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Inclusion of compatible living donor and recipient
pairs (CPs) in kidney paired donation (KPD) programs
could increase living donor transplantation. We intro-
duce the concept of a reciprocity-based strategy in
which the recipient of a CP who participates in KPD
receives priority for a repeat deceased donor trans-
plant in the event their primary living donor KPD
transplant fails, and then we review the practical and
ethical considerations of this strategy. The strategy
limits prioritization to CPs already committed to liv-
ing donation, minimizing the risk of unduly influenc-
ing donor behavior. The provision of a tangible
benefit independent of the CP’s actual KPD match
avoids many of the practical and ethical challenges
with strategies that rely on finding the CP recipient a
better-matched kidney that might provide the CP
recipient a future benefit to increase KPD participa-
tion. Specifically, the strategy avoids the potential to
misrepresent the degree of future benefit of a better-
matched kidney to the CP recipient and minimizes

delays in transplantation related to finding a better-
matched kidney. Preliminary estimates suggest the
strategy has significant potential to increase the
number of living donor transplants. Further evalua-
tion of the acceptance of this strategy by CPs and by
waitlisted patients is warranted.

Abbreviations: CP, compatible living donor and recip-
ient pair; DCGL, death-censored graft loss; KPD, kid-
ney paired donation; LD, living donor; NOTA,
National Organ Transplant Act; OPTN, Organ Pro-
curement and Transplantation Network; SRTR, Sci-
entific Registry of Transplant Recipients
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Introduction

Kidney paired donation (KPD) has emerged as an impor-

tant strategy to increase living donor (LD) kidney trans-

plantation, but this strategy has not reached its full

potential and novel strategies to increase transplantation

through the KPD mechanism are needed (1,2). KPD has

mostly been used for recipients with preformed antibod-

ies against their potential LD’s ABO blood group or HLA

(also known as incompatible pairs). Recently, there has

been interest in expanding KPD to include ABO- and

HLA-compatible LD and recipient pairs to improve their

matching on other factors that may limit long-term kid-

ney transplant survival (3,4). For example, an ABO blood

group– and HLA-compatible pair (CP) in which the LD is

significantly older than the recipient would be considered

quasi-compatible based on the donor and recipient age

discrepancy (4). In theory, the inclusion of quasi-

compatible pairs in KPD has dual potential benefits:

Quasi-compatible pairs may find a better match, leading

to a potential improvement in long-term transplant

survival, and the inclusion of quasi-compatible pairs may

increase the chances of matching for incompatible pairs.

Surveys have shown that ABO and HLA compatible LDs

may be willing to participate in KPD (5–7).

There are important challenges to including quasi-

compatible pairs in KPD: Avoiding delays in transplanta-

tion is an issue of paramount importance when the
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quasi-compatible pair is trying to achieve a preemptive

transplantation. However, quasi-compatible pairs are also

probably unwilling to significantly delay transplantation

when the recipient is requiring dialysis treatment (5,6).

Accurately quantifying the potential benefits of a KPD

match to a quasi-compatible pair is also challenging (8). For

example, it may be difficult to quantify the potential long-

term benefits of accepting a younger KPD donor kidney

compared with proceeding with a direct LD transplantation

to a quasi-compatible pair that is better matched on HLA

but mismatched on age.

To avoid these challenges, a reciprocity-based strategy

that prioritizes the recipient in an ABO blood group and

HLA antigen CP for a repeat deceased donor transplant

in the event their first LD KPD transplant fails avoids

these challenges. In this strategy, the priority for repeat

deceased donor transplantation is a tangible benefit that

can be guaranteed in exchange for the CP’s participation

in KPD before knowledge of the actual match facilitated

by the CP.

Despite recommendations that all LDs be advised of their

potential to participate in KPD (9), there have been few

dedicated strategies to increase the participation of

ABO- and HLA-compatible pairs in KPD. The objectives of

this study are to introduce the concept of a reciprocity-

based strategy, to discuss the practical and ethical

considerations with this strategy, and to provide

preliminary estimates of the potential impact of a

reciprocity-based strategy to increase the participation of

ABO blood group– and HLA-compatible pairs in KPD.

Methods

This study was approved by the University of British Columbia, St. Paul’s

Hospital ethical review board.

