with the SRR technique. Complications were 3 bile

leaks, all of them in the anastomosis site, 2 IC and 1 biliary stenosis.

One patient with IC died 53 days after LT and the other required

retransplantation 114 days after LT.

Postoperative bleeding and reinterventions were also higher in

the DCD group: 7 (13.7%) vs 1 (1.95%) and 8 (15.7%) vs 2 (3.9%),

respectively, yet without reaching statistical significance.

The number of patients with vascular complications did not differ

between groups (3.9% in both): 1 hepatic artery stenosis and 1

hepatic artery pseudoaneurysm in the DCD group, versus 1 portal

vein thrombosis and 1 hepatic artery thrombosis in the DBD group.

Mean eGFR at the month 1 after LT was 83.04 mL/min/1.73m2 in

the DBD group vs 80.04 mL/ min/1.73m2 in the DCD group (p=0.4).

The number of patients with renal failure at month 1 was similar

between groups (5 and 8 in DBD and DCD, respectively; p=NS).

No differences were found in the development of acute cellular

rejection between groups (5.9% in DCD vs 3.9% in DBD; p=NS).

The length of hospital stay (in the immediate post-transplant

period), as well as the number of readmissions during the first 6

months after LT were also similar in both groups (Table 3).

3.4. Patient and graft survival

Overall graft and patient survival showed no significant differen-

ces in the Kaplan-Meier analysis, p=0.8 and p=0.67, respectively

(Figs. 2 and 3), with a mean follow-up of 27.4§13.6 months in the

DBD group and 23.1§12.6 in DCD group.

Table 3

Post-transplant complications and outcomes.

DBD (n=51) DCD (n=51) p value

PNF 0 (0%) 2 (3.9%) 0.49

Early graft non-function 9 (17.6%) 11 (21.6%) 0.62

Biliary complications

Bile leak

Ischemic cholangiopathy

Biliary stenosis

1 (1.95%)

0

0

1 (1.95%)

5 (9.8%)

3 (5.9%)

2 (3.9%)

0

0.2

Vascular complications

Hepatic artery stenosis

Hepatic artery thrombosis

Hepatic artery pseudoaneurysm

Portal vein thrombosis

2 (3.9%)

0

1 (1.95%)

0

1 (1.95%)

2 (3.9%)

1 (1.95%)

0

1 (1.95%)

0

1.3

Acute cellular rejection 3 (5.9%) 2 (3.9%) 1

Postoperative bleeding 1 (1.95%) 7 (13.7%) 0.06

Reinterventions 2 (3.9%) 8 (15.7%) 0.09

Transfusion during surgery

RBC

Platelets

FFP

1 (0-2.5)

1 (0-2)

1,5 (0-2)

2 (0-4)

2 (0-2)

2 (0-3)

0.16

0.03

0.22

AST day 1 (UI/L) 694 (349-1026) 1369 (749-2311) 0.000

ALT day 1 (UI/L) 529 (279-914) 885 (549-1550) 0.001

Bilirubin day 7 (mg/dL) 3.6 (1.9-6.2) 7.1 (2.6-9.4) 0.024

eGFR (ml/min) 1st month 83 § 19.6 80 § 23.9 0.5

Renal failure post-LT 5 (9.8%) 8 (15.7%) 0.38

Hospital stay 15 14 0.53

Readmissions 0 (0-1) 0 (0-1) 0.85

Retransplantation 1 (1.95%) 2 (3.9%) 0.55

DBD, Donation after Brain Death; DCD, Donation after Cardiac Death; PNF, Pri-

mary Non-Function; RBC, Red Blood Cells; FFP, Fresh Frozen Plasma; AST,

Aspartate Aminotransferase; ALT, Alanine Aminotransferase; eGFR, estimated

Glomerular Filtration Rate; LT, Liver Transplantation.

Values expressed as mean § standard deviation, median (interquartile range)

or number (percentage) as appropriate.

