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ABSTRACT

The impact of aspartate transaminases (AST) and gamma-glutamyl trans-
ferase (GGT) in serum of deceased donors on outcomes after liver trans-
plantation (LT) is unclear. This study aimed to explore the relationship
between donor highest AST value or first donor GGT value and graft sur-
vival. All consecutive patients who underwent a primary LT in a single cen-
ter with available donor AST (N = 1253) and GGT value (N = 1152) were
included. There was no significant association between donor AST and 90-
day graft survival. We found a moderate association between GGT and 90-
day graft survival. We found a significant interaction with a donor history
of alcohol abuse (HAA). The risk of graft loss was associated with AST and
GGT in donors with an HAA but remains unchanged in donors without
HAA. There was no difference in graft survival according to donor AST or
GGT with a cutoff >95th percentile (475 UI/l for AST and 170 UI/1 for
GGT). However, graft survival was significantly decreased when donors
combined GGT > 170 UI/l and HAA (61% at one year). Hepatic grafts from
donors with high AST or high GGT but without alcohol history and no
additional risk factors can be transplanted in low-risk recipient.
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Donors with elevated bilirubin are excluded in the

Introduction . .
majority of cases [1], but abnormal transaminases or

In liver transplantation (LT), accepting a graft remains
a complex decision, involving several donor and
recipient-related factors. Among them, donor liver func-
tion tests are part of the decision-making process. Bio-
logical abnormalities may suggest an underlying disease
or severe liver injury, leading to decline the offer.

© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd
doi:10.1111/tri. 13978

gamma-glutamyl transferase (GGT) in donor serum
level do not contraindicate liver donation. However,
experts of a consensus meeting on expanded donor cri-
teria did not agree about an upper limit of transami-
nases, but propose the utmost caution for donors with
GGT over 200 UI/l [2]. In fact, there is little evidence
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to support this statement, and references for interpret-
ing the prognostic value of donor GGT or transami-
nases are lacking.

This study was undertaken to assess the prognostic
significance of transaminases and GGT levels measured
in the donor serum and to understand their relationship
with the other donor factors. Our secondary aim was to
report the outcomes of patients who were given grafts
from donors with high AST or GGT.

Methods

Study population

We included all adult patients who underwent first ortho-
topic liver transplantation, with deceased brain donors,
from the 1st January 2004 to 31st December 2018, at Paul
Brousse hospital, Villejuif, France. Other donation cir-
cumstances like living donation, donation after cardiac
death, or domino were excluded from the analysis. The
design of this study was discussed and approved during
our weekly research meeting. This study was achieved in
accordance with ethical standards laid down in the 2000
Declaration of Helsinki as well as the Declaration of Istan-
bul 2008. All patients alive at the time of the analysis have
given their informed consent for the retrospective analysis
of data collected in the setting of routine health cares.

Donor evaluation

At the time of a graft offer, most essential variables of
the donor are collected in Cristal, a dedicated database
run by the Agence of Biomédecine, the national organiza-
tion in charge of organ allocation in France. Data are
fulfilled by local teams in charge of a potential donor
and encompass a wide range of information related to
the medical history of the donor, morphological param-
eters, biological tests, and evolution since admission
and results from CT scan. After the approval of our
research project by the Agence of Biomédecine, we
obtained a complete export of our donor data.

Graft selection policy

We deliberately accepted marginal grafts, provided that
they could be given to low-risk recipients, that is, those
with long-expected waiting time and low risk of early
spontaneous mortality. Grafts from donors with hyper-
bilirubinemia or liver dysmorphia on imaging were
denied. In contrast, elderly donors or obese donors or
donors with a history of alcohol abuse (HAA) were
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usually accepted as long as they did not cumulate addi-
tional adverse factors.

High serum level of transaminases did not preclude
donation provided that the last value was inferior to the
highest. The GGT serum level at the donor’s admission
was given the importance, but no clear cutoff limit was
used to contraindicate transplantation. In the case of
high first value, the decision was made on a case-by-
case basis, according to the existence of additional
donor risk factors and the senior surgeon appreciation.

