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IMPORTANCE Policy makers, transplant professionals, and patient organizations agree that
there is a need to increase the number of kidney transplants by facilitating living donation.
Vouchers for future transplant provide a means of overcoming the chronological
incompatibility that occurs when the ideal time for living donation differs from the time at
which the intended recipient actually needs a transplant. However, uncertainty remains
regarding the actual change in the number of living kidney donors associated with voucher
programs and the capability of voucher redemptions to produce timely transplants.

Supplemental content

OBJECTIVE To examine the consequences of voucher-based kidney donation and
the capability of voucher redemptions to provide timely kidney allografts.

DESIGN, SETTING, AND PARTICIPANTS This multicenter cohort study of 79 transplant centers
across the US used data from the National Kidney Registry from January 1, 2014,

to January 31, 2021, to identify all family vouchers and patterns in downstream kidney-paired
donations. The analysis included living kidney donors and recipients participating in the
National Kidney Registry family voucher program.

EXPOSURES A voucher was provided to the intended recipient at the time of donation.
Vouchers had no cash value and could not be sold, bartered, or transferred to another person.
When a voucher was redeemed, a living donation chain was used to return a kidney to the
voucher holder.

MAIN OUTCOMES AND MEASURES Deidentified demographic and clinical data from each
kidney donation were evaluated, including the downstream patterns in kidney-paired
donation. Voucher redemptions were separately evaluated and analyzed.

RESULTS Between 2014 and 2021, 250 family voucher-based donations were facilitated.
Each donation precipitated a transplant chain with a mean (SD) length of 2.3 (1.6)
downstream kidney transplants, facilitating 573 total transplants. Of those, 111 transplants
(19.4%) were performed in highly sensitized recipients. Among 250 voucher donors,

the median age was 46 years (range, 19-78 years), and 157 donors (62.8%) were female,
241(96.4%) were White, and 104 (41.6%) had blood type O. Over a 7-year period, the waiting
time for those in the National Kidney Registry exchange pool decreased by more than 3
months. Six vouchers were redeemed, and 3 of those redemptions were among individuals
with blood type O. The time from voucher redemption to kidney transplant ranged from 36
to 155 days.

CONCLUSIONS AND RELEVANCE In this study, the family voucher program appeared to mitigate
a major disincentive to living kidney donation, namely the reluctance to donate a kidney in
the present that could be redeemed in the future if needed. The program facilitated kidney
donations that may not otherwise have occurred. All 6 of the redeemed vouchers produced
timely kidney transplants, indicating the capability of the voucher program.
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ouchers for future kidney transplant provide a means

of overcoming the chronological incompatibility that

occurs when the ideal time for the donor to give a kid-
ney differs from the time at which the intended recipient ac-
tually needs a kidney transplant.! Potential donors are able to
donate a kidney and secure a voucher for their intended re-
cipient, which can be redeemed, with the kidney of a differ-
ent donor, if needed in the future. Policy makers, transplant
professionals, and patient organizations agree that there is a
need to increase the number of kidney transplants by facili-
tating living donation.? In July 2019, the White House an-
nounced that it would be adopting measures to expand kid-
ney transplants, which would include increasing public
education, decreasing the organ discard rate, and removing
barriers to donation.*

The removal of disincentives for living kidney donation has
received increasing attention from health care professionals
and policy.?” The US government, including the Department
of Health and Human Services, has responded to this consen-
sus with actions aimed at assisting with accrued costs to make
living donation a financially neutral process.”© The use of
vouchers in living donation offers a means of increasing do-
nations that does not require regulatory change or additional
government spending.® Moreover, the benefits of using vouch-
ers to expand living donation are not speculative and have been
reported over the past 6 years.> However, uncertainty re-
mains regarding the actual increase in the number of living kid-
ney donors associated with these measures. This cohort study
aimed to examine the consequences of family voucher-
based kidney donation and the capability of voucher redemp-
tions to provide timely kidney allografts.

Methods

This study was approved by the institutional review board
of the David Geffen School of Medicine at UCLA. A waiver of
informed consent was granted for research performed through
the National Kidney Registry (NKR) because the information
isrecorded in a manner in which participants cannot be iden-
tified. The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline for cohort studies.

Operation of the Family Voucher Program

The process of voucher-based donation and redemption has
been described previously.! In brief, the nondirected (ie, al-
truistic) kidney donor is able to identify a recipient, who then
obtains a voucher that may be redeemed at a later date ifa kid-
ney is needed. When a voucher is redeemed, a living dona-
tion chain is used to return a kidney to the voucher holder.
Vouchers have no cash value and cannot be sold, bartered, or
transferred to another person. The NKR is a nonprofit organi-
zation, and patients are not required to pay for participation
in the voucher program. Voucher redemption is currently the
third of 6 categories in the NKR priority schema. Although
vouchers provide priority status for a living donor transplant
ifa kidney is needed, they do not guarantee that a kidney will
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Key Points

Question Does the use of family vouchers for future kidney
transplant help to expand the living donor pool, and are voucher
redemptions capable of facilitating timely kidney allografts?

