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Allocation Rules and Age-Dependent
Waiting Times for Kidney Transplantation

An Analysis of Data From the German Transplantation Registry
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Friedrich A. von Samson-Himmelstjerna, Kevin Schulte

Summary

Background: Rigid age limits in the current allocation system for
post-mortem donor kidneys in Germany may have problematic
effects. The new German national transplantion registry enables
data analysis with respect to this question.

Methods: Using anonymized data from the German national
transplantion registry, we extracted and evaluated information on
the recipients and postmortem donors of kidneys that were allo-
cated in Germany through Eurotransplant over the period
2006-2020.

Results: Data on 19 664 kidney transplantations in Germany from
2006 to 2020 were analyzed. The median waiting time for kidney
transplantation was 5.8 years. Persons under age 18 waited a
median of 1.7 years; persons aged 18 to 64, 7.0 years; and persons
aged 65 and older, 3.8 years. Over the period of observation, post-
mortem kidneys were transplanted into 401 people of age 64 (2.0%
of all organ recipients) and 1,393 people of age 65 (7.1% of all
organ recipients). The difference in waiting times between allo-
cation programs for persons under age 65 (ETKAS, ,Eurotransplant

Kidney Allocation System®) and those aged 65 and
older (ESP, ,Eurotransplant Senior Program®)
increased over the period of observation, from 2.6
years in 2006-2010 to 4.1 years in 2017-2020.

Conclusion: The rigid age limits in the current
allocation rules for post-mortem kidney donations in
Germany are prolonging the waiting times for
transplants among patients aged 18 to 64. We think
these rules need to be fundamentally reassessed.
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idney transplantation is the best treatment for kidney

failure both in terms of life expectancy and quality of
life (1-3). However, not all patients with kidney failure
have access to this therapy in Germany due to a long-
standing shortage of kidney donors.

Given this scarcity, the rules for the allocation of organs
are extremely important to these patients. In Germany,
Eurotransplant International Foundation (ET) is respon-
sible for allocating kidneys of deceased donors according
to the guidelines of the German Medical Association
(Bundesdrztekammer) (5). Since 1999, kidney allocation
programs have remained virtually unchanged in their
core (Box) (6).

From an ethical point of view, when allocating an
organ, potential societal benefits of organ transplantation
must be weighed against an individual‘s right to equal
opportunities (7). In addition, section 12 (3) of the German
Transplantation Act (Transplantationsgesetz, TPG) stipu-
lates that the rules for organ allocation must be based on
the current state of medical science, while also taking in
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particular the urgency and the likelihood of a
successful outcome into account when allo-
cating organs.
Despite the current lack of publicly avail-
able data on the age distribution of kidney
donors and the corresponding kidney recipi-
ents in Germany, it is assumed that the allo-
cation rules result in age discrimination due
to two rigid age limits:
® The first age limit is the 18™ birthday. As
the so-called child bonus is lost at this
age, the probability of an organ offer
being made to young adults decreases
significantly from this age (8, 9).

® The second critical age limit is the 65™
birthday. From this age, it is possible to
transition from the allocation algorithm
for persons under age 65 (Eurotransplant
Kidney Allocation System, ETKAS) to the

Eurotransplant Senior Program (ESP).
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Kidney allocation via Eurotransplant

The majority of transplanted kidneys from deceased donors are allocated via
Eurotransplant (ET) in two standard programs, the Eurotransplant Kidney Allo-
cation System (ETKAS, introduced in 1996) on the one hand and the European
Senior Program (ESP, introduced in 1999) on the other. In addition, a small
number of special cases with very high immunological risk are allocated via
the Acceptable Mismatch Program (AM, introduced in 1989); furthermore, there
are other special programs for transplantations of more than one organ and
very urgent cases.

ETKAS allocates kidneys from donors aged <65 to recipients aged <65.
Organ allocation is based on a points system, with the person on the waiting
list with the highest number of points receiving the organ offer. Points are
awarded for waiting time, regional/national allocation, prior organ transplan-
tations, and immunological factors. In all programs, the first day of ongoing
dialysis is counted as the start of the waiting time. Children receive extra
points up to their 18th birthday. Germany is the only country where the pediat-
ric bonus cease completely upon reaching the age of majority.