*Because of its extension, only values with significant differences are included in the

table. There was no significant difference between other parameters (GGT, AP, LDH,

albumin and prothrombin activity on days 1, 7 and 14 post-LT, and 1st, 3rd and 6th

month after LT; AST and ALT on days 7 and 14 post-LT, and 1st, 3rd and 6th month

after LT; and bilirubin on days 1 and 14 post-LT, and 1st, 3rd and 6th month after LT).

Fig. 2. Patient survival.

DBD: Donation after Brain Death; DCD: Donation after Circulatory Death.
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The cumulative 1-, 2-, 3- and 4-year patient survival rates were

80%, 80%, 80% and 80% in the DCD group, and 88%, 78%, 78% and 78%

in the DBD group (log rank test = 0.69; Fig. 2).

Actuarial 1-, 2-, 3- and 4-year graft survival rates were 80%, 80%,

80% and 80% in the DCD group, and 88%, 78%, 71% and 71% in the DBD

group (log rank test = 0.82; Fig. 3).

Seventeen patients died during the follow-up (8 in DBD and 9 in

DCD). The main causes of death in DCD were septic/haemorrhagic

shock in 5 patients (55%), 4 of them in the early post-transplant

period and de novo cancer (4 patients, 50%), and septic shock (2

patients, 25%) in DBD. Early death within the first 6 months occurred

in 7 patients (5 in DCD and 2 in the DBD group).

The rate of retransplantation was also similar in both groups: 2 re-

transplantations were made in the DCD group, 1 due to PNF, per-

formed 48 hours after LT, and 1 due to IC, one year later; in turn, in

the DBD group only one retransplantation was needed, due to acute

hepatic artery thrombosis on the fourth postoperative day.

4. Discussion

Despite the lack of well-done controlled studies comparing the

results of DCD vs. DBD donors, the use of DCD donors has substan-

tially increased in Spain in recent years, particularly since the intro-

duction of NRP, expanding the donor pool to 37.4 donors per million

in the year 2020 [3].

Although there is still controversy in several studies regarding the

potential increase of complications with the use of this type of grafts,

most recent series have demonstrated similar incidence of complica-

tions between DCD and DBD [1,2,9,10,17,19,38,39]. Reasons that

explain improved results are likely related to the learning curve of

the surgical technique, the implementation of NRP in most centres

and a better selection of DCD donors and recipients.

Of note, despite the fact that SRR was still used in our study at the

beginning of the program (currently NRP is the only extraction tech-

nique in our centre due to the evidence of higher complications with

SRR, which had led to avoiding it), we did not find any statistically sig-

nificant difference between the incidence of complications in DCD

compared to the DBD group. Yet, some clinical differences merit to be

highlighted.We observed a slightly higher incidence of biliary compli-

cations in DCD recipients and a higher transaminase peak in the DCD

group. However, no clinical differences in graft rejection, PNF, renal

failure, patient and graft survival, and re-transplantation were found.

Biliary complications developed in 6 patients during the follow-up

(5 in DCD vs. 1 in DBD). Of note, 5 out of 6 occurred in patients trans-

planted with DCD and SRR technique; however, 3 of them were

related to leak at the biliary anastomosis, a complication not always

related to the use of DCD donors. As it is known, IC is an established

complication related to DCD, widely attributed to the warm ischemia

time, specific to these grafts [1,40]. Its incidence varies from 8% to

38% in different series and it is related to the type of DCD donor and

technique used [2,17−26]. More specifically, this complication ranges

between 15-31% vs. 8-16% with uncontrolled vs. controlled DCD,

respectively, and between 0-8% vs. 27-31% depending on the use of

SRR or NRP recovery technique [2,20]. In our series, the type of biliary

complication (biliary anastomosis leak) could not be only attributed

to DCD completely due to the site of the presentation.

