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Background: Transplant surgery is facing a shortage of deceased donor organs. In response, the criteria
for organ donation have been extended, and an increasing number of organs from older donors are being
used. For recipients, the benefits of transplantation are great, and the growing ageing population has led
to increasing numbers of elderly patients being accepted for transplantation.
Methods: The literature was reviewed to investigate the impact of age of donors and recipients in
abdominal organ transplantation, and to highlight aspects of the fine balance in donor and recipient
selection and screening, as well as allocation policies fair to young and old alike.
Results: Overall, kidney and liver transplantation from older deceased donors have good outcomes,
but are not as good as those from younger donors. Careful donor selection based on risk indices, and
potentially biomarkers, special allocation schemes to match elderly donors with elderly recipients, and
vigorous recipient selection, allows good outcomes with increasing age of both donors and recipients.
The results of live kidney donation have been excellent for donor and recipient, and there is a trend
towards inclusion of older donors. Future strategies, including personalized immunosuppression for older
recipients as well as machine preservation and reconditioning of donor organs, are promising ways to
improve the outcome of transplantation between older donors and older recipients.
Conclusion: Kidney and liver transplantation in the elderly is a clinical reality. Outcomes are good, but
can be optimized by using strategies that modify donor risk factors and recipient co-morbidities, and
personalized approaches to organ allocation and immunosuppression.
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Introduction

Transplantation is one of the greatest success stories in
medicine of the 20th century. As in all areas of surgery, the
average age of patients receiving transplants has increased.
This is mirrored by an increase in the average organ
donor age. In transplantation, there is a complex relation-
ship between donor age, recipient age and associated
co-morbidities. Organs are affected differentially by age,
and all transplant procedures need to be weighed up against
the (sometimes very limited) alternative treatments and the
scarcity of organs for transplantation. As liver and kidney
transplantation has become the mainstay of treatment for
end-stage organ disease, this review examines the implica-
tions of an ageing population for deceased and live donors
in transplantation, and elderly recipients.

Changing demographics of donors

Despite advances in transplantation and many initia-
tives to increase the number of donors in the UK and

Eurotransplant area, there remains a significant disparity
between organ availability and clinical need. One strategy
to address this shortage is to use organs that would pre-
viously have been deemed unsuitable, often referred to as
extended criteria organs1,2. Although there is not a single
definition of such organs, a number of factors are known to
have an adverse effect on transplant outcome. Age is a key
factor in graft outcome1–4, and so donors aged 60 years
or older, or over 50 years who fulfil certain conditions (at
least 2 of the following: history of hypertension, serum
creatinine level exceeding 1⋅5 mg/dl, or stroke as cause of
death) are deemed to be extended criteria donors. In the
early days of transplantation, no donor aged more than
50 years would be considered5. However, the number of
deceased donors over 50 years of age, as a fraction of all
deceased donor kidney transplants in the USA, increased
from 11⋅6 per cent in 1988 to 30⋅8 per cent in 20146.
Similarly, the median age of donors in the Eurotransplant
region has increased from 35 years in 1990 to 53 years in
20147. In the UK, there has been a marked increase in the
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Fig. 1 Percentage of deceased donors aged at least 60 years in the
UK (National Health Service Blood and Transplant8)

age of donors; in 2014, 59 per cent of deceased donors
were more than 50 years old and 37 per cent were aged
over 60 years8 (Fig. 1).

In addition to the age of donors, the type of organ donor
has changed with time. There are three types of donation:
live donation, donation after brain death (DBD) and dona-
tion after circulatory death (DCD). Among these types,
the average age of donors has increased8. The number of
living donors has increased in both Europe and the USA
in recent years, whereas the number of DBD donors has
declined6–8. This is partly due to improved neurosurgi-
cal care and a reduction in the number of deaths follow-
ing subarachnoid haemorrhages9, as well as improvement
in road safety. DCD can sometimes be a preferred option,
rather than waiting for confirmation of brain death. DCD
is not used in some countries; however, DCD donor num-
bers are increasing in Europe and the USA, and make a
significant contribution to the potential donor pool2. How-
ever, DCD donors are associated with poorer outcomes
in liver transplantation, and livers from donors aged over
60 years are often not used10,11. In renal transplantation,
DCD kidneys have similar long-term outcomes to DBD
kidneys, albeit with a higher incidence of delayed graft
function and reduced 1-year survival12,13. There is also
evidence that DCD kidneys from donors over the age of
45 years do less well2. In both liver and kidney donation
there is concern about using organs from elderly DCD
donors, and most transplant units have an upper age limit
for DCD of between 50 and 70 years.