Graft retrieval and transplantation

When the macroscopic aspect of the graft was suggestive
of moderate or severe steatosis or fibrosis, liver biopsy
with frozen section examination was routinely per-
formed. In doubtful cases, pictures of the graft could be
sent to the senior transplant surgeon. When graft was
considered suitable, the recipient was transferred to the
operating room, and operation was started without
waiting for the graft return in order to reduce cold
ischemia time as much as possible. We used the preser-
vation liquid available at the donor hospital. Our trans-
plantation technique was to preserve the caval flow
during total hepatectomy every time it was deemed fea-
sible [3, 4]. Porto-caval anastomosis was done routinely
since 2013. Implantation was done according to the
standard manner. Surgical liver biopsy at the end of
transplantation is routinely performed.

Statistical analysis

Donor data were extracted from the Cristal database
and merged with our prospectively maintained local
database using the national donor number. We selected
aspartate aminotransferase (AST), as a biomarker of
liver injury [5, 6] to study the influence of donor
transaminases. Donors without available measurement
of GGT or AST were excluded. Missing variables were
not treated by imputations and the analysis was done
with available data. We focused on the maximal AST
value and the first GGT value for the analysis because
these values were used to decide to accept or reject graft
at the time of the offer.

Prognostic assessment

Early allograft dysfunction (EAD) was defined, accord-
ing to Olthoff et al [7]. One-year graft survival was cal-
culated by using the time from LT to death or
retransplantation at one year. Patients for whom an
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event of interest (death or retransplantation) occurred
beyond one year were censored.

The risk for EAD and 90-day graft survival was calcu-
lated by using a logistic regression model, whereas a
Cox proportional hazards model was used for one-year
graft survival. The assumption of the proportional haz-
ards was checked by using the method described by
Grambsch and Therneau [8].

Donor AST and GGT were analyzed as continuous
variables. Categorization, according to prespecified cut-
off points, was avoided because of the several limita-
tions inherent to this method [9, 10]. Both variables
were transformed by using restricted cubic splines (with
3 knots) to relax from linearity assumption for continu-
ous predictors [11, 12].

We included clinically meaningful covariates [13] to
adjust for potentially confounding effects (Donor age,
recipient age, MELD score, life support therapy at the
time of urgent transplantation, and cold ischemia). The
risk as a function of donor AST and GGT was plotted
to enable a better understanding of their effect on out-
comes of interest.

We finally tested for interaction between donor AST
and GGT and other donor-related covariates, which
allows evaluating how one donor covariate may affect
the prognostic value of donor AST and GGT.

Grafts from donors with high maximal AST and first
value GGT

Continuous variables and categorical variables were
expressed a median (range) and percentage, respectively.
Comparisons were made by using Chi-square test, or
Fisher test or Wilcoxon test, as appropriate. High values
were arbitrary, defined as any values equal to or higher
than the 95th percentile. Survival probabilities were cal-
culated with the Kaplan—Meier method and compared
with the log-rank test. Statistical significance was
defined by a P value <0.05. This analysis was made with
R, using mainly CompareGroups, survival, and ggplot2
packages.

Results

Description of the study population

Of the 1438 patients who underwent primary deceased
brain donors LT over the study period, measurements of
donor AST and GGT were available in 1253 and 1152
patients, respectively. Abnormal values of donor AST
(>40 UI/1) or GGT (>50 UI/1) were observed in 65% and

Transplant International 2021; 34: 2247-2256
© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

Prognostic value of donor AST and GGT

46.5% of cases, respectively. The median (range) of donor
AST (maximal value) and donor GGT (first value) were
58 UL/l (6-2000) and 30 UI/l (2-1147), respectively. Of
note, grafts from donors with maximal AST >1000 U/
or first GGT >500 U/l were given to 25 (2.0%) and seven
patients (0.6%), respectively.

Impact on early graft dysfunction, 90-day graft
survival, and 1-year graft survival

We found that the Cox model’s proportional-hazards
assumption for overall graft survival could not be satis-
fied, indicating that donor AST and GGT yield a time-
varying effect on outcomes. We observed that the effect
of donor AST and GGT, when existing, was maximal
during the first year and could be neglected in patients
alive retransplant-free after one year (data not shown).

