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Abstract

The scarcity of ideal liver grafts for orthotopic liver
transplantation (OLT) has led transplant teams to in-
vestigate other sources of grafts in order to augment
the donor liver pool. One way to get more liver grafts
is to use marginal donors, a not well-defined group
which includes mainly donors > 60 years, donors with
hypernatremia or macrosteatosis > 30%, donors with
hepatitis C virus or hepatitis B virus positive serologies,
cold ischemia time > 12 h, non-heart-beating donors,
and grafts from split-livers or living-related donations.
Perhaps the most practical and frequent measure to
increase the liver pool, and thus to reduce waiting list
mortality, is to use older livers. In the past years the
results of OLT with old livers have improved, mainly
due to better selection and maintenance of donors,
improvements in surgical techniques in donors and
recipients, and intra- and post-OLT management. At
the present time, sexagenarian livers are generally ac-
cepted, but there still exists some controversy regard-
ing the use of septuagenarian and octogenarian liver
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grafts. The aim of this paper is to briefly review the ag-
ing process of the liver and reported experiences using
old livers for OLT. Fundamentally, the series of septua-
genarian and octogenarian livers will be addressed to
see if there is a limit to using these aged grafts.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION

Orthotopic liver transplantation (OLT) is the treatment
of choice for patients with end-stage chronic liver diseas-

es, acute liver failure, and certain metabolic liver diseases.
The excellent results of OLT have led to an increasing
number of patients on the waiting list, while the number
of liver donors remains stable. Thus, the main limitation
factor for OLT is having access to a liver graft. Moreover,
the best results are obtained using ideal liver grafts that
are defined as those obtained from donors younger than
40 years, trauma as the cause of death, brain death, he-
modynamic stability at the time of procurement, and ab-
sence of steatosis, chronic liver disease, and transmission
disease!. However, the ideal graft is becoming less and
less frequent, mainly due to a progtessive and dramatic
reduction in traffic accidents. According to the Spanish
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Liver Donor Registry, during the year 2000 the rate of
donors between 15 and 45 years old was 40.6% versus
20.9% during the year 2012". This liver organ shortage
has led liver transplant teams to expand the donor pool
using so-called marginal donors, a not well-defined group
which mainly includes donors > 60 years, donors with
hypernatremia, steatosis greater than 30%, or positive se-
rologies for hepatitis C virus (HCV) or hepatitis B virus
(HBV), livers with a cold ischemia time > 12 h, non-heart
beating donors, and grafts from split-liver and living-
related donations”™ ", The most frequent and practical
measure to augment the liver donor pool, and thus to re-
duce waiting list mortality, is to increase donor age“’lz’lq.
However, the use of older livers for transplantation is
subject to debate because several authors reported a
negative impact of increased donor age on survival after
OLT"™. On the other hand, other transplant groups
have found similar patient and graft survival rates using
liver grafts older than 60 and even older than 70 and 80
yearsm’ls’m'zﬂ. In an attempt to clatify the influence of the
aged liver donor on the results of OLT we will review
this issue in the literature especially regarding donors
older than 70 years, and establish as accurately as possible
if there is an age limit for utilizing a liver graft.

AGING PROCESS OF THE LIVER

Aging is characterized by normal progressive declines in

functions that, cumulatively, diminish the capacity of cells
and organs to respond to intrinsic and extrinsic stimuli.
Functional changes that develop with aging should even-
tually lead to significant alterations in clinical practice.
The synthetic, excretory and metabolic changes of liver
function are potentially affected by aging and these ef-
fects may have clinical relevance™. Although this aging
process does not cause death, it appears to contribute to
the onset of diseases, including liver pathologies[zgl. The
major age-related changes in the liver are a reduction in
mass and blood flow. However, the main differences and
consequently the major advantages with respect to other
organs are the maintenance of a good functional reserve,
regenerative capacity, and large blood supply, all of which
support the use of older donor livers for oLT™", Ex-
perimental findings in rodents, related with the aging pro-
cess are generally very difficult to extrapolate to humans.

Morphologic changes

The old liver tends to be smaller and dark-coloted, and
generally suffers brown atrophy (brownish aspect), an
appearance attributable to the increased accumulation of
lipofuscin (highly oxidised insoluble proteins) and fibrous
thickening of Glisson capsule™ . There are few macro-
scopic and microscopic changes in the liver with aging,
and the most widely recognized alteration is a decrease in
weight™, Tn healthy people, the liver accounts for about
2.5% of the total body weight until about 50 years old.
After that, the liver becomes gradually smaller, so that
by the age of 90 it represents about 1.6% of total body
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weight[33]. The decrease in hepatic weight parallels a re-
duction in body Weightm. There are other gradual chang-
es such as in shape, moulding the liver with other organs
or structures (ribs), and acquiring ridges and bosses on its

surface

Morphometric and ultrastructural changes
A 60% thickening of the endotelial lining and an 80%
decline in the number of endothelial cell fenestration
with increasing age was reported in a study that examined
surgical and postmortem samples of human livers™,
There are several morphological changes of hepato-
cytes associated with aging, such as an increase in mean
volume and greater variance in the size of liver cells, a de-
crease in the number of hepatocytes, and increase in the
size of liver cell nuclei and the volume of nuclear DNA
in proportion to nuclear size. There is also an increased
aneuploidy and a decreased number of mitochondria, but
an increase in mitochondrial volume™, These morpho-
logical changes suggest that the liver cells in advanced
old age are in a hyperfunctioning state possibly trying to
compensate for the decline in absolute cell number™. In
liver biopsy samples, of both healthy subjects and sub-
jects with chronic liver disease, a progressive decline in
telomere length with increasing age has been observed™.
Recently changes in the hepatic sinusoid with old age
have been identified that probably contribute to the sub-

stantial age-related changes in liver function®”.

Blow flow and volume changes

In the elderly population, there is an approximately 30%
loss of liver volume and hepatic blood flow between the
ages of 30 and 100,

This process starts at 25 years, at a rate of 0.3%-1.5%
per year””, and it would be expected that the liver blood
flow of a 65-year-old is expected to be 40%-45% less
than that of the same person at 25 years old™. A de-
crease in liver volume and liver blood flow with aging
may be a major component of age-related alterations in
the liver, leading to a fall in the clearance of many drugs
whose pharmacokinetics have been found to be altered
with agem. Atherosclerotic occlusive disease of visceral
arterial branches of the abdominal aorta (celiac trunk and
branches, mesenteric and renal arteries) occurs in 2.6%
of all cases, and tends to be localized in the proximal or
mid-proximal portions of the arterial bed; these lesions
can be surgically amenable, but not in the occasional case
where atherosclerosis is located in the distal portion of
the bed"" where the hepatic artery may be affected™".

Synthetic and functional changes
The rate of total protein synthesis was 37% less in the
69-91 than in the 20-23 year old population, and the
hepatic synthesis of clotting factors is also presumably
impaired in the older patientsmj.

It seems that the routine biochemical liver function
tests (serum bilirubin, alkaline phosphatase and trans-
aminase levels) do not alter with increased age, and are in
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reality more a reflection of liver damage than a marker of
poor function™ >,

A fall in functional hepatic mass may be the most
important change in the liver during normal aging, but
that liver cells are little changed with age alone™. Tt has
been suggested that aging has a limited effect on liver
functions but more on its response to extrahepatic fac-
tors"™ disease states or increased metabolic demands
to which elderly people may have an impaired ability to
respondm’m. Some hypotheses state that, while enzymes
responsible for normal metabolism or detoxification are
adequate in the aged liver, the system is unable to re-
spond to the increased stress of an external hepatotoxic
agent[33]. Moreover, aging appears to compromise liver
regeneration by influencing several pathways, the result
of which is a reduction in the rate of regeneration, but
not in the capacity to restore the organ to its original vol-
ume™. The aging process does not increase the suscepti-
bility to hypoxia-reoxygenation injury in the rat liver, and
although one should be cautious when extrapolating data
on aging from rats to man, this finding lends additional
support to the increasing use of older livers for OLT in

humans'.