A higher incidence of postoperative bleeding and reinterventions

also occurred in the DCD group, without reaching statistical signifi-

cance. As for IC, these complications occurred preferentially when

using the SRR technique.

While the peak of AST, ALT, and bilirubin were higher in the first

week in the DCD group, no differences were observed in further fol-

low-up comparisons, with results similar to other series [1,4,9,10,15].

An increased frequency of renal failure has been described with

DCD grafts, potentially related to liver ischemia-reperfusion injury

FIg. 3. Graft survivial.

DBD: Donation after Brain Death; DCD: Donation after Circulatory Death.
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[14]. While only a few series have analysed long-term renal function

in this setting [14,41], most did not find a significant increase in the

incidence of chronic kidney disease in DCD recipients. Our study

showed no differences in the incidence of renal failure at one-month

post-LT, also when only including those without renal impairment

before LT. The strict policy of our hospital to prevent renal

impairment, with the regular use of basiliximab in patients with

preLT renal failure, together with the delay in introducing tacrolimus

at low doses, may explain the lack of differences.

The favourable outcomes seen in our patients may be partially

related to the low MELD scores in both groups. The included MELD

score for this study was functional MELD, with no added exception

points. Of note, HCC was the leading indication in both groups and in

addition, exclusion criteria for the study were patients with

MELD>30. Moreover, a short waiting list at our centre (below 6

months) could also explain these results. Yet, we tried to avoid a

selection bias by using a propensity score matching approach.

Limitations to this study are related to its observational nature,

the retrospective data collection, the non-random distribution of

DCD grafts and the relatively small sample size; yet it included homo-

geneous matched cohorts and a long follow-up period.

It is also worth mentioning that the use of NRP and machine per-

fusion devices has allowed decreasing both warm ischemia time and

ischemia-reperfusion damage [2,17], translating into a lower inci-

dence of IC [1,2,17,19,39]. Additionally, Spanish law allows premor-

tem cannulation [42], which further reduces warm ischemia time.

During the last four years, all DCD LT in our centre has been per-

formed using normothermic extracorporeal membrane oxygenation

(NECMO) with premortem cannulation, reaching similar results to

those obtained with DBD LT; evidence that has been supported by

recent publications [1,2,17,19,39]. However, as this study includes all

DCD LT performed from January 2015 to December 2018, it still com-

prises a high percentage of DCD performed with SRR, a currently

extinct technique in our group. The use of donors with SRR at the

beginning of the program was used with very strict selection criteria,

which could explain the low percentage of ischemic cholangiopathy

and other complications (see Supplementary Table). Due to the avail-

ability of the NECMO machine not only at our hospital, but also with

a portable NECMO and an on call team, we soon joined the new tech-

nique with promising better results. Nowadays, criteria such as donor

age and ICU stay are not so strict due to the better outcomes obtained

with NRP recovery.

Furthermore, the standard use of T-tube in DCD LT has also been

abandoned by our group; currently, it is only used depending on the

biliary duct diameter, so better results are possible with these recent

changes, and further studies are needed.

5. Conclusion

DCD donors are an adequate option to increase the donor pool in

LT, achieving similar long-term graft and patient survival and ische-

mic cholangiopathy rates to those achieved with DBD donors, espe-

cially when NRP technique with machine perfusion device is used

the currently adopted approach at our LT program.

Funding

This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

Author contributions

MFV: bibliography research, design of the study, data collection,

data analysis and interpretation, manuscript writing, critical revision

of the article and submission of the paper. PPV: design of the study,

data collection, critical revision of the article, final approval of the

version to be published. SBS: design of the study, data collection, crit-

ical revision of the article, final approval of the version to be pub-

lished. RLA: design of the study, critical revision of the article, final

approval of the version to be published. MB: design of the study, criti-

cal revision of the article, final approval of the version to be pub-

lished. MP: design of the study, critical revision of the article, final

approval of the version to be published. EM: design of the study,

manuscript writing, critical revision of the article, final approval of

the version to be published. VA: design of the study, data analysis

and interpretation, manuscript writing, critical revision of the article,

final approval of the version to be published.

