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Rezumat

Transplantul hepatic reprezintă ultima soluţie salvatoare de
viaţă în cazul pacienţilor cu boală hepatică în stadiu terminal.
Numărul scăzut al grefelor hepatice disponibile şi timpul de
aşteptare tot mai lung pe listele de transplant au dus la 
extinderea criteriilor de donare şi apariţia grefelor marginale,
iniţial considerate suboptimale. Alocarea grefelor şi identificarea
celei mai potrivite “perechi donator-primitor” este încă în curs de
dezvoltare. Cert este că apariţia grefelor marginale a extins 
listele de donare şi pare să aibă prognostic cel puţin comparabil
cu utilizarea grefelor ideale.

transplant hepatic, factori de prognostic, grefă
marginală
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Abstract
Liver transplantation is the last life-saving solution for patients with end stage liver disease.
The low number of available liver grafts and the increasing waiting time on transplant lists have
led to the appearance of extended donation criteria and the marginal grafs, initially considered
suboptimal. Allocation of grafts and identification of the most suitable “donor-recipient” pair is
still under development. The fact is that the appearance of marginal grafts has expanded the
donation lists and seems to have a prognosis at least comparable to the use of ideal grafts.

liver transplantation, prognostic factors, marginal grafts

Introduction

In all areas of medicine, it is essential to
acknowledge whether the patient can benefit
or not from a certain treatment.  In terms of
organ transplantation and organ functionality,
this knowledge is even more important, given
the fact that organ disponibility is much lower
than the need.

On the last decade, the waiting list for a
transplant and the severity of the illness
increased, whereas the donor pool didn’t cover
all the recipients (1). Although there have
been proposed several extended criteria in
order to decrease the mortality on the waiting
list, the outcomes are still on debate. There
have been proposed several risk scores for the
evaluation of recipients and the urgency for
transplantation (2).

There are four possible bases for organ allo-
cation: medical urgency, pre-transplantation
status, utility and transplant benefit. 

In Europe, donors > 60 years have
increased from less than 5 % in the early
1990s to approximately 30 % in the 2018, as
the  European Liver Transplantation Registry
shows (3). 

The perfect moment for a transplant in the
evolution of liver disease is not well known,
except for those patients with primary biliary
cirrhosis and cholestatic disorders. Early in
the 1992, Delmonico et al. noted that 
allocation policy should include the outcome of
the procedure so that useless transplants
could be avoided (4).

Physicians and candidates have become

more and more aware that donor indicatives
have a significant impact on liver transplanta-
tion outcomes. Although the qualitative effect
of individual donor variables is understood,
the quantitative risk associated with multiple
characteristics is under question (5).

There have been made two important
developments to ease the decision of liver
transplantation:  the model for end-stage liver
disease (MELD score) and the use of high-risk
donors (6).

The MELD system is a scoring system for
assessing the severity of chronic liver disease
and the 3 month survival on the waiting list.
It was initially created to predict mortality
within three months of surgery in patients
who had undergone a transjugular intra-
hepatic portosystemic shunt (TIPS) procedure
(7), and was subsequently found to be useful in
determining prognosis and prioritizing for
receipt of a liver transplant (8,9). MELD score
had suffered modifications throughout the
time, but remains still the main way to 
evaluate terminal liver disease, because it is
an objective quantification of liver dysfunction
by measuring 3 standard values: serum 
bilirubin, serum creatinine, and international
normalized ratio (INR) (10). 

The first report on the new system of the
UNOS/OPTN liver transplantation committee
revealed a significant 3.5% reduction on the
waiting list mortality (11). 

Usually, in the majority of transplant 
centers, standard livers are transplanted to
low-risk recipients, while nonstandard ones
are transplanted in high-risk recipients
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(degradation of liver function by multiple
causes), patients with a worse prognosis
(acute liver failure) or patients with a border-
line indication (advanced neoplastic disease)
(10,12).

Material and Method

Literature on prognostic factors after liver
transplantation was searched in multiple
databases: Cochrane Library, PubMed,
Embase, MedLine, Web of Science, Elsevier,
Google Scholar. The literature that we
reviewed consists of studies from 1990 to 2023,
published in English, over 100 papers. The
review analyzes primary completed studies as
well as some ongoing studies with preliminary
results. Key words we looked up for were 
liver transplant, marginal graft, prognostic,
perfusion machines, living donor, steatosis,
graft failure. We’ve excluded the papers that
were written in other language than English
and published before 1990.

The donor risk index (DRI) includes several
donor characteristics, which predict a high-risk
of graft failure: donor age > 40 years (especially
> 60 years), DCD (donation after cardiac
death=1, otherwise=0), split or partial graft
(split/partial=1, otherwise=0), race (Africa-
American=1, others=0), height, DBD (donation
after brain death=0, especially cerebrovascular
accident=1), donor location (local, regional=0 or
national sharing=1) (5,13).