ASSESSMENT AND MANAGEMENT OF
THE LIVER DONORS

The definition of an ideal allograft is different from
that of an ideal donor. Thus, the ideal allograft may be
influenced by some variables that are introduced after
procurement such as prolonged cold ischemia time (CIT),
or partial or split-liver grafts”". Donors are generally con-

sidered marginal or extended criteria donors if there is a
risk of initial poor function (IPF) or primary nonfunction
(PNE). There is a lack of agreement on the definitions of
primary dysfunction, IPF and PNE It has been suggested
that primary dysfunction can be used to describe all grafts
that function poorly in the post-OLT period (e.g., PNF
and IPF). PNF refers to liver grafts that fail to support
life in the early post-OLT period (first week) and die or
required a retransplant for the patient to survive. On the
other hand, IPF is defined as an aspartate aminotransfer-
ase (AST) level of more than 2000 TU/L, prothrombin
time more than 16 s and ammonia level of more than 50
umol/L on post-OLT days 2 to 7 in a context of graft
supporting life!*",

Although marginal liver grafts may not be optimal,
they are a viable alternative to dying while candidates
are on a waiting list for OLT". At present, there is not a
clear and established definition of a marginal liver donor.
Among the most important donor characteristics that
may influence the development of PNF or IPF in the
recipient are increasing age, prolonged ischemia, hypo-
tension and inotropic support, gender mismatch, non-
heart-beating donors, and steatosis” ", A literature
review revealed at least 13 donor variables that may be as-
sociated with poor graft survival and increased recipient
mortality. These variables were donor age, race, gender,
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weight, ABO status, cause of brain death, hospital stay,
pulmonary insufficiency, vasopressor use, cardiac arrest,
alterations of blood chemistry, prolonged CIT, graft ste-
atosis, hypernatremia, donation after cardiac death, and
positive serologies for HBV or HCV"™. However, there
is a great variability in the number and type of variables
included in the term extended criteria. Thus, seven do-
nor characteristics were identified using Cox regression
models that independently increase the risk of graft fail-
ure: donor age over 40 years (patticulatly over 60 years),
donation after cardiac death, and split/partial grafts were
strongly associated with graft failure, while black race,
less height, cerebrovascular accident and other causes of
brain death were less but still significantly associated with
graft failure!”. Other research regarding extended criteria
found donor age > 55 years, donor hospital stay > 5 d,
cold ischemia time > 10 h, and warm ischemia time >
40 min as predictive risk factors of poor outcome after
OLT"". With the aim to analyze the influence of several
marginal criteria in donors, a marginal liver score was
elaborated with the following variables: donor > 60 years,
ICU stay > 4 d, CIT > 13 h, hypotensive episodes < 60
mmHg for > 1 h, bilirubin > 2.0 mg/dL, alanine amino-
transferase (ALT) > 170 U/L, and AST > 140 U/L (each
variable assigned a value 1), use of dopamine doses > 10
ug/kg, and serum sodium > 155 mEq/L (each variable
assigned a value of 2). Recipients who received marginal
livers with a score of 3 or more showed significantly
lower graft survival and delayed graft function™.

Evaluation and support of older liver donors

Between 70%-88% of donors older than 70 years die
because of cerebrovascular disease ", When brain
death is declared and liver donation is being considered,
the primary goal is maintenance of the organ’s viability.
Thus, the measures for the protection of the liver graft
must be as follows: resuscitation in the event of cardiac
arrest, maintenance of an effective circulation to prevent
ischemic injury, therapy of hypovolemia to maintain a
systolic blood pressure (SBP) or central venous pressure
above 10 cm H20, blood transfusion if hematoctit is less
than 25%, oxygenation to maintain P.Oz between 70-100
and Oz saturation at 95%, prevention of infection and
maintenance of normothermia and diuresis greater than
1 mL/kg pet hour. A SBP between 80-100 mmHg main-
tained during more than one hour has been considered a
criterion of a marginal liver donor by some authors'™>*,
When SBP is less than 100 mmHg, dopamine infusion is
indicated to increase mesenteric and renal blood flow. Ini-
tially the dose is 2-5 mcg/kg per minute, bearing in mind
that renal function impairs and that acute tubular necrosis
can develop when the dose of dopamine is > 10 mcg/kg
per minute. Several groups define a dose of dopamine
> 15 mcg/kg per minute as a marginality criterion**",
The use of a dopamine dose > 15 mcg/kg per minute as-
sociated with SBP < 90 mmHg increases significantly the
grade of graft preservation injury™™. Cardiac arrest dur-
ing a period of 15 min does not significantly affect PNF
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or graft function®™ although one German team does not

use graft livers from septuagenarian donors with cardiac
arrest’™,

Prolonged ICU stay of donors can modify post-trans-
plant liver function due to hemodynamic, hormonal and
nutritional alterations and other alterations produced by
Vasopressor drugsm. According to some authors the rates
of PNF and graft dysfunction increase with a mean ICU
stay of >3 d, while others find for the same ICU period
only find transaminase values higher than 2000 IU/L but
without affecting graft survival™. More recently, a study
considered an ICU stay of > 4 d as a martginal criterion
due to the associated higher rate of preservation injury[%]
According to several series using liver grafts over 70 years,
mean ICU stay is < 3.5 d"*****% The deleterious ef-
fect of hypernatremia (peak serum sodium > 155 mEq/L)
on graft function is thought to be a result of cell swell-
ing and exacerbation of reperfusion-mediated injury'”
The presence of hypernatremia has been associated with
marked graft dysfunction'™”
lower 1-month graft survival®”. However, donor serum

| and even with significantly

sodium showed normal mean values in five seties of do-

23,53,55,58,61,65
nors older than 70 years' ]
enzymes [glutamic oxaloacetic transaminase (GOT), glu-

. The elevation of liver

tamic pyruvic transaminase (GPT), and gamma glutamyl
transpeptidase (GGT)] in donors may reflect a process of
cytolysis, cholestasis, hypoperfusion due to hypovolemia,
or cardiac arrest, and liver enzymes values can rise to 400
IU/L during short periods of ischemia or asystolia®’.
The presence of values of GOT > 150 IU/L and GPT
> 170 TU/LP and of GGT > 100 IU/L in donors older
than 70 years have been considered as marginal criteria”,
Several reports using donors older than 70 years showed
mean values of GOT, GPT and GGT within normal lim-
s> 1 the absence of hepatobiliary disease, the
presence of hyperbilirubinemia in the donor can be due
to hemolysis, and it is not demonstrated that bilirubin >
2 mg/dL is associated with lower graft survival or graft
dysfunction in comparison with lower bilirubin values™.
Mean bilirubin values in several studies using liver donors
older than 70 years range between 0.7 and 0.95 mg/
mL"#%3% n comparative series that analyze donors
older than 70 years, liver function tests ate more favorable
in older donors, a finding that reflects the meticulous se-

23,30,53,55]
[ lin order to counterbalance

53]

lection of older donots
the risks associated with the aging process

In the process of evaluation of donors older than 70
years an ultrasonography is recommended to exclude be-
nign or malignant hepatobiliary diseases, liver steatosis,
and other abdominal tumors. During the procurement
procedure it is necessary to explore the abdominal cav-
ity to confirm the absence of tumors or abscess. A liver
P51 and in
septuagenarian liver donors to exclude liver disease (stea-
tosis, cholestasis, hepatitis, or fibrosis).

biopsy is highly recommended in octogenarian

Steatosis of liver graft
A liver is considered steatotic when the lipid content
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exceeds 5% of the body weight, and the reported inci-
dence is between 9%0-26% among the liver donor popula-
tion"*. Steatosis is more frequent among old donors,
and has been attributed to alcohol intake, obesity, malnu-
trition, and diabetes™"".

Steatosis is classified as mild (10%-30%), moderate
(30%-60%), or severe (> 60%)™, but it is believed that
steatosis will disappear after OLT.

Steatotic liver grafts are more prone to developing
preservation injury, and a short ischemic injury is recom-
mended to prevent preservation injurym’m.

We observed a higher rate of overall steatosis in donors
older than 60 years at the expense of macrosteatosis”,
although the liver grafts with any degree of isolated micro-
steatosis can be safely used, except for the risk of initial
dysfunction, because it does not adversely affect patient
or graft survival®>™. The experience of the surgeon is
essential for the evaluation of the presence of steatosis
during liver procurement and it must be confirmed by
microscopic examination. It has been confirmed that
the combination of increased BMI, elevation of ALT,
presence of type II diabetes, history of heavy alcohol
consumption, and ultrasonography signs of steatosis
can identify steatosis > 30%". OLT with livers with
macrosteatosis < 30% has similar results as OLT with
non fatty livers, assuming there are no other concomitant
| The implant of a liver
graft with moderate-severe macrosteatosis precipitates

donor or recipient risk factors™”

severe ischemia-reperfusion injury and puts a patient at
increased risk of initial poor graft function™"™>"™ 77]
PNEF*"" and lower graft and patient survival”. Tt has
been reported that liver grafts with macrosteatosis >
30% can be safely used in low-risk patients, but should
be avoided in patients with high model for end-stage liver
disease (MELD) scores'”. Other investigators report a
comparable 3-year patient survival in a control recipient
group and a study group showing severe macrosteatosis
(> 60%), and the authors conclude that severely steatotic
livers should be considered for OLT at least in low-risk
patients, but that short ischemia times must be observed
and perioperative management must be optimized when
using steatotic liver graftsm. In a recent report using liver
grafts with severe macrosteatosis from donation after
cardiac death (DCD), it was concluded that these grafts
should only be considered for OLT in selected patients
with preserved liver function (e.g., sclerosing cholangitis)
and favorable MELD scores, without the presence of ad-
ditional risk factors such as livers from DCD"”

In series of donors older than 70 years, the incidence
of steatosis was between 16% and 50% of cases, and he-
patocytes was involved in less than 30% of all reported
cases 7P All serdes of octogenatian donors avoid the

. i . 14,24,30,53,58,79,80
use of liver grafts with macrosteatosis > 300! +24202387080

Ischemia times

Prolonged CIT of liver causes a microvascular injury,
called ischemia-reperfusion (IR) injury, which can lead
to PNF or IPF and increased rejection and morbidity.
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IR injury of liver grafts develops in four stages: pre-
preservation injury in the donor, cold preservation,
rewarming, and reperfusion injury. The incidence and
grade of IR injury may be affected by several factors
related to donor medical history, such as use of donors
older than 60 years, prolonged ICU stay, alcohol intake,
drug abuse, liver steatosis, hemodynamic instability after
brain death, hypotension, high doses of inotropic drugs,
prolonged CIT, and surgical trauma during the procure-

7.5

ment process' . In other series comparing donors
younger and older than 65 years, no significant impact
was observed of donor age or CIT (< 8 hand = 8 h) on
the incidence of IR injury, short-term liver function, and
1-year patient and graft survival™. However, it is known
that recipients of old livers have a greater sensitivity to
IR injury, as reflected by a notable cholestatic pattern af-
ter OLT®*. Furthermore, CIT of older donors must
be kept as short as possible to obtain good liver function
after OLT"% Thus, in cight series that included
septuagenarian donors, the mean CIT was between 5
and 8 h#?7235951 "a0q only one series showed a mean
CIT of 9 h'™. Older grafts with a CIT > 8 h are at much
greater risk for failure; with a CIT > 12 h the risk ap-
proximately doubles™.

