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Abstract: Recently, much more attention has been paid on application of elderly donor due to the shortage of or-
gans. Although liver quality of elderly donors may be sub-optimal comparing with that from younger donors, primary 
non-function of a liver graft is a rare event. On the other hand, long-term graft and recipient survival for usage of 
elderly grafts has become a major concern and focus of research. Many transplant centers have changed the up-
per limit of donor age from previous 50 to 70 or even 75-year-old and achieved good graft function. Although some 
scholars believed that liver transplant using elderly grafts was associated with high probability of delayed liver func-
tion recovery, graft loss and hepatitis C recurrence, reports from several transplant centers document that long-term 
survival of grafts and recipients may be significantly improved through certain screening of donors and recipients 
before transplant. In conclusion, it is very important and relatively safe to use grafts from elderly donors to expand 
the donor pool. However, elderly donors and corresponding recipients must be carefully selected before transplant. 
The long-term effect of advanced age on grafts and recipients need to be evaluated through a comprehensive and 
long-term in-depth observation.
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Introduction

The growing discrepancy between the number 
of patients listed for liver transplantation (LT) 
and the inadequate organ supply is a common 
problem in the medical community. Expansion 
of the donor pool is currently achieved with liv-
ing donor transplantation, split LT, and the so-
called extended criteria donors (ECDs) [1, 2]. 
Previously, usage of older donors has been rec-
ognized as one of the most important prognos-
tic factors for patient and graft survival [3]. 
However, more attention has been paid to 
application of elderly donor for liver transplan-
tation which may be an effective way to reduce 
the waiting time and solve the problem of 
organs shortage.

Trend for application of elderly donor grafts

The analysis of proposed grafts showed that 
donors 50 years old had a significantly much 
higher rate of usage, whereas other groups  
had a discarding rate of around 40% [1]. In for-
eign countries, many transplant centers have 
changed the upper limit of donor age from 50 

to 65 years old. In recent years, some centers 
tried to use livers from 70-year-old or even 
75-year-old donor and achieved good graft 
function [4, 5].

Data from UNOS shows that in the past ten 
years, the proportion of elderly donors in cadav-
eric donation has increased than before. 
Proportion of grafts from donors older than 50 
years was 20% (753 cases) in 1993, 30.2% 
(1599 cases) in 2002 and 33.8% (2242 cases) 
in 2012, respectively. The proportion of donors 
older than 65 years in all donors has increased 
from 4.1% in 1993 to 7.8% in 2012 [6]. From 
1999 to 2009 in Spain, the number of donors 
over 70 years old increased from 3.8/million to 
8.8/million (increased by 132%) which repre-
sented 25.4% of all organ donation number in 
Spain [6].

Pathophysiology for elderly donor grafts

Graft livers from the elderly donors were thought 
to be sub-optimal comparing with that from 
young donors because elderly grafts were much 
smaller than younger grafts and more prone to 
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become fibrosis. However, this change caused 
by age was not due to morphological smaller of 
liver cells, but decreased numbers of liver cells 
[7]. Additionally, ultra-microscopic change of 
grafts from older donors would limit the use of 
oxygen and other nutrients [8]. One important 
function of liver is the antioxidant capacity 
which supported by glutathione reductase in 
the liver tissue. However, with increasing age, 
glutathione reductase is decreased (P = 0.008) 
and glutathione transferase-S-microsome in 
the microsomes is increased (GST) (P < 0.001) 
[9]. Moreover, the content of cytochrome P450 
in liver cells is declined by 16% from 40 years 
old to 69 years old and 32% after 70 years old 
[10]. Tanemura et al [11] found that in living 
donor liver transplantation, the right graft livers 
in elderly donor group had higher proportion of 
fatty liver than the younger donor group (47.1% 
vs. 19.6%, P = 0.03), there are also differences 
of moderate fatty liver occurring between two 
groups (41.2% vs. 13.0%, P = 0.014). But there 
were also studies suggest that synthetic func-
tion of the liver will not be affected by the age 
because of good reserve function, dual blood 
supply and regeneration capacities of liver 
which are far beyond metabolic needs [12].