Declaration of interest

None

Acknowledgements

The authors thank nurses and doctors in the Hepatology and HBP

Surgery and Transplants Units for the management of patients

included in this study, and the anesthetists from the postoperative

Intensive Care Unit for the intensive care management of all trans-

plant recipients.

Supplementary materials

Supplementary material associated with this article can be found,

in the online version, at doi:10.1016/j.aohep.2022.100724.

References

[1] Ruiz P, Gastaca M, Bustamante FJ, Ventoso A, Palomares I, Prieto M, et al. Favor-
able Outcomes after Liver Transplantation with Normothermic Regional Perfusion
from Donors after Circulatory Death: A Single-center Experience. Transplantation.
2019;103(5):938–43. https://doi.org/10.1097/TP.0000000000002391.

[2] Hessheimer AJ, Coll E, Torres F, Ruíz P, Gastaca M, Rivas JI, et al. Normothermic
regional perfusion vs. super-rapid recovery in controlled donation after circula-
tory death liver transplantation. J Hepatol 2019;70(4):658–65. https://doi.org/
10.1016/j.jhep.2018.12.013.

[3] Espa~na resiste el impacto de la COVID-19: realiza 4.425 trasplantes en 2020. Press
release, Spanish Ministry of Health. National Transplant Organization [Website]
Spain; 2021. [Consulted on 17.02.21]. Available at: http://ont.es/Documents/
Nota%20de%20Prensa%20BALANCE%20ONT%202020.pdf.

[4] Laing RW, Scalera I, Isaac J, Mergental H, Mirza DF, Hodson J, et al. Liver Trans-
plantation Using Grafts From Donors After Circulatory Death: A Propensity Score-
Matched Study From a Single Center. Am J Transplant 2016;16(6):1795–804.
https://doi.org/10.1111/ajt.13699.

[5] Grewal HP, Willingham DL, Nguyen J, Hewitt WR, Taner BC, Cornell D, et al. Liver
transplantation using controlled donation after cardiac death donors: An analysis
of a large single-center experience. Liver Transpl 2009;15(9):1028–35. https://
doi.org/10.1002/lt.21811.

[6] Weber M, Dindo D, Demartines N, Amb€uhl PM. Clavien P-A. Kidney Transplanta-
tion from Donors without a Heartbeat. N Engl J Med 2002;347(4):248–55. https://
doi.org/10.1056/NEJMoa020274.

[7] Abradelo M, Fondevila C. Liver transplant with non-conventional grafts: Split liver
transplantation and non-heart beating donors. Cir Esp 2012;92(3):157–67.
https://doi.org/10.1016/j.cireng.2013.07.028.

[8] Hessheimer AJ, Gastaca M, Mi~nambres E, Colmenero J, Fondevila C, Brice~no J, et al.
Donation after circulatory death liver transplantation: consensus statements from
the Spanish Liver Transplantation Society. Transpl Int 2020;33(8):902–16. https://
doi.org/10.1111/tri.13619.

[9] Pitarch Martínez M, S�anchez P�erez B, Le�on Díaz FJ, Fern�andez Aguilar JL, P�erez
Daga JA, Montiel Casado MC, et al. Donation After Cardiac Death in Liver Trans-
plantation: An Additional Source of Organs With Similar Results to Donation After
Brain Death. Transplant Proc 2019;51(1):4–8. https://doi.org/10.1016/j.transpro-
ceed.2018.02.208.

[10] Otero A, V�azquez MA, Su�arez F, P�ertega S, Rivas JI, Mosteiro F, et al. Results in liver
transplantation using grafts from donors after controlled circulatory death: A sin-
gle-center experience comparing donor grafts harvested after controlled circula-
tory death to those harvested after brain death. Clin Transplant 2020;34(1):1–9.
https://doi.org/10.1111/ctr.13763.