Prolongation of warm ischemia time (WIT) increases
cold ischemia injury and consequently impairs post-trans-
plant liver function™. Deleterious effects on patient and
graft survival have been reported when WIT was longer
than 40 min”", and on graft survival alone when WIT
was greater than 45 min®™, but usually most series of do-
nors older than 70 years report a mean WIT between 45
and 65 min[13,53,55,58,()1].

Allocation of older donors to recipients

The MELD score has been used as a measure of mortal-
ity risk in patients with end-stage liver disease and it is
deemed suitable for use as a severity index for guiding
organ allocation prioritiesm. Mortality on the waiting
list increases in direct proportion to the MELD score at
the time of listinglgsj. The implant of marginal livers into
suboptimal recipients constitutes a bad combination. At
present, there is a tendency to allocate livers from old do-
nors to stable patients”’s&m. Moreover, an octogenarian
donor liver can be implanted into a sexagenarian recipi-
ent, but many groups would be reluctant to accept such a
liver for a child™.

Having in mind that the sickest patients must be
transplanted first, livers from high-risk donors should
be used for low-risk recipients only, whereas high-risk
recipients should only be transplanted with low-risk or-
gansw. More specifically, younger donor livers should be
preferentially transplanted into HCV-positive recipients
and livers from older donors into older HCV-negative
recipients. This preference is based on the observations
that the worse patient and graft survivals correlated with
highest HCV recurrence, when liver grafts from donors
older than 40-50 years[%w], or older than 70 years are

. I s 7,14,53,79,80
transplanted into HCV-positive recipients™ ™", ex-
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ceptions are the series of Doyle e al™ and our series™,

where no significant differences in terms of 1-, 3-, and
5-year patient and graft survival were observed between
HCV-positive recipients of liver grafts younger than 60
years and HCV-positive recipients of liver grafts older
than 60 years. However, in our study there was a tenden-
cy towards decreased patient survival at 5 years, taking
into account that our rate of HCV-positive cirrhosis was
significantly higher in recipients of donors older than 60
years” . In some series HCC and ethylic cirrhosis were
the most frequent indications for using donors older than
70 years!7 0

Similar MELD scores have been found in several
series of recipients transplanted with livers from donors

older than 70 years”*>*",

POST-TRANSPLANT EVOLUTION OF OLD
LIVERS AND COMPLICATIONS

A correlation between the incidence of PNF/IPF and
older donors has been pointed out™. The incidence of
PNF was reported to be between 2.7% and 8% in 6 se-

. . 13,54,61,65,100
ries of recipients of donors older than 70 years[ I

whereas in 4 other series there was not any case of
PNER32655.58]

The non-rejection-related cholestasis pattern after
OLT was significantly more frequent in recipients of do-
nors older than 70 years in comparison with recipients of
younger donors™. Synthesis parameters (serum albumin,
partial thromboplastin time) were normalized at one
week after OLT, while liver function tests (ALT, AST),
and bilirubin showed normal values at three months post-
OLT™. In our experience, the serum values of GOT,
GPT, GGT, and bilirubin, at one month post-OLT, were
similar in recipients of donors younger and older than 70
years. Moreover, prothrombin rate and serum albumin
levels were significantly lower on the 30" day after OLT
Bl and these
findings were attributed to a decrease in protein synthe-
sis""! and coagulation factors that run parallel to the liver
aging processmz]

Intensive cate unit stay (between 4 and 7 d) and hos-
pital stay (between 20 and 25 d) were similar for recipients
of donors younger or older than 70 years™??, Likewise,
the rates of acute and chronic rejection did not differ
between recipients of donors older and younger than
70 years™HFI

ences in the rate of biliary and hepatic artery complica-

in recipients of donors older than 70 years

| In several series there were no differ-

tions™ but recently it was emphasized that ischemic-
type injury rates increase significantly with donor age
U9 A recent series from united network
for organ sharing database reported that the risk of graft
loss from hepatic artery thrombosis (HAT) increased
progressively with each decade of donor age > 50 years,
such that a 61% increased risk of HAT-related graft loss

[103]

over 70 years

was associated with use of donors older than 70 yeats
More recently, an experience with donors older than 70
years showed a low incidence of HAT (4.7%), and im-
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Table 1 Series of orthotopic liver transplantation with liver grafts > 60 or > 65 years old

Ref. Cases > 60 or > 65 Donor mean age Cold ischemic time Recipient mean Primary non- Patient survival Graft survival
yr (i) or) (h) age (yr) function Or) or)
Marino et al™ 54 > 60 65.2 12.8 53.8 2-yr: 62% 2-yr: 43%
Washburn et al"* 29 > 60 63.7 10.6 6.7% 1-yr: 58.6% 1-yr: 44.8%
Grande et al"” 40> 60 68 6.5 5% 1-yr: 82% 1-yr: 77%
5-yr:75% 5-yr: 66%
Rodriguez et al™ 100 > 60 69 41 54 1% 1-yr: 82% 1-yr: 77.8%
5-yr: 74.5% 5-yr: 71.4%
Neipp et al" 67 > 60 65 10.3 49 12% 1-yr: 79% 1-yr: 68%
5-yr: 62% 5-yr: 53%
Moore et al™ 35> 60 5-yr: 48% 5-yr: 35%
Anderson et al™ 91 > 60 54 3.3% 1-yr: 86.8% 1-yr: 82.4%
5-yr: 67.6% 5-yr: 62.5%
Rauchfuss et al™” 54 > 65 8.4 1-yr: 70% 1-yr: 70%
Martins et al®" 50 > 65 73.9 7.3 57.6 4% 1-yr: 78%
Jiménez-Romero et al®™ 125 > 60 69.1 6.1 51.2 0.8% 1-yr: 80.7% 1-yr: 78.2%
5-yr: 68.5% 5-yr: 65.1%

proved results were attributed to more appropriate tech-
nical management, whereas the presence of anatomical
variations and use of jumping grafts were independent
predictors of HAT!"™,

The incidence of infections was similar®™
lower in recipients of liver donors older than 70 years
Most reports have found similar rates of retransplanta-
tion comparing recipients from 70-year-old donors and
younger donors!"#>31

Most common causes of mortality in recipients of
donors older than 70 years are medical complications, de
nove tumors, and cirrhosis due to HCV recurrence .

] or even

53]

PATIENT AND GRAFT SURVIVALS USING
OLD LIVERS

Liver grafts younger than 70 years

The use of aged liver grafts has progressively increased
during the past decade due to improving results related
to better management and procurement techniques of
liver donors, and better hepatectomy and implant tech-
niques in the recipients. In the nineteen nineties livers

from donors older than 50 years were considered to be
aged livers. However, several comparative series with
younger donors demonstrated no significant differences
regard to the rates of primary graft failure, retransplant,
and patient and graft survivals, leading to the conclusion
that liver grafts older than 50 years can be safely used for
transplantm’sz‘mS].

The first two comparative series using liver grafts
older than 60 years showed significantly lower 1-year
graft survival'™ | and 2-year graft survival in recipients of
older livers, which was attributed to the more frequent
ischemic injury in this group!”. In two posterior reports
comparing recipients of livers older and younger than 60
years, the rates of patient and graft survival, primary graft
failure, and graft dysfunction were similar, but the mean
CIT ranged between 5 and 6.3 h17, significantly less
than the previous series with a CIT of 12.8 and 10.6 h,
respectively“z’m]. It has been established that prolonged
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CIT impairs liver graft function, and when CIT is longer
than 14 h the graft preservation injury doubles™. In an
analysis of liver transplants from the Scientific Registry
of Transplant Recipients, donor age over 60 years was
the strongest risk factor for graft failure. Other small
series obtained significantly worse results using donors
older than sixty years™”, but more recently larger series
of 91 OLT"™ and 125 OLT™ confirmed no significant
differences when comparing the use of donors older and
younger than 60 years.

In a comparative series of five groups divided accord-
ing to donor age categories (donors < 50 years; donors
between 50-59 years; donors between 60-69 years; donors
between 70-79 years; and donors = 80 years), the predic-
tors of poor graft survival were donor age between 60-79
years, HCV-positive recipients, MELD score = 25, and
emergency oL,

In two comparative studies using liver donors older
and younger than 65 years, graft survival was lower in the
group of recipients of older donors, and the rate of graft
dysfunction was higher when the grafts presented steato-
sis! ™", However, two mote recent studies did not find
any significant differences in patient and graft survival
using liver grafts younger or older than 65 years[81’1wj.