Estimation of the potential impact of a reciprocity-based

strategy to increase LD transplantation

We first determined the increase in LD transplantation based on esti-

mates published by Gentry and colleagues of the impact of ABO and

HLA CP participation on the match rate for incompatible pairs in KPD

in the United States (10). These simulations were based on the follow-

ing assumptions: a single KPD program operating once per month for

a period of 1 year with 250 incompatible pairs and 539 compatible

pairs (based on current LD transplant volumes) per month. We then

subtracted the number of CP recipients who would require prioritiza-

tion for a repeat deceased donor transplant by calculating the 10-year

incidence of death-censored allograft failure by using the Kaplan–Meier

method and data from the Scientific Registry of Transplant recipients

(SRTR) to determine the net impact on kidney transplantation. Addi-

tional sensitivity analyses of the need for repeat deceased donor trans-

plantation excluded patients who were ≥ 70 years at the time of

death-censored allograft failure and patients who died within 1 year of

returning to dialysis after allograft failure. The SRTR data system

includes data on all donors, waitlisted candidates, and transplant recipi-

ents in the United States, submitted by members of the Organ Pro-

curement and Transplantation Network (OPTN). The Health Resources

and Services Administration and the US Department of Health and

Human Services provide oversight to the activities of the OPTN and

SRTR.

The net impact on kidney transplantation was determined under two sce-

narios: (1) CPs were matched in KPD regardless of a matching benefit to

the compatible pair or (2) CPs were matched only if there was a match-

ing benefit to the CP. For the purposes of this analysis, two types of ben-

efit were considered: receipt of a younger donor KPD kidney or

avoidance of a child or spousal donation for female CP recipients.

Results

If the KPD program included only incompatible pairs,

37% of pairs (n = 1123) would be matched (Table 1). If

the KPD program included matches for CPs who would

match to a younger donor as well as pairs in which a

female recipient avoided transplantation from a spousal

or child donor, 69% (n = 2071) of incompatible pairs

would be matched and 948 CPs (15%) would be

matched in the KPD. Including all CPs who matched

regardless of whether the CP derived a benefit would

result in 75% (n = 2263) of incompatible pairs and 1140

CPs (18%) being matched in KPD (Table 1).

Table 2 shows the number of CP recipients who would

require prioritization for repeat deceased donor transplant

during a 10-year time horizon, assuming a calculated inci-

dence of death-censored graft failure of 19% after

10 years (based on Kaplan–Meier method analysis of LD

recipients who underwent transplantation in 2005 and

were captured in the SRTR). The number requiring prioriti-

zation was calculated with and without the exclusion of

CP recipients who were ≥70 years of age at the time of

death-censored graft failure and CP recipients who died

within 1 year of returning to dialysis after transplant fail-

ure. The number requiring prioritization was shown using

three scenarios: only CPs who benefitted from a match

were used in KPD, all CPs who matched were used in

KPD, and all CPs who agreed to participate in KPD, regard-

less of whether they matched, were included in KPD.

Table 1: Number of incompatible pair and CP transplantations

completed with inclusion of CPs in a KPD program1

Types of pairs included in KPD

Number of

incompatible

pair

transplants

Number of

CP

transplants

Incompatible pairs only 1123 37% 0 0%

CPs who benefit 2071 69% 948 15%

All CPs who match

with/without benefit

2263 75% 1140 18%

CP, compatible living donor and recipient pair; KPD, kidney

paired donation.
1From Gentry et al.10
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Table 3 summarizes the net impact of a 1-year reciprocity-

based strategy to increase KPD on transplantation during

a 10-year time horizon. The first two columns show the

increase in LD transplantation with the use of CPs in

KPD. In the base case, where only incompatible pairs

participated in KPD, there would be 7591 total LD trans-

plants including 1123 transplants among incompatible

pairs in KPD and 6468 direct donor transplants between

CPs. This total number of transplants would increase to

8539 if CPs who matched and benefitted were included

in KPD, and 8731 transplants would be completed if any

CP who matched was included in KPD. The middle three

columns show the number of CP recipients who would

require prioritization during a 10-year time horizon under

different eligibility criteria to receive priority for repeat

deceased donor transplant. The number varied from

n = 36, if only CP recipients who matched but did not

receive a benefit at the time of the KPD match were pri-

oritized, to n = 1229 if the recipient in every CP who par-

ticipated in KPD was prioritized regardless of whether he

or she matched in KPD. The last two columns show the

net potential increase in LD transplantation with the

inclusion of CPs in KPD in scenarios with different eligi-

bility criteria to receive priority for repeat deceased donor

transplantation, with and without the exclusion of CP

recipients who were ≥70 years at the time of death-

censored graft loss or who died within 1 year of

returning to dialysis after transplant failure. All strategies

involving CPs in KPD produced a large net increase in LD

transplantation with the exception of a strategy that

provided the repeat transplantation priority to all CP

recipients who participated in KPD regardless of whether

the pair matched (Table 3).