Maximal AST value

The risk for EAD, 90-day, and one-year graft survival as a
function of donor AST is shown in Fig. 1. The risk
increased from the lowest value to reach a maximal around
200 UI/I for the three end-points and tend to decrease
after. The highest risk was observed for 90-day graft sur-
vival with an adjusted hazard ratio (HR) of 1.5. However,
the lower limit of the confidence interval remained below
1. A significant association was therefore rejected.

First GGT value

Relative risk and hazard ratio, according to donor GGT,
are given in Fig. 2. The adjusted risk for EAD and 90-
day graft survival increased sharply from the lowest
value to a value of about 100 U/l and stabilized
beyond. At this point, the lower limit of the confidence
interval was higher than one, thus indicating significant
association. There significant  association
between first GGT and one-year graft survival.

was no

The prognostic value of first, last AST value and
maximal, last GGT value

In addition, we tested the prognostic value of AST and
GGT measured in other timings. Data are provided in a
Fig. S1 for information purposes.

Evaluation of Interaction with other donor covariates

P values of interaction tests between donor covariates
and donor AST or GGT are given in Table 1. We found
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Figure 1 Impact of Donor AST (Maximal value) on early allograft dysfunction (a), 90-day graft survival (b), and one-year graft survival (c).
Shaded regions indicate 95% confidence bands. EAD, early allograft dysfunction; HR, Hazard Ratio. OR, Odd ratio.
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Table 1. P values of interaction terms between donor-related variables.

P value of interaction term between donor variables and AST and GGT donor Y ~ X14+X2+...+Xn+X1:Vint*

*X1:Vint: Interaction term; Y, Outcomes; X1, donor AST or donor GGT; X2, Xn covariates for adjustment; Vint, variable of
interest; EAD, early allograft dysfunction (Olthoff).

2250 Transplant International 2021; 34: 2247-2256
© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd



(a)

148.4

No HAA

54.6
g
- 20.1
L
]
=R
g 74
[a}
& 27

1 /\
0 100 200 300 400 500
Donor GGT (First value, UI/L)
()
~148.4
& No HAA
o
L 546
8
=)
< 201
©
2
(% 74
g
o 27
<
5
£ 1
c«')
0 100 200 300 400 500

Donor GGT (First value, UI/L)

Prognostic value of donor AST and GGT

(b)

148.4

&6 HAA
g
2 20.1
Q
%
-
g 74
Q
8 27

;
0 100 200 300 400 500

Donor GGT (First value, UI/L)

(d)
~148.4
£ HAA
©
2 546
17}
-}
2
< 201
©
=
% 74
2]
s
o 27
.
5
£ 1
)
0 100 200 300 400 500

Donor GGT (First value, UI/L)

Figure 3 Risk for early allograft dysfunction and 3-month graft survival according to donor history of alcohol abuse. Shaded regions indicate
95% confidence bands. EAD, early allograft dysfunction; HAA, History of alcohol abuse; HR, Hazard Ratio. OR, Odd ratio.

a significant interaction between donor HAA and donor
AST for 90-day and one-year graft survival. Similar
findings were observed with donor GGT. Other covari-
ates such as diabetes, obesity, cardiac arrest, and donor
age did not influence the relationship between donor
GGT and the risk of graft loss at one year.

To better understand the significance of this interac-
tion, we plotted the risk for one-year graft survival accord-
ing to donor drinking history (Fig. 3). Three-month graft
survival remains little or unaffected by the increase of
donor AST or GGT when there was no HAA (Fig. 3a and
¢). In contrast, the risk of graft loss at 3 months was much
higher in donors with either high AST or high GGT and a
history of alcohol abuse (Fig. 3b and d).

Grafts from donors with high AST or GGT value
(>95th percentile)

The 95th percentiles were 475 Ul/l for AST and 170 Ul/
1 for GGT.

