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Liver transplantation (LT) is recognized as one of the
effective approaches for end-stage liver diseases, and early
allograft dysfunction (EAD) is a frequent complication after
LT, which is always associated with higher morbidity and
mortality.

Since 2015, the donation after cardiac death (DCD)
from citizen-donors has been the sole legal source of
donor organs in China. This also increases the proportion
of marginal donors such as steatosis, senile donor liver,
infection, or unknown cause of death. Marginal donor
liver enlarges the source of donor's liver but increases
the incidence of EAD after transplant. The incidence of
EAD after LT ranges from 20% to 40% (1). Olthoff and
colleagues (2) defined EAD as the presence at least one of
the following criteria: bilirubin >10 mg/dL on postoperative
day 7; international normalized ratio (INR) >1.6 on
postoperative day 7; alanine aminotransferase (ALT) or
aspartate aminotransferase (AST) >2,000 IU/L within the
first postoperative 7 days. Though as the most widely used
definition currently, it is a static definition and not taking
the rate of changing variables into account (1,3). Recently,
the rate of normalization of bilirubin levels and serum AST
was validated to be associated with EAD, and a liver graft
assessment following transplantation (L-GrAFT) model
was constructed to predict 3-month graft failure, which was
the first dynamic model considering the rate of changing
variables (1). In addition, the L-GrAFT model showed
superior discrimination when compared with Olthoff’s
definition by the area under the curve measurement (AUC:
0.85 wvs. 0.68). In general, a uniform definition of acceptance
is needed, which will be beneficial for multicenter
cooperation and promoting the research on EAD.
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The risk factors of EAD can be mainly divided into
three categories: the donor, the recipient, and surgery-
related factors. Donor-related factors include body mass
index, age, and sex; in addition, donor liver apoptosis and
steatosis were also reported to be responsible for graft
dysfunction (4,5), but another study (6) indicated that
donor liver microvesicular steatosis is not related to EAD,
which requires further confirmation. Considering recipient-
related factors, recent studies (7,8) showed that male
recipients who have hepatocellular carcinoma, hepatitis
C virus infection, pre-transplant diabetes, post-transplant
biliary complications, and lower cholesterol are more likely
to develop EAD. As for surgery-related factors, prolonged
cold ischemic time, warm ischemic time, and operative
time contribute to EAD. The donor liver biology plays
an important role in the occurrence and development of
EAD. While risk factors have been widely studied, there
is a lack of research on the molecular mechanism of EAD.
Study on molecular mechanism will help to understand
EAD in-depth; for example, a group studied the genomic
profiling of EAD grafts and found some pathways (PPARa
and NF-xB) are relevant (9). Generally, because EAD is a
multifactorial complication post-L’T, many studies (7,8) have
been done to find controllable risk factors to achieve more
efficient prediction and prevention of EAD, through which
the patient and graft survival can be improved.

Predicting the occurrence of EAD more accurately can
help to prevent and take earlier therapeutic methods. Firstly,
serum factor V measured on postoperative day one was used
as an earlier biomarker of EAD for the first time in 2018
(3). Secondly, donor liver apoptosis was found to be related
to EAD, and a nomogram was built on apoptosis and five
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other predictors (AUC: 0.847) (4). Thirdly, metabolomics
method is increasingly becoming a useful tool for assessing
graft functions, especially for DCD grafts, through which
lactate was found to be an efficient predictor for EAD (AUC:
0.906) (10). Despite that many metabolomics methodologies
are not used clinically due to complicated sample handling
steps, 1H high-resolution magic-angle-spinning nuclear
magnetic resonance (1H HR-MAS NMR) spectroscopy has
provided an effective solution and has been applied in LT,
which will help to predict EAD more accurately.

Given that EAD is always associated with high mortality
unless graft function is restored or re-transplantation,
there is a need to develop prevention and treatments
for dysfunction liver support. Firstly, as for prevention
techniques, preservation of donors is noteworthy. DCD
donors are usually suffering ischemia injury due to
circulatory arrest, which may contribute to a prolonged
warm ischemic time and lead to a higher incidence of
EAD. Thus, when comparing with static cold storage
which is the current standard method for liver preservation,
normothermic regional perfusion is a newly-developed
method with many advantages such as improving the
quality of DCD grafts and making graft function assessment
convenient. Moreover, normothermic regional perfusion has
already been used in LT with DCD grafts (11). Secondly,
considering the therapies, therapeutic plasma exchange was
applied in EAD patients recently (12). By removing toxic
substances (i.e., plasma bilirubin) and supplying coagulation
factors which are absent in EAD patients, therapeutic
plasma exchange is efficient in reducing bilirubin levels and
INR, and improving recipients and grafts survival.

In conclusion, firstly, many studies on EAD were based
on a single transplant center which cannot be generalized.
Thus, the collaboration of multicenter is needed for further
research, which requires a more uniform, efficient, and
widely accepted definition. Secondly, as DCD donors are
associated with a higher risk of EAD, more certain risk
factors or biomarkers must be studied to refine current
predicting models which will help to match donors and
recipients, predict the occurrence of EAD, take earlier
therapies and finally improve the prognosis post-LT.
Moreover, metabolomics profiling is becoming a powerful
tool for evaluating graft functions post-L’T. Thirdly, based
on the controllable risk factors founded, novel technologies
should be developed to reduce the risk of EAD, such as
normothermic regional perfusion. Fourthly, more effective
therapies should be developed to support EAD recipients
until the grafts are functional or re-transplantation. Finally,
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because little research has been reported on the molecular
mechanism of EAD, which is necessary for an in-depth
understanding, more attention should be paid to this area in

the future.
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