These and other experiences using donors older than
60 years are ShOWn lﬂ Tﬂ.ble 1[12,15,20,22,55,81,10(),107,110,111]'

Liver grafts older than 70 years

Most authors have established that the use of liver grafts
from septuagenarian donors per se is not a contraindica-
tion for their utilization in QLT3 b
ever, some authors reported significantly worse patient
and graft survival when they used liver grafts older than
70 years"”*"* (Table 2).

The way to get good results when using liver grafts
older than 70 years is to make a good donor selection,
avoiding, as far as possible, the use of grafts with mar-
ginal donor criteria that are known to be associated with
IPF and PNF of the graft. It is also important to avoid
recipient risk factors (advanced age, obesity, renal dis-
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Table 2 Series of orthotopic liver transplantation with liver grafts older than 70 years

Ref. Cases Donor mean age Cold ischemic time Recipient mean age Primary Patient survival Graft survival
(n) (yr) (h) (yr) non-function (yr) (yr)

Emre et al" 36 73.5 9 55 5.5% 1-yr: 91% 1-yr: 85%

Kim et al®™ 25 74 7.6 49 8% 1-yr: 95.4% 1-yr: 82.7%

3-yr: 89.8% 3-yr: 71.7%

Gastaca et al™ 55 - 5 - 0% 1-yr: 93.8% 1-yr: 92.6%

3-yr: 90.6% 3-yr: 89.4%

Borchert et al™ 41 73.4 8.9 50.9 2.4% 1-yr: 91% 1-yr: 86%

3-yr: 83% 3-yr: 81%

5-yr: 77% 5-yr: 75%

Segev et al™ (UNOS) 1043 74.8 3-yr: 81.2% 3-yr: 74.9%

Cescon et al™ 111 - 7% 5-yr: 66% 5-yr: 62%
Fouzas et al® 17 73 7.2 57 11.8% 1-yr: 69.7%
3-yr: 57.5%
5-yr: 46.2%

Lai et al™ 28 74 6.4 57 3.6% 5-yr: 47% 5-yr: 40.7%
Sampedro et al"™ 24 78.3 3.7 53.9 0% 1-yr: 78%
5-yr: 63%

Darius et al™ 58 77 8 61 0% 1-yr: 90% 1-yr: 88%

5-yr: 84% 5-yr: 79%

Jiménez-Romero et al™ 50 75.7 6.1 51 0% 1-yr: 76% 1-yr: 73.9%

5-yr: 62.9% 3-yr: 64.6%

5-yr: 58.3%

UNOS: United network for organ sharing.

ease, HCV cirrhotic recipients, retransplant) related with
increased graft loss and mortality! 73> 10 When
using liver grafts older than 70 years in preferred recipi-
ents (first time recipients over the age of 45 years, BMI
< 35 kg/mz, non-status 1 registration, CIT < 8 h, and
either hepatocarcinoma or an indication for transplanta-
tion other than HCV cirrhosis), the results are similar to
outcomes with younger liver graftslzs].

When using donors older than 70 years, 1-year patient
survival varies between 66% and 95.4%, 3-year patient sur-
vival between 57.5% and 90.6%, and 5-year patient survival
between 46.2% and 84%,!">#2038LS I 1 g ddition,
1-year graft survival varies between 73.9% and 92.6%, 3-year
graft survival between 64.6% and 89.4%, and 5-year graft
survival between 40.7% and 79%">?***% ] Tt must be
taken into consideration that some series excluded sep-
tuagenarian donors for transplant recipients with HCV
cirthosis, so that the results are better™””.

Liver grafts older than 80 years
Since the first reported case of successful use of an 86-year-
old liver graftlmj, several series of octogenarian liver
grafts have been publishedm’%’m’w’goj (Table 3). Moreover,
other isolated cases of nonagenarian liver grafts were re-
cently reported[m’“q.

Cerebrovascular diseases are the causes of death of
between 73% and 81.7% of octogenarian donors”,

The general acceptance criteria of octogenarian liver
grafts were: normal gross appearance and consistency,
no alteration of liver function tests, hemodynamic stabil-
ity with use of low doses (< 10 mcg/kg per minute) of
vasopressors before procurement, ICU stay < 3 d, no rel-
evant histological alterations in the pre-transplant biopsy,
such as fibrosis, hepatitis, cholestasis, macrosteatosis >
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30%), and short cold ischemia time (< 10 h)**>™. Liver

biopsy during octogenarian donor procurement is gener-

ally recommended before accepting the use of the liver
raft[14,2(),30,7‘),80].

The reported rate of octogenatian grafts discarded is
significantly higher than that of younger donors, and the
principal reasons for graft refusal were moderate-massive
steatosis, HCV cirrhosis and malignancies[sﬂ. In series
that compared octogenarian and younger donor charac-
teristics, no significant differences were seen regarding
ICU stay > 5 d, BMI = 35 kg/m’, use of norepineph-
rine, prevalence of steatosis, total bilirubin, alteration of
liver function tests, serum sodium, hypotensive episodes
Of vasopressor use”. In our series™, with ICU stays
between 12 and 24 h, there was no cardiac arrest in any
of our four donors, and the blood pressure was main-
tained above 90 mmHg with the use of up to 15 mcg/kg
per minute of dopamine in three donors. With a CIT of
less than 9 h all of our recipients attained a good eatly
post transplant liver function. Thus, the current tendency
for use of octogenarian donors is to minimize ICU stay
(< 3 d), CIT (< 9 h), and steatosis”****™ to prevent the
development of ischemia-reperfusion injury that contrib-
utes to recurrence in HCV-positive recipients“m.

The worse outcome associated with the use of older
donors for HCV-positive recipients has undergone a dra-
matic shift in the past years, so that nowadays octogenar-
ian donor livers are mainly transplanted into patients with
hepatocarcinoma and ethylic citrhosis, avoiding OLT
in viral C cirthosis™”. Thus, in this group the MELD
score is higher than in recipients of younger donor livers
where the rate of recipients who underwent OLT due to
hepatocarcinoma is lower"™.

One-year patient survival ranges between 75%
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Table 3 Series of orthotopic liver transplantation with liver grafts older than 80 years

Ref. Cases Donor mean age Cold ischemic time Recipient mean age Primary non- Patient survival Graft survival
() (yr) (h) (yr) function (yr) (r)
Jiménez-Romero et al®™ 4 85.7 5.5 50.2 0% 1-yr: 75% 1-yr: 75%
Nardo et al®™ 30 823 75 52.5 0% 1-yr: 80% 1-yr: 77%
Zapletal et al™! 5 9.5 52 0% 1-yr: 100% 1-yr: 100%
Cescon et al®™ 41 52.5 0% 3-yr: 86% 3-yr: 81%
5-yr: 86% 5-yr: 81%
Petridis et al”” 10 83.5 5 57.4 10% 1-yr: 80%
3-yr: 40%
Singhal et al® (UNOS) 197 58.5 1-yr: 81% 1-yr: 75.5%
3-yr: 69.1% 3-yr: 61.2%

UNOS: United network for organ sharing.

and 100%, 3-year patient survival between 40% and

[PMID: 7878841]

860/0[24’26’30’53’79’80], and S—year patjent survival is 860/0[26]. One- 5 Urefia MA, Rui’z-Delgado /FC, (j?onzéle% EM, Segurola CL,

car graft survival vaties between 75% and 100%, 3-year Romero ¢, Garcia IG, G onzal.ez—Pmto L Gomezl Sanz R. A.SS?SS_

¥ ; . o 242630337980 > ing risk of the use of livers with macro and microsteatosis in a

graft survival between 61.2% and 81% ,and 5-year liver transplant program. Transplant Proc 1998; 30: 3288-3291

survival of 81%", [PMID: 9838454 DOI: 10.1016/S0041-1345(98)01033-1]
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. . . criteria liver allografts maximizes donor use and patient

der to get good results using old liver grafts with no age access to liver transplantation. Ann Surg 2005; 242: 556-563;

limit, careful donor selection must be performed (normal discussion 563-565 [PMID: 16192816]

liver function, good hemodynamic and pre harvesting 10 Tector AJ, Mangus RS, Chestovich P, Vianna R, Fridell JA,

conditions, ICU stay < 72 h, CIT < 8 h, WIT < 1 h, Milgrom ML, Sanders C, Kwo PY. Use of extended criteria

macrosteatosis < 30%, absence of atherosclerosis in the livers decr.eases Walt time for liver trangplantatlon without
. . . . . adversely impacting posttransplant survival. Ann Surg 2006;

hepatic artery, and absence of histological alterations in 244: 439-450 [PMID: 16926570]

the biopsy), while avoiding recipient risk factors such as 11 Bernat JL, D’Alessandro AM, Port FK, Bleck TP, Heard SO,

advanced liver disease (high MELD scores) or the pres- Medina J, Rosenbaum SH, Devita MA, Gaston RS, Merion

ence of HCV cirrhosis frequently associated with higher RM, Barr ML, Marks WH, Nathan H, O’connor K, Rudow

HCV recurrence and additionally greater morbi-mortality. DL, Leichtman AB, Schwab P, Ascher NL, Metzger RA, Me

: . . . . o Bride V, Graham W, Wagner D, Warren J, Delmonico FL.