Findings In this cohort study of 250 family voucher-based kidney
donations across 79 transplant centers in the US, the use of
vouchers precipitated 573 downstream kidney transplants.
Although the reasons were multifactorial, the waiting time until
transplant among candidate recipients in this kidney exchange
registry decreased by 3 months since the inception of family
voucher-based donation.

Meaning These findings suggest that the family voucher program
facilitated living kidney donations that may not otherwise have
occurred by overcoming chronological incompatibility between
donor-recipient pairs.

be available. At present, vouchers neither help nor harm a
person’s status on the deceased donation waiting list.

Voucher holders were identified at the time of kidney
donation. Government-issued identification, ABO blood
type, and human leukocyte antigen typing via cheek swabs
were recorded and used to confirm identity at the time of
voucher redemption. Only 1 voucher could be redeemed per
donation. After voucher redemption, all other vouchers
associated with the donation were nullified. If the person (or
persons) to whom a voucher was issued died or was deemed
permanently ineligible for kidney transplant, the unre-
deemed voucher became void. Consent forms for both
donors and voucher recipients are shown in eFigure 1 and
eFigure 2 in the Supplement.

The NKR family voucher program is an advancement in
kidney-paired donation that operates within the framework
of a network of transplant centers. Several centers partici-
pate (ie, offer voucher-based donation); however, not all cen-
ters have actually performed a voucher-based donation. In
2019, the NKR Medical Board approved 2 major amendments
to voucher donation.! First, vouchers may be issued to healthy
individuals (ie, those without kidney disease). Second, a single
donor is permitted to designate up to 5 intended recipients.
The new family voucher model is expected to increase non-
directed (altruistic) living donation by providing additional
security to donors should a healthy family member require
a kidney in the future.

Data Extraction

The NKR database was queried from January 1, 2014, to
January 31, 2021, for all voucher-based donations. Deidenti-
fied demographic and clinical data from each donation were
evaluated, including the downstream patterns in kidney-
paired donation. Family voucher redemptions were sepa-
rately evaluated and analyzed.

Statistical Analysis
Data were analyzed using Microsoft Excel software
(Microsoft Corp).
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Figure 1. Patterns in Voucher-Based Kidney Donation and Increases in Donation by Annual Quarter

300+
275+
250+
225+
200+
1754
1504
1254
1004

75+

50

25+

[ New centers
[ ] New voucher donations

All centers
— Allvoucher donations

Voucher-based donations, No.

e E_Eoem_ mo B = - D-D_D-D_D— - . -

0 —= =
04 Q1 Q2 Q3 Q4 Q1 Q2 Q3 04 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 QL Q2 Q3 Q4 QI Q2 Q3 Q4
[ | L | L | L | L | L |
2014 2015 2016 2017 2018 2019 2020 Atotal of 250 voucher-based
Annual quarter donations occurred between 2014
and 2020.
| |
Results Discussion

Since the inception of the NKR family voucher program, the
number of participating centers and voucher donations has
increased rapidly (Figure 1). A total of 79 centers across the
US currently offer family voucher-based donation, and 250
family voucher donations have been facilitated. Each voucher
donor identified a mean (SD) of 3.3 (1.9) voucher holders (in
response to the 2019 NKR Medical Board decision that al-
lowed up to 5 healthy voucher holders per donation), and
818 vouchers were issued. Each donation precipitated
a chain with a mean (SD) length of 2.3 (1.6) downstream kid-
ney transplants, facilitating 573 total transplants. Of those,
111 transplants (19.4%) were performed in highly sensitized re-
cipients, with a calculated panel of reactive antibodies of more
than 80%.

The demographic and clinical characteristics of voucher
donors are shown in Table 1. The median age of kidney dona-
tion was 46 years (range, 19-78 years), and 19 donors (7.6%)
were 65 years or older. Most family voucher donors were fe-
male (157 individuals [62.8%]) and White (241 individuals
[96.4%]) with blood type O (104 individuals [41.6%]). Before
the inception of the family voucher program, incompatible
kidney-paired donations spent a mean (SD) 0f 146.0 (13.8) days
waiting for exchange transplant. After the implementation of
the family voucher program, waiting times decreased to a mean
(SD) of 46.0 (32.4) days, a reduction of more than 3 months.
Figure 2 shows the mean waiting times to transplant for kidney-
paired donations before and after inception of the family
voucher program.

