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Abstract. Livers for transplantation from donation after circulatory death donors are relatively more prone to early and
ongoing alterations in graft function that might ultimately lead to graft loss and even patient death. In consideration of this
fact, this working group of the International Liver Transplantation Society has performed a critical evaluation of the medical
literature to create a set of statements regarding the assessment of early allograft function/dysfunction and complications
arising in the setting of donation after circulatory death liver transplantation.

)

INTRODUCTION

Benchmarks for liver transplantation (LT) using deceased
brain donors (DBDs) have been recently defined as 1-y
mortality <9%, graft loss <11%, biliary complications
<28%, and hepatic artery thrombosis (HAT) <4.4%."
Although standard DBD represents organ donation’s first
choice, marginal donors represent an essential opportunity
to reduce waiting list mortality. For these graft-specific
outcomes, benchmarks have not been established yet.

One of the most underutilized and understudied donor
population is represented by donors after circulatory death
(DCD). Due to the prerecovery period of warm ischemia,
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grafts from these donors are considered at increased risk
for adverse posttransplant primary nonfunction (PNF),
early allograft dysfunction (EAD), biliary complications,
and failure. Through careful consideration and optimiza-
tion of donor and recipient-related characteristics, patient
and graft survival at 1, 3, and 5 y are not significantly dif-
ferent between controlled DCD (¢cDCD) and DBD groups;
however, EAD occurred in 39.5% of patients,” ischemic
cholangiopathy (IC) in 12%, and HAT in up to 7.7%>* of
cDCD recipients.

As strategies are designed to expand the donor pool and
new technologies are used to improve outcomes with these
and other marginal livers, it is of paramount importance
to accurately identify, classify, and even predict the onset of
complications and adverse events.

In recognizing these priorities, the International Liver
Transplantation Society (ILTS) organized a consensus
conference on EAD and complications in ¢DCD liver
transplantation.

DEVELOPMENT OF THE GUIDELINES

A total of 151 professionals from 25 countries met on
January 31, 2020, during the ILTS consensus conference
at the San Servolo Convention Center in Venice, Italy. The
meeting’s purpose was to develop evidence-based statements
about the most important aspects of cDCD liver transplan-
tation, liver preservation, and machine perfusion. Several
databases including Pubmed, Cochrane library, and Google
Scholar were searched using selected keywords for every
main topic. Working groups met separately and presented
their findings to the entire audience for further discussion.

Liver EAD and complications in ¢cDCD was one of
the main topics discussed. The debate about EAD and
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complications in ¢cDCD among a special interest group
of experts resulted in a series of clinically relevant state-
ments. The statements are formulated and graded accord-
ing to the Grading of Recommendations Assessment,
Development and Evaluation hierarchy of evidence, which
reflects not only the level of evidence in their support but
also the strength of recommendation based on the degree
of agreement among experts.’

EARLY ALLOGRAFT DYSFUNCTION IN DCD LIVER
TRANSPLANTATION

Early allograft function or, conversely, dysfunction
defines the ability of the transplanted liver graft to support
the recipient’s needs for hepatic metabolic and synthetic
function in the immediate posttransplant phase. Early
graft function and subsequent posttransplant survival are
strongly influenced by donor factors, the pretransplant
clinical condition of the recipient, and other intraoperative
and perioperative events. Although important variables
can be identified in each of these domains, no study has
unequivocally determined their specific contributions to
patient and graft survival, and very few have specifically
evaluated the issue of EAD in the context of ¢cDCD liver
transplantation.”

A model to predict early allograft function is impor-
tant because it allows for the stratification of risk for graft
failure and the need for emergency retransplantation in
the event of PNFE. Additionally, a consistent definition of
EAD allows for the comparison of the effects of differ-
ent graft or patient interventions across different studies.
The ideal EAD model or definition should be (1) simple
to calculate, (2) based on objective parameters, (3) cor-
relate with outcomes (namely graft and patient survival),
(4) associated with recognizable risk factors, (5) dynamic,
and (6) reproducible (ie, pass the test of external valida-
tion). Additionally, an ideal EAD model needs to take into
account that early allograft function is not a “yes/no” con-
dition but rather a continuous one.