A liver blopsy should is advisable before accepting a liver Report of a National Conference on Donation after cardiac

graft older than 70 years, and also in doubtful cases of death. Am | Transplant 2006; 6: 281-291 [PMID: 16426312

donors younger than 70 years. DOI: 10.1111/j.1600-6143.2005.01194.x]

12 Marino IR, Doyle HR, Doria C, Aldrighetti L, Gayowski T,

Scotti-Foglieni C, Furukawa H, Fung J], Tzakis AG, Starzl

REFERENCES TE. Outcome of liver transplantation using donors 60 to
79 years of age. Transplant Proc 1995; 27: 1184-1185 [PMID:

1  Feng S, Goodrich NP, Bragg-Gresham JL, Dykstra DM, 7748258]

Punch JD, DebRoy MA, Greenstein SM, Merion RM. Char- 13 Emre S, Schwartz ME, Altaca G, Sethi P, Fiel MI, Guy SR,
acteristics associated with liver graft failure: the concept of Kelly DM, Sebastian A, Fisher A, Eickmeyer D, Sheiner PA,
a donor risk index. Am | Transplant 2006; 6: 783-790 [PMID: Miller CM. Safe use of hepatic allografts from donors older
16539636 DOL: 10.1111/].1600-6143.2006.01242.x] than 70 years. Transplantation 1996; 62: 62-65 [PMID: 8693547

2 Available from: URL: http://www.ont.es/esp/ estadisticas/ DOI: 10.1097/00007890-199607150-00013]
f_estadisticas.htm 14 Cescon M, Grazi GL, Ercolani G, Nardo B, Ravaioli M, Gar-

3 Strasberg SM, Howard TK, Molmenti EP, Hertl M. Selecting dini A, Cavallari A. Long-term survival of recipients of liver
the donor liver: risk factors for poor function after orthotopic grafts from donors older than 80 years: is it achievable? Liver
liver transplantation. Hepatology 1994; 20: 829-838 [PMID: Transpl 2003; 9: 1174-1180 [PMID: 14586878 DOI: 10.1053/
7927223 DOI: 10.1002/ hep.1840200410] jlts.2003.50234]

4 Adam R, Sanchez C, Astarcioglu I, Bismuth H. Deleterious 15 Anderson CD, Vachharajani N, Doyle M, Lowell JA, Wellen
effect of extended cold ischemia time on the posttransplant JR, Shenoy S, Lisker-Melman M, Korenblat K, Crippin J,
outcome of aged livers. Transplant Proc 1995; 27: 1181-1183 Chapman WC. Advanced donor age alone does not affect

Raishidenge ~ WJG | www.wjgnet.com 10698 August 21, 2014 | Volume 20 | Issue 31 |



16

17

18

19

20

21

22

23

24

25

26

27

28

29

JBaishideng®

patient or graft survival after liver transplantation. | Am Coll
Surg 2008; 207: 847-852 [PMID: 19183530 DOI: 10.1016/j.jamc
ollsurg.2008.08.009]

Ravaioli M, Grazi GL, Cescon M, Cucchetti A, Ercolani
G, Fiorentino M, Panzini I, Vivarelli M, Ramacciato G, Del
Gaudio M, Vetrone G, Zanello M, Dazzi A, Zanfi C, Di Gioia
P, Bertuzzo V, Lauro A, Morelli C, Pinna AD. Liver trans-
plantations with donors aged 60 years and above: the low
liver damage strategy. Transpl Int 2009; 22: 423-433 [PMID:
19040483 DOI: 10.1111/].1432-2277.2008.00812.x]

Marino IR, Doyle HR, Aldrighetti L, Doria C, McMichael ],
Gayowski T, Fung JJ, Tzakis AG, Starzl TE. Effect of donor
age and sex on the outcome of liver transplantation. Hepatol-
ogy 1995; 22: 1754-1762 [PMID: 7489985]

Hoofnagle JH, Lombardero M, Zetterman RK, Lake ], Po-
rayko M, Everhart ], Belle SH, Detre KM. Donor age and
outcome of liver transplantation. Hepatology 1996; 24: 89-96
[PMID: 8707288 DOI: 10.1002/hep.510240116]

Busquets J, Xiol X, Figueras ], Jaurrieta E, Torras J, Ramos
E, Rafecas A, Fabregat J, Lama C, Ibafiez L, Llado L, Ramon
JM. The impact of donor age on liver transplantation: influ-
ence of donor age on early liver function and on subsequent
patient and graft survival. Transplantation 2001; 71: 1765-1771
[PMID: 11455256 DOI: 10.1097/00007890-200106270-00011]
Moore DE, Feurer ID, Speroff T, Gorden DL, Wright JK,
Chari RS, Pinson CW. Impact of donor, technical, and recipi-
ent risk factors on survival and quality of life after liver trans-
plantation. Arch Surg 2005; 140: 273-277 [PMID: 15781792
DOI: 10.1001/archsurg.140.3.273]

Grande L, Matus D, Rimola A, Manyalic M, Cabrer C, Gar-
cfa-Valdecasas JC, Visa J. Expanded liver donor age over 60
years for hepatic transplantation. Clin Transpl 1998; 297-301
[PMID: 10503107]

Rodriguez Gonzilez F, Jiménez Romero C, Rodriguez
Romano D, Loinaz Segurola C, Marqués Medina E, Pérez
Saborido B, Garcia Garcia I, Rodriguez Cafiete A, Moreno
Gonzélez E. Orthotopic liver transplantation with 100 he-
patic allografts from donors over 60 years old. Transplant
Proc 2002; 34: 233-234 [PMID: 11959260 DOI: 10.1016/
S0041-1345(01)02738-5]

Gastaca M, Valdivieso A, Pijoan ], Errazti G, Hernandez M,
Gonzalez ], Fernandez ], Matarranz A, Montejo M, Ventoso
A, Martinez G, Fernandez M, de Urbina JO. Donors older
than 70 years in liver transplantation. Transplant Proc 2005;
37: 3851-3854 [PMID: 16386560 DOI: 10.1016/j.transproceed.
2005.10.040]

Zapletal Ch, Faust D, Wullstein C, Woeste G, Caspary WF,
Golling M, Bechstein WO. Does the liver ever age? Results
of liver transplantation with donors above 80 years of age.
Transplant Proc 2005; 37: 1182-1185 [PMID: 15848663 DOI:
10.1016/j.transproceed.2004.11.056]

Segev DL, Maley WR, Simpkins CE, Locke JE, Nguyen GC,
Montgomery RA, Thuluvath PJ. Minimizing risk associated
with elderly liver donors by matching to preferred recipi-
ents. Hepatology 2007; 46: 1907-1918 [PMID: 17918247 DOI:
10.1002/hep.21888]

Cescon M, Grazi GL, Cucchetti A, Ravaioli M, Ercolani G,
Vivarelli M, D’Errico A, Del Gaudio M, Pinna AD. Improv-
ing the outcome of liver transplantation with very old do-
nors with updated selection and management criteria. Liver
Transpl 2008; 14: 672-679 [PMID: 18433035 DOI: 10.1002/
1t.21433]

Mooney H, Roberts R, Cooksley WG, Halliday JW, Powell
LW. Alterations in the liver with ageing. Clin Gastroenterol
1985; 14: 757-771 [PMID: 3910308]

Schmucker DL. Age-related changes in liver structure and
function: Implications for disease ? Exp Gerontol 2005; 40:
650-659 [PMID: 16102930 DOI: 10.1016/j.exger.2005.06.009]
Wynne HA, James OF. The ageing liver. Age Ageing 1990; 19:
1-3 [PMID: 2316418 DOIL: 10.1093/ ageing/19.1.1]

WJG | www.wjgnet.com

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

10699

Jiménez-Romero C et a/. Using old liver grafts for LT

Jiménez Romero C, Moreno Gonzalez E, Colina Ruiz F,
Palma Carazo F, Loinaz Segurola C, Rodriguez Gonzélez
F, Gonzalez Pinto I, Garcia Garcia I, Rodriguez Romano D,
Moreno Sanz C. Use of octogenarian livers safely expands
the donor pool. Transplantation 1999; 68: 572-575 [PMID:
10480418 DOI: 10.1097/00007890-199908270-00021]

Wynne HA, Cope LH, Mutch E, Rawlins MD, Woodhouse
KW, James OF. The effect of age upon liver volume and ap-
parent liver blood flow in healthy man. Hepatology 1989; 9:
297-301 [PMID: 2643548 DOI: 10.1002/hep.1840090222]

Jung T, Bader N, Grune T. Lipofuscin: formation, distribu-
tion, and metabolic consequences. Ann N 'Y Acad Sci 2007;
1119: 97-111 [PMID: 18056959 DOI: 10.1196/ annals.1404.008]
James OF. Gastrointestinal and liver function of old age. Clin
Gastroenterol 1983; 12: 671-691 [PMID: 6616938]