Discussion

Ethical and legal considerations of a reciprocity-
based study
A fundamental consideration with any incentive-based

strategy to increase transplantation is whether the

incentive could unduly influence the potential donor’s

decision to donate. Unlike reciprocity-based strategies in

deceased donation where the incentive is intended to

motivate donation (11), a reciprocity-based strategy tar-

gets compatible LD and recipient pairs who have already

made a decision to proceed with living kidney donation,

reducing the possibility that the reward would influence

the donor’s initial decision to donate a kidney. Nonethe-

less, prioritization of CP recipients for repeat deceased

donor transplantation may be considered a valuable con-

sideration under the National Organ Transplant Act

(NOTA) (12). Although NOTA was originally intended to

prevent pecuniary payments for organs, an amendment

was required (The Charlie Norwood Act) to place KPD on

firm legal ground (13). It is noteworthy that reciprocity

has long been a fixture of living kidney donation, with pri-

ority for deceased donor transplantation provided to living

kidney donors who develop end-stage renal disease in

the United States since September 1996 (14). This his-

tory, together with fact that the proposed incentive is

nonpecuniary and is unlikely to exacerbate inequities in

access to transplantation, suggests that a reciprocity

strategy might be permissible.

A frequently raised ethical consideration regarding the

participation of ABO blood group– and HLA-compatible

pairs in KPD is an imbalance in benefit for CPs compared

with incompatible pairs, leading some authors to con-

clude that the participation of compatible pairs requires a

higher degree of altruism (15). There is little empiric

information about the psychological benefits of anony-

mous donations within or outside of KPD programs (16).

Participation of CPs in KPD could also alter the gift rela-

tionship and weaken the emotional link between the

donor and the recipient (8). Alternatively, participation in

KPD might benefit some recipients by making it easier to

manage the sense of indebtedness to their donor (8).

The possibility of providing a biological benefit to the CP

recipient by improved matching on factors beyond ABO

blood group and HLA compatibility has been advanced as

the main strategy to address this imbalance (4,10). How-

ever, the long-term benefit of matching on such factors

may be difficult to reliably quantify and cannot be guaran-

teed in individual patients. For example, some investiga-

tors have shown that LD age < 65 years has little impact

Table 2: Number of CP recipients who would require prioritization for a repeat deceased donor transplantation during a 10-year time

horizon using different eligibility criteria to receive the prioritization benefit

Eligibility criteria to receive for prioritization

for repeat deceased donor transplantation

Number of CP

recipients involved

in KPD

Proportion of CP

recipients

with DCGL

Number of CP

recipients

with DCGL

Number with DCGL

and age <70 years at

time of DCGL and

survival >1 year after DCGL

CPs who matched in KPD and benefitted1 948 19% 180 157

All CPs who matched in KPD 1140 19% 217 188

All CPs who participated regardless of

whether they matched in KPD

6468 19% 1229 630

CP, compatible living donor and recipient pair; KPD, kidney paired donation.
1Benefit defined by receipt of a younger donor kidney or avoidance of a spousal or child donation among women recipients.
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on long-term transplant outcome (17,18). In contrast, a

reciprocity-based strategy directly addresses this imbal-

ance by providing a tangible benefit (i.e. priority for

repeat deceased donor transplantation in the event of pri-

mary LD transplant failure) that is independent of the

actual matching of the CP. The provision of a tangible

benefit may also be easier to explain to CPs and mini-

mizes the risk of misrepresenting future benefits of a

better-matched kidney that may or may not be achieved

in individual patients.

Importantly, a reciprocity-based strategy that is univer-

sally applied to all CPs and is independent of the actual

matching of the CP minimizes the possibility to unduly

influence or commodify CPs who may be more likely to

facilitate the transplantation of incompatible pairs in KPD

(i.e. compatible pairs with ABO blood group O donors).

Transplant programs have an inherent conflict in advanc-

ing the participation of CPs in KPD that may contribute

to a reluctance to discuss KPD participation with CPs

(19,20). The provision of a tangible benefit to the CP may

be useful in mitigating this issue and promoting the dis-

semination of standardized information to CPs regardless

of their potential to facilitate transplantation for incompat-

ible pairs.

An ethical concern with KPD in general is that participa-

tion in KPD removes ABO blood group or HLA incompati-

bility as a reason for potential donors to withdraw from

living donation and, therefore, may compromise the

donor decision-making process (8). Similarly, for CPs

involving pediatric recipients who may require more than

one transplant in their lifetime, a reciprocity-based strat-

egy weakens the rationale to take advantage of the

recipient’s pediatric priority for deceased donor transplan-

tation and reserve the potential LD’s kidney for future

donation after the loss of the recipient’s pediatric priority.

This may be viewed as beneficial by some donors but

also may put pressure on some donors who would rather

defer donation. Although these are relevant considera-

tions, contemporary transplant programs have adopted

alternative strategies to protect the autonomy of poten-

tial donors who decide not to proceed with donor

nephrectomy (21).