Promising results on application of elderly 
donors

Much more attention has been paid on the 
graft and the recipient long-term survival for 
usage of elderly grafts. For the whole liver 
transplantation using cadaveric grafts, survival 
rates of grafts and recipients in elderly donor 
group were good and comparable with that in 
young donor group. In Anderson et al study, 
there were 741 patients including 91 patients 
received livers from donors 60 years old or 
older and 650 patients had donors younger 
than 60 years old. Overall patient survival rates 
in the group using donors 60 or older were 
86.8%, 72.6%, and 67.6% at 1, 3, and 5 years, 
respectively, and did not differ significantly 
from survival in the group receiving transplants 
from donors less than 60 (87.1%, 81.8%, and 
75.5%; P = 0.39). The 1-, 3-, and 5-year graft 
survivals for patients receiving transplants 
from donors 60 or older were 82.4%, 65%, and 
62.5%, respectively, and were not significantly 
different from those in the group using donors 
younger than 60 (84%, 78.6%, and 72.3%, 
respectively (P = 0.39) [4]. Jiménez-Romero et 
al reported that long-term survival of patients 

underwent liver transplantation using graft 
from donors aged over 70 years were analyzed. 
All patients were divided into three groups 
(donor age < 60 years, donor age 60-70 years, 
donor age > 70 years), There was no difference 
among three groups in 1, 3, 5-year survival rate 
of recipients (P = 0.5416), or 1, 3, 5-year graft 
survival (P = 0.6956) [13].

Controversies on the application of older 
donor grafts

Borchert et al found that there were no differ-
ences in frequency of re-transplant and rejec-
tion between elderly donor (older than 70 years) 
group and younger donor group [14]. Clinical 
indicators within three months after transplant 
were normal and without significantly affecting 
capabilities of fat and protein synthesis.

However, some scholars believed that liver 
transplant using elderly grafts had relatively 
higher probability in primary liver non-function, 
delayed graft function recovery, graft loss and 
patients death [15-17]. In one prospective 
study, 149 cases of first liver transplantations 
performed between 2000 and 2005 were 
divided into two groups according to donor age: 
group A, < 60 yr old (n = 102); and group B, ≥ 
60 yr old (n = 47). There were no statistically 
differences between two groups in chronic and 
acute rejection, vascular complications, infec-
tions and anastomotic biliary strictures. But 
non-anastomotic biliary strictures (NABS) were 
clearly more frequent in the older donor group 
(17% vs. 4.9%; OR 3.9; P = 0.025). NABS with-
out arterial complication was diagnosed in 
10.6% of cases in group B versus 1% in group A 
(OR = 12; P = 0.012). Graft survival in the first 
year was 86.67% in the younger donor group 
and 71.43% in the older group (P < 0.05), but 
there was no difference between two groups in 
patient survival.

In a multivariate regression analysis, donor age 
equal to or greater than 60 years is the only 
relevant factor for intrahepatic biliary nonisch-
emic stricture (OR = 15.4, P = 0.024). In addi-
tion, there are other adverse impacts for liver 
transplantation using elderly donors. Stewart 
et al [18] reported that the donor age greater 
than 50 years was a significant predictor of 
graft loss causing by hepatic artery thrombosis 
(RR = 1.45, P < 0.001), and the risk will gradu-
ally increase each additional 10 years; when 
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the donor when aged 70 and over, the risk 
increased 61% compared with the previous 
group (RR = 1.61, P < 0.001). Another study 
[19] found that transplants using grafts from 
donors greater than 50 years old are close to 
three times more likely to use more than one 
box (10 units) of RBCs when compared to trans-
plants using younger donors.