[11] Doshi MD, Hunsicker LG. Short- and Long-Term Outcomes with the Use of Kid-
neys and Livers Donated after Cardiac Death. Am J Transplant 2007;7(1):122–9.
https://doi.org/10.1111/j.1600-6143.2006.01587.x.

M. Fern�andez-de la Varga, P. del Pozo-del Valle, S. B�ejar-Serrano et al. Annals of Hepatology 27 (2022) 100724

7

https://doi.org/10.1016/j.aohep.2022.100724
https://doi.org/10.1097/TP.0000000000002391
https://doi.org/10.1016/j.jhep.2018.12.013
https://doi.org/10.1016/j.jhep.2018.12.013
http://ont.es/Documents/Nota%20de%20Prensa%20BALANCE%20ONT%202020.pdf
http://ont.es/Documents/Nota%20de%20Prensa%20BALANCE%20ONT%202020.pdf
http://ont.es/Documents/Nota%20de%20Prensa%20BALANCE%20ONT%202020.pdf
http://ont.es/Documents/Nota%20de%20Prensa%20BALANCE%20ONT%202020.pdf
http://ont.es/Documents/Nota%20de%20Prensa%20BALANCE%20ONT%202020.pdf
http://ont.es/Documents/Nota%20de%20Prensa%20BALANCE%20ONT%202020.pdf
http://ont.es/Documents/Nota%20de%20Prensa%20BALANCE%20ONT%202020.pdf
https://doi.org/10.1111/ajt.13699
https://doi.org/10.1002/lt.21811
https://doi.org/10.1002/lt.21811
https://doi.org/10.1056/NEJMoa020274
https://doi.org/10.1056/NEJMoa020274
https://doi.org/10.1016/j.cireng.2013.07.028
https://doi.org/10.1111/tri.13619
https://doi.org/10.1111/tri.13619
https://doi.org/10.1016/j.transproceed.2018.02.208
https://doi.org/10.1016/j.transproceed.2018.02.208
https://doi.org/10.1111/ctr.13763
https://doi.org/10.1111/j.1600-6143.2006.01587.x


[12] Pine JK, Aldouri A, Young AL, Davies MH, Attia M, Toogood GJ, et al. Liver trans-
plantation following donation after cardiac death: An analysis using matched
pairs. Liver Transplant 2009;15(9):1072–82. https://doi.org/10.1002/lt.21853.

[13] O’Neill S, Roebuck A, Khoo E, Wigmore SJ, Harrison EM. A meta-analysis and
meta-regression of outcomes including biliary complications in donation after
cardiac death liver transplantation. Transpl Int 2014;27(11):1159–74. https://doi.
org/10.1111/tri.12403.

[14] Leithead JA, Tariciotti L, Gunson B, Holt A, Isaac J, Mirza DF, et al. Donation after
cardiac death liver transplant recipients have an increased frequency of acute kid-
ney injury. Am J Transplant 2012;12(4):965–75. https://doi.org/10.1111/j.1600-
6143.2011.03894.x.

[15] Kalisvaart M, De Haan JE, Polak WG, Metselaar HJ, Wijnhoven BPL, Ijzermans JNM,
et al. Comparison of Postoperative Outcomes between Donation after Circulatory
Death and Donation after Brain Death Liver Transplantation Using the Compre-
hensive Complication Index. Ann Surg 2017;266(5):772–8. https://doi.org/
10.1097/SLA.0000000000002419.

[16] Casavilla A, Ramirez C, Shapiro R, Nghiem D, Miracle K, Bronsther O, et al. Experi-
ence With Liver And Kidney Allografts From Non-Heart-Beating Donors. Transplan-
tation 1995;59(2):197–203. https://doi.org/10.1097/00007890-199501000-00008.

