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ABSTRACT

Context: There is a huge mismatch between demand and supply of organs
for transplantation, particularly kidneys. Their allocation system in Chile
delivers one kidney to the procuring institution and the second to another
national institution; policy designed seeking to stimulate procurement in
transplant institutions.

Objectives: Evaluate whether this policy has been effective for increasing
nationwide organ donation and procurement rates in procuring centers,
whether their behavior is aligned with the local / pool kidney allocation
system, and whether the policy has contributed to increasing equity in
access to kidney transplantation.

Methods: We obtained the origin of all organ donors between 2010-
2020 from public records, separating them by private or public institutions,
and matched those organs with the corresponding information from the
centers that implanted them, and used descriptive statistics, t-student tests,
and linear regressions over time for analysis. We performed an economic
analysis of the costs of procuring a kidney for transplantation, for which
we gathered the public static prices, and a sample of the 5 largest private
transplantation facilities’ prices.

Results: We found no significant increase in the total number of organ
donors in the country during the studied period, and the mild increase
observed was due to the addition of new public centers to the system. We
observed that private institutions are increasing their participation in the
transplant market and they do so at the expense of public institutions and
without increasing their contribution of organs to the system, because of the
high cost of procuring compared to the cost of transferring a kidney.
Conclusions: This behavior can be framed within the Game Theory,
specifically the Tragedy of the Commons, describing that the players
maximize their benefit at the expense of the rest without considering the
subsequent consequences, which leads to an imbalance between demand
and supply of organs for transplantation that worsens over time and
lengthens waiting lists.

Keywords: organ procurement, kidney allocation, kidney transplantation,
game theory, transplantation costs, organ donation
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Introduction

Despite kidney transplantation being known as the best
treatment for end-stage renal failure ', the demand for
kidneys, particularly from deceased donors, diverges
from its supply. Which leaves many patients on waiting
lists for prolonged time, with some of them even dying
while awaiting a compatible transplant 2. In order to
tackle this issue, it is important to understand how to
assign an organ to a specific patient, which inevitably
means that others will have to continue waiting.

There are several different kidney allocation systems in
the word, and most of them employ criteria related to
“maximizing” graft survival (for example, immunological
HLA antigens compatibility, previous HLA sensitization,
and / or donor age, among others), recipient
characteristics (for example, recipient’s age, or time on
waiting list), or a mix between both (for example,
expanded criteria donor, HLA hypersensitization, or
donors carrying transmissible viruses) 3.

The institutions in charge of assigning available organs
use relevant variables to create scores or algorithms in
order to determine the most suitable recipient. This is easy
to understand for single organs, such as the liver or heart.
However, in the case of paired organs such as kidneys,
there may be different allocation criteria for assigning
each kidney. For example, one kidney may be assigned
considering better chances for graft survival, and the
other favoring the recipient, or for instance, having both
kidneys assigned with the purpose of encouraging organ
procurement activity by assigning one kidney to the
waiting list of the procuring center, and the other to a
regional or national waiting list 4-7.

In the latter case, the kidney that remains in the procuring
center benefits from a reduced cold ischemia time but
with poorer immunological compatibility compared to the
kidney assigned to regional or national waiting lists 8.

Chile has opted for that allocation system design:
assigning one kidney to the procuring center, and the
other to the national pool of patients on waiting list.The
system aims to stimulate the procurement process and,
through this mechanism, improve the disparity in demand
and supply of kidneys for transplantation 9. If the
procuring center does not have a transplant program, the
system assigns both organs to the national pool 9. The
United Kingdom had a similar system where one organ
was assigned locally and the other nationally, which was
then phased out in favor of one that assigned both
kidneys to the national pool in 2006 .

This model is not too common worldwide: most countries
allocate kidneys prioritizing local waiting lists, while
national allocation is considered only for zero HLA-
mismatched recipients or for other patients with certain
conditions pre-established by each country. Examples of
that model are Australia, Eurotransplant, Spain, and
France 3, and in Latin America, countries like Argentina 19,
Colombia ', Ecuador 2, and Mexico '3. However, the
new model adopted by the UK (national allocation) is
also present in Scandiatransplant, New Zealand, and
Israel 3.

Chilean authorities are currently considering changing the
mixed allocation system design towards prioritizing a
national pool design. Taking this into consideration, our
objective is to evaluate four aspects: (a) Whether this all
but unique policy adopted by Chile so far has been
effective for increasing nationwide organ donation. (b)
Whether it has been effective for increasing procurement
rates in procuring centers (c) Whether the behavior of
procuring centers is aligned with the local / pool kidney
allocation system, or if it diverges by limiting their actions
to only receiving organs without cooperating in procuring
effective organ donors to keep the system running; or in
other words, effectively behaving like kidney takers, and
(d) whether the policy has contributed to increasing equity
in access to kidney transplantation, in line with the spirit
of the policy.