McLean AJ, Cogger VC, Chong GC, Warren A, Markus AM,
Dahlstrom JE, Le Couteur DG. Age-related pseudocapillar-
ization of the human liver. | Pathol 2003; 200: 112-117 [PMID:
12692849 DOI: 10.1002/ path.1328]

Watanabe T, Tanaka Y. Age-related alterations in the size of
human hepatocytes. A study of mononuclear and binucleate
cells. Virchows Arch B Cell Pathol Incl Mol Pathol 1982; 39: 9-20
[PMID: 6123185 DOI: 10.1007/ BF02892832]

Aikata H, Takaishi H, Kawakami Y, Takahashi S, Kitamoto
M, Nakanishi T, Nakamura Y, Shimamoto F, Kajiyama G,
Ide T. Telomere reduction in human liver tissues with age
and chronic inflammation. Exp Cell Res 2000; 256: 578-582
[PMID: 10772830 DOI: 10.1006/ excr.2000.4862]

Le Couteur DG, Warren A, Cogger VC, Smedsred B, Se-
rensen KK, De Cabo R, Fraser R, McCuskey RS. Old age and
the hepatic sinusoid. Anat Rec (Hoboken) 2008; 291: 672-683
[PMID: 18484614 DOI: 10.1002/ ar.20661]

Regev A, Schiff ER. Liver disease in the elderly. Gastroenterol
Clin North Am 2001; 30: 547-563, x-xi [PMID: 11432305 DOI:
10.1016/S0889-8553(05)70195-3]

Landowne M, Stanley J. Aging of the cardiovascular system.
In: Shock NW, editor. Aging some social and biological as-
pects. Washington: American Association for the advance-
ment of the Science, 1960: 159-187

Bender AD. The effect of increasing age on the distribution
of peripheral blood flow in man. | Am Geriatr Soc 1965; 13:
192-198 [PMID: 14270624]

DeBakey ME, Lawrie GM, Glaeser DH. Patterns of athero-
sclerosis and their surgical significance. Ann Surg 1985; 201:
115-131 [PMID: 3155934]

Sato T, Miwa T, Tauchi H. Age changes in the human liver
of the different races. Gerontologia 1970; 16: 368-380 [PMID:
5514983 DOI: 10.1159/000211799]

Findor J, Perez V, Igartua EB, Giovanetti M, Fioravantti N.
Structure and ultrastructure of the liver in aged persons. Acta
Hepatogastroenterol (Stuttg) 1973; 20: 200-204 [PMID: 4760402]
Popper H. Coming of age. Hepatology 1985; 5: 1224-1226
[PMID: 4065827 DOI: 10.1002/ hep.1840050627]

Schmucker DL, Sanchez H. Liver regeneration and aging:
a current perspective. Curr Gerontol Geriatr Res 2011; 2011:
526379 [PMID: 21912543 DOI: 10.1155/2011/526379]

Le Couteur DG, Rivory LP, Pond SM. The effects of aging
and nutritional state on hypoxia-reoxygenation injury in the
perfused rat liver. Transplantation 1994; 58: 531-536 [PMID:
8091478 DOI: 10.1097 /00007890-199409150-00001]

Durand F, Renz JF, Alkofer B, Burra P, Clavien PA, Porte
RJ, Freeman RB, Belghiti J. Report of the Paris consensus
meeting on expanded criteria donors in liver transplanta-
tion. Liver Transpl 2008; 14: 1694-1707 [PMID: 19025925 DOI:
10.1002/1t.21668]

Ploeg RJ, D’ Alessandro AM, Knechtle SJ, Stegall MD, Pirsch
JD, Hoffmann RM, Sasaki T, Sollinger HW, Belzer FO, Ka-
layoglu M. Risk factors for primary dysfunction after liver
transplantation--a multivariate analysis. Transplantation 1993;
55: 807-813 [PMID: 8475556 DOI: 10.1097/00007890-19930400

August 21, 2014 | Volume 20 | Issue 31 |



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

JRaishideng®

Jiménez-Romero C et a/. Using old liver grafts for LT

0-00024]

Mor E, Klintmalm GB, Gonwa TA, Solomon H, Holman M]J,
Gibbs JF, Watemberg I, Goldstein RM, Husberg BS. The use
of marginal donors for liver transplantation. A retrospective
study of 365 liver donors. Transplantation 1992; 53: 383-386
[PMID: 1738933 DOI: 10.1097 /00007890-199202010-00022]
Mirza DF, Gunson BK, Da Silva RF, Mayer AD, Buckels JA,
McMaster P. Policies in Europe on “marginal quality” do-
nor livers. Lancet 1994; 344: 1480-1483 [PMID: 7968124 DOI:
10.1016/S0140-6736(94)90294-1]

Cameron AM, Ghobrial RM, Yersiz H, Farmer DG, Lipshutz
GS, Gordon SA, Zimmerman M, Hong ], Collins TE, Gorn-
bein J, Amersi F, Weaver M, Cao C, Chen T, Hiatt JR, Busut-
til RW. Optimal utilization of donor grafts with extended
criteria: a single-center experience in over 1000 liver trans-
plants. Ann Surg 2006; 243: 748-753; discussion 753-755
[PMID: 16772778 DOI: 10.1097/01.s1a.0000219669.84192.b3]
Bricefio J, Solérzano G, Pera C. A proposal for scoring mar-
ginal liver grafts. Transpl Int 2000; 13 Suppl 1: 5249-5252
[PMID: 11112005 DOI: 10.1111/}.1432-2277.2000.tb02029.x]
Nardo B, Masetti M, Urbani L, Caraceni P, Montalti R, Filip-
poni F, Mosca F, Martinelli G, Bernardi M, Daniele Pinna A,
Cavallari A. Liver transplantation from donors aged 80 years
and over: pushing the limit. Am | Transplant 2004; 4: 1139-1147
[PMID: 15196073 DOI: 10.1111/j.1600-6143.2004.00472.x]

Kim DY, Cauduro SP, Bohorquez HE, Ishitani MB, Nyberg
SL, Rosen CB. Routine use of livers from deceased donors
older than 70: is it justified? Transpl Int 2005; 18: 73-77 [PMID:
15612987 DOI: 10.1111/j.1432-2277.2004.00017 ]
Jiménez-Romero C, Clemares-Lama M, Manrique-Municio
A, Garcia-Sesma A, Calvo-Pulido ], Moreno-Gonzélez E.
Long-term results using old liver grafts for transplantation:
sexagenerian versus liver donors older than 70 years. World
J Surg 2013; 37: 2211-2221 [PMID: 23703639 DOI: 10.1007/
500268-013-2085-7]

Bricefio J, Marchal T, Padillo ], Sol6rzano G, Pera C. Influ-
ence of marginal donors on liver preservation injury. Trans-
plantation 2002; 74: 522-526 [PMID: 12352912 DOI: 10.1097/0
0007890-200208270-00015]

Busuttil RW, Shaked A, Millis JM, Jurim O, Colquhoun SD,
Shackleton CR, Nuesse BJ, Csete M, Goldstein LI, McDiar-
mid SV. One thousand liver transplants. The lessons learned.
Ann Surg 1994; 219: 490-497; discussion 498-499 [PMID:
8185400 DOI: 10.1097/00000658-199405000-00007]

Darius T, Monbaliu D, Jochmans I, Meurisse N, Desschans
B, Coosemans W, Komuta M, Roskams T, Cassiman D, van
der Merwe S, Van Steenbergen W, Verslype C, Laleman W,
Aerts R, Nevens F, Pirenne ]. Septuagenarian and octogenar-
ian donors provide excellent liver grafts for transplantation.
Transplant Proc 2012; 44: 2861-2867 [PMID: 23146543 DOI:
10.1016/j.transproceed.2012.09.076]

Novitzky D, Cooper DK, Wicomb WN. Endocrine changes
and metabolic responses. Transplant Proc 1988; 20: 33-38
[PMID: 3188204]

Greig PD, Forster ], Superina RA, Strasberg SM, Mohamed
M, Blendis LM, Taylor BR, Levy GA, Langer B. Donor-spe-
cific factors predict graft function following liver transplan-
tation. Transplant Proc 1990; 22: 2072-2073 [PMID: 2389525]
Lai Q, Melandro F, Levi Sandri GB, Mennini G, Corradini
SG, Merli M, Berloco PB, Rossi M. Use of elderly donors for
liver transplantation: has the limit been reached? | Gastroin-
testin Liver Dis 2011; 20: 383-387 [PMID: 22187704]

Avolio AW, Agnes S, Magalini SC, Foco M, Castagneto M.
Importance of donor blood chemistry data (AST, serum so-
dium) in predicting liver transplant outcome. Transplant Proc
1991; 23: 2451-2452 [PMID: 1926428]

Gonzalez FX, Rimola A, Grande L, Antolin M, Garcia-Valde-
casas JC, Fuster ], Lacy AM, Cugat E, Visa J, Rodés J. Predic-
tive factors of early postoperative graft function in human
liver transplantation. Hepatology 1994; 20: 565-573 [PMID:

WJG | www.wjgnet.com

10700

64

65

66

67

68

69

70

71

72

73

74

75

76

77

8076915]