ESP allocates kidneys of donors aged = 65 to recipients aged = 65. In this
program, kidneys are initially allocated within the region (= close to the place
of organ harvesting); the waiting time is the main factor that determines to
which patient the organ is allocated. Furthermore, Germany is the only ET
member state where there is a mandatory choice for patients aged = 65 years
between remaining in ETKAS or participating in ESP; in all other ET member
states, participation in ESP is mandatory for persons aged = 65 years.

If it is impossible to allocate an organ via the regular allocation pro-
grams—because, for example, no matching recipients are available—, then it
is permitted to deviate from the usual allocation algorithms in order to prevent
the loss of the organ (so-called rescue allocation). This is why, in rare cases,
persons listed in ETKAS do receive an offer for transplantation of a kidney
from a donor older than 65 years.

Initially, ESP was introduced in an effort to use overall
more organs from older donors for transplants. In the
past, kidneys from older donors were often not accepted
for transplantation over fears that these organs would not
survive long enough. (8). So far published isolated data
from organ recipients suggest that currently the waiting
times differ significantly between ETKAS and ESP (8, 10).

Thanks to the transplant registry that was established
in 2016 as required by law, it is now possible for the first
time to bring together nationwide data records of organ
donors and corresponding organ recipients (11). Based on
an analysis of these data sets, we present in this article
previously unknown facts on the significance of age for
the allocation of donor kidneys at the federal level. In
addition, we describe the implications of the current allo-
cation algorithms.

Methods

Our analyses are based on the retrospective data set of the
German National Transplantation Registry (data from 1
January 2006 to 31 December 2016) as well as the currently
available set of new data (prospective data from 1 January
2017 to 31 December 2020).The data sets contain
information from transplantation centers, Eurotransplant

(ET) and the German Organ Procurement Organization
(Deutsche Stiftung Organtransplantation, DSO) about
kidney donors (post-mortem and living kidney donation)
as well as recipients of solid organs, the procured organs,
transplantation procedures, and the allocation proce-
dures. Furthermore, the data sets include follow-up data
of living donors and kidney recipients (12).

From these data, all kidney transplantations after
post-mortem organ donation were identified where the
recipients were listed in ETKAS, ESP or the Acceptable
Mismatch Program (AM program) for a kidney transplan-
tation. Data sets on transplantations with implausible or
missing entries were excluded from the analysis, as were
living donations and transplantations with allocation of
kidneys simultaneously with other organs (eFigure 1).

The age at the time of organ transplantation was ana-
lyzed to present the age distributions of organ donors and
organ recipients. The start of the waiting time for an organ
was considered to be the date stored for the start of
ongoing dialysis; in the case of a pre-emptive listing
(n =180), the listing date was taken as the start of the wait-
ing time.

The development environment and programming lan-
guage R (version 4.3.0) with the packages “tidyverse” (13),
“readxl“ (14), “gtsummary“ (15), “grid“ (16), “Gmisc* (17),
and “cowplot” (18) were used for data processing and
preparation.

Results

The analyzed data sets from the German National Trans-
plantation Registry comprised entries from a total of
60 285 organ transplantations, of which 32 255 were kid-
ney transplantations. After excluding living donations,
multi-organ transplantations and adjusting for cases with
implausible entries, 19 664 transplantations with kidneys
from 12 356 deceased donors remained, which were then
evaluated (eFigure 1).

The recipients of the organs were listed in 71.0% of
cases in the ETKAS, in 26.9% of cases in the ESP and in the
remaining cases (2.1%) in the AM program. While men
were the organ recipients in about two thirds of cases,
they accounted for only about half of organ donations
(eTable).

The median age of organ recipients was 49.1 years at
the beginning of the waiting time. The age distribution
shows an increase in the number of organ donors with
increasing age, with a maximum at around the age of 55,
after which it falls again, with the median age of all organ
donors being 57. In addition, there is a noticeable peak
around the age of 20.