One of the first functional definitions of EAD was
introduced by Deschénes et al® in 1998 following a large
multicenter trial. In their study, the authors used biliru-
bin, prothrombin time), and hepatic encephalopathy as
surrogate markers of graft function. Patients meeting the
criteria for EAD experienced worse graft and patient sur-
vival. Other definitions of EAD followed, mostly from
single-center studies and largely incorporating hepatic
transaminases, bilirubin, and international normalized
ratio (INR).”8

In 2010, Olthoff et al’ introduced the most commonly
used definition of EAD to date and tested it in a multi-
center cohort of patients from the MELD era. Patients met
the criteria for EAD based on at least 1 of the following
conditions: (1) bilirubin >10mg/dL on postoperative day
(POD) 7, (2) INR >1.6 on POD7, and (3) hepatic transami-
nases (alanine aminotransferase [ALT] or aspartate ami-
notransferase [AST]) >2000 IU/mL at any point between
PODO and POD7. The use of bilirubin and INR on POD7
was chosen to minimize the impact of pretransplant chol-
estasis and coagulopathy on graft functional recovery,
whereas AST/ALT levels were chosen as a reflection of
ischemia-reperfusion injury. The authors tested the ability
of this EAD definition to predict outcomes and found that
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patients meeting at least 1 of these EAD criteria had a >10-
fold increase in risk for death within 6 mo after transplant
compared with those that did not meet any criterion. On
multivariate analysis, donor age and recipient MELD were
found to be risk factors strongly associated with the likeli-
hood of developing EAD. The main limitation of this study
is that it was designed to validate prior EAD definitions
and not to assess donor and recipient variables or the cut-
off values chosen to define EAD. Other limitations include
the binary nature of the definition and the necessity to wait
until the end of the first posttransplant week to make a
decision regarding allograft function.

The limitations of the Olthoff definition of EAD have
pushed transplant professionals to incorporate new vari-
ables and pursue new models. In 2014, Pareja et al'
developed a model for the quantitative assessment of
EAD (Model for Early Allograft Function [MEAF]), which
incorporates bilirubin on POD3 and maximum ALT and
INR between PODO and PODS3. Significant associations
were found by the authors between MEAF scores and
patient survival evaluated up to 1 vy, as well as PNE In
2017, Jochmans et al'! validated the model and concluded
that MEAF outperforms the Olthoff definition of EAD as
an independent predictor of posttransplant survival.

In 2017, Yunhua et al'? designed a dynamic model to
predict early postoperative complications, including EAD.
This model is based on indocyanine green retention at
15min (ICGR15) and MELD score. These 2 parameters
combined offered high sensitivity (>90%) and good speci-
ficity (>70%) in predicting early complications when com-
pared with either MELD score or ICGR15 alone. This
model was tested at a single center, but it has not yet been
externally validated, as it requires performance of the ICG
clearance test, which is not routinely available in many
transplant centers.

In 2018, Agopian et al'? proposed the “Liver Assessment
Following Transplantation Risk Score Model” (L-GrAFT)
as a method to assess EAD. L-GrAFT incorporates several
laboratory values (AST, INR, bilirubin, and platelet count)
measured over the course of the first 10 posttransplant
days. This innovative model enables clinicians to catego-
rize patients depending on the severity of EAD and to cal-
culate the odds of graft loss by 3 mo. This study seems to
add accuracy in predicting graft outcome. The main draw-
back is its mathematical complexity.

In 2019, Diaz-Nieto et al'* published regarding their
early predictor for the assessment of risk of EAD and PNE.
This model, called “MaDiRe” (Maximum, Direction, and
Reduction of liver function tests), includes AST on POD1
and the subsequent reduction rate through POD3 as well
as ALT reduction through POD2. In the authors’ study,
this model was able to provide an early assessment of
patients at risk for 30-d graft failure and death as well as
to stratify patients into risk groups. One of the advantages
of this model is that it takes into consideration the dynamic
changes in transaminase levels after liver transplantation.
These changes are likely to reflect the graft’s ability to
recover from ischemia-reperfusion injury. Another advan-
tage is that the score can be calculated on POD3, and it
can rapidly be applied to all patients on a routine basis.
Limitations include the empiric as opposed to mathemati-
cal method it uses to establish cutoff values. It also has not
been externally validated.
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who met the EAD definition due to elevated transaminases
experienced only a slight decrease in survival at 6 mo and
1y, patients who met the definition due to increased INR
and total bilirubin on POD7 had significantly worse graft
and overall patient survival.

ILTS Guidance

e Due to the lack of validation studies in DCD liver trans-
plantation, the ILTS cannot recommend the use of any spe-
cific model to define EAD.

(Level of Evidence B-C; Grade of Recommendation |
Strong)

* In recognizing the limitation of current models, which do
not address the multifactorial nature of EAD, the ILTS rec-
ommends that future studies investigate the interactions
between donor, recipients, and perioperative factors in
determining EAD in DCD liver transplantation.

