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Abstract Approximately one-third of kidney transplant can-
didates have medically acceptable living donors, but are un-
able to receive transplants due to donor—recipient incompati-
bilities. Kidney paired donation (KPD) is a strategy that
matches incompatible pairs in order to find compatible
matches, thus increasing living donor transplantation. The
concept was first conceived in 1986. Since then, significant
strides have been made. However, the technique remains
underutilized. This article describes the current advances,
types of paired donation programmes, registries, worldwide
experience, outcomes, barriers, and limitations.
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Introduction

The field of transplantation has made major advances. How-
ever, the number of patients on the waiting list continues to
grow and demand for organs is ever increasing [1]. As a
consequence of the long waiting time, wait-listed patients
continue to die or are taken off the wait list as they become
too sick before receiving an organ offer.
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Living donor renal transplantation is the preferred trans-
plant option, providing a survival benefit compared to de-
ceased donation [1]. However, in order to receive a living
donor transplant, an acceptable donor is required. It is esti-
mated that one-third of patients who have healthy, willing
living donors are unable to receive a transplant due to blood
type incompatibility or the presence of a donor-specific anti-
body (DSA) [2]. Blood group incompatible (ABOi) trans-
plants have comparable long-term patient survival when com-
pared to ABO compatible live donor transplants, but short-
term graft loss has been found to be higher in the ABOi group
[3¢+]. Only 6.5 % of highly sensitized patients in the United
States receive a transplant each year. These sensitized recipi-
ents have to wait longer or undergo desensitization strategies
in order to be transplanted. Various expensive desensitization
strategies have been described in the literature; although pa-
tient outcomes from such strategies may be better when com-
pared to the waiting list, they are certainly lower than with a
compatible live donor transplant with increasing graft loss
from antibody mediated rejection after 2 years [4¢, 5]. In both
cases, the increased immunosuppression required also adds to
the risk. Thus, the opportunity to find a blood group and HLA
compatible living donor offers substantial benefit. For many
patients, this can be achieved using living donor exchange.

Kidney Exchange Programmes

Kidney paired exchange was first proposed in 1986 by
Rapaport [6], and gained popularity in 1997 when such trans-
plants were found to be ethically acceptable [7]. See Table 1 for
the kidney paired donation (KPD) time line. The types of KPD
programmes that exist today are described below (Fig. 1).

Multi Way Exchanges

This is a classic type of exchange where incompatible pairs
DI, R1 & D2, R2, exchange kidneys in order for each to
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Table 1 KPD time line

Year  Event

1986  KPD conceptualized by Felix Rapaport [6]

1991  First exchange performed in Korea [8, 9]

1995 3 way exchanges in Korea [9]

1999  First KPD transplant in Europe—Switzerland [10]

2000  First exchanges performed in US [11]

2000 New England paired kidney exchange program established [12]

2001  John Hopkins KPD program established [12]

2004  Dutch national living donor exchange program established [13]

2007  First non-simultaneous extended altruistic donor (NEAD)
chain reported in US [14]

2009  Canada national KPD program established

2010  OPTN announces plan to establish a national KPD pilot
program in US [15]

2010  First paired donation transplant from OPTN pilot program [15]

receive a compatible transplant, i.e. D1 donates to R2 and D2
donates to R1 (see Fig. 1). Exchanges are not limited to two
pairs; three-way and four-way exchanges are also possible. In
a two-way exchange, not only does D1 have to be compatible
to R2, but D2 also needs to be compatible with R1. If D2 is not
compatible to R1, then increasing the pairs in the exchange,
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finding a suitable pair [16].

Domino Exchanges

Domino paired exchange can be open or closed. Typically, a
non-directed donor (NDD), also known as an altruistic or
good samaritan donor, starts by donating a kidney to a recip-
ient in an incompatible pair, which then sets off a domino of
exchanges. Domino exchanges are a powerful tool for increas-
ing transplant numbers. This is because in a true paired ex-
change, both donor and recipient must match with another
pair. In domino transplants, only one match at a time is
required (see Fig. 1).

It is called a closed exchange when the last donor in the
chain donates to a patient at the top of a deceased donor wait list
(DDWL) and ends the chain. Open domino exchanges are also
called NEAD chains. In this type of exchange, a NDD starts off
the chain, but the last donor does not donate to a patient on a
deceased donor wait list. Instead, he/she becomes a bridge
donor waiting to start off another domino transplant chain.
Bridge donors will usually be non blood type O, and may be
harder to match [2]. The potential benefit of this type of chain is
the ability to start additional chains with significant numbers of
transplants. The concerns are the fact that the donor must put
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his/her life on hold for an undetermined period of time, and the
risk of the donor reneging, as his/her recipient has already
benefitted. Nonetheless, this strategy has worked very well in
some jurisdictions [ 14]. One disadvantage is that patients on the
DDWL will not benefit, as a kidney is diverted away from the
DDWL. A recent analysis of NDD-triggered NEAD exchanges
from the National Kidney Registry reported that 77 NDD-
initiated chains led to 373 transplantations for a mean chain
length of 4.8 (median, 3; range, 1-30). Seven bridge donors
were lost in the process due to donor reneging [17¢].