Likewise, the age distribution of organ recipients shows
a maximum around age 55 (median 57 years) and then
initially drops again. For the 66" and 67" year of life,
however, there is a distinctly disproportionate increase in
kidney recipients, which is not reflected in the age dis-
tribution of organ donors or patients on the waiting list.
While only 401 64-year-old persons (2.1% of all organ
recipients) received a transplant kidney, 1393 65-year-old
persons received a transplant kidney (7.1% of all organ
recipients) during the same period of time (Figure 1).

The median waiting time of organ recipients from the
start of dialysis to kidney transplantation was 5.8 years.
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The median waiting time for a transplant kidney was
strongly associated with age. Children younger than 18
years waited 1.7 years. After the 18™ birthday, there is a
sharp increase in waiting time. The median waiting time
for persons aged between 18 and 64 was 7.0 years. Upon
reaching the age of 65, a second sudden change in waiting
time is noticeable. Persons over the age of 65 waited a
median of 3.8 years for a kidney transplantation (Figure 2).

Waiting times also differed significantly between the
various allocation programs: In ETKAS, the median wait-
ing time was 6.9 years, in the AM program 4.7 years and in
ESP only 3.7 years (eTable). The waiting time within ETKAS
also varied dependent on age. While persons aged 18 to 64
years waited 7.1 years for a kidney transplantation in
ETKAS, the waiting time for organ recipients over 65 years
of age was only 5.4 years in ETKAS (Table 1).

Although the median ages of donors and recipients
were close to each other (eTable), there were significant
variations between age strata and allocation programs.
Organ recipients aged 18 to 30 in particular regularly
received considerably older organs (Figure 3). In individ-
ual cases, these age differences amounted to several
decades (eFigure 2). In ESP, organ recipients also received
older organs (Figure 3); on average, the kidneys trans-
planted in ESP originated from donors who were 4 years
older than the recipients (eTable).

The difference in waiting times between ETKAS and
ESP increased continuously between 2006 and 2020.
Compared to the years 2006-2010, the median waiting
time in ETKAS was 0.9 years longer, while it decreased in
ESP by 0.6 years. Furthermore, an increasingly large
number of organs were allocated to ETKAS-listed recipi-
ents via the rescue allocation procedure (Table 2, eFigure 3).

Discussion

In our study, we analyzed for the first time data of the Ger-
man National Transplantation Registry on the allocation
of kidneys of deceased organ donors on a federal level.
When considering the distribution of age and waiting
time, two prominent findings emerge:

e Two circumstances bring about a significant change
in the waiting time: reaching adulthood and the 65th
birthday.

® There are a disproportionate number of 65- and
66-year-old organ recipients

The reason behind this is the rigid age limits set in the

current allocation system. The first of these limits is the
age at which children are declared adults for the purposes
of the allocation system. Up to 2010, this age was 16 years
in all Eurotransplant countries; it was then increased to 18
years (19). Currently, children in Germany who are on the
waiting list for a kidney transplantation in ETKAS receive a
pediatric bonus until their 18" birthday and preferentially
younger kidneys from pediatric donors. This bonus is
waived entirely in Germany upon reaching the age of 18
(20). Germany is not the only country in the world to take
this approach. A rigid age limit for the prioritization of
children and young adults when allocating transplant kid-
neys was and remains a common feature of many
allocation programs; this is how it is handled in many
European countries and in the United States (21, 22).
However, the transition from pediatric to adult health
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their age at the time of organ transplantation.

care is a particularly critical phase in the life of children
living with chronic disease; it is generally accepted that
this should not be rigidly linked to the 18" birthday and,
especially in transplantation medicine, this rigid limit
poses a major challenge for everyone involved (23-25).
Other ET member states have taken the highly variable
adolescence process in children with kidney failure into
account and introduced in 2023 that the pediatric bonus
is granted beyond the 18" birthday and gradually
decreases until the age of 30; Germany is the only excep-
tion in that it has not adopted this new rule (20).

The second rigid age limit in the current allocation sys-
tem for donor kidneys in Germany is the 65™ birthday
from which it is possible to transition from ETKAS to ESP
(20). The majority of people over 65 receive donor kidneys
within ESP. In this allocation system, organ of donors
aged over 65 are allocated to recipients over 65 years of
age. Thanks to the comparatively higher supply of organs
from older donors, the waiting time is significantly shorter
in ESP compared to ETKAS. When ESP was introduced,
this effect was purposely factored in to promote equal
opportunities for individuals in need of a kidney trans-
plant. The advantage of a shorter waiting time in ESP
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18 and 65.

comes with the disadvantage that the organs are older and
therefore have a shorter transplant lifespan than organs
from younger donors (26, 27).