(Level of Evidence B-C; Grade of Recommendation |
Strong)

e The ILTS recommends that the future models of EAD take
into account the time-dependent nature of early allograft
function. Specific validation among DCD liver recipients is
also recommended.

(Level of Evidence B-C; Grade of Recommendation |
Strong)

COMPLICATIONS OF DCD LIVER
TRANSPLANTATION

Although early graft dysfunction and loss were major
problems in early experiences with cDCD liver transplan-
tation, years of experience have allowed for better donor
and recipient selection, dramatically reducing the inci-
dence of early catastrophic events. For the past 2 decades,
biliary complications have been the major obstacle facing
c¢DCD liver transplantation, even though their incidence
has decreased considerably from the early 2000s.

Studies published by groups in North American and
Europe in the past decade (Tables 2 and 3) suggest that
complications and outcomes following cDCD liver trans-
plantation performed with super-rapid recovery vary
according to center and in relation to the risk profiles of
donors and grafts. Rates of PNF and HAT are consist-
ently low in these studies and largely in a range consid-
ered acceptable in the recent benchmark study on standard
DBD liver transplantation (<4.4% HAT)." Rates of biliary
complications and nonanastomotic biliary strictures, how-
ever, are more variable.

The most recent meta-analysis on ¢cDCD liver transplan-
tation describes rates of overall biliary complications and
NABS of 26% and 16%, respectively, as well as 1- and 3-y
graft and patient survival rates of 79% and 73% and 88%
and 82%, respectively.” Although the overall biliary compli-
cation rate meets the aforementioned DBD benchmark goal
of 28%, rates of graft loss and patient death by 1y are above
benchmark limits (11% and 9%, respectively). In considera-
tion of these facts, it appears that there is additional need for
benchmark studies specific to cDCD liver transplantation.

www.transplantjournal.com

IC could be documented by endoscopic retrograde chol-
angiopancreatography (ERCP), percutaneous transhepatic
cholangiography, surgically placed biliary catheter, or
magnetic resonance cholangiopancreatography (MRCP).
The latter is of great interest because it is the only nonin-
vasive method with high sensitivity (96 %) and specificity
(94%) to diagnose biliary adverse events following liver
transplantation.’®!

Noncontrast MRCP cannot clearly differentiate between
obstructive and nonobstructive dilatation and does not
clearly visualize strictures in a nondilated biliary system,
whereas contrast-enhanced MRCP is particularly helpful
for identifying adverse biliary events and providing func-
tional information. Its major drawbacks are high costs and
its limited role in patients with liver dysfunction.’

An increasing number of reports have come out dur-
ing the past couple of years on ¢cDCD liver transplantation
performed with postmortem normothermic regional per-
fusion (NRP), which restores the flow of oxygenated blood
to the abdominal organs and occasionally to the thoracic
organs following the declaration of death.’*** This recov-
ery strategy is currently permitted by law in 5 European
countries (Belgium, the Netherlands, Spain, Switzerland,
and the United Kln%dom ) and compulsory in 3 (France,
Italy, and Norway).” Reports on cDCD liver transplant
performed with NRP describe consistent results in terms
of biliary complications, graft loss, and patient survival,
and largely meet current standards and benchmarks for
DBD liver transplantation, including with respect to rates
of posttransplant biliary complications (Table 4).

A multicenter international study' identified bench-
marks in liver transplantation for low-risk cases receiving
DBD grafts. The cutoffs, calculated as the 75th percentile
of each center’s median, were 9% and 11% for 1-y graft
loss and mortality, respectively. The cutoffs were 59%,
28%, and 4.4% for grade Il complications, overall biliary
complications, and HAT, respectively. Interestingly, the
authors used the comprehensive complication index (CCI)
to define benchmark values for cumulative morbidity: the
CCI was 29.6 at discharge, 34.5 at 3 mo, 37.2 at 6 mo,
and 42.1 at 12 mo. However, this study did not include
extended criteria donors.

Kalisvaart et al* analyzed the total burden of complica-
tions after DBD and ¢DCD liver transplantation with the
CCI. The authors reported a comparable complication rate
during the hospital stay, but the CCI increased significantly
for cDCD recipients at 6 mo after transplantation because
of IC.

The potential complications after ¢cDCD liver trans-
plantation require a delicate balance in the donor and
recipient selection. Many authors have tried to define a
¢DCD risk score to help liver surgeons identify accept-
able donor-recipient combinations in DCD donor liver
transplantation.