[17] Mi~nambres E, Suberviola B, Dominguez-Gil B, Rodrigo E, Ruiz-San Millan JC,
Rodríguez-San Juan JC, et al. Improving the Outcomes of Organs Obtained From
Controlled Donation After Circulatory Death Donors Using Abdominal Normo-
thermic Regional Perfusion. Am J Transplant 2017;17(8):2165–72. https://doi.
org/10.1111/ajt.14214.

[18] DeOliveira ML, Jassem W, Valente R, Khorsandi SE, Santori G, Prachalias A, et al.
Biliary Complications After Liver Transplantation Using Grafts from Donors After
Cardiac Death. Ann Surg 2011;254(5):716–23. https://doi.org/10.1097/SLA.0-
b013e318235c572.

[19] Oniscu GC, Randle LV, Muiesan P, Butler AJ, Currie IS, Perera MTPR, et al. In situ
normothermic regional perfusion for controlled donation after circulatory death -
The United Kingdom experience. Am J Transplant 2014;14(12):2846–54. https://
doi.org/10.1111/ajt.12927.

[20] Watson CJE, Hunt F, Messer S, Currie I, Large S, Sutherland A, et al. In situ normo-
thermic perfusion of livers in controlled circulatory death donation may prevent
ischemic cholangiopathy and improve graft survival. Am J Transplant 2019;19
(6):1745–58. https://doi.org/10.1111/ajt.15241.

[21] Jim�enez-Romero C, Manrique A, Calvo J, Caso �O, Marcacuzco A, García-Sesma �A,
et al. Liver Transplantation Using Uncontrolled Donors after Circulatory Death: A
10-year Single-center Experience. Transplantation. 2019;103(12):2497–505.
https://doi.org/10.1097/TP.0000000000002780.

[22] De Carlis R, Di Sandro S, Lauterio A, Botta F, Ferla F, Andorno E, et al. Liver Grafts
From Donors After Circulatory Death on Regional Perfusion With Extended Warm
Ischemia Compared With Donors After Brain Death. Liver Transplant 2018;24
(11):1523–35. https://doi.org/10.1002/lt.25312.

[23] Hessheimer AJ, García-Valdecasas JC, Fondevila C. Abdominal regional in-situ perfu-
sion in donation after circulatory determination of death donors. Curr Opin Organ
Transplant 2016;21(3):322–8. https://doi.org/10.1097/MOT.0000000000000315.

[24] Savier E, Dondero F, Vibert E, Eyraud D, Brisson H, Riou B, et al. First experience of
liver transplantation with type 2 donation after cardiac death in France. Liver
Transpl 2015;21(5):631–43. https://doi.org/10.1002/lt.24107.

[25] Lee K-W, Simpkins CE, Montgomery RA, Locke JE, Segev DL, Maley WR. Factors
Affecting Graft Survival After Liver Transplantation from Donation After Cardiac
Death Donors. Transplantation. 2006;82(12):1683–8. https://doi.org/10.1097/01.
tp.0000250936.73034.98.

[26] de Vera ME, Lopez-Solis R, Dvorchik I, Campos S, Morris W, Demetris AJ, et al.
Liver Transplantation Using Donation After Cardiac Death Donors: Long-Term

Follow-Up from a Single Center. Am J Transplant 2009;9(4):773–81. https://doi.
org/10.1111/j.1600-6143.2009.02560.x.

[27] Dubbeld J, Hoekstra H, Farid W, Ringers J, Porte RJ, Metselaar HJ, et al. Similar liver
transplantation survival with selected cardiac death donors and brain death
donors. Br J Surg 2010;97(5):744–53. https://doi.org/10.1002/bjs.7043.

[28] Sapisochin G, Bruix J. Liver transplantation for hepatocellular carcinoma: out-
comes and novel surgical approaches. Nat Rev Gastroenterol Hepatol 2017;14
(4):203–17. https://doi.org/10.1038/nrgastro.2016.193.