To date, 6 vouchers have been redeemed. Demographic,
clinical, and transplant details of these redemptions are shown
in Table 2. Of the 6 redeemed vouchers, 3 vouchers (50%) were
redeemed by individuals with blood type O. One of the voucher
redeemers had 2 previous kidney transplants and was highly
sensitized, with calculated panel reactive antibodies of 92%. The
time from kidney donation (ie, voucher issuance) to voucher
redemption ranged from 167 to 876 days. The time from voucher
redemption to kidney transplant ranged from 36 to 155 days.

jamasurgery.com

This cohort study found that 250 family voucher-based kid-
ney donations occurred between 2014 and 2021, precipitat-
ing living donor chains that produced 573 kidney trans-
plants, and 6 vouchers were redeemed.

The family voucher program enabled donors, often of
older age, to leave behind a legacy to a loved one should the
need for a transplant arise. A total of 19 family voucher
donors (7.6%) were 65 years or older. Although this number
represents a minority of donors in this kidney exchange
pool, it indicates a considerable increase from baseline, con-
sidering that the median age for living kidney donation is 41
years and the proportion of living donors older than 65 years
is approximately 1.5%.'? Voucher donation may encourage
some potential donors to donate a kidney when they are
younger. One consequence of donating a kidney at a younger
age is that those donors will spend more of their lives with a
single kidney. A 2016 study examined the estimated long-
term risks of developing end-stage kidney disease among liv-
ing kidney donor candidates, reporting that the 15-year
observed risks after donation among US kidney donors were
3.5-fold to 5.3-fold higher than the estimated risks in the
absence of donation.®

At present, living donor candidacy is handled by indi-
vidual transplant programs that evaluate potential living
donors and accurately assess risks based on family and
social history, age, body mass index, comorbidities, and vari-
ous other donor risk factors to better inform the potential
donor and determine living donor candidacy. Transplant
recipients who are expected to outlive their currently func-
tioning allograft are also well suited for the voucher pro-
gram. Patients with a currently functioning kidney allograft
who are expected to outlive their transplanted kidney are
not in imminent need of a kidney transplant but will likely
require one given the approximate 10-year average life span
of a living donor allograft.!? A family voucher donation may
provide additional security for another transplant if needed
in the future.
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Table 1. Demographic, Clinical, and Transplant-Associated Characteristics
of Family Voucher Donors

Figure 2. Mean Waiting Time for Kidney-Paired Donation
From 2008 to 2019

Characteristic Donors, No. (%) (N = 250)

Age at time of donation, median (range),y 46 (19-78)
Sex

Male 93(37.2)

Female 157 (62.8)
Race/ethnicity

White 241 (96.4)

Black 2(0.8)

Latino 1(0.4)

Asian 6(2.4)
Blood type

A 109 (43.6)

B 28(11.2)

AB 9(3.6)

0 104 (41.6)
Recipient waiting time, mean (SD), d 20.9(13.4)
Transplants facilitated, median (range) 2.3(1.0-9.0)

The voucher program also has intangible social benefits,
namely the increased access of minority populations to high-
quality organs through transplant chains.!* Over the past de-
cade, transplant chains have allowed greater inclusion of ra-
cial and ethnic minorities, with an increasing pattern of racial
and ethnic crossover between donors and recipients over
time.'® A recent study of more than 141000 living donations
included in the Scientific Registry of Transplant Recipient da-
tabase reported an up to 3.3-fold increase in crossover be-
tween White individuals and those of minority races and
ethnicities.!® The participation of minority populations in the
family voucher program needs to be expanded, primarily
through the increased dissemination of information and pub-
lic awareness of the program’s existence. Nevertheless, mi-
nority populations benefit from the greater number of trans-
plant chains initiated by voucher donations. As more chains
are initiated, more high-quality kidneys can be provided to
patients of all demographic backgrounds, including those in
racial and ethnic minority groups. The 573 transplants facili-
tated by these voucher-initiated chains may not have other-
wise occurred. Patients on both living and deceased donor wait-
ing lists were able to move up the list to newly vacated
positions. In a sense, this program represents the antithesis of
the transplant vending occurring in other parts of the world.