Materials and Methods

We obtained a list of all chilean centers that contribute
organs to the system (both publicly and privately
funded), regardless of whether they had kidney
transplantation programs. In parallel, we obtained a list
containing the centers that effectively implant organs,
regardless of whether they contribute with kidneys to the
system'4,

We studied the period between 2010-2020, which
includes the first year of the SARS-CoV-2 pandemic.
During this year, transplantation activities were
substantially modified for understandable healthcare
reasons related to bed requirements for Covid-19
patients, albeit procurement activity remained
unchanged 15,

We used descriptive statistics, t-student tests, and linear
regressions over time for procurement and
transplantation rates, and for the ratio of transplants
over procurements. We also used modeling according to
game theory to describe the behavior of the procuring
and implanting centers for kidney transplantation.

For the game theory modeling, we calculated the total
investment of the public system and the private clinics as
a whole system by using: [1] the annual salaries of the
procurement coordinating nurses (assuming that in the
private system coordinating nurses work part-time in
procurement coordination), [2] an additional ICU bed
day for each effective or non-effective donor,
considering a 50% familial refusal rate '¢, [3] the
neurologist's fee for certifying brain death on each
effective and non-effective donor, and [4] the use of the
surgical ward for extraction surgery; as shown in Table
1.

The data we used for calculating each item was gathered
from different sources. Respectively for the public sector:
[1] the salaries of nurses was gathered from the State’s
Transparency website 17; [2] the ICU bed price, [3] the
neurologist medical care, and [4] the surgical ward, from
the public insurance’s fixed prices (FONASA) 18, For
private institutions, we used respectively: [1] the salaries
of nurses was gathered through personal information, [2]
the ICU bed price, [3] the neurologist medical care, and
[4] the surgical ward, from the published costs of the 5
largest transplant centers 19-23,
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The kidney distribution system for transplantation in Chile
Table 1: Costs of the variables for producing an organ donor for each system, including Confidence Intervals (Cl) for
the variables that were calculated using a sample.

Public System
(US$ + CI US$)

Private System
(US$ + CI US$)

Nurse Salary (s;)

(2 391 + 258 /mo)*
28 692 + 3 096 /year

(1 320 + 146 /mo)t
15845+ 1757 /year

Additional ICU bed (b;) 2367 11578 £ 575
Neurologist fee (ph;) 12.21% 858+ 26
Surgical ward (sw;) 411% 27548+ 289
* Average of the salaries of 15 nurses in public centers.
T Approximation of an average salary based on personal information of a

clinical nurse in the private system, assuming they work part-time for

procurement.
I Fixed 2020 price for public institutions.
§ Average of the service cost in the 5 largest private transplantation facilities.
While other organs were not considered in the analysis Results
for simplicity, we calculated each kidney value as: KIDNEY PROCUREMENT AND TRANSPLANTATION

% + (bj+2Xphj+sw;) ACTIVITY

Ki = >
For each [ = (public institution, private institution), K; is
the cost of procuring one kidney, d; is the mean annual
number of donors between 2010-20, 1n;—pypiic = 60
and Nj—private = 14 are the total number of nurses, and
Si, bi, ph;, and sw; are described in Table 1. We assume
that nurses will receive their salary despite the number of
donors obtained, and that each donor provides 2
kidneys.

We found 55 public and 23 private centers with the
technical capacity to procure effective organ donors, out
of which a yearly median of 23 (range 19-25) and 8
(range 7-14) centers did so, respectively (Figure 1). In the
same figure, we can see that new public centers were
included into the system over time, thanks to the National
Coordination for Procurement and Transplantation efforts
(the government institution dedicated to implementing the
procurement and transplantation policy in the country).
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Figure 1: Evolution of the number of public and private clinical centers in Chile between 2010-2020

The national organ donation rate per million population
(pmp) was 7.8 + 1.5 on average. Figure 2 shows the time
trends of the national, public, and private center organ

donation rates pmp, where we can observe that public
centers have had larger rates than private ones: 8.2 +
1.7 versus 5.8 + 1.6 (p = 0.002).

© 2024 European Society of Medicine 3



The kidney distribution system for transplantation in Chile
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Figure 2: Evolution of organ donation rate per million population in public, private, and total clinical centers in Chile
between 2010-2020

When analyzing kidney transplantation figures as shown
in Figure 3, we observe an increase in private
transplantation rates (linear regression slope of r =
0.635; p = 0.003), and a stagnation - but a visual
decrease during the last years - of public transplantation
rates (linear regression slope of r = 0.13; p = 0.702).

Therefore, the relative transplantation rate in public
centers is half of private ones (0.46 + 0.12), this is, the
proportion of public over private transplantation rates,
and it tends to decrease over time (r = -0.612; p =
0.046).