Figueras J, Busquets J, Grande L, Jaurrieta E, Perez-Ferreiroa
J, Mir J, Margarit C, Lopez P, Vazquez ], Casanova D, Ber-
nardos A, De-Vicente E, Parrilla P, Ramon JM, Bou R. The
deleterious effect of donor high plasma sodium and ex-
tended preservation in liver transplantation. A multivariate
analysis. Transplantation 1996; 61: 410-413 [PMID: 8610352
DOI: 10.1097/00007890-199602150-00016]

Fouzas I, Sgourakis G, Nowak KM, Lang H, Cicinnati VR,
Molmenti EP, Saner FH, Nadalin S, Papanikolaou V, Bro-
elsch CE, Paul A, Sotiropoulos GC. Liver transplantation
with grafts from septuagenarians. Transplant Proc 2008; 40:
3198-3200 [PMID: 19010233 DOI: 10.1016/j.transproceed.200
8.08.061]

Klintmalm GB. The liver donor: special considerations.
Transplant Proc 1988; 20: 9-11 [PMID: 3055563]

Markin RS, Wisecarver JL, Radio SJ, Stratta R], Langnas AN,
Hirst K, Shaw BW. Frozen section evaluation of donor livers
before transplantation. Transplantation 1993; 56: 1403-1409
[PMID: 7506453 DOI: 10.1097 /00007890-199312000-00025]
Karayal¢in K, Mirza DF, Harrison RF, Da Silva RF, Hub-
scher SG, Mayer AD, Buckels JA, McMaster P. The role of
dynamic and morphological studies in the assessment of
potential liver donors. Transplantation 1994; 57: 1323-1327
[PMID: 8184469 DOI: 10.1097 /00007890-199405150-00006]
D’Alessandro AM, Kalayoglu M, Sollinger HW, Hoffmann
RM, Reed A, Knechtle SJ, Pirsch JD, Hafez GR, Lorentzen D,
Belzer FO. The predictive value of donor liver biopsies for
the development of primary nonfunction after orthotopic
liver transplantation. Transplantation 1991; 51: 157-163 [PMID:
1987685 DOI: 10.1097/00007890-199101000-00024]

Garcia Ureia MA, Colina Ruiz-Delgado F, Moreno Gonzalez
E, Jiménez Romero C, Garcfa Garcia I, Loinzaz Segurola C,
Gonzalez-Pinto R. Hepatic steatosis in liver transplant donors:
common feature of donor population? World | Surg 1998; 22:
837-844 [PMID: 9673556 DOI: 10.1007 /5002689900479]

Adam R, Astarcioglu I, Azoulay D, Morino M, Bao YM,
Castaing D, Bismuth H. Age greater than 50 years is not a
contraindication for liver donation. Transplant Proc 1991; 23:
2602-2603 [PMID: 1926497]

Fishbein TM, Fiel MI, Emre S, Cubukcu O, Guy SR, Schwartz
ME, Miller CM, Sheiner PA. Use of livers with microvesicular
fat safely expands the donor pool. Transplantation 1997; 64:
248-251 [PMID: 9256182 DOI: 10.1097/00007890-199707270-0
0012]

Verran D, Kusyk T, Painter D, Fisher ], Koorey D, Strasser S,
Stewart G, McCaughan G. Clinical experience gained from
the use of 120 steatotic donor livers for orthotopic liver trans-
plantation. Liver Transpl 2003; 9: 500-505 [PMID: 12740794
DOI: 10.1053/lts.2003.50099]

Cucchetti A, Vivarelli M, Ravaioli M, Cescon M, Ercolani G,
Piscaglia F, Del Gaudio M, Grazi GL, Ridolfi L, Pinna AD. As-
sessment of donor steatosis in liver transplantation: is it pos-
sible without liver biopsy? Clin Transplant 2009; 23: 519-524
[PMID: 19486345 DOI: 10.1111/j.1399-0012.2009.00987 .x]
Moreno Sanz C, Jiménez Romero C, Moreno Gonzélez
E, Garcia Garcia I, Seoane Gonzalez I, Loinaz Segurola C,
Garcia Urefia MA, Gonzélez Chamorro A. Primary dysfunc-
tion after liver transplantation. Is it possible to predict this
complication? Rev Esp Enferm Dig 1999; 91: 401-419 [PMID:
10431089]

McCormack L, Petrowsky H, Jochum W, Mullhaupt B, We-
ber M, Clavien PA. Use of severely steatotic grafts in liver
transplantation: a matched case-control study. Ann Surg
2007; 246: 940-946; discussion 946-948 [PMID: 18043095 DOI:
10.1097/SLA.0b013e31815c2a3f]

Deroose JP, Kazemier G, Zondervan P, Ijzermans JN, Met-
selaar HJ, Alwayn IP. Hepatic steatosis is not always a
contraindication for cadaveric liver transplantation. HPB
(Oxford) 2011; 13: 417-425 [PMID: 21609375 DOLI: 10.1111/

August 21, 2014 | Volume 20 | Issue 31 |



78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

JRaishideng®

j.1477-2574.2011.00310.x]

Nocito A, El-Badry AM, Clavien PA. When is steatosis too
much for transplantation? | Hepatol 2006; 45: 494-499 [PMID:
16919359 DOI: 10.1016/].jhep.2006.07.017]

Petridis I, Gruttadauria S, Nadalin S, Vigano ], di Francesco
F, Pietrosi G, Fili" D, Montalbano M, D’Antoni A, Volpes R,
Arcadipane A, Vizzini G, Gridelli B. Liver transplantation
using donors older than 80 years: a single-center experience.
Transplant Proc 2008; 40: 1976-1978 [PMID: 18675105 DOI:
10.1016/j.transproceed.2008.05.063]

Singhal A, Sezginsoy B, Ghuloom AE, Hutchinson IV, Cho
YW, Jabbour N. Orthotopic liver transplant using allografts
from geriatric population in the United States: is there
any age limit? Exp Clin Transplant 2010; 8: 196-201 [PMID:
20716036]

Martins PN, Chang S, Mahadevapa B, Martins AB, Sheiner P.
Liver grafts from selected older donors do not have significant-
ly more ischaemia reperfusion injury. HPB (Oxford) 2011; 13:
212-220 [PMID: 21309940 DOI: 10.1111/j.1477-2574.2010.00275.
X]

Yersiz H, Shaked A, Olthoff K, Imagawa D, Shackleton C,
Martin P, Busuttil RW. Correlation between donor age and
the pattern of liver graft recovery after transplantation.
Transplantation 1995; 60: 790-794 [PMID: 7482736 DOI: 10.109
7/00007890-199510270-00005]

Wall WJ. Predicting outcome after liver transplantation.
Liver Transpl Surg 1999; 5: 458-459 [PMID: 10477850 DOI:
10.1002/1t.500050511]

Cassuto JR, Patel SA, Tsoulfas G, Orloff MS, Abt PL. The
cumulative effects of cold ischemic time and older donor
age on liver graft survival. | Surg Res 2008; 148: 38-44 [PMID:
18570929 DOI: 10.1016/j.jss.2008.03.018]

Piratvisuth T, Tredger JM, Hayllar KA, Williams R. Contri-
bution of true cold and rewarming ischemia times to factors
determining outcome after orthotopic liver transplantation.
Liver Transpl Surg 1995; 1: 296-301 [PMID: 9346586 DOI:
10.1002/1t.500010505]

Ghobrial RM, Gornbein J, Steadman R, Danino N, Mark-
mann JF, Holt C, Anselmo D, Amersi F, Chen P, Farmer
DG, Han S, Derazo F, Saab S, Goldstein LI, McDiarmid SV,
Busuttil RW. Pretransplant model to predict posttransplant
survival in liver transplant patients. Ann Surg 2002; 236:
315-322; discussion 322-323 [PMID: 12192318 DOI: 10.1097/0
0000658-200209000-00008]

Wiesner RH, McDiarmid SV, Kamath PS, Edwards EB, Ma-
linchoc M, Kremers WK, Krom RA, Kim WR. MELD and
PELD: application of survival models to liver allocation.
Liver Transpl 2001; 7: 567-580 [PMID: 11460223 DOI: 10.1053/
jlts.2001.25879]

Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Ther-
neau TM, Kosberg CL, D’Amico G, Dickson ER, Kim WR.
A model to predict survival in patients with end-stage liver
disease. Hepatology 2001; 33: 464-470 [PMID: 11172350 DOI:
10.1053/jhep.2001.22172]

Burra P, Porte R]. Should donors and recipients be matched
in liver transplantation? | Hepatol 2006; 45: 488-494 [PMID:
16919837 DOI: 10.1016/].jhep.2006.07.021]

Avolio AW, Nardo B, Agnes S, Montalti R, Pepe G, Cavallari
A, Castagneto M. The mismatch choice in liver transplanta-
tion: a suggestion for the selection of the recipient in relation
to the characteristics of the donor. Transplant Proc 2005; 37:
2584-2586 [PMID: 16182751 DOI: 10.1016/j.transproceed.200
5.06.054]

Berenguer M, Prieto M, San Juan F, Rayén JM, Martinez F,
Carrasco D, Moya A, Orbis F, Mir ], Berenguer ]. Contribution
of donor age to the recent decrease in patient survival among
HCV-infected liver transplant recipients. Hepatology 2002; 36:
202-210 [PMID: 12085366 DOI: 10.1053 /jhep.2002.33993]
Wali M, Harrison RF, Gow P], Mutimer D. Advancing donor
liver age and rapid fibrosis progression following transplan-