But why does this lead to the disproportionately high
number of 65— and 66-year-old recipients? On turning 65,
people on the waiting list for kidney transplantation meet
the entry requirements for ESP and can transfer their pre-
viously accumulated waiting time to it (20). If these per-
sons have already waited several years in ETKAS and then
have themselves transferred to ESP when they turn 65,
they immediately are very likely to qualify for a transplan-
tation due to the waiting time they have already com-
pleted.

There is a need to discuss this rigid age limit for a vari-
ety of ethical reasons: First of all, this age limit collides
with the principle of individual equality of opportunity, as
it cannot be justified objectively why, for example, a
65-year-old individual should have the right to receive a
donor kidney significantly faster than a 64-year-old per-
son. In addition, the rigid age limit is also not helpful
when viewed against the principle of individual benefit. In
principle, younger persons can also benefit from older
donor kidneys with regard to their life expectancy, even if
the transplant kidneys should fail at some point before
their death (28). This applies in particular when waiting

times for a donor organ are as long as they currently are in
ETKAS (29). Furthermore, it can be argued that allocating
organs to younger persons is of greater benefit to society
as a whole, since younger persons naturally have a better
life expectancy after kidney transplantation than older
persons and thus fewer younger persons die with a func-
tioning kidney transplant (30).

In order to ensure maximum benefit from the allo-
cation of a donor kidney, the life expectancy of the recipi-
ent should be in line with the expected functional life of
the transplant. The age of the recipient and the age of the
donor are the best individual predictors of life expectancy
and the functional life of a transplant kidney (26, 27, 31).
From this perspective, it is therefore useful to perform
age-matching, i.e. to allocate young organs to young per-
sons and older organs to older persons (7). During the last
revision of the US allocation system, the concept of life
years from transplantation (LYFT) was discussed at great
length. This concept is based on the idea that an analysis
is carried out for each donated organ to determine which
potential recipient would gain the most years of life from
the transplantation and allocates this organ to the
respective person. At that time, it was calculated that the
concept had the potential to save thousands of years of life
in the United States every year (32, 33). Ultimately, how-
ever, it was not implemented because parts of society con-
sidered it to be too unequal and discriminatory against
older and ill persons (7).

In 2014, a complex system was introduced as a compro-
mise. In this system, a kidney donor profile index (KDPI)
is calculated to estimate transplant survival and the “esti-
mated posttransplant survival score“ (EPTS) is deter-
mined in order to rank recipient survival. Based on this
system, 20% of transplant kidneys with the most favorable
prognosis were allocated to the 20% of recipients with the
best statistical life expectancy. The remaining transplant
kidneys are allocated irrespective of the expected benefit
so that all candidates on the waiting list have a chance to
receive a kidney transplant (34).

The UK also implemented a similar procedure. There,
the expected recipient life expectancy and transplant life-
span is estimated by calculating a recipient risk index and
a donor risk index; in the case of a good match, allocation
bonus points are awarded. This approach is intended to
ensure that fewer older organ recipients die while their
transplant is still functioning and that fewer young organ
recipients require a second transplant because they sur-
vive their first transplant (35).

Apart from these considerations, the wording of the
German Transplantation Act (TPG) also gives no reason to
accept the age limit of 65 years for ESP. The limit is set
arbitrarily and thus not based on the current state of
scientific evidence. Furthermore, it does not improve the
chances of success of the kidney transplantation and does
not account for urgency. What is more: The waiting time
differences between the two allocation algorithms ETKAS
and ESP are getting increasingly divergent. On the one
hand, this is due to a decreasing waiting time in ESP, on
the other hand to an increasing waiting time in ETKAS.
Given that the demographic development suggests that
this trend will continue, this aspect is an additional reason
to question the current allocation rules.
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Table 1

Characteristics and waiting times of kidney recipients in the various allocation systems at Eurotransplant 2006-2020, depending on age.