Transplantation rate per Million Population (pmp) and
Fublic/Private Froportion 2010-2020
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Figure 3: Evolution of transplant rates per million population in public and private clinical centers, and ratio of Private /
Public transplant rates in Chile between 2010-2020

Figure 4 shows the time trends of transplant /
procurement ratios for both types of centers, and the
ratio of those ratios. From that figure we can observe that
private centers have higher transplant / procurement
ratios than their public counterparts (4.40 + 1.59 versus

2.56 *+ 0.54; p = 0.0017). Furthermore, their linear
trend shows an increase over time since its linear
regression has a positive slope (r = 0.681; p = 0.021).
But for public institutions, the linear regression has a slope
close to zero (r = 0.177; p = 0.603).

© 2024 European Society of Medicine 4
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Evolution of Transplant/Procurement ratio in Private
and Fublic Centers 2010-2020
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Figure 4: Evolution of the Transplant / Procurement Ratio in Private and Public Centers, and the Private and Public
Centers ratio in Chile between 2010-2020

KIDNEY PROCUREMENT COSTS

In Table 1 (methods section) we observe a large
difference between the prices in both public and private
systems, where the private is more expensive in each of
the evaluated services.

When calculating the costs of obtaining a kidney for
transplantation for each system, we found the following:
Ki:PubliC = US$ 7 94‘7 CI (7 125, 8 769)
Ki—private = US$ 8160 CI: (7 032; 9 288)

Obtaining a kidney for transplantation in a private
institution is 2.7% ($213) more expensive than in a public
one. Furthermore, procuring a donor is 5 times more
expensive than transferring a kidney for both the public
and private sectors, since the cost of transferring a kidney
from one center to another is just $1 577 (as stipulated

by the Chilean public insurance institution). From an
economic point of view, any institution would prefer to
pay the transfer cost for transplanting one of their
patients than procuring a donor (K; — $1 577) because it
is cheaper.

GAME THEORY APPLIED TO KIDNEY TRANSPLANTATION
IN CHILE

Since paying the kidney transfer price is cheaper than
procuring a kidney, both types of institutions will tend to
cease contributing organs to the system in an equilibrium
state, because they will be maximizing their own
individual benefit. Nonetheless, since the costs and
benefits of those two types of institutions are different
there will be a specific type of institution more inclined to
pursue this course of action (i.e.. maximize their own
benefit) as shown in Table 2.

Table 2: Prisoner’s dilemma with two players (private and public institutions). We observe that the two predominant
strategies to maximize individual profit are not cooperating, since its expected benefits (B and b) are higher than its costs

(C and ¢).
PRIVATE
. Does not B= Private C= Private
Contributes . .
contribute benefit cost
b= Publi = Publi
Contributes b-c : B-C b-c:B henel;it ' ;stu '
PUBLIC o .
Oes NO
. b;B-C 0,0 B>byC<c
contribute
Discussion As we observed in figure 2, overall donation rates

As we have observed, the allocation system consisting of
assigning one kidney locally to a recipient of the
procuring center, and the other one to a regional or
national recipient, does not achieve its theoretical
objective, since it does not seem to stimulate centers for
obtaining effective donors %24, This occurs in both public
and private institutions, but it is more prominent in the
latter.

© 2024 European Society of Medicine

appear to remain stagnant in time, albeit the main
determinant of the country’s donation rate is the
performance of public institutions, where we observe a
significantly higher organ donation rate pmp, which
makes those institutions the largest contributors of
effective organ donors to the system. On the other hand,
in figure 3 we observed that private institutions have a
larger transplantation rate. If we consider both

5


https://www.zotero.org/google-docs/?Gx1aen

The kidney distribution system for transplantation in Chile

procurement and transplantation activities, a symmetric
behavior between private and public centers should
imply that the ratio between their procurement and
transplantation rates remains stable throughout time.
However, figure 4 consistently with the previous analyses,
showed that this is not the case. Indeed, our results show
that private centers are benefiting from public institution’s
procurement activity, and thus taking advantage of the
current kidney distribution system.

As we previously mentioned, this organ distribution system
was once used in the United Kingdom but was later
abandoned in 2006. Interestingly, back in 1987 some
institutions which were contributing organs to the system
realized that after several periods of work, they
provided more kidneys to the regional or national
distribution system compared to the kidneys they
received in exchange 25. The rational explanation for
choosing this kidney allocation policy is theoretically
justified by the idea that the exchanged kidneys could
have a better HLA antigen histocompatibility match than
those that were transplanted locally. Thus, this could
translate into an advantage in the graft survival
expectancy which would compensate for the deleterious
effect of a longer cold ischemic time of the organs that
must be transported to a different center than the one
where it was harvested 3.