WJG | www.wjgnet.com

10701

93

94

95

96

97

98

99

100

101

102

103

104

105

106

Jiménez-Romero C et a/. Using old liver grafts for LT

tation for hepatitis C. Gut 2002; 51: 248-252 [PMID: 12117889
DOI: 10.1136/ gut.51.2.248]

Russo MW, Galanko JA, Zacks SL, Beavers KL, Fried MW,
Shrestha R. Impact of donor age and year of transplant on
graft survival in liver transplant recipients with chronic hep-
atitis C. Am | Transplant 2004; 4: 1133-1138 [PMID: 15196072
DOI: 10.1111/j.1600-6143.2004.00470.x]

Lake JR, Shorr JS, Steffen BJ, Chu AH, Gordon RD, Wiesner
RH. Differential effects of donor age in liver transplant recip-
ients infected with hepatitis B, hepatitis C and without viral
hepatitis. Am | Transplant 2005; 5: 549-557 [PMID: 15707410
DOI: 10.1111/.1600-6143.2005.00741.x]

Condron SL, Heneghan MA, Patel K, Dev A, McHutchison
JG, Muir AJ. Effect of donor age on survival of liver trans-
plant recipients with hepatitis C virus infection. Transplan-
tation 2005; 80: 145-148 [PMID: 16003247 DOI: 10.1097/01.
TP.0000164291.35925.7A]

Mutimer DJ, Gunson B, Chen ], Berenguer J, Neuhaus P,
Castaing D, Garcia-Valdecasas JC, Salizzoni M, Moreno GE,
Mirza D. Impact of donor age and year of transplantation
on graft and patient survival following liver transplantation
for hepatitis C virus. Transplantation 2006; 81: 7-14 [PMID:
16421468 DOI: 10.1097/01.tp.0000188619.30677.84]

Iacob S, Cicinnati VR, Hilgard P, Iacob RA, Gheorghe LS,
Popescu I, Frilling A, Malago M, Gerken G, Broelsch CE,
Beckebaum S. Predictors of graft and patient survival in
hepatitis C virus (HCV) recipients: model to predict HCV
cirrhosis after liver transplantation. Transplantation 2007; 84:
56-63 [PMID: 17627238 DOI: 10.1097/01.tp.0000267916.36343.
ca]

Doyle MB, Anderson CD, Vachharajani N, Lowell JA, She-
noy S, Lisker-Melman M, Korenblat K, Crippin JS, Chapman
WC. Liver transplant for hepatitis C virus: effect of using
older donor grafts on short- and medium-term survival.
Arch Surg 2008; 143: 679-685; discussion 685 [PMID: 18645111
DOI: 10.1001/ archsurg.143.7.679]

Borchert DH, Glanemann M, Mogl M, Langrehr ], Neuhaus
P. Adult liver transplantation using liver grafts from donors
over 70 years of age. Transplant Proc 2005; 37: 1186-1187
[PMID: 15848664 DOI: 10.1016/j.transproceed.2004.12.261]
Faber W, Seehofer D, Puhl G, Guckelberger O, Bertram C,
Neuhaus P, Bahra M. Donor age does not influence 12-month
outcome after orthotopic liver transplantation. Transplant
Proc 2011; 43: 3789-3795 [PMID: 22172848 DOI: 10.1016/j.tran
sproceed.2011.10.048]

Wingerd J, Sponzilli EE. Concentrations of serum protein
fractions in white women: effects of age, weight, smok-
ing, tonsillectomy, and other factors. Clin Chem 1977; 23:
1310-1317 [PMID: 559554]

Shepherd AM, Hewick DS, Moreland TA, Stevenson IH.
Age as a determinant of sensitivity to warfarin. Br | Clin
Pharmacol 1977; 4: 315-320 [PMID: 901699 DOI: 10.1111/
j.1365-2125.1977.tb00719.x]

Stewart ZA, Locke JE, Segev DL, Dagher NN, Singer AL,
Montgomery RA, Cameron AM. Increased risk of graft loss
from hepatic artery thrombosis after liver transplantation
with older donors. Liver Transpl 2009; 15: 1688-1695 [PMID:
19938120 DOI: 10.1002/1t.21946]

Cescon M, Zanello M, Grazi GL, Cucchetti A, Ravaioli M, Er-
colani G, Del Gaudio M, Lauro A, Morelli MC, Pinna AD. Im-
pact of very advanced donor age on hepatic artery thrombo-
sis after liver transplantation. Transplantation 2011; 92: 439-445
[PMID: 21712754 DOI: 10.1097 / TP.0b013e3182252800]

Wall WJ, Mimeault R, Grant DR, Bloch M. The use of older
donor livers for hepatic transplantation. Transplantation 1990;
49: 377-381 [PMID: 2305468 DOI: 10.1097/00007890-19900200
0-00030]

Washburn WK, Johnson LB, Lewis WD, Jenkins RL. Graft
function and outcome of older (& gt; or = 60 years) donor
livers. Transplantation 1996; 61: 1062-1066 [PMID: 8623186

August 21, 2014 | Volume 20 | Issue 31 |



Jiménez-Romero C et a/. Using old liver grafts for LT

107

108

109

110

111

JRaishideng®

DOI: 10.1097/00007890-199604150-00013]

Grande L, Rull A, Rimola A, Garcia-Valdecasas JC, Manyalic
M, Cabrer C, Fuster ], Lacy AM, Gonzalez FX, Lépez-Boado
MA, Visa ]J. Outcome of patients undergoing orthotopic liver
transplantation with elderly donors (over 60 years). Trans-
plant Proc 1997; 29: 3289-3290 [PMID: 9414718 DOI: 10.1016/
S0041-1345(97)00914-7]

Markmann JF, Markmann JW, Markmann DA, Bacquerizo
A, Singer ], Holt CD, Gornbein J, Yersiz H, Morrissey M, Le-
rner SM, McDiarmid SV, Busuttil RW. Preoperative factors
associated with outcome and their impact on resource use in
1148 consecutive primary liver transplants. Transplantation
2001; 72: 1113-1122 [PMID: 11579310 DOI: 10.1097/00007890-
200109270-00023]

Rull R, Vidal O, Momblan D, Gonzalez FX, Lépez-Boado
MA, Fuster ], Grande L, Bruguera M, Cabrer K, Garcia-Valde-
casas JC. Evaluation of potential liver donors: limits imposed
by donor variables in liver transplantation. Liver Transpl 2003;
9: 389-393 [PMID: 12682892 DOI: 10.1053 /jlts.2003.50050]
Rauchfuss F, Voigt R, Dittmar Y, Heise M, Settmacher U.
Liver transplantation utilizing old donor organs: a German
single-center experience. Transplant Proc 2010; 42: 175-177
[PMID: 20172308 DOI: 10.1016/j.transproceed.2009.11.020]
Neipp M, Bektas H, Lueck R, Ceylan D, Becker T, Klemp-
nauer ], Nashan B. Liver transplantation using organs from

WJG | www.wjgnet.com

10702

112

113

114

115

116

117

donors older than 60 years. Transpl Int 2004; 17: 416-423
[PMID: 15338118 DOI: 10.1111/}.1432-2277.2004.tb00464.x]
Sampedro B, Cabezas ], Fabrega E, Casafont F, Pons-Romero
F. Liver transplantation with donors older than 75 years.
Transplant Proc 2011; 43: 679-682 [PMID: 21486572 DOI:
10.1016/j.transproceed.2011.01.084]

Wall W, Grant D, Roy A, Asfar S, Block M. Elderly liver do-
nor. Lancet 1993; 341: 121 [PMID: 8093394 DOI: 10.1016/0140-
6736(93)92604-R]

Romagnoli J, Urbani L, Catalano G, Costa A, Marciano E,
Filipponi F, Mosca F. Liver transplantation using a 93-year-
old donor. Transplant Proc 2001; 33: 3797 [PMID: 11750617
DOI: 10.1016/S0041-1345(01)02607-0]

Grazi GL, Cescon M, Ravaioli M, Corti B, Pinna AD. Suc-
cessful liver transplantation from a 95-year-old donor to a
patient with MELD score 36 and delayed graft arterializa-
tion. Am ] Transplant 2008; 8: 725-726 [PMID: 18294175 DOI:
10.1111/j.1600-6143.2007.02114.x]

Karpen SJ. Growing old gracefully: caring for the 90-year-
old liver in the 40-year-old transplant recipient. Hepatology
2010; 51: 364-365 [PMID: 20041409 DOI: 10.1002/hep.23447]
Watt KD, Lyden ER, Gulizia JM, McCashland TM. Recurrent
hepatitis C posttransplant: early preservation injury may
predict poor outcome. Liver Transpl 2006; 12: 134-139 [PMID:
16382465]

P- Reviewer: Bramhall S, Kubota K, Woolbright BL
S- Editor: Gou SX  L- Editor: A E- Editor: Zhang DN

August 21, 2014 | Volume 20 | Issue 31 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

|||“ “l Il
© 2014 Baishideng Publishing Group Inc. All rights reserved.




	10691
	WJGv20i31-The Back cover