Age 18-64 years Age <18 years

Age 265 years

Total AM ETKAS Total AM ETKAS AM ESP ETKAS
N =12 756* n = 387* n =12 369* N = 746* n = 6* n = 740* n=29* n=>5288* n = 845*
Waiting time (years)
7.0 4.8 7.1 1.7 2.3 1.7 3.8 3.7 3.7 5.4
(4.9-8.7) (3.2-7.3) (5.0-8.8) (0.8-2.6) (1.3-3.4) (0.8-2.6) (2.3-5.5) (3.2-4.9) (2.3-5.2) (2.6-8.7)

* Median (IQR); AM, Acceptable Mismatch Program; ESP, European Senior Program; ETKAS, Eurotransplant Kidney Allocation System; IQR, interquartile range

Table 2

Characteristics and waiting times of post-mortem donor kidneys and kidney recipients in the various allocation systems at Eurotransplant

over the years 2006-2020

Period 2006-2010

Total Total
N = 8249*!

(1650/yr)*2

N = 9768+
(1 9541yr)*2

Period 2011-2016

Total
N =1 647*1
(330/yr)*2

Recipient age (years)

Period 2017-2020

56 48 68 50 58 49 69 52 60 52 69 53
(45-65) (40-55) (66-70) (41-58) (47-66) (42-57) (67-72) (43-60) (48-67) (45-57) (67-72) (40-61)
Donor age (years)

55 47 71 50 57 50 72 52 60 45 72 53
(45-67) (41-56) (68-75) (42-58) (47-68) (41-57) (69-76) (42-59) (48-69) (32-57) (68-77) (41-60)
Waiting time (years)

5.9 4.7 4.0 6.6 5.9 4.7 3.6 7.2 5.3 4.5 34 7.5
(3.3-7.6) (3.4-6.8) | (2.4-5.3) | (4.0-8.0) (3.2-8.6) (3.2-7.3) | (2.3-5.1) | (4.5-9.4) (2.8-8.9) (3.1-7.7) | (2.2-4.7) | (3.7-9.9)
Rescue allocation
609 0 38 571 835 0 78 757 215 0 13 202
(6.2%) (0%) (1.5%) (8.0%) (10%) (0%) (3.4%) (13%) (13%) (0%) (2.5%) (19%)

*'n (%); median (IQR); *2 mean; yr, year; AM, Acceptable Mismatch Program; ESP, European Senior Program; ETKAS, Eurotransplant Kidney Allocation System;

IQR, interquartile range

Limitations

With this data from the Transplantation Registry,
information on donors and recipients of transplant
organs can be brought together for the first time in Ger-
many. Our analyses are based on two separate data sets.
The data for the years 2006-2016 is obtained from the
anonymized retrospective data set. Due to the fact that it
is mandatory to communicate the variables that we have
evaluated (age, gender, date of start of dialysis and date of
transplantation) to ET, the quality of these data is good
and we were able to almost completely analyze the trans-
plantations recorded for this period.

The second data set evaluated contains information for
the years 2017-2020 that was communicated prospec-
tively. The total number of evaluable transplantations in
this data set was considerably lower compared to the
retrospective data set. That the documentation is incom-
plete is most likely due to the fact that the communication
of personal data for the prospective data set is only per-
mitted with express consent, while this was not required
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for the old retrospective data set (12). For this reason, no
personal data are recorded in many cases. However, given
that the allocation rules have not changed significantly
during this period and that the increase in waiting time
observed by us is consistent with the results of a recently
published study which is based on data provided directly
by ET, we assume that it is possible to achieve robust
results even with a smaller number of evaluable trans-
plantations.