Practical advantages of a reciprocity-based strategy
The fact that a reciprocity-based strategy is independent

of the actual matching of the CP should help minimize

delays in transplantation related to finding a match that

might provide the CP recipient with some arbitrary

minimum amount of a biological benefit. The a priori pro-

vision of a priority for repeat deceased donor transplanta-

tion would permit transplantation to proceed as soon as

a match was found that provided the CP recipient with a

kidney that was as least as good as that of their donor’s

rather than waiting to find a match that might provide

better long-term survival than that donated by their

donor. Similarly, the amount of priority provided to theT
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CP recipient for repeat transplantation could be varied

based on the actual duration of death-censored allograft

survival of the KPD transplant. A reciprocity-based strat-

egy would also mitigate against the rare, but real, risk of

early LD transplant failure and may be useful in reassur-

ing CP recipients in the event of early complications such

as delayed graft function that may or may not be related

to the donor kidney or the fact that the transplant

involved KPD.

A reciprocity-based strategy does not preclude efforts to

identify a theoretically better-matched kidney for CP

recipients in KPD. At a minimum, we believe the CP

recipient should receive a donor kidney that is equivalent

in quality to that donated by his or her donor. A reciproc-

ity-based strategy could be combined with a strategy to

match the CP recipient with a better-matched kidney, or

CPs could even be given a choice of benefits (i.e. priority

for repeat deceased donor transplantation, a better-

matched kidney, or some weighted combination of the

these two benefits based on the actual match identified

for the CP). Based on our limited experience with CPs in

the Canadian KPD program (22), the inability to provide

CPs with a tangible benefit before knowledge of the

actual match and uncertainty about whether an individual

CP recipient will actually derive the projected benefits of

a better-matched KPD kidney are significant practical and

ethical challenges with a strategy that relies solely on

finding CP recipients a better-matched donor that could

be avoided by using a reciprocity-based strategy. How-

ever, because our estimates demonstrate only a rela-

tively modest increase in transplantation when a benefit

to the CP recipient is not required in the KPD, we could

envision a strategy that attempts to find a better match

for the CP recipient for a limited period of time but then

reverts to a simpler matching algorithm that only requires

the CP recipient to receive a kidney that is equivalent to

that contributed by the donor. Such a system would not

prorate the reciprocity benefit based on the degree of

projected matching benefit (which is difficult to predict

for individual recipients) but could weight the degree of

prioritization for repeat deceased donor transplantation

awarded to the CP recipient based on the actual duration

of allograft function before the outcome of death-

censored allograft failure.

Potential impact of a reciprocity-based
strategy on LD
Although the preliminary estimates provided in this

study show that a reciprocity-based strategy may signifi-

cantly increase LD transplantation, these estimates are

only intended to illustrate the mechanics and potential

impact of this strategy and should not be considered

precise estimates. It would be both premature and

impractical to attempt to provide precise estimates of

the impact of this strategy, because acceptance of the

strategy by CPs is uncertain and because large data

sets with information about the actual impact of CP in

contemporary KPD programs are not publically available

(i.e. the SRTR does not contain information regarding

CP transplants in KPD). Our estimates based on simula-

tions by Gentry and colleagues may overestimate or

underestimate the number of transplantations facilitated

by CP participation in KPD: Underestimation my result

from the fact that the simulations did not include con-

sideration of longer-chain KPD transplantations achieved

in contemporary KPD practice and the fact that some

CP recipients who have allograft failure may receive a

repeat LD transplant and not use their priority for repeat

deceased donor transplantation, while overestimation

may result from the fact that simulations did not

consider the accumulation of difficult-to-match ABO- and

HLA-incompatible pairs in KPD programs that occurs

over time.

The estimates are conservative because we simply sub-

tracted any transplant ending in death-censored allograft

failure from the increase in transplantation facilitated by

participation of CPs in KPD. It is important to recognize

that an LD transplant immediately removes a patient

from the deceased donor waitlist, increasing the opportu-

nity for transplantation for patients without an LD who

remain waitlisted. Therefore, even the most liberal strat-

egy evaluated in this study that prioritized all CP recipi-

ents who participate in KPD for repeat deceased donor

transplantation regardless of whether they matched in

KPD would produce an increase in transplantation if the

years of allograft function before death-censored allograft

failure were not set to zero in our calculations. Similarly,

the study estimates do not include the many potential

variations in matching criteria, eligibility for prioritization

for repeat deceased donor transplantation, or the amount

of prioritization that could be incorporated into a

reciprocity-based strategy to increase CP participation in

KPD. Although future simulation studies to derive such

estimates are planned, providing this information is

beyond the scope of the current study.

In summary, a reciprocity-based strategy may be more

successful in expanding the use of ABO blood group–
and HLA-compatible CPs in KPD compared with strate-

gies that rely solely on finding a better match for the CP

recipient. We plan future studies to understand accep-

tance of a reciprocity-based strategy by the transplant

community, y compatible donors and recipients, and by

waitlisted deceased donor transplant candidates, as well

as stakeholder engagement activities, to define an opti-

mal implementation strategy in Canada.
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