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BACKGROUND & AIMS: Primary nonfunction (PNF) is a
rare complication after liver transplantation that requires
urgent retransplantation. PNF is associated with livers from
extended criteria donors. Clinical and biochemical factors
have not been identified that reliably associate with graft
function after liver transplantation. Serum patterns of
N-glycans associate with changes in the liver. We analyzed
perfusate from grafted liver to identify protein glycosylation
patterns associated with PNF. METHODS: We performed a
prospective study of consecutive patients who underwent
liver transplantation (66 patients, from 1 center, in the deri-
vation set, and 56 patients, from 2 centers, in the validation
set) in Belgium, from October 1, 2011, through April 30, 2017.
All donor grafts were transported using cold static storage,
and perfusate samples were collected from the livers by
flushing of hepatic veins before transplantation. Protein-
linked N-glycans were isolated from perfusate samples and
analyzed with a multicapillary electrophoresis-based ABI3130
sequencer. We compared glycan patterns between patients
with vs without PNF of transplanted livers. PNF was defined
as the need for urgent retransplantation when a graft had no

evidence of function, after exclusion of other causes, such
as hepatic artery thrombosis or acute cellular rejection.
RESULTS: The relative abundance of a single glycan, agalacto
core-alpha-1,6-fucosylated biantennary glycan (NGA2F) was
significantly increased in perfusate of livers given to 4 patients
who developed PNF after liver transplantation compared with
livers given to patients who did not develop PNF. Level of
NGA2F identified patients with PNF with 100% accuracy. This
glycomarker was the only factor associated with PNF in
multivariate analysis in the derivation and the validation sets
(P < .0001). CONCLUSIONS: In an analysis of patients who
underwent liver transplantation, we associated graft perfusate
level of glycan NGA2F present on perfusate proteins with
development of PNF with 100% accuracy, and validated this
finding in a separate cohort of patients. This biomarker might
be used to assess grafts before transplantation, especially
when high-risk organs are under consideration.
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Liver transplantation is the treatment of choice for
end-stage liver disease, acute liver failure, and

selected patients with hepatocellular carcinoma,1 with
excellent long-term results.2 A major challenge in the
expansion of organ transplantation is shortage of donor
organs, which is reflected in a unacceptably high waiting list
mortality.3 This bottleneck has led to the use of extended
criteria donors (ECDs) to increase the donor pool.4–6 These
ECD livers carry an increased risk of liver failure or an
increased risk of disease transmission. Scoring systems have
been developed to predict the organ quality based on clin-
ical characteristics of the donor, including the donor risk
index,7 and the more recently developed European variant,
the Eurotransplant donor risk index.8 However, although
these instruments are of great value for population-based
studies, they fail to predict the outcome of a single donor9

and cannot yet be included in allocation strategies.
A particular problem associated with the use of these

low-quality grafts is primary nonfunction (PNF).10 PNF
occurs after 2% to 10%11–13 of liver transplantations and
was first described by Shaw et al14 as a situation in which “a
graft never demonstrated evidence of initial function
following transplantation” after exclusion of technical
causes and acute cellular rejection needing. These PNF
patients need an urgent retransplantation. A more frequent
but less dramatic phenomenon is early allograft dysfunction
(EAD), which is a functional insufficiency after orthotopic
liver transplantation characterized by the appearance of
hyperbilirubinemia, coagulopathy, encephalopathy, or asci-
tes.15 It occurs in up to 1 in 4 liver transplantations.15 In
contrast to PNF, it does not require urgent retrans-
plantation. Nevertheless, EAD is associated with increased

graft loss and patient mortality within the first 90 days15,16

after liver transplantation.
Reliable prognostic clinical scores or biomarkers that

could predict the appearance of PNF or EAD after liver
transplantation before the liver transplantation is performed,
are not yet available. Here, we performed a comprehensive
analysis of protein-linked, N-glycans in perfusate in relation
to the appearance of PNF and EAD after liver transplantation.

During the past 10 years it has become clear that
N-glycan analysis of serum, also called clinical glycomics, is
useful for the diagnosis of various liver diseases.17 These
biomarkers are based on the concept that most human
proteins are glycosylated, which is a highly regulated and
specific enzymatic process occurring in the endoplasmic
reticulum and the Golgi body.18 Interestingly, most serum
proteins are secreted by hepatocytes, supporting the
concept that the serum glycomic content reflects (patho)
physiologic changes in the liver. Another smaller source of
serum glycans are B cells producing IgG molecules, which
are also glycosylated, in particular on a conserved site in the
CH2 domain of IgG.19,20 This concept led to the development
of glycomic-based serum biomarkers for the diagnosis of
liver fibrosis,21,22 cirrhosis,23,24 and hepatocellular carci-
noma,25,26 and a biomarker that can distinguish simple liver
steatosis from nonalcoholic steatohepatitis.27,28

The aim of this study was to explore the feasibility of
N-glycan analysis of glycoproteins in graft perfusate after
flushing of the donor liver graft immediately before trans-
plantation. The second aimwas to search for distinct N-glycan
profiles in patients who developed PNF or EAD compared
with patients with good early liver graft function, to develop
biomarkers to monitor organ quality and predict PNF.

The results of the present study, with a test cohort from
1 clinical center and an independent validation cohort
from 2 centers, provide a strong proof of concept that the
analysis of N-glycans in preservation fluid can predict
the appearance of PNF after liver transplantation.

Patients and Methods
Patients

Consecutive patients undergoing liver transplantation at the
liver transplant unit of Ghent University Hospital (Belgium)
were included in the study. The test cohort prospectively
included patients between October 1, 2011, and July 31, 2013.
The results from the test cohort were validated in prospective
multicenter Belgian cohort, including consecutive patients from
the liver transplant unit of Ghent University Hospital (between
September 1, 2013 and April 30, 2017) and the liver transplant
unit of the University Hospitals Leuven (between August 1,
2016, and February 28, 2017).

EDITOR’S NOTES

BACKGROUND AND CONTEXT

Primary non function (PNF) is a serious complication after
liver transplantation. It is very difficult to predict the
appearance of PNF based on current knowledge.

NEW FINDINGS

The glycomic pattern of perfusate is altered in patients
who developed PNF after liver transplantation compared
to patients who do not develop PNF.

LIMITATIONS

The number of patients included in the proof-of-concept
and validation cohort remains low.

IMPACT

The use of this test could prevent futile liver
transplantations based on an objective biomarker.

Abbreviations used in this paper: ALT, alanine aminotransferase; AST,
aspartate aminotransferase; EAD, early allograft dysfunction; ECD,
extended criteria donor; NGA2F, agalacto core-alpha-1,6-fucosylated
biantennary glycan; PNF, primary nonfunction.
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