List Exchange

Living donor exchange can also involve exchange with the
deceased donor list. List exchange (LE) occurs when a donor
of an incompatible pair donates to a compatible patient on a
deceased donor wait list, and in return, the recipient of the
incompatible pair gets prioritized for a deceased donor trans-
plant. This type of exchange can avoid the risk of ABO or
crossmatch incompatibility, and can yield an additional donor
source for patients awaiting a deceased donor kidney [18]. List
exchange is non-simultaneous, because the living donor do-
nates first before the recipient is prioritized. In general, only
unsensitized candidates, or those with few antibodies, have
been accepted, with the justification that a sensitized candidate
might wait for an extended period after the living donor’s gift
before a compatible deceased donor organ becomes available
[2]. While the recipient will get a kidney sooner, he/she will not
derive the additional benefit of receiving a living donor kidney.
Concern has been expressed that O recipients on the deceased
donor list would be disadvantaged, because most deceased
donor kidneys in this type of exchange would go to O recipi-
ents, diverting them away from those already on the list. The
contrary view is that without this exchange, such patients would
be added to the list, so the list is actually shorter.

Altruistic Unbalanced Paired Kidney Exchange (AUPKE)

The SRTR 2011 report shows that 52.2 % of adult wait-listed
candidates for a kidney transplant are blood group O. Blood
group O recipients are disadvantaged by the fact that they can
receive kidneys only from a blood group O donor, whereas a
blood group O donor can donate to any blood group recipient.

Thus, there is an imbalance in the blood group representa-
tion in a typical KPD pool. In a simulated model using United
Network for Organ Sharing (UNOS) data, Gentry et al. esti-
mated that 60 % of KPD candidates are blood group O,
whereas only 30 % of donors in such pools are blood group
O [19]. Others have reported similar results; for example, in
the Dutch KPD programme, around 67 % of ABOi pairs were
found to have type O recipients, whereas only about 30 % of
pairs have type O donors [20]. In traditional KPD pools of
incompatible pairs, match rates for type O recipients with
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non—type O donors are around 15 %, whereas rates for other
pairs with donors of other blood group types are close to 50 %
[21]. Some consider this a drawback of KPD programmes.

To overcome this imbalance, it has been suggested that com-
patible pairs with a blood group O donor be encouraged to
participate in a KPD. There are potential medical advantages
for such pairs to participate in a KPD, as the recipient in this
compatible pair has the opportunity to receive a kidney from a
younger donor, better size-matched donor, or a more immuno-
logically compatible donor (avoiding child-to-mother or
husband-to-wife donation), thus resulting in longer graft half-
life. Others may be motivated to participate for altruistic reasons.
Ratner and colleagues published a proof of concept paper in 2010
where they explored the reasons why a compatible pair may want
to participate in a KPD. Perceived benefit to the recipient was a
factor that motivated such pairs to take part [22¢]. Simulations
show that if compatible pairs participate in KPD, even if only
when they gain a tangible medical benefit, the 15 % match rate
for type O recipients with non-type O donors would climb to
78 %, and up to 90 % if all compatible pairs participated whether
they derived a benefit in doing so or not [19].

Paired Donation with Desensitization

Some patients are so highly sensitized that it may not be
possible to find a donor to whom they do not have antibodies.
In these circumstances, living donor exchange still may provide
an important benefit, i.e. finding a donor to whom they have
fewer and lower titre antibodies. In that case, desensitization
therapy may be used to reduce the titre of antibodies further so
that transplantation may proceed. Thus, for highly sensitized
patients who have a cross match positive donor, a combined
approach can be considered, e.g., if there is another donor who
may be cross-match negative with only a weak DSA [23].

Registries

There are many national registries for KPD worldwide, includ-
ing The Netherlands, Canada, France, United Kingdom, Aus-
tralia and South Korea. In the United States, a government-
organized registry is run by the UNOS. There are also a number
of single and multi centre registries in the United States, such as
the Alliance for Paired Donation, the National Kidney Registry,
the New England Paired Kidney Exchange, and the Johns
Hopkins Hospital consortium. The Methodist Hospital in San
Antonio runs a very successful single centre registry [14].