[29] Schaubel DE, Sima CS, Goodrich NP, Feng S, Merion RM. The Survival Benefit of
Deceased Donor Liver Transplantation as a Function of Candidate Disease Severity
and Donor Quality. Am J Transplant 2008;8(2):419–25. https://doi.org/10.1111/
j.1600-6143.2007.02086.x.

[30] Croome KP, Lee DD, Burns JM, Musto K, Paz D, Nguyen JH, et al. The Use of Donation
After Cardiac Death Allografts Does Not Increase Recurrence of Hepatocellular Car-
cinoma. Am J Transplant 2015;15(10):2704–11. https://doi.org/10.1111/ajt.13306.

[31] Ploeg RAM D, Knechtle S, Stegall M, Pirsch J, Hoffmann R, et al. Risk factors for pri-
mary disfunction after liver trasplantation - a multivariate analysis. Transplanta-
tion 1993;55(4):807–13. https://doi.org/10.1097/00007890-199304000-00024.

[32] Olthoff KM, Kulik L, Samstein B, Kaminski M, Abecassis M, Emond J, et al. Valida-
tion of a current definition of early allograft dysfunction in liver transplant recipi-
ents and analysis of risk factors. Liver Transpl 2010;16(8):943–9. https://doi.org/
10.1002/lt.22091.

[33] Deltenre P, Valla D-C. Ischemic Cholangiopathy. Semin Liver Dis 2008;28
(03):235–46. https://doi.org/10.1055/s-0028-1085092.

[34] Mourad MM, Algarni A, Liossis C, Bramhall SR. Aetiology and risk factors of
ischaemic cholangiopathy after liver transplantation. World J Gastroenterol
2014;20(20):6159–69. https://doi.org/10.3748/wjg.v20.i20.6159.

[35] Rahbari NN, Garden OJ, Padbury R, Maddern G, Koch M, Hugh TJ, et al. Post-hepa-
tectomy haemorrhage: A definition and grading by the International Study Group
of Liver Surgery (ISGLS). Surgery. 2011;149(5):713–24. https://doi.org/10.1111/
j.1477-2574.2011.00319.x.

[36] L�opez-And�ujar R, Montalv�a E, Frangi A, Vergara F, Moya Herraiz A, San Juan F,
et al. T-tube or no T-tube in cadaveric orthotopic liver transplantation: The eter-
nal dilemma: Results of a prospective and randomized clinical trial. Ann Surg
2013;258(1):21–9. https://doi.org/10.1097/SLA.0b013e318286e0a0.

[37] Thuong M, Ruiz A, Evrard P, Kuiper M, Boffa C, Akhtar MZ, et al. New classification
of donation after circulatory death donors definitions and terminology. Trasplan
Int 2016;29(7):749–59. https://doi.org/10.1111/tri.12776.

[38] Doyle MBM, Collins K, Vachharajani N, Lowell JA, Shenoy S, Nalbantoglu Ilke,
et al., et al. Outcomes Using Grafts from Donors after Cardiac Death. J Am Coll
Surg 2015 Jul;221(1):142–52. https://doi.org/10.1016/j.jamcollsurg.2015.03.053.

[39] Rojas-Pe~na A, Sall LE, Gravel MT, Cooley EG, Pelletier SJ, Bartlett RH, et al. Dona-
tion after circulatory determination of death: The university of michigan experi-
ence with extracorporeal support. Transplantation 2014;98(3):328–34. https://
doi.org/10.1097/TP.0000000000000070.

[40] Coffey JC, Wanis KN, Monbaliu D, Gilbo N, Selzner M, Vachharajani N, et al. The
influence of functional warm ischemia time on DCD liver transplant recipients’
outcomes. Clin Transplant 2017;31(10). https://doi.org/10.1111/ctr.13068.