Donors with maximal AST value

The comparison between donor and recipient character-
istics according to 95th percentile of the maximal AST
value is given in Table 2. Briefly, donors with AST

Transplant International 2021; 34: 2247-2256
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>475 Ul/l were younger and died from anoxia. Cardiac
arrest before donation occurred more often, and its
duration was longer. Rates of early death or retransplan-
tation were similar, as well as graft survival. (Fig. 4a).

Donors with first GGT value

The characteristics and outcomes, according to GGT,
are shown in Table 3. Briefly, donors with first GGT
value >170 UI had increased body weight, body mass
index, and liver weight. A HAA was also found more
frequently, and the length of stay in intensive care was
also longer in these donors. Grafts from donors with
first GGT >170 UI/l were associated with a higher risk
of retransplantation or death at 90 days.

Kaplan—Meier curves are presented in
Fig. 4b. Although there was no statistically significant
difference in graft survival, survival probabilities of
grafts from a donor with high GGT tend to be lower at
the early post-transplant period.

survival

History of alcohol abuse in donors with high GGT

Among donors with high GGT, we compared outcomes
and histology (from end-LT liver biopsy) according to
donor HAA (Table 4). One-year graft survival was
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Table 2. Comparisons of recipient, donor, and outcomes according to donor maximal AST.

BMI, Body mass index; ICU, Intensive care unit; INR, International Normalized ratio; RBC Red blood cell; RelT, retransplanta-
tion; DRI, Donor Risk Index. *Donor Index: high value indicates poor quality or high risk; **Donor quality index according to
Winter et al. [18]; ***Defined according to Olthoff et al.

Continuous variables are expressed as median (range). Categorical variables are expressed as absolute number (percentage).

Transplant International 2021; 34: 2247-2256
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Figure 4 Kaplan-Meier graft survival curves according to 95th percentile of donor AST and donor GGT.

significantly lower when donor had a history of HAA
(61% vs. 86%, P = 0.033). Surgical liver biopsy was
available for 57 of grafts. Abnormal histological findings
and steatosis were observed where more often in grafts
from donors with HAA.

Discussion

Markedly increased AST and GGT are often observed in
deceased donors. Assessing their prognostic significance
is crucial for guiding the decision to accept or deny a
hepatic graft. In this study, we found that donor AST
and GGT were significantly associated with an increased
risk of graft dysfunction, 90-day graft failure, and one-
year graft survival. However, the risk remains limited
and the use of these graft in routine is acceptable, given
the current organ shortage.

The feasibility of transplanting livers from donors with
elevated transaminases has already been documented.
The one-year survival rates of 24 patients who received
grafts from donors with transaminases >500 UI/l were
similar to that of a control group, including 834 patients
[14]. Another group also showed good results in a series
of 8 transplantations after a strict selection applied on 15
grafts [15]. In the present study, a decrease of transami-
nases over time, suggesting recovery of liver injury, was
required before considering graft acceptance. However,
grafts from high AST donors had lower donor risk index
and were recovered in younger donors, which reflect a
clear selection bias. Retrospectively, we were more akin to
accept grafts from high AST donor in the absence of addi-
tional risk factors. Therefore, the use of grafts with high
AST is safe, provided favorable kinetics and no additional
adverse factors.

The prognostic value of donor GGT is controversial.
Donor GGT was an independent risk factor in the Euro-
pean donor risk index [16] but not in the former donor
risk index [17], neither in the donor quality index [18]
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nor in the graft risk index [19]. GGT is not always men-
tioned in the definition of extended donor criteria [20,
21] and was not retained in the discard risk index [1].
Despite lower donor risk index and “gut feeling” selec-
tion by the recovery surgeon, grafts from donors with
first GGT >170 UI/I yield lower graft survival at 90 days.
Nevertheless, the one-year graft survival rate was not
affected, thus indicating the risk of these grafts is mostly
present at the early post-transplant period.

To better understand the relationship between donor
AST and GGT and outcomes, we tested interactions
with other variables and significant interaction with
donor HAA. It appears that increasing donor GGT or
AST correlates graft survival among donors with HAA
whereas their values have no impact on outcomes when
donors have no HAA. These findings have practical
implications because deceased donors often present with
a HAA, with a prevalence ranging from 12 to 18% [22—
24]. A previous HAA should be looked for in donors
with high GGT or AST. Although grafts from donors
with HAA can be used safely as previously shown [22,
23], our results urge to be cautious when HAA is asso-
ciated with high GGT or AST.