The DRI formula is quite complex and is
typically implemented using a statistical
model. The original DRI calculation can be
summarized as follows:

DRI = exp(0.154×(age in decades − 4.5) +
0.244×(African American) + 0.616 ×
(DCD)+0.176×(height in meters −
1.70) + 0.310 × (CVA) + 0.209 ×
(Partial/Split) +0.149×(national share)

Increased DRI has been correlated with
decreased graft and patient survival. While
these nonstandard organs can be successfully

used in the proper patient, they are at higher
risk of graft dysfunction, graft failure and
potentially decreased patient survival if 
mismatched (14,15).

A study performed by Axelrod et al. about
the economic impact of high risk liver 
grafts showed a LOS (hospital length of stay)
difference between standard donors (DRI
<1.0) and very high risk donors (DRI > 2.5)
was 10.6 days, for recipients with MELD < 15,
while the average LOS increased from 23.2 to
41.8 days when very high-DRI donors were
used with MELD >35 (16).

Furthermore, as shown by Schaubel et al.,
survival benefit depends not only on MELD
score, but also on the quality of the graft (17).
Transplants of high-DRI organs is suitable for
high but not for low-MELD candidates; in
other words, matching a high-DRI liver with a
low-MELD candidate reduces the survival
benefit and may deny the chance to life of a
high-MELD candidate on the waiting list.
Low-MELD patients have, in general, a 
limited or negative outcome after transplant,
thus they have an even greater risk of death if
transplanted with a high-DRI graft. Contrary
to belief high-MELD recipients react better 
on a high-DRI graft with increased post-
procedural survival (18).

But this doesn’t mean that each high-
MELD recipient should be offered a high-DRI
liver or that every high-DRI liver is suitable
for transplant; this is a decision that should be
made by physicians after evaluating all the
possibilities.

The Donor Risk Index is a valuable tool in
liver transplantation, providing a quantitative
measure of donor liver quality and helping to
predict transplant outcomes. However, it is
essential to use it as part of a broader assess-
ment strategy. 

As said before, MELD score suffered changes
over the time. D-MELD score (which adds 
the donor age to the preoperative MELD)
developed by Halldorson et al., is a convenient
predictive way to estimate outcomes after
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liver transplantation, meaning that avoiding
donor age >60 with high-MELD recipients, the
patient and graft survival cand be improved.
(55)

D-MELD demonstrated the strongest 
association with progressively decreasing
probability of survival as D-MELD increased.

As the study aforementioned shows, 
comparing mostly HCV (hepatitis C virus)
patients survival with non-HCV pacients, 
survival was superior if D-MELD was < 1600.
In HCV patients, D-MELD <1600 demon-
strated a 4-year survival of 72.9% vs 54.4% if
D-MELD ≥1600. For patients with non-HCV,
4-year survival was 82.9% for D-MELD <1600
and 68.5% for D-MELD ≥1600. For patients
with cholestatic liver disease, 4-year survival
was 85.3% for D-MELD <1600 and 64.1% 
for D-MELD ≥1600. For patients with other
liver disease, 4-year survival was 75.1% for 
D-MELD <1600 and 67.3% for D-MELD
≥1600. All of those results were statistically
significant (19).

D-MELD system could be useful to screen
high-risk donor/recipient matches in order to
better allocate a liver. Nowadays, liver alloca-
tion based on MELD system doesn’t take into
account postprocedural survival, therefor 
D-MELD system is a simpler method in 
predicting mortality on the waiting list that
could eliminate, if used proper, donor/recipient
misfit (20). 

Merion et al. have studied the survival 
benefit after transplantation, more specifically
if a recipient on the waiting list is better to be
transplanted as soon as possible or is better to
wait a suitable graft. They find out that sig-
nificant transplant survival benefit was
observed at MELD ≥ 18, and the magnitude of
transplant benefit increased with increasing
MELD score (21). As the MELD score rises,
the mortality on the waiting list rises, but if
transplanted the risk of mortality rises much
more gradually (22).

In contrast, at MELD < 15, is better to
remain on the waiting list, because the risk of
mortality after transplantation is much 
higher (23).

Maluf et al demonstrated that patients

with high-MELD scores may rather benefit
from marginal grafts than waiting on the list
(20). Amin et al also validates the statement
mentioned above, patients with high-MELD
scores should be transplanted with an 
available marginal graft rather than waiting
for a standard one (18).