Of'the 818 family vouchers issued, 6 have been redeemed
to date. The low number of redemptions is expected because,
by definition, voucher holders do not have an imminent need
for akidney transplant and may never need one. The time from
voucher redemption to transplant ranged from 36 to 155 days.
The longer waiting times within this range were because of
blood type O status. A total of 3 voucher redeemers (50.0%)
had blood type O. One of the voucher redeemers had had 2 pre-
vious kidney transplants and was highly sensitized (ie, had cal-
culated panel reactive antibodies >90%). This situation rep-
resented perhaps the most difficult voucher-holder scenario.
Nevertheless, the patient’s third transplant was successfully
completed within 5 months after the voucher was redeemed.
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The NKR family voucher program has expanded at a sub-
stantial rate since its inception in 2014. The rate of voucher do-
nations has steadily increased on an annual basis (Figure 1),
and 79 transplant centers throughout the US now participate
in the program. The continued expansion of the program in-
troduces concerns that the demand for future redemptions
could exceed the supply of available kidneys. To address these
concerns, a recent study used a Monte Carlo computer simu-
lation model to estimate the annual number of voucher re-
demptions relative to the number of kidneys available over a
50-year period.'® In all simulated scenarios, the number of
available kidneys exceeded the number of voucher redemp-
tions each year. In 90% of the simulations, the number of avail-
able donors exceeded the number of voucher redemptions
by more than 6-fold. For each scenario in the simulation study,
the researchers purposely reported only the tenth percentile
of the coverage ratio value with the aim of providing a highly
conservative estimate for each scenario. Although there are cer-
tain limitations in any type of simulation study, Monte Carlo
simulation models are commonly used to perform risk analy-
ses for complex situations in which it is not possible to math-
ematically calculate future values for important outcome
variables.

Future studies will be aimed at evaluating patterns in
voucher-based and standard altruistic donations. Prelimi-
nary analysis suggests that the number of living donations
among unrelated individuals has been increasing since the in-
ception of the voucher program, while standard altruistic do-
nation has been decreasing, suggesting that voucher-based do-
nation may be increasing at the expense of standard altruistic
donation (eFigure 3 in the Supplement). Further studies will
also be aimed at surveying motivations for participation in
voucher-based donation, with the goal of identifying the great-
est barriers to living kidney donation and the variables that help
to incentivize potential donors.

The NKR has thus far served as the appropriate organiza-
tion to fulfill voucher contracts. If the NKR becomes insol-
vent or ceases operations, all participating centers will be ob-
ligated to use good faith efforts to coordinate with other centers
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Table 2. Demographic, Clinical, and Transplant Details of Family-Based Voucher Redemptions

Time from

Relationship of Time from redemption  Transplants
Recipient Recipient  Recipient age Recipient Recipient  HLA match voucher holder donation to to facilitated,
No. sex range, y race/ethnicity  blood type points CPRA, % to donor redemption,d transplant,d No.
1 Female 60-65 White A 25 20 Friend 876 52 5
2 Female 50-55 White 68 Spouse 440 122 3
3 Male 40-45 White 0 51 Spouse 307 126 3
4 Male 40-45 White B 0 Friend 167 41 1
5 Male 50-55 White 0 10 92 Friend 359 155 1
6 Male 65-70 White B 20 0 Spouse 450 36 2

Abbreviations: CPRA, calculated panel reactive antibodies; HLA, human leukocyte antigen.

to provide kidneys to voucher holders. This obligation re-
flects a center-to-center agreement and is irrevocable, exists
in perpetuity, and survives the termination of all NKR
contracts.!” Within the broader context of international
strategies to increase living kidney donation, advancements
in kidney-paired donation and transplant chains have been
initiated within the US and expanded internationally. To our
knowledge, there are no international strategies in place
that use vouchers or an analogous strategy to encourage
living donation.

Many barriers exist, including cost, fear of complica-
tions, and time away from work; cultural, religious, and fa-
milial etiologic factors that preclude living donation also play
a major role and cannot be overlooked.!®!° Family vouchers
remove an important disincentive to living donation, namely
thereluctance to donate lest one’s family member should need
a transplant in the future. Family vouchers differ fundamen-
tally from advanced donation because the voucher holder is
not yet in need of a transplant and may never be. The initial
7 years of the NKR voucher program have facilitated kidney
donations that otherwise may not have occurred. The suc-
cess of the program may rest on the fact that even the most

difficult to match voucher holder received a kidney trans-
plant in a relatively timely manner. The results of the present
study indicate the voucher program’s capabilities, which may
provide potential donors and transplant professionals with a
measure of reassurance.

Limitations

This study has limitations. The analysis was retrospective in
nature. In addition, although multicentered in origin, the study
examined data from a single kidney exchange consortium.

. |
Conclusions

The results of this study indicate that the family voucher pro-
gram helped to remove a major disincentive for candidates con-
sidering living kidney donation. To date, 250 voucher dona-
tions have occurred across the US, precipitating donation
chains that produced 573 kidney transplants. All 6 of the pa-
tients who redeemed vouchers had timely kidney trans-
plants, which is an indication of the family voucher pro-
gram’s viability.
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