Simulation

Simulation has played a key role in research in this area. Before
registries were set up and prospective cohort data were avail-
able, centres used simulation models from existing transplant
databases to study the potential impact of KPD. Interactive
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software-based decision support systems to model, monitor,
and visualize a conceptual KPD programme have been devel-
oped, which aim to assist clinicians in the evaluation of different
allocation strategies [24, 25]. The work of Gentry and Segev
was especially useful in this regard, as it pointed out the impact
of the number of pairs entered on the number of matches and
the importance of optimization as a matching strategy in order
to include harder-to-match patients [26]. These models also
give registries the ability to test matching algorithms, perform
assessments of efficiency and feasibility, and to simulate the
impact of different point allocations. Ultimately, they help
patients in decision making [27].

Matching

Computer-based matching programmes are generally used.
Match runs are typically run every 3 months in most
programmes, although some programmes match much more
frequently. In the Netherlands, the software is set up so that the
potential recipient with the lowest match probability, in other
words, the recipient with the smallest chance of finding a
compatible donor in the pool, is ranked first [28]. As noted
above, an optimization strategy has been shown to maximize
the number of potential transplants while minimizing HLA
disparity in simulated models [26]. They can also guarantee
that no better set of matches could have been found [2].

Other Registries have chosen to match more frequently; in
some cases, as soon as a match is identified. While the
promise of an early match is attractive to patients and their
physicians, these strategies are more likely to exclude those
that are harder to match.

One other matching strategy is called Dynamic Optimiza-
tion [29, 30]. It permits some hard to match patients to match
right away, but others, even if there is someone they could
match to immediately, wait to match until after more people
arrive. It would allow people to still get the benefits of opti-
mization without making every single patient wait for an
accumulation of pairs. While this technology has promise,
an implementable plan has not been provided, nor has it been
tested it on real or realistic simulated patient data.

Cost Effectiveness

KPD is less expensive than dialysis or desensitization. It has
been estimated that the United States health care system could
save as much as $750 million if only 7 % of patients awaiting
kidney transplantation in the United States participated in an
optimized national KPD programme [26].

Outcomes

Patient and graft outcomes for pairs participating in KPD
programmes have been found to be comparable to other living

donor transplants. Data from UNOS show that at 5 years, both
patient and graft survival are similar for KPD and matched
directed live donor transplants [31]. Similarly, the Dutch
national programme reported equitable 5-year graft survival
for KPD recipients and directed living donation [32+¢]. Below
is a description of published activity from individual
programmes.

South Korea

In South Korea, a KPD programme has been in existence as
early as 1991. The outcomes of a multi-centre closed domino
paired exchange were reported in 2009. 16 centres participat-
ed and between 2001 and 2007; 179 transplants were per-
formed with 70 domino chains initiated by NDD. The mean
age of NDD was 43.7+8.8 (range, 37-50 years), with many
(28 %) in a religious profession [33]. In addition, there were
45 two-pair chains, 15 three-pair chains, 7 four-pair chains, 2
five-pair chains and 1 six-pair chain. The median wait time
between enrollment and transplantation was 13 months. One-
year and 5-year graft survival rates were 98.3 % and 87.7 %,
respectively, with a median follow-up of 46 months [33].

Dutch National Programme

The Dutch national paired donation programme was
established in 2004, and recently reported its 5-year outcome
data. The Dutch Transplant Foundation is responsible for
allocation, while cross-matching is centrally performed at
the National Reference Laboratory for Histocompatibility.
Patients’ sera are screened for HLA alloantibodies against
HLA -A, -B, -C, -DR, and -DQ, but not against -DP [28].
The 472 enrolled pairs consisted of 269 ABO blood type
incompatible pairs (83 transplanted) and 203 positive cross-
match pairs (104 transplanted).

Most of the transplanted recipients (119/187, 64 %) had an
age difference of less than 5 years with their original incom-
patible donors. The age differences with their actual donors
varied widely, but the number of recipients with a donor>
5 years older was comparable to the number of recipients with
a donor>5 years younger. The 5-year patient survival was
85 % and graft survival censored for death was 89 %. No
differences were found between the original donor-recipient
ABO incompatible and positive cross-match groups [32e°].

UK National Programme

The KPD programme in the UK has been operating since
2006. The National Health Service Blood and Transplant
(NHSBT) organization, responsible for managing and coordi-
nating transplant activity in the UK, published their early
results in 2008. Their matching algorithm used a points-
based system based on geographical proximity between pairs,
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calculated human leukocyte antigen antibody reaction fre-
quency (cRF), HLA mismatch of potential transplant, and
donor—donor age difference. All blood group compatible ex-
changes in the programme were considered, with the excep-
tion that blood group O donor kidneys were only used in
group O recipients. Initially, all potential two-way exchanges
were identified, with three way exchanges considered after the
first year [34]. The KPD programme in the UK has yet to
perform its first domino transplant.