Given these changes in demographics of donors and
the increased demand for organs, the medical commu-
nity is facing a dilemma for the next decennia: perform-
ing fewer transplants, or transplanting more organs from
extended criteria donors. Currently, approximately 10–20
per cent of older livers and kidneys are being discarded

worldwide14–16. These donors represent an important
potential source of additional organs.

Renal transplantation

Older kidneys and older recipients

The average life expectancy in the last century increased
from 45–50 to over 80 years17. Concurrent with this rise
has been an increase in the number of older people with
end-stage renal disease. In the USA, the number of patients
on the kidney transplant list who are older than 65 years has
more than tripled since 20006. Despite this steep increase,
only a relatively small number of elderly people have been
added to the transplant waiting list and, of those listed, only
a few go on to transplantation.

Kidney transplantation offers the potential for improved
quality and length of life in elderly patients18–20, and
good outcomes have been demonstrated for selected
patients21,22. In a registry study, Wolfe and colleagues19

demonstrated that elderly kidney recipients (aged
60–74 years) had a life expectancy of 10 years, compared
with 6 years for those who did not receive a transplant.
Furthermore, Rao et al.20 showed that even patients older
than 70 years had a survival benefit from transplantation.
Eighteen months after transplant, the relative risk of
death was 56 per cent lower for patients who received a
transplant compared with that in those remaining on the
waiting list.

Kidneys from younger and healthier deceased donors are
associated with lower death rates, but recipients require
longer waiting times, especially as matching schemes select
against older patients receiving younger kidneys23. Reg-
istry data from the USA have shown that 46 per cent of
patients aged over 60 years on the waiting list are expected
to die before receiving a transplant24. Thus, transplant can-
didates over 60 years of age are at significant risk of not
surviving to receive a transplant, and a key question is
whether older patients would benefit from earlier receipt
of an extended criteria organ. Ojo and co-workers25 exam-
ined whether patients would benefit from earlier transplant
with extended criteria donor kidneys rather than waiting
for a better-quality organ. For patients aged over 65 years,
the life expectancy for extended criteria kidney recipients
with 2 years on dialysis was 5⋅6 years, comparable to that
of patients who received organs from either standard cri-
teria donors (5⋅3 years) or living donors (5⋅5 years) after
4 years of pretransplant dialysis. This study emphasized the
importance of early transplantation in this age group, even
if older donors are used.

The importance of reducing waiting times by using
older organs has been recognized in Europe where a
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specific Eurotransplant Senior Programme was established
in 1999, with the aim of matching kidneys from deceased
donors aged over 65 years with recipients in the same
age group22–28. Frei and colleagues27 analysed 5-year out-
comes following initiation of the programme, and showed
that graft and patient survival were not affected nega-
tively by the Eurotransplant Senior Programme; the avail-
ability of older donors doubled and the waiting time for
elderly patients decreased. The local allocation scheme
led to significantly shorter cold ischaemia times and less
delayed graft functioning. Even older donors (aged more
than 75 years) were shown in a single-centre study29 to
have acceptable graft outcomes. In Frei and colleagues’
study, however, there was a higher incidence of acute
rejection in patients within the Eurotransplant Senior
Programme.

In all studies of transplantation in the elderly, ‘death with
functioning graft’ is the main reason for graft loss30,31. In
fact, death-censored graft survival is higher in elderly recip-
ients than younger recipients31. Although overall survival
in transplant recipients is higher than in patients on dial-
ysis, post-transplant mortality is increased in the initial
12–18 months, and the survival benefit for older recipi-
ents is not realized until 1⋅5 years after transplantation19.
Clearly, it is important to select appropriate older recip-
ients and optimize any modifiable risk factors. Certainly,
biological age is considered more important than chrono-
logical age. However, it is difficult to define and measure
biological age. Several authors32–34 have developed clinical
risk assessment tools to measure the physiological reserve
of recipients. However, despite these measures being inde-
pendent predictors of mortality, it is difficult to see how an
arbitrary cut-off can be found to decide when to list and
when not to list elderly patients.