This potential graft-survival convenience, given by the
kidney exchanges, tends to reduce the need for the
institutions to obtain organ donors to supply their own
transplant centers. Nonetheless, this behavior does not
benefit the potential recipients because it is currently
understood that, following the introduction of calcineurin
inhibitors, organs are less dependent on HLA
compatibility for long-term survival. Perhaps the only
justification for transferring an organ from one center to
another outside the procuring locality is to address a
medical emergency, or if the potential recipient has a
very rare HLA type or zero HLA mismatch with the graft
to be transferred ¢.

According to our data, as this distribution policy reduces
the procurement activity in each center, it reduces their
capacity of self-supplying. So, in order to receive supply,
new centers must enter the system by providing organs,
as shown in Figure 1. This figure also shows how private
centers are becoming stowaway centers of the system, as
they make a minimal contribution and each period
receive more organs from the public centers. This
phenomenon is analogous to a Ponzi scheme in which
receiving organs for transplantation, particularly for
public institutions that procure effective donors, is based
on new centers entering the system to contribute organs,
since most of the existing ones are only waiting to receive
from the system without giving anything 2¢.

Then, the question to be answered is why does this
phenomenon occur? Why does an organ distribution
system, designed by qualified health professionals, that
aims to make the transplantation process fair and
equitable, can produce such contradictory results far from
what it originally intended?

A possible answer was given in 1950 by John Nash when
he, based on the work of Antoine Augustin Cournot

(1838), John von Neumann and Oskar Morgenstern
(1944), described Game Theory 27. This theory posits that
in any given situation where different participants (or
“players”) are at odds with one another, all players will
tend to adopt a participation strategy that maximizes
their own benefit, regardless of the strategies adopted
by their competitors. The best known example is the so-
called "Prisoner's Dilemma": here, two prisoners who
committed a crime together are being questioned and
offered a deal: if neither of them confesses for the crime
or they both blame each other, then they will both be
sentenced, but if only one of them blames the other, they
will be fully acquitted while their pariner will be
incarcerated in their stead. In this case, the primary
incentive will be for one prisoner to blame the other, as
this maximizes their own benefit (aiming for a full
acquittal), which inexorably leads them to blame each
other, hoping that the other has not done the same. Table
1 illustrates that the two types of institutions behave
similarly to prisoners, since both maximize their own
benefit and "wait" for a “generous” institution to send
them the organs, without procuring donors. This model,
called the "Tragedy of the Commons", was described by
James Garrett Hardin in 1968 and accurately predicts
what our results illustrate: both type of institutions, but
particularly private, maximize their benefit by being
selfish 28, and that the kidney distribution system functions
solely if new public institutions contribute to it, much like a
Ponzi scheme 26,

But, is it possible to correct the selfish behavior observed
in the "Tragedy of the Commons" scenario? One potential
approach would be for an "authority" to intervene and
force the institutions to cooperate under the threat of high
penalties. For example, by setting a very high kidney
transfer price, or applying very onerous fines; although
in the case of private institutions the effect of the transfer
price will be insignificant, since it will be fully transferred
to the patient receiving the organ. Another potential
approach could be to completely change the current
distribution model by switching to one exclusively
prioritizing either local or national allocation. Based on
our findings, where Chilean institutions tend to behave
towards maximizing their own benefit, prioritizing
national allocation may not seem appropriate to
stimulate the procurement activity, and thus improve
organ donation rates. Instead, we suggest adopting a
system that prioritizes local allocation in order to
incentivize each institution to generate enough organ
donors to supply their own transplantation programs,
allowing exchanges only in very specific cases.

In  summary, a kidney allocation system for
transplantation that delivers one organ to the procuring
institution, and the other one to a different institution that
did not participate in its procurement, reduces organ
donation activity overall (as Salaman and Ross already
stated in 1987 for the UK 25). Sooner rather than later, a
system like this will lead to growing waiting lists in kidney
transplant institutions.

While the Chilean system is known for being “equitable”,
because it assigns the organ to the person who needs it
the most, the truth seems to be that the incentives for
procurement and transplant institutions are structured in
such a way that individuals with money (private sector)

© 2024 European Society of Medicine 6
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benefit disproportionately from kidney transplantation
compared to poorer individuals (public sector). If we want
to ensure that equity is genuinely present in our organ
donation and transplantation system, the procurement
incentives must be modified to benefit public institutions.

Conclusion

We hope that these findings will be of assistance to the
Chilean government in considering a swift change to the
system (instead of waiting decades to do so, as was the
case of the UK) in order to promote equity in kidney
allocation, and to incentivize institutions towards
procuring organs for transplantation. Moreover, we also
hope that these findings may also help countries with
regional allocation systems, like New Zealand and Israel,
to study their own kidney donation and transplantation
figures in order to assess, as in the case of Chile, whether

© 2024 European Society of Medicine

their allocation systems are benefitting institutions that
don’t contribute to increasing organ availability.
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