120 patients were registered in the KPD scheme. Matching
runs were done every 3 months. Of these, only eight trans-
plants were performed between April 2007 and July 2008.
The reasons for the lower than expected transplant rate were
the ABO blood group disparity (there were more blood group
A donors and not many group A or AB recipients, and the
degree of cRF among HLA incompatible pairs was high), the
high degree of sensitization (46 %of the patients had a calcu-
lated panel reactive antibody of>85 %), and sensitized pa-
tients even among the ABOi pairs. They also found that
individual centres were pursing desensitization therapy sepa-
rate from the KPD programme for enrolled patients from their
respective centres [34]. This is in contrast to the Dutch and
South Korean models, where blood group identical exchanges
are prioritized in order to maximize transplant rates for pa-
tients with blood group O [20, 35]; an exception to this rule
was in place for highly sensitized non O recipients, who may
otherwise not find a cross-match negative donor.

United States

Most countries have opted to establish national registries that
optimize the number of pairs and matches. In the United States,
there are a number of independent registries plus a national one
administered by UNOS. Those in favour of multiple registries
believe the potential advantage is the benefit of competition
leading to innovation. Recent data from the United States has
suggested that KPD has been underutilized [2]. Factors contrib-
uting to underutilization include insurance costs, travel (less
relevant now when most kidneys are shipped), reimbursement
to donor when there are different insurance providers, and
fragmented registries. However, it is likely true that KPD is
not optimally utilized in most countries.

Segev et al. analysed data submitted to UNOS by transplant
centres between 1 January 2000 and 27 August 2007. Two
hundred and nine patients underwent transplantation through
KPD and 89 patients were transplanted through list exchange.
Of these, details of 186 KPD and 70 LE recipients were
available for analysis. No differences in survival (patient and
death censored graft survival) were found when compared to
matched controls in live directed donations performed during
the same time period [31].

The KPD programme at Methodist Specialty and Trans-
plant Hospital, San Antonio, is an example of a successful
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single centre programme. The programme was initiated in
2008. In a recent report, a total of 134 KPD transplants had
been performed, including 117 incompatible pairs and 17
compatible pairs. Of the KPD transplants, 36 % were two-
way exchanges, 36 % were three-way exchanges and 28 %
were domino transplants. NDD initiated three transplant
chains; two resulted in bridge donors and one ended in a
closed domino chain where a highly sensitized patient at the
top of the DDWL received a transplant. Among the incom-
patible pairs, five highly sensitized recipients underwent de-
sensitization prior to transplantation. The median time from
listing in the KPD database to transplantation was 4.5 months
(range, 1-18). Of the transplanted patients, 63 % had cross-
match incompatibility with their original donors while 37 %
had blood-type incompatibility [36].

Canada

A living donor exchange programme was launched by Canadian
Blood Services in 2009. As of September 2013, there were 468
pairs registered and 218 transplants completed. The allocation
points system has achieved steady state in terms of the distribu-
tion of the registered donor pool with “O” donors making up
61 %. Sensitized patients with cPRA<97 % have had a 50 %
chance of a match within the programme. Sixty percent of
registered recipients with a cPRA between 80 and 96 % have
been transplanted. Key elements of the programme are: 1)
Standardization of HLA laboratory practice across all participat-
ing programmes; 2) Standardized work-up and acceptance
criteria for living donors; 3) Allocation optimization using a
centralized software system with modelling capabilities to sup-
port evolution of the programme; 4) An advisory committee of
transplant professionals from participating programmes to ad-
dress in real-time logistical and medical issues; 5) Dedicated
central support staff to rapidly implement change and coordinate
exchanges between programmes; and 6) Annual review of the
allocation system to ensure equitable access to transplantation.

Barriers and Limitations
Legal Barriers

Legal barriers could potentially prevent some countries from
starting a KPD programme because of concerns about ex-
change of valuable commodities. However, in consultation
with lawmakers, changes to enable living donor exchange
have been made. For example, previously, in the UK, donors
had to be genetically or emotionally related to be able to
donate. However, these concerns were overcome, allowing
both paired and NDD donation as of 2006 [34]. In the United
States, the National Organ Transplantation Act (NOTA) of
1984 states that it is illegal to transfer a human organ for
“valuable consideration.” It is questionable whether a KPD
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would amount to valuable consideration. For this reason, a
national registry was not established until Congress passed
legislation in 2007 exempting KPD from NOTA [2].