As well as trying to stratify the risk for recipients, a num-
ber of groups have tried to develop systems for stratifying
the risk from older donors. The most comprehensive of
these is the Kidney Donor Risk Index, which was validated
on US data35. This donor index is based on 14 indepen-
dent predictive variables that include donor variables as
well as factors such as cold ischaemia time and human
leucocyte antibody mismatch. A simpler donor risk index
based on UK registry data was developed by Watson
and co-workers36; this relied on five donor variables:
age, history of hypertension, body mass index, length of
hospital stay and use of adrenaline (epinephrine). Both of
these scoring systems can be used to guide the surgeon in
deciding whether to use an organ, and also to aid informed
consent. Remuzzi and colleagues37 have concentrated on
preimplantation biopsies to guide decisions on whether
to transplant a single kidney, both kidneys in a single

recipient, or not to transplant the kidneys. However,
other studies29,38 reported that donor glomerular filtration
rate, cold ischaemia time and presence of donor-specific
antigen were sufficient to predict function, whereas
preimplantation biopsies did not. Furthermore, histolog-
ical scoring may increase cold ischaemia times, adversely
affecting graft function38.

Older living donors

Living donor transplantation remains the best option for
elderly renal transplant recipients. Timely transplanta-
tion with no or minimal time on dialysis has been shown
to increase long-term graft and patient survival for all
ages39, and this is particularly true for elderly patients25.
There is, however, a dichotomy between the need for early
transplants in the elderly population and longer deceased
donor waiting times. Having a living donor available
can facilitate early transplantation, ideally pre-emptively.
Many older recipients are reluctant to accept organs from
younger donors; therefore, with the increase in older
patients with end-stage renal disease, a parallel increase
in the number of older donors has been observed. Most
guidelines do not state an upper age limit for kidney
donors per se40–42, but there is sometimes a reluctance
to accept older donors as they are deemed at higher risk
of postoperative complications42. As well as presenting
an unacceptable risk for the donor, this may also nega-
tively impact a whole donor programme in the event of
an operative death. Nevertheless, living donation from
donors up to the age of 90 years has been reported in the
literature43.

Ahmadi and colleagues44 systematically reviewed the
evidence for the effect of age on postoperative complica-
tions and mortality in living donor nephrectomies. The
most comprehensive study to date is a registry study by
Segev et al.45, who examined mortality in a registry of more
than 80 000 living donors, and found no significant dif-
ferences in perioperative surgical mortality in those aged
over 60 years compared with younger donors. Although
long-term mortality was higher in the older donors than
younger one, there was no difference in survival com-
pared with that of a matched healthy non-donor control
group. Other studies46,47 have also examined the incidence
of postoperative complications and reported no differences
between age groups. Interestingly, when quality of life
was examined, elderly donors scored higher than younger
patients at 1 and 3 months after surgery48, and were more
satisfied with the cosmetic outcome than younger donors49.
Overall, there is no evidence at the moment that precludes
kidney donation over the age of 60 or even 70 years50.

© 2015 BJS Society Ltd www.bjs.co.uk BJS 2016; 103: e62–e72
Published by John Wiley & Sons Ltd



Kidney and liver transplantation in the elderly e65

Clearly it is important to assess living donors thoroughly
to exclude co-existing risk factors such as hypertension,
diabetes and ischaemic heart disease.

Outcomes following transplant of organs from
older donors are excellent, but remain inferior to
transplantation from younger donors50–52. Kerr and
colleagues51 conducted a univariable analysis of 1126 con-
secutive transplants, and demonstrated that graft survival
of kidneys from older living donors, although inferior to
that of organs from younger living donors, was better than
survival of deceased donor kidneys from older donors,
and comparable to that of kidneys from deceased younger
donors. Interestingly, in one study52 the incidence of acute
rejection was significantly higher in recipients of grafts
from living donors over 65 years old; however, if recipients
did not experience an incidence of acute rejection, graft
survival was not affected by donor age.

Immunosuppression in the elderly

For all transplant recipients, immunosuppression is
a balance of preventing rejection while minimizing
the increased risks of infection and malignancy. It has
long been recognized that elderly patients are rela-
tively immunocompromised and therefore may need less
immunosuppression53. It has also been shown that elderly
recipients have lower rates of acute rejection and also have
a higher incidence of infection after transplantation54.
It has therefore been suggested that reduced immuno-
suppression in the elderly may be appropriate, especially
as they have a higher risk of malignancy55.