Application of elderly donor and HCV recur-
rence

It worth emphasizing that for elderly donors 
must be carefully selected for hepatitis C virus 
(HCV) infected recipients. Generally, grafts 
from elderly donors were thought to promote 
donor HCV recurrence after liver transplanta-
tion. In a retrospective study including 201 
cases of HCV-related liver transplant patients 
(46 cases of LDLT, 155 cases of cadaveric liver 
transplantation) [20], there was significant  
correlation between the donor age and liver 
fibrosis progression after liver transplantation. 
Relative risk for donors older than 45-year-old 
was 8.17 (P = 0.001), and researchers believed 
that the donor age determined HCV recurrence 
after liver transplantation. It’s beneficial for 
HCV-positive living donor liver transplant recipi-
ents to choose younger donors. Selzner et al 
[20] conducted a long-term study, they also 
believed that HCV infection was one of the two 
independent risk factors affecting liver trans-
plant recipients and graft survival (P < 0.02, HR 
= 3). Grafts and recipients survival in 1, 3, 5 
year for HCV (+) recipients in elderly donor 
group (donor age ≥ 60 years) were lower than 
that in younger donor group (donor age < 60 
years) (P < 0.009).

Application of elderly donor and recipient 
selection

Although there may be some adverse effects  
to prognosis of patients, transplantation using 
grafts from elderly donors can help reduce the 
mortality of patients on waiting list. Therefore, 
many studies support the application of sub-
optimal graft livers from elderly donors through 
certain screening on both of donor and recipi-
ent in order to improve the graft and recipient 
long-term survival. Segev et al divided all trans-
plant recipients into screened group and 
unscreened group according to whether going 
through recipient screening or not. Graft and 
recipient survival was observed after trans-

plantation using grafts from donors older than 
70 years. The results showed that: after the 
selection, 3-year graft survival rate of elderly 
donor group could reach 74.9% which was  
similar with that in average age group (< 70 
years, 75.0%, P = 0.6) and ideal age group (< 
40 years, 77.3%, P = 0.2); There was no differ-
ence among three groups on 3-year survival 
rate for transplant recipients (81.2% VS 80.2%, 
P = 0.9; 81.2% VS 81.2%, P = 0.8). However, 
without recipient selection, graft and recipient 
survival rates in elderly donor group was signifi-
cantly lower than that in young donor group. 
Graft 3-year survival rates in old age group, 
average age group and the ideal age group 
were 50.4%, 70.7% (P < 0.001) and 74.7% (P < 
0.001), respectively; Transplant recipients 3 
year survival rates were 64.4%, 77.4% (P < 
0.001) and 80.0% (P < 0.001), respectively 
[21].

Application of elderly donor and grafts condi-
tion

In addition to recipient selection, grafts condi-
tion should also be screened in order to benefit 
patient prognosis. Cascales et al [5] reported 
their study on the application of elderly DBD 
donors and showed that average age of donors 
was 77.3 ± 2 years old and average cold isch-
emia time was 270.45 ± 76.27 minutes. The 
liver function was good without tumor recur-
rence after a follow-up of 23.2 ± 8.2 months 
which suggested that cold ischemia time (5 
hours) was very important for recovery of elder-
ly liver. One retrospective study was conducted 
in Germany that 230 liver transplantations 
have been performed in which 54 donor organs 
(23.5%) were from individuals > 65 years of 
age. The overall 1-year mortality was 22.2% 
(12/54) among recipients of organs from older 
donors versus 19.5% among recipients whose 
donors were < 65 years (P = NS), there was no 
statistical difference between two groups. The 
author believed that short cold ischemic time 
was the fundamental factor for better progno-
sis of grafts from elderly donors. In this study, 
the average cold ischemia time of elderly graft 
was less than 9 hours.