Donor Reneging

Donor reneging was one of the first potential concerns in
KPD. As a consequence, most programmes started by doing
surgeries simultaneously. However, with time, and because of
the complexities of surgeries at multiple sites and time zones,
most groups no longer insist on this. One way of overcoming
this problem in closed chains initiated by a NDD is to get each
donor to donate before their recipient receives a kidney.
Others feel that this could lead to a recipient losing their donor
should the subsequent transplant fall through, e.g., because of
a donor problem. These groups feel that the recipient of a pair
should receive a kidney before their donor gives one. Regard-
less of what plan is chosen, the issues need to be addressed
and donors and recipients need informed consent regarding
the procedure in the event transplants do not proceed as
planned. Donor reneging is of greatest concern in NEAD
chains because the donor is waiting for an uncertain, possibly
prolonged period. Reneging could also be due to a change in
the medical condition of the donor, personal circumstances,
change in employment or relocation [17¢, 37]. Another strat-
egy is to have the donor wait a maximum period of time to
initiate the next chain and if no match occurs, to have him/her
donate to the deceased donor list.

Transporting Kidneys

In smaller countries such as The Netherlands and South Ko-
rea, it may be easier to operate a national matching scheme. In
countries like the US, geographic barriers have to be over-
come for such a programme to be successful. Travel may lead
to financial and personal burden on the pair and the donor or
recipient may be separated from their support during and after
the exchange. Donor follow-up by the surgeon doing the
procedure also becomes difficult if the donor has travelled.
Recent experience suggests that living donor kidneys can
withstand longer cold ischemia, and hence donor kidneys
may be shipped. In the United States, currently participating
centres are generally responsible for packaging and
transporting donor kidneys to recipient centres, unlike for
deceased donor transplants, where organ procurement organi-
zations (OPO) are responsible for this. Whether OPOs should
also take up the responsibility of coordinating the shipping of
organs involved in KPD is a matter of debate [38].

Recent studies have shown that it is possible to transport
donor kidneys by air without any difference in short-term graft
outcomes [39]. A proof of concept was demonstrated by
Montgomery et al. in 2007, in a three-way KPD between
Johns Hopkins Hospital (JHH) in Baltimore, MD, and

California Pacific Medical Center (CPMC) in San Francisco,
CA. All kidneys were functioning well at 1 year [40]. Segev
and colleagues have now reported the outcome of 56 trans-
plants where kidneys were transported among 30 transplant
centres as part of KPD programmes in the United States and
Canada. Distance travelled ranged from less than 1 mile to
2,570 miles, cold ischemia ranged from 2.5 to 14.5 h. No
patient experienced delayed graft function (defined by the
requirement for dialysis within 1 week of transplant). Creati-
nine nadir was<2.0 mg/dL in all but one patient [41¢]. The
potential risk of transportation by commercial jetliners would
be delay or loss in transit, though there have been no reports of
loss [42]. Thus, transportation should form a part of the
informed consent prior to transplant and strategies for pack-
aging and tracking should be in place.

Financial Barriers

In the United States, where donor and recipient pairs may have
different insurance providers, reimbursement of transplant-
related expenses can be a hurdle. Financial barriers need to
be addressed for KPD to reach its potential. For deceased
donor transplantation, a standard acquisition charge (SAC)
exists, which is calculated on the previous year’s total cost
to the OPO in recovering deceased donor kidneys divided by
the total number of deceased donor kidneys that are
transplanted. A proposal has been suggested for such a SAC
to cover KPD related expenses. Currently, transplant centres,
Medicare and insurance companies are reluctant to pay some
of the costs associated with KPD, such as donor travel costs,
shipment of living donor kidneys to the recipient centre, costs
related to incompatible living donor or NDD workup when a
guarantee does not exist that the donor will donate to one of
their covered beneficiaries [43].

Representatives from three major commercial payers have
similarly made calls for standardization of costs related to
evaluation and management of potential donors in KPD. They
suggest this can best be done by a SAC model. Further, these
commercial payers have also proposed that all costs between
donor and recipient centres be channelled thorough OPSs [44].

Conclusion

In conclusion, KPD is an important strategy for increasing
access to transplantation. Many countries have yet to establish
KPD programmes, and in countries where they exist, they may
be underutilized. As expected, outcomes from KPD are com-
parable to directed living donation. Legal issues have been
resolved and shipping kidneys has addressed some of the
practical difficulties. National and international collaboration
is encouraged for sharing best practice and innovative strategies
in order to increase the number of patients who benefit.
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