Ageing causes a decline in the function of cellular
components of the adaptive immune system, and ani-
mal studies have shown reduced adaptive immune
responses with age56,57. The elderly have reduced T
and B cell responses to new antigens, as demonstrated by
reduced responses to vaccination58,59. However, although
a number of large registry studies60–62 have shown a
reduction in acute rejection in elderly recipients, other
studies27,63,64 have contradicted this. In particular, when
elderly donors receive an elderly kidney, as in the Euro-
transplant Senior Programme, there is a higher incidence
of acute rejection27. Certainly, experimental evidence
suggests that alloreactive T cell responses are enhanced
against older grafts compared with younger and better
preserved grafts65. It is, therefore, not possible to have
a generic protocol that reduces immunosuppression for
all elderly recipients. However, tailoring and reducing
immunosuppression in the elderly over time will reduce
the incidence of infection and malignancy, and potentially
increase patient survival.

Liver transplantation

Donation after brain death

In contrast to end-stage renal disease, where dialysis
offers an alternative to transplantation, liver transplant
remains the only treatment option for patients with
end-stage liver disease. The increasing age in donors
worldwide has led to the use of increasingly elderly donor
livers. Whereas there is a clear measurable decline in
the glomerular filtration rate in elderly kidneys66, the
decline in function in elderly livers is less clear. It is known
that liver weight decreases with age67. However, elderly
livers maintain their functional reserve and regenerative
capacity68,69. Although there may be a reduction in the
rate of regeneration, the aged liver retains the capacity to
restore itself to its original size70. Livers from donors aged
over 70 years are much more likely to be discarded71,72.
However, a number of registry analyses and case series
have now shown acceptable outcomes with livers from
donors over 70 years old and from donors aged more
than 80 years69,73–83 (Table 1). Some of these studies have
reported results equivalent to those obtained using stan-
dard criteria livers. The key to achieving good results
with older livers is minimization of other risk factors.
Donor risk factors that can be controlled include cold
ischaemia time, body mass index and steatosis. Although
there is experimental evidence suggesting that elderly
livers are not more susceptible to ischaemia–reperfusion
injury84, some studies78,81 have shown that older livers
have a greater incidence of ischaemic-type injuries such
cholangiopathy. Furthermore, use of livers with cold
ischaemia times of more than 12 h is associated with
poorer outcomes85. Therefore, if cold ischaemia times
can be minimized, outcomes for older donor livers can be
improved. Indeed, in all the case series that used donors
aged over 70 and 80 years, cold ischaemia times were kept
low (5–9 h)69,72–83. Steatotic livers are also much more
susceptible to ischaemia–reperfusion injury86, and there is
a higher incidence of steatosis in elderly livers87. There-
fore, it is important to avoid older donor livers in patients
with a high body mass index and macroscopic steatosis.
There are also recipient factors that affect outcome with
older livers. Patients with hepatitis C transplanted with
older livers do poorly88,89, and, in contrast with renal
transplantation where ‘old for old’ programmes have been
initiated, old livers in old recipients are associated with
inferior outcomes84. Equally, older livers are not suitable
for very young recipients. Segev and colleagues73 demon-
strated that modification of recipient factors can determine
outcome in extended criteria donor liver transplantation.
There were no differences in graft outcome whether
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Table 1 Outcomes following liver transplantation with donors aged over 70 years

Graft survival (%) Patient survival (%)

Reference No. of patients
Donor

age (years)*
Primary

non-function (%) 1 year 3 years 5 years 1 year 3 years 5 years

Kim et al.74 25 74 8 83 72 – 95 90 –
Lai et al.77 28 74 3⋅6 41 – – 47 – –
Gastaca et al.78 55 >70 0 93 90 – 94 91 –
Borchert et al.79 41 73⋅4 2⋅4 86 81 75 91 83 77
Segev et al.73 1043 74⋅8 – – 74⋅9 – – 81⋅2 –
Darius et al.82 58 77 0 88 – 79 90 – 84
Jiménez Romero et al.69 50 75⋅7 0 74 65 58 76 – 63
Ghinolfi et al.83 233 70–79 3 87⋅6 78⋅9 75⋅1 91 82⋅8 79
Cescon et al.76 111 70–79 7 – 62 62 – 68 66
Nardo et al.81 30 82⋅3 0 77 – – 80 – –
Ghinolfi et al.83 85 >80 0 85 77 77 86 78 78
Cescon et al.76 41 >80 0 – 81 81 – 86 86
Singhal et al.75 197 >80 – 75⋅5 61⋅2 – 81 69⋅1 –

*Values are mean or range.

patients received livers from donors over 70 years old or
aged less than 39 years, when the following criteria were
met: no acute liver failure or hepatitis C, first transplant,
age less than 45 years, body mass index below 35 kg/m2

and cold ischaemia time less than 8 h.