The Survival Outcomes Following
Transplantation (SOFT) score is a predictive
tool used to estimate the risk of mortality 
following 3 month liver transplantation. It
takes into account multiple factors related to
both the donor and recipient, helping to
assess the potential outcome and guiding
decision-making in liver transplantation.
The factors included are: recipient age,
recipient  hospitalization status, recipient
life support status, MELD score, previous
transplant, donor age, cause of death, graft
condition, CIT. (53, 54)

The score is used for risk assessment, 
decision making and post-LT care.

The most common type of cirrhosis is alcoholic
cirrhosis, which is cirrhosis caused by chronic
alcohol abuse. Hepatitis C-related cirrhosis is
also significant, although its prevalence is
decreasing with advancements in antiviral
treatments. However, non-alcoholic steato-
hepatitis (NASH), a severe form of non-
alcoholic fatty liver disease (NAFLD), is also
becoming increasingly prevalent due to rising
rates of obesity and metabolic syndrome, 
similar to trends observed in the United
States. Advances in antiviral prophylaxy and
treatment of post-transplantation hepatitis B
(HBV) have significantly improved patient
and graft survival infected recipients (24,25).
The International Liver Transplantation
Society Expert Panel Consensus Conference
on Liver Transplantation and Hepatitis C
identified risk factors for decreased survival or
increased disease severity in patients infected
with HCV, including recipient viral load,
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female gender, recipient age, non-white race,
recipient disease severity, donor age and
cytomegalovirus (CMV) infection.

As a study from Lake et al. shows (26), 
4-year graft survival rates were significantly
lower in patients infected with HCV (hepatitis
C virus) than in patients without viral 
hepatitis 71.3% vs. 75.1%, and 75.5% in
patients with HBV (hepatitis B virus). No 
significantly different rates were noted
between HBV patients and non-infected ones.

In addition to that, in patients with HCV
an important role in graft failure and graft
survival was the advanced donor age (mostly
>60 years). Studies have demonstrated a 
relationship between accelerated progression
of fibrosis after transplant in patients with
HCV and donor graft > 60 years (27,28). 

More than that, cumulative factors like
ICU (intensive care unit) hospitalization or
recipient comorbidities had a higher risk of
graft loss.

Nemes et al concluded that high-MELD
score recipients provided with a marginal
graft had an increased risk of graft loss and
post-transplant complications, reactivation of
HCV and a bad response to antiviral therapy
(29).

If we talk about immunosuppression, 
associating MMF (mycophenolate mofetil) to
the therapy determined a decreased risk of
graft failure and death in recipients with or
without viral infection (26).

Mateo et al. (30) studied the graft survival
after DCD in comparison with DBD (donation
after brain death). 

Overall graft survival rates from DCD
donors (71% at 1 year and 60% at 3 years)
were significantly inferior to those from DBD
donors (80% at 1 year and 72% at 3 years) (30).

They found a significantly risk of graft 
failure if recipients associated history of 
previous liver transplant, being on life support,
ICU hospitalization, dialysis, serum creatinine
> 2 mg/dl, age> 60 years or CIT > 10h (31).

DCD donors were then divided into two 

categories: low-risk (CIT ≤ 10h and WIT ≤ 30
min) and high-risk (CIT >10h, WIT > 30 min).
The study showed that low-risk recipients
receiving a low-risk graft had an increased
survival graft rate, comparable with DBD
grafts and low-risk recipients receiving high-
risk grafts had a significantly decreased rate
of graft survival, compared with DBD grafts.

Also, DCD grafts were associated with
increased primary non-function rates and 
biliary tract complications, mostly because of
the prolonged CIT and WIT (32,33). 

However, in 2019, Croome et al found
improved outcomes in  DCD grafts that under-
went simultaneous liver-kidney transplant (34).

Zhang et al. performed a study on 75 050
pacients, between 2002 and 2016, studying
survival after transplantation (35). Between
those years CIT decreased significantly, while
recipient age, MELD score and the severity of
illness have increased. 

The study determined that CIT < 6 hours
was a protective factor for graft survival, 
while donor age > 60 years, fatty livers and the
necessity of hemodialysis after transplanta-
tion had worse outcomes ( ) (35,36).
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Factor Donor Recipient

DCD DBD DCD DBD

Age * * * *
Race * *
Sex * * * *
Cause of death * *
Creatinine * * * *
Bilirubin * * * *
AST * * * *
ALT * * * *
PA * * * *
Albumin * *
PT * *
WIT >30 min >30 min
CIT >10h >10h
Hospitalization status Y/N Y/N
Regraft status Y/N Y/N
Dialysis Y/N Y/N

AST=aspartate aminotransferase, ALT=alanine aminotransferase, 
PA=phosphatase, PT=prothrombin time, WIT=worm ischaemia time,
CIT=cold ischaemia time. 
*=factors evaluated in every category

Table 1. Risk factors
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Abt et al. showed that NHBD ( non-heart
beating donor) recipients were most likely to
develop primary nonfunction than HBD (heart
beating donor), but survival rate wasn’t 
significantly different (37). Also, graft failure
was associated with increased CIT (every
additional hour increased the risk with 17%),
and age >60 years.