Whether the decision should be based on the first,
maximal, or last value, is a question that could not be
addressed here, given that the first GGT value was con-
sidered to be the most discriminative. Our rationale for
giving priority to the first value relied on the fact that
donor GGT level usually rises during a prolonged stay in
intensive care unit, favored by drugs, artificial nutrition,
or sepsis. On the contrary, an elevation of GGT at admis-
sion in ICU is suggestive of chronic liver disease,
although numerous other etiologies should be considered.

Death or graft loss after LT is usually the result of sev-
eral consecutive events worsened by poor general status of
the recipient and can be rarely attributed to the sole graft
quality. Poor grafts are usually discarded by the surgeon in
charge of organ retrieval. We found that abnormal
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Table 3. Comparisons of recipient, donor, and outcomes according to donor first GGT value.

BMI, Body mass index; ICU, Intensive care unit; INR, International Normalized ratio; RBC Red blood cell; RelT, retransplanta-
tion; DRI, Donor Risk Index; *Donor index: high value indicates poor quality or high risk; **Donor quality index according to
Winter et al. [18]; *** defined according to Olthof et al.

Continuous variables are expressed as median (range). Categorical variables are expressed as absolute number (percentage).
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Table 4. Grafts from donors with high GGT: comparisons
according to donor HAA.

EAD 15 (39%) 14 (67%) 0.084
RelLT for graft non-function 0 (0%) 2 (10%) 0.123
Death at 30 days 2 (5%) 3 (14%) 0.337
Death or ReLT at 30 days 3 (8%) 5 (24%) 0.119
Death at 90 days 3 (8%) 3 (14%) 0.656
Death or ReLT at 90 days 4 (11%) 5 (24%) 0.258
Death at one year 4 (11%) 6 (29%) 0.144
Death or RelLT at one year 5 (14%) 8 (38%) 0.047
One-year graft survival, %  86% 61% 0.033
Main cause of death

Sepsis 3 4

Cardiovascular 1 1

surgical complication 0 1
End-LT liver biopsy* No HAA HAA P

N = 37 N =20

Fibrosis' 5(13%) 5((25%) 0.298
Necrosis 6 (16%) 4 (20%) 0.728
Neutrophils infiltration 1(31%) 10(53%) 0.190
Steatosis 9 (24%) 13 (65%) 0.006
Abnormal histology 6 (43%) 5(79%) 0.024

EAD, early allograft dysfunction (Olthoff definition; RelT,
retransplantation).

*No biopsy available for 2 patients.
"No severe fibrosis was found.

histological findings and steatosis were common in pres-
ence of high GGT and donor HAA. Our results do not
allow us to ascertain a direct relationship between donor
GGT and graft survival but we can hypothesize that sub-
optimal graft quality may have affected organ function
recovery, thus participating to initiate the cascade of com-
plications leading to worse outcomes.

In addition to its retrospective and monocentric nat-
ure, this study carries some limitations. We analyzed
only transplanted grafts and have no data about grafts
that were declined at the time of the offer. Another lim-
itation is that the drinking pattern could not be ana-
lyzed. This latter point is of importance because details

Prognostic value of donor AST and GGT

of the donor drinking history are likely to improve the
prediction of outcomes. The main strength of this study
is that our selection policy concerning donor AST and
GGT remained constant over time. As a consequence,
the prognostic value of donor GGT or AST measured at
other timings is affected by selection bias and interpre-
tation is not warranted. We also acknowledge that risk
of type 1 error (false positive) cannot be excluded
because multiple tests have been performed. For that
reason, other studies are needed to confirm our results.
In conclusion, safe transplantation of a graft from
donors with high AST or GGT is possible under certain
conditions, even though utmost caution is needed in
donors with a drinking history. In these cases, a liver
biopsy before organ recovery should be discussed to avoid
futile organ recovery [25]. Viability assessment with ex vivo
normothermic perfusion could be another option [26, 27].
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