Donation after circulatory death

Although DCD livers are not available in all countries,
they have become a valuable source of additional organs,
especially in places such as the Netherlands and the UK,
where DCD donation represents nearly 50 per cent of all
deceased donation; similar figures are seen in other Euro-
pean countries7,8. In the USA, there are fewer DCD donors
(21 per cent) but the number is likely to increase6. Whereas
83 per cent of DBD livers retrieved are subsequently trans-
planted, only 27 per cent of livers recovered from DCD
donors are transplanted in the UK8. Allografts obtained
from DCD donors are known to have poorer outcomes
than those from DBD donors90. This is due to the initial
exposure to warm ischaemia, which is known to aggra-
vate organ injury91. De Vera and co-workers92 reported
that 1-, 5- and 10-year graft survival rates were signifi-
cantly lower in DCD (69, 56 and 44 per cent respectively)
than DBD (82, 73 and 63 per cent) liver recipients.
Primary non-function and biliary complications were more
common in those who received DCD organs, accounting
for 67 per cent of early graft failures. Importantly, donor
age above 60 years was associated with poorer DCD out-
comes, along with donor warm and cold ischaemia times.
UK guidelines93 currently recommend that the ideal age
for DCD donors is less than 50 years. This guideline is
supported by a Dutch multicentre study94, which used
restricted criteria of donors age less than 50 years. One- and
3-year patient survival rates were similar for DCD (85 and

80 per cent) and DBD (86⋅3 and 80⋅8 per cent) transplants,
as were graft survival rates (74 and 68 per cent versus 80⋅4
and 74⋅5 per cent). In a series of 70 DCD liver transplants,
Detry et al.95 found no difference in graft survival or com-
plications in recipients of livers from DCD donors aged 70
years or over versus younger donors. They attributed the
successful outcome in older DCD donors to the short ini-
tial warm ischaemia time and short cold ischaemia times.
These results suggest, as with DBD donors, that good func-
tion can be gained from older donor livers if other risk
factors are minimized.

Living donation

Living donor liver transplantation, an alternative to
deceased donor liver transplantation, has become the
mainstream treatment in Asia because there are very few
deceased donor liver grafts96. The use of older living
donors has increased, but the numbers of donors aged
over 60 years remains very limited97,98. The use of elderly
donors is controversial because of increased risk to the
donors as well as the potential poorer recipient outcomes.
Although some studies99,100 have shown satisfactory
results using older live donors, others98,101,102 have
reported primary non-function and low graft survival
rates. Furthermore, older donors are at higher risk of
major complications102. Although around the world there
have been isolated reports of live donors over 70 years
old103, this is not common practice, and in the USA donor
age is limited to under 60 years102.

Older liver recipients

A number of publications104–108 have examined liver
transplantation in elderly recipients. Although some have
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reported very poor outcomes105, others have noted excel-
lent outcomes107. There is now a greater recognition
that age in itself is not a good measure of suitability
for a liver transplant recipient. Physiological age, as far
as one can measure it, is more relevant. A relatively fit
65-year-old can expect to live for another 15–20 years and
so liver transplantation is a viable option. Furthermore,
vigorous assessment of liver transplant recipients, using
cardiovascular screening, precludes a number of unsuitable
elderly recipients106. Using this approach, outcomes are
similar between older and younger recipients. Cross and
colleagues109 compared the outcomes of recipients aged
60–64 years, at least 65 years and less than 60 years at
the time of transplantation, and found no difference in
graft and patient survival for all three groups at 30 days,
1 year and 5 years after transplantation. However, it should
be noted that the Model for End-stage Liver Disease
(MELD) scores were lower for patients aged over 65 years,
and there were fewer patients with hepatitis C and more
patients with primary biliary cirrhosis; these factors are
known to be associated with improved outcomes. Another
study110 demonstrated that, with appropriately screened
older recipients, there was no difference in 10-year sur-
vival between transplant recipients aged over 70 years and
a cohort of younger patients. The authors also proposed
that measures of physiological age and risk of complica-
tions should be used in the evaluation process of elderly
transplant candidates, and that age by itself should not be
a limitation to liver transplantation.