[41] Kalisvaart M, Schlegel A, Trivedi PJ, Roberts K, Mirza DF, Perera T, et al. Chronic
Kidney Disease After Liver Transplantation: Impact of Extended Criteria Grafts.
Liver Transpl 2019;25(6):922–33. https://doi.org/10.1002/lt.25468.

[42] Donaci�on en asistolia en Espa~na: situaci�on actual y recomendaciones. Documento
de consenso nacional 2012. National Transplant Organization [Website]. Spain;
2012. [Consulted on 18.01.21] Available from: http://www.ont.es/infesp/Docu-
mentosDeConsenso/DONACI�ON EN ASISTOLIA EN ESPAeNA. SITUACI�ON ACTUAL Y
RECOMENDACIONES.pdf.

M. Fern�andez-de la Varga, P. del Pozo-del Valle, S. B�ejar-Serrano et al. Annals of Hepatology 27 (2022) 100724

8

https://doi.org/10.1002/lt.21853
https://doi.org/10.1111/tri.12403
https://doi.org/10.1111/tri.12403
https://doi.org/10.1111/j.1600-6143.2011.03894.x
https://doi.org/10.1111/j.1600-6143.2011.03894.x
https://doi.org/10.1097/SLA.0000000000002419
https://doi.org/10.1097/SLA.0000000000002419
https://doi.org/10.1097/00007890-199501000-00008
https://doi.org/10.1111/ajt.14214
https://doi.org/10.1111/ajt.14214
https://doi.org/10.1097/SLA.0b013e318235c572
https://doi.org/10.1097/SLA.0b013e318235c572
https://doi.org/10.1111/ajt.12927
https://doi.org/10.1111/ajt.12927
https://doi.org/10.1111/ajt.15241
https://doi.org/10.1097/TP.0000000000002780
https://doi.org/10.1002/lt.25312
https://doi.org/10.1097/MOT.0000000000000315
https://doi.org/10.1002/lt.24107
https://doi.org/10.1097/01.tp.0000250936.73034.98
https://doi.org/10.1097/01.tp.0000250936.73034.98
https://doi.org/10.1111/j.1600-6143.2009.02560.x
https://doi.org/10.1111/j.1600-6143.2009.02560.x
https://doi.org/10.1002/bjs.7043
https://doi.org/10.1038/nrgastro.2016.193
https://doi.org/10.1111/j.1600-6143.2007.02086.x
https://doi.org/10.1111/j.1600-6143.2007.02086.x
https://doi.org/10.1111/ajt.13306
https://doi.org/10.1097/00007890-199304000-00024
https://doi.org/10.1002/lt.22091
https://doi.org/10.1002/lt.22091
https://doi.org/10.1055/s-0028-1085092
https://doi.org/10.3748/wjg.v20.i20.6159
https://doi.org/10.1111/j.1477-2574.2011.00319.x
https://doi.org/10.1111/j.1477-2574.2011.00319.x
https://doi.org/10.1097/SLA.0b013e318286e0a0
https://doi.org/10.1111/tri.12776
https://doi.org/10.1016/j.jamcollsurg.2015.03.053
https://doi.org/10.1097/TP.0000000000000070
https://doi.org/10.1097/TP.0000000000000070
https://doi.org/10.1111/ctr.13068
https://doi.org/10.1002/lt.25468

	Good post-transplant outcomes using liver donors after circulatory death when applying strict selection criteria: a propensity-score matched-cohort study
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Ethical statement
	2.3. Outcomes
	2.4. Definitions
	2.5. Collected variables
	2.6. Organ recovery and surgical technique
	2.7. Immunosuppression
	2.8. Criteria for DCD donor selection
	2.9. Criteria for DCD recipient selection
	2.10. Statistical analyses

	3. Results
	3.1. Baseline features
	3.2. Biochemical data
	3.3. Clinical outcomes
	3.4. Patient and graft survival

	4. Discussion
	5. Conclusion
	Funding
	Author contributions
	Declaration of interest
	Acknowledgements
	Supplementary materials
	References