Conclusion

Organ allocation is a very complex process, in which
many other aspects, such as immunological (36) and
logistical factors (10), must be taken into account, apart
from those addressed in this article. Our findings,
however, reveal problems that are attributable to the
more or less arbitrary rigid age limits set in the allocation
algorithms. These problems make a fundamental debate
on the rules for the allocation of kidneys of deceased
donors urgently necessary.
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VEXAS Syndrome in a Male Patient With Fever and Rash

A 67-year-old man presented with painful erythematous plaques (Figure), recurrent fever at-
tacks and joint and muscle pain. Initially, laboratory and histological findings were indicative of
a neutrophilic dermatosis. Due to increased C-reactive protein (CRP) and Anti-Sjogren’s-
syndrome-related antigen A autoantibody (anti-SSA antibody) levels as well as fever and rash,
an autoinflammatory disease was suspected. Over the course of the disease, the patient
developed deep vein thrombosis in the legs and pulmonary embolism. Recurrent thromboem-
bolic events, refractory inflammation and macrocytic anemia led to a suspected diagnosis of
VEXAS syndrome (vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic mosaic). The
diagnosis was confirmed by molecular genetic testing (p.Met41Leu variant of the UBA1 gene).
VEXAS syndrome is a rare autoinflammatory disease. The somatic missense mutation in codon
41 of the UBA1 gene on the X-chromosome almost exclusively affects men. While rash and

fever significantly improved with anakinra treatment (interleukin-1 receptor antagonist [IL-1RA]), no remission was achieved. Tocilizumab (anti-IL-6R)
had a good effect on the erythema; however, the patient had to be switched back to anakinra (IL-1RA) with the addition of the Janus kinase (JAK)

inhibitor tofacitinib.
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Allocation Rules and Age-dependent Waiting Times for
Kidney Transplantation
An Analysis of Data From the German Transplantation Registry
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All organ transplants
N =60 285

Kidney transplants
n =32 255
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Kidney transplants
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n=29222

Exclusion of multi-organ transplantations: 2029
Exclusion of living kidney donations: 7448
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- Longer than age
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Cases included Recipient <65 years and in ESP

n =19 664

Flow diagram of data set cleansing. The first step was to filter the kidney transplantations
from all organ transplantations included in the data set and exclude entries with missing
donor information. The second step was to exclude all living organ and multi-organ trans-
plantations, because these recipients do not receive organs via the standard allocation
programs for kidneys at Eurotransplant (ET). The last step was to clean the data set for
implausible entries. The resulting entries on post-mortem kidney donations were then evalu-
ated in the further analyses.

ESP, Eurotransplant Senior Program
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Characteristics of post-mortem donor kidneys and kidney recipients in the
various allocation systems at Eurotransplant 2006-2020.

Characteristics Total AM ESP ETKAS

N =19 664* n = 422* n=5288" n =13 954*
Sex of recipient
Male 12 436 (63%) 185 (44%) 3638 (69%) | 8613 (62%)
Female 7228 (37%) 237 (56%) 1650 (31%) | 5341 (38%)
Male 10 325 (53%) | 228 (54%) 2481 (47%) | 7616 (55%)
Female 9339 (47%) 194 (46%) 2807 (53%) | 6 338 (45%)
Recipient age 57 (46-66) 49 (41-56) 68 (66-71) 51 (42-59)
(years)
Donor age 57 (46-67) 49 (40-57) 72 (68-76) 51 (42-58)
(years)

Waiting time (yrs) | 5.8 (3.2-8.0) | 4.7 (3.2-7.1) | 3.7(2.3-5.2) | 6.9 (4.2-8.6)

*n (%); Median (IQR)
AM, Acceptable Mismatch Program; ESP, European Senior Program; ETKAS, Eurotransplant
Kidney Allocation System; IQR, interquartile range
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Comparison of donor and recipient age by allocation program in Germany 2006-2020. Each plotted point corresponds to a single evaluated kidney transplantation (black dots: Acceptable Mismatch Program (AM); yellow dots: Euro-
transplant Senior Program (ESP), blue dots: Eurotransplant Kidney Allocation System (ETKAS). The red markers indicate an age of 18 and 65 years, respectively. The wide variation indicates that there is a large discrepancy between the
age of recipients and donors.
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Development of the waiting time among transplant kidney recipients in Germany over the years 2006-2020. To present this information in a graphic, the periods 2006-2010, 2011-2016 and 2017-2020 were plotted separately. Five-
year age groups were formed, the median waiting time was determined and the individual data points were linked. The plotting was carried out for all kidney transplant recipients together as well as separately for the Eurotransplant Kidney
Allocation System (ETKAS) and the European Senior Program (ESP).
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