Ethical considerations for using extended criteria
donor organs

For each organ offer there is a balance between the risks
and benefits of remaining on the transplant waiting list
compared with those of accepting that particular donor
organ. Although allocation schemes offer an organ to a
particular recipient, ultimately the decision to accept an
organ is made by the transplant physician and surgeon.
Currently, allocation schemes do not formally take into
account the wishes of the potential recipient. One of
the only studies to examine this found that patients dis-
agreed with a number of aspects of current allocation sys-
tems, as they do not factor in individual preferences111.
The authors also considered that the patients received
very little information on donor characteristics. Current
best practice is to obtain consent from patients at the
time of listing, update this on an annual basis, and con-
firm consent at time of transplantation112. At the time
of listing it is possible to gain consent from patients for
potential extended criteria donor organs, and a number of

units do this in order to avoid accepting an organ that a
patient may not consent to being transplanted. A European
study113 found that 23 of 28 centres that accepted extended
criteria livers specifically informed the recipients of the
increased risks. Of those that did, 43 per cent obtained
consent at listing, 14 per cent at the time of surgery, and
43 per cent at listing and at the time of surgery.

As the number of older donors increases, patient pref-
erences may need to be incorporated into allocation
systems111 to avoid the acceptance and subsequent decline
of organs, which may lead to organ wastage. To give valid
consent, the potential transplant recipient needs to be
informed of the risks and benefits of receiving an older
donor organ, as outlined in this review. Consent may also
be aided by the use of objective donor risk indices35,36.

Future developments

The increasing use of older donor organs has led the
transplant community to examine strategies for improving
organ quality, and improving short- and long-term func-
tion, allowing more organs to be transplanted. Machine
perfusion of donor organs is being explored as a means of
both assessing organ viability and potentially improving
organ function. Machine perfusion of donor organs is
not a new technology; extracorporeal machine perfusion
was first used by Marchioro and colleagues114 in 1963.
However, at that time these machines were expensive and
cumbersome. With the advent of better and cheaper stor-
age solutions, such as University of Wisconsin fluid, static
cold storage became the universal preservation technique.
The use of machine perfusion is now being re-evaluated,
with a view to expanding the donor pool in the future by
using more extended criteria organs and organs procured
from DCD donors.

Cold machine perfusion has been used in clinical prac-
tice for preservation of kidneys for some time, and has
been shown to improve outcomes in DBD and DCD donor
kidneys115. However, it has been postulated that hypother-
mic oxygenated perfusion may confer superior protection
and this is currently being evaluated as part of a random-
ized clinic trial116. Hypothermic oxygenated perfusion has
also been demonstrated to recondition livers in the experi-
mental setting117.

Normothermic regional perfusion in DCD donors uses
an extracorporeal circuit to recirculate warm oxygenated
blood for a period after circulatory arrest. Early clini-
cal experience using this technique in DCD suggests an
increase in the recovery rates of extra-renal organs, with
good initial function and a reduction in delayed graft func-
tion in kidneys118.
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Normothermic machine perfusion of individual organs
with warm oxygenated blood has been shown in the exper-
imental setting to resuscitate and improve function of both
kidneys and livers, and early clinical results have been
encouraging119–121. Machine perfusion of an organ also
has the potential to include other therapies such as immune
therapies, pharmacological treatments122 and stem cell
therapies123.

All of these machine perfusion techniques are now
the subject of randomized trials to evaluate the optimal
methods for preserving and reconditioning donor organs.
Indeed, the landscape of organ retrieval, organ preserva-
tion and transplantation is changing rapidly and, as the
number of elderly donors increases, the use of machine
perfusion for organ preservation is likely to become
common practice.

In addition to strategies for reconditioning of donor
organs using machine perfusion, other innovations to
combat ischaemia–reperfusion injury are currently being
evaluated in randomized clinical trials, such as ischaemic
conditioning124,125, pharmacological conditioning (using
complement regulatory drugs or calcineurin inhibitors)
and cell-based therapies in recipients (ONE study)126.

Older donors and older recipients have become a clinical
reality in transplantation. In live donor kidney transplanta-
tion, good results can be obtained for older donors as well
as older recipients. For deceased donor liver and kidney
transplantation, translational studies have led to innovative
ways to recondition organs from older donors, as well as to
improve the suitability of ‘marginal’ recipients. Allocation
schemes have been developed to determine the best com-
bination of older donor organs for older transplant recipi-
ents. The future is bright for reconditioning and regenera-
tive approaches in clinical transplantation, especially in the
era of an ageing population.
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