In 2011, Hong et al®® described the UCLA-DCD score,
which takes into account the cold ischemia time plus 2
donor and 3 recipient risk factors. The authors stratified
their cohort into low-risk (0-1 point), intermediate-risk
(2-4 points), and high-risk (5-9 points) categories. They
suggested a threshold of 4 to decline the liver because of
a 0% rate of 5-y graft failure-free survival in the high-risk
group. Notably, the best predictor for poor outcomes was
HCV positivity combined with hepatocellular carcinoma,
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TABLE 5.

Summary of the consensus statements on early allograft dysfunction and complications in DCD liver transplantation

ILS guidance Level of evidence’ Grade®

Due to the lack of validation studies in DCD liver transplantation, the ILTS cannot recommend the use of any specific B-C |
model to define EAD.

In recognizing the limitation of current models, which do not address the multifactorial nature of EAD, the ILTS B-C |
recommends that future studies investigate the interactions between donor, recipients, and perioperative factors in
determining EAD in DCD liver transplantation.

The ILTS recommends that the future models of EAD take into account the time-dependent nature of early allograft B-C I
function. Specific validation among DCD liver recipients is also recommended.

The ILTS suggests that unique benchmarks for best achievable outcomes in DCD liver transplantation be established. B-C lla

It is recommended that these benchmarks are specific for organ recovery method and preservation modality used.

“evel of evidence: A—consistent high level of evidence from well-performed and high-quality studies or systematic reviews; B—moderate/low level of evidence from studies or systematic reviews
with few important limitations; C—uvery low level of evidence from studies with serious flaws (only expert opinion or standards of care).

YGrade: |—strong agreement to do; lla—moderate agreement to do; llb—weak agreement to do; lll—agreement not to do.

DCD, donation after circulatory death; EAD, early allograft dysfunction; ILTS, International Liver Transplantation Society.

a variable that will have less impact in the future due to the
introduction of direct-acting antiviral medications.

In 2017, the King’s College Hospital group developed
the DCD-risk index (DCD-RI) from a single-center cDCD
transplant cohort.®” Three recipient and 2 donor risk
parameters were considered, with a total score of up to 14
points. Three risk classes were defined as low (DCD-RI <1),
standard (DCD-RI 2-4), and high risk (DCD-RI>35) with
a 5-y graft survival of 86%, 78%, and 34%, respectively.
Interestingly, the DCD-RI score independently predicted
graft loss (P<0.001), and the DCD-RI class predicted graft
survival (P<0.001).

A third model, the UK DCD Risk Score, was developed
the same year by Schlegel et al.”’ This model identified 7
predictors of DCD survival considering both donor and
recipient factors. The authors identified 3 groups: low risk
(<5 points), high risk (>5 to <10 points), and futile (>10
points). One-year graft survival was >95%, >85%, and
37%, respectively; S-y graft survival in the futile group
was 20%. The causes of graft loss in the futile group were
PNE IC, and HAT in 27%, 16%, 10% of patients, respec-
tively. Although this score includes 2 parameters not avail-
able at organ offer (donor warm ischemia time and cold
ischemia time) and does not include graft steatosis, it could
be of utmost importance for donor-recipient matching and
decision making regarding pretransplant graft treatment.
Indeed, a patient in the futile group could be transplanted
after graft reconditioning with machine perfusion, which
significantly reduces the impact of IC,”" the main cause of
graft loss in this graft category.

All these are prognostic models with the aim to iden-
tify the most accurate risk factors related to graft loss and
survival. They are useful also in reporting data allowing
comparison between series. However, these models include
intraoperative or postoperative variables, which make
EAD a descriptive and prognostic event but not prevent-
able. Future studies should be focused on defining risks
before transplant to prevent complication and to evaluate
potential futility, also considering the spreading of future
technologies applied to DCD donors such as NRP and
machine preservation.

ILTS Guidance

The ILTS suggests that unique benchmarks for best
achievable outcomes in DCD liver transplantation be

established. It is recommended that these benchmarks
are specific for organ recovery method and preservation
modality used.

(Level of Evidence B—C; Grade of Recommendation Ila
Moderate)

SUMMARY

The statements of this ILTS Working Group of experts
are summarized in Table 5, where they have also been
classified according to the Grading of Recommendations
Assessment, Development, and Evaluation system.’
Overall, the level of evidence supporting these statements
is low, and it is clear that there is ample opportunity in the
near future to devise more clear and consistent means for
capturing and categorizing posttransplant DCD liver allo-
graft function. Doing so is critical not only to help compare
outcomes across studies and guide clinical decision making
but also to implement new strategies and technologies to
maximize allograft function and outcomes.
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