Kim et al [22] evaluated all risk factors for 
grafts survival after transplantation applying 
the DCD (donation after cardiac death) donors 
older than 65 years. All recipients were fol-
lowed up for average 62.1 months after trans-
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plantation, multivariate analysis showed that 
four factors such as HCV infection (P = 0.021), 
MELD score > 20 (P = 0.014), blood glucose 
levels > 200 mg/dL when the grafts were 
obtained and the time from skin incision to 
abdominal aorta clamping > 40 minutes (P = 
0.040) were correlated with grafts dysfunction. 
Grafts 5-year survival rates without any risk 
factor or with one, two, three or four factors 
were 100%, 82.0%, 81.7%, 39.3% and 25.0%, 
respectively (P < 0.05). Good results can be 
achieved by using elderly donor as long as prop-
er recipient selection, appropriate donor blood 
sugar control and efficient grafts harvesting 
were guaranteed.

Application of elderly donor for LDLT

Living donor liver transplantation (LDLT) has 
gained more and more attention as an alterna-
tive remedy for the shortage of organs and 
LDLT significantly shorten the waiting time and 
reduce mortality of recipients. Compared with 
cadaveric grafts applying for whole liver trans-
plantation, grafts from living donors need 
regeneration in the body of recipients. So graft 
function and survival may be affected by donor 
age. Previous studies suggest that donor age 
should be limited to less than 50 years for living 
donor liver transplantation in adult [23, 24], 
which this will promote graft function and 
ensure donor safety. Compared with whole liver 
transplantation, LDLT grafts have to be involved 
in recovery of liver regeneration and liver syn-
thetic function after transplantation which will 
directly affect the early and long-term progno-
sis of grafts. Studies have shown that liver 
endothelial cells of elderly grafts are more 
prone to be damaged by cold ischemia, which 
can explain why grafts from elderly donors are 
more prone to become fatty liver; Additionally, 
ATP synthesis capacity of liver decreased after 
reperfusion which will harm capacities of regen-
eration and synthesis, delay functional recov-
ery of grafts and cause significant hyperbilirubi-
nemia after transplantation [25]. In an experi-
mental study using rodent model showed that 
the ability of the elderly liver cells proliferating 
by cell-cycle was significantly reduced [26, 27]. 
Tanemura et al [12] conducted a study on right 
lobe LDLT and found that donor age (≥ 50 
years) was an independent risk factor to affect 
regeneration of the remnant liver 6 months 
after transplant (P = 0.04). And whether left or 

right lobe LDLT, donor age (≥ 50 years) was an 
independent risk factor to impact liver regener-
ation one week after transplant (P < 0.05). 
There was no difference between younger 
group (0.53 ± 0.10) and older group (0.50 ± 
0.09) in initial graft liver volume/standard  
liver volume (GLV/SLV). But GLV/SLV gradually 
changed to be obviously different (younger 
group vs. older group was 1.02 ± 0.21 vs. 0.87 
± 0.28, P = 0.014) one week after transplanta-
tion. And this effect of donor age on regenera-
tion of the liver may be associated with stem 
cells or progenitor cells in liver. In Ono et al [28] 
study, Thy1+ cells which were considered to be 
human liver progenitor cells were counted in 
recipients after LDLT. All LDLT donors were 
divided into older group (6 cases, donor age ≥ 
50 years) and younger group (9 cases, donor 
age ≤ 30 years). Residues liver regeneration 
was evaluated by CT scan on 7th and 30th  
day after transplantation. Liver regeneration 
speed was significantly higher in young donor 
group than older donor group (P = 0.042). Thy1+ 
cells count kept decreasing with age increas-
ing. Therefore, researchers believed that the 
decreasing number of liver progenitor cells may 
be one reason for decline of liver regeneration 
in elderly donors.

In summary, under the current environment  
of donor shortage, it is very important and  
relatively safe to use grafts from elderly donors 
to expand the donor pool. However, elderly 
donors must be carefully selected before trans-
plant [29]. The long-term effect of old age on 
grafts and recipients need to be evaluated 
through a comprehensive and long-term in-
depth observation.
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