It is well known that transplantation of a liver
with moderate or severe steatosis most of the
time determines an early graft dysfunction.
The mechanism appears to be the severe 
deterioration of the plasma membrane fluidity
and mitochondrial functions due to cold
preservation, as shown in the study of
Fukumori et al (38).

Cameron et al. proposed an extended 
criteria donor score (EDS) that assigns 1 point
for each individual risk factor (donor age > 55
years, donor hospital stay >5 days, CIT > 10 h,
WIT > 40 min ). The study showed that graft
failure and patient mortality risk increased as
the EDS increased, with a large increase as
the EDS went from 2 to 3 (39). 

Donor liver steatosis has been associated
with increased rates of primary nonfunction
(PNF) and initial poor function (40,41). While
most authors agree that grafts with severe
steatosis lead to a significant risk of graft 
failure and probably should be avoided, grafts
with moderate steatosis (> 30% and < 60%)
may lay a relative risk on posttransplant 

survival (39,42).
Zamboni et al discovered that macrovesicu-

lar steatosis ≥ 25% was significantly associated
with shorter patient survival rates. Micro-
vesicular steatosis on the other hand, in ≥45%
of the liver was not significantly associated with
a worse prognosis (43). There are others studies
too that confirmed the fact that  severe steatosis
(microvesicular type) is compatible with 
adequate function, even if  60–100% of donor 
livers is intravesicular fat, they can be safely
used without increasing the primary non-
function of the graft (44). 

There are several studies that evaluated
the use of marginal grafts in liver transplan-
tation. As shown below, Godora and Bacchella
studied the postoperative complications and
the postoperative survival in patients 
receiving a marginal graft vs a standard graft. 

Godara also proposed a graft scoring 
system, described below. As the score increases,
the graft survival decreases, significantly in
first 30 days after transplant (47). 

Goldaracena et al. concluded that extremely
marginal liver grafts (with a score ≥ 3 ) could
safely be used in expanding the donor pool, as
they have a significantly higher mortality only
in the first month after transplantation (48).

Feng et al. have discovered in their study
that increasing age was associated with a 
significant increase in the risk of graft failure,
donors over 60 years being the strongest risk
factor, together with African-American donors
that had a 19% higher risk of graft failure com-
pared to those from white donors ( ) (5).
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Godora et al. Bacchella et al.

MGR n (%) NMGR n(%) MGR n (%) NMGR n (%)

Wound infection 2 (10%) 1 (7.7%) 3 (4.6%) 1 (2.6%)
Vascular complications 5 (25%) 0 5 (7.6%) 2 (7.8%)
Acute rejection 5 (25%) 2 (15.4%) 7 (10.8%) 2 (5.2%)
PNF 2 (10%) 1 (7.7%)
Survival 1 week 18/20 (90%) 12/13 (92.3%) 79% 85%

1 month 17/20 (85%) 12/13 (92.3%) 80% 94.7%
3 months 17/20 (85%) 12/13 (92.3%)
6 months 17/20 (85%) 11/13 (84.61%)

PNF = primary nonfunction, MGR = marginal graft recipients, NMGR = nonmarginal graft recepients

Table 2. Postoperative complications and survival rates (45,46)
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Regarding the cause of death, stroke was
associated with 16% risk of graft failure, DCD
with 51% and split/partial grafts a 52% of
graft failure, in comparison with DBD grafts
( )(49).

In addition to that, each hour of cold
ischemia time (CIT) was associated with an
additional 1% higher risk of graft loss. In
extension, grafts within the local area had an
11% higher risk of graft loss, while grafts
nationally shared had a 28% higher risk of
graft failure (5,50).

Grafts with higher DRI were usually trans-
planted at for low MELD score recipients,
rather than on Status 1 recipients (urgent
cases). Graft survival differences between
grafts with higher versus lower DRI are 
evident 3 months after transplantation and
tend to increase over time (5,51). 

Vitale et al showed a three-year survival
rate of 93% for patients with MELD ≤ 17 and
85% for patients with MELD >17 (optimal 
livers), and  94% vs 72% in suboptimal livers
group. Also, MELD >17 was significantly 
associated with early graft death rates (52).

Conclusions

In conclusion, all these studies show that 
marginal donors can be a good alternative to
ideal donors, in order to shorten the waiting
time on the list, and to extend the donor pool,
but in order to have a similar post-transplant
outcome to the ideal donor, there must be 
very well established allocation criteria, 

considering the recipient risk factors, the well
of state at the moment of the transplant, as
well as the comorbidities.  
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