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12.1. INTRODUCTION

Organ Allocation is a complex process interfacing organ retrieval and
transplantation. Facing a crucial need of supply and despite efforts and
significant improvements in many countries, organ retrieval still fails to cover an
always-increasing demand of organs for transplantation.1,2 On one hand, the
allocation of an organ is a decision with positive individual results, offering a vital
resource to a patient with an end-stage disease. On the other hand, the
selection of a given patient for transplantation means the exclusion of other
patients, still awaiting transplantation and thus exposed to the hazards of their
end-stage disease. In such a context, organ allocation is an essential interface
between the supply and the demand.3 According to medical science, organ
allocation conforms to general immunological and morphological matching
principles.4 Because most candidates to transplantation experience a life
threatening functional organ failure, organ allocation also requires strong
guarantees in terms of justice and equity.5 Allocation criteria also take into
account specific conditions related to the recipient such as emergency or low
access to Transplantation.6 Organ allocation policies usually strike an empirical
compromise between equity, justice, efficacy, practicability, quality of post-
transplant results and technical constraints related to organ retrieval and
preservation.7

In a first section, we examine organ allocation in an historical perspective. The
next section describes the diversity of allocation policies around the world. We
then study the main phases in the realization of organ allocation. The forth
section describes the main allocation criteria for each organ. The last section
describes the new challenges in organ allocation.

12.2. FROM ORGAN SHARING TO ORGAN ALLOCATION 
OPTIMIZATION: AN HISTORICAL PERSPECTIVE

In the early stage of transplantation activities, organs from dead donors were
retrieved in or in an hospital close to the transplant hospital: organs were
naturally given in priority to local patients waiting for a graft. The so-called "local
priority" is thus the primary, natural and practical way to deal with organ
allocation. This center-based approach of organ allocation has the favor of
many transplant physicians for it preserves medical decision. It also links the
level of transplantation activity to the level of dead donors retrieval in a given
area. For pros of center-based allocation, it is a good thing because the level of
transplantation activity becomes a strong incentive for organ retrieval. For
contras, center based allocation deals with to few prevalent patients on the
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waiting list a given day: according to blood group, there are sometimes so few
patients on a local waiting list that center-based allocation is more a lottery than
a medical decision.

In the late eighties, the possibility to save urgent patients (e.g. fulminant hepatitis
in liver transplantation), to increase the number of HLA-matched
transplantations, to obtain long term graft survival in prioritizing HLA full-matched
kidney transplantation or to recover fair results for hypersensitized patients using
well matched kidneys prompt many Organ Procurement Organizations and
Transplant Centres to establish organ sharing agreements and to define
categories of patients that could benefit of allocation priorities.8-11

Another crucial step in organ allocation is the evolution toward a patient-based
allocation system. This evolution places the optimization of organ allocation as
the major issue. The scarcity of organs implies to use them with the highest
possible relevance. The optimization of organ allocation implies to expose a
wide variety of patients to a wide variety of donors as soon as one wants to
optimize donor-recipient matching on multivariate criteria or one want to
allocate of vital organs (heart, liver) “just in time”, e.g. not to early (patients can
still wait) and not too late (death on the waiting list or too sick patients). It has
also pros and contras. Its is the only way to get a multivariate and/or temporal
optimization of organ utilization. It is transparent and determinist. Because it is
systematized, it has to be evaluated to guarantee there are no bias or unwanted
side-effects. Contras will say that it is no more a medical decision but a
computer decision.

12.3. THE GEOGRAPHICAL DIVERSITY OF ORGAN 
ALLOCATION POLICIES

A recent survey of allocation systems in Europe by Alliance-O consortium12

showed that a wide range of allocation systems have been implemented from a
country to another. This diversity may result from variations in cultural and
historical contexts. The place given to the "medical decision", to the so-called
"local priority", to the geographical distribution of organs, to "organ sharing" and
to evidence-based medicine in the government of allocation systems are likely to
be the determinants of such variations. Individual medical decision plays a
central role in some countries: the waiting lists are managed at centre level; the
interference with medical decision is limited to general principles (ABO matching,
general ethical statements). The place of individual medical decision is minimal
other countries where very precise and operative statements have been defined
to drive the allocation decision and the registration on the waiting list. 
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In most countries, allocation system is a mixture of nationwide allocation
priorities and general donor-recipient matching principles, combined to regional
allocation procedures and local allocation practices that represent the foremost
- and transplant teams favorite - allocation modality.

12.4. ORGAN ALLOCATION REALIZATIONS

Each allocation realization is triggered by the identification of a dead donor. It
comprises the distribution of all retrievable organs to a set of recipients. It ends
with the transplantation of each retrieved organ to their final transplant
candidate. It implies the management of offers to transplant programs. The
allocation of organs is also interrelated with organ and tissue retrieval. It is
performed 24 hours a day, every day of the year. It has to deal with logistical
issues related to the transportation of organs and, depending on the organ and
on the general organization of organ retrieval in the country, to the
transportation of surgical staff. The allocation of a given organ usually conforms
to a predefined scheme. Data required for organ allocation must be available,
implying to deal with other logistical issues related to lab tests, HLA and Cross-
matches.

12.4.1. In Center-based Allocation Systems

In centre-based allocation systems, organ allocation is a distributed decision.
The organ is proposed to a transplantation centre by the coordinating officer,
usually according to a geographical scheme referred to as "local priority". The
ultimate allocation decision falls under the responsibility of transplant center
medical staff that will choose the best suitable patient in the local waiting list.
With such an approach, a national waiting list is not required, unless it is stated
by law as mandatory for it is an efficient mean to support transparency,
traceability and auditing of the allocation system.

12.4.2. In Patient-based Allocation Systems

In patient-based allocation systems, organ allocation is more centralized at the
time of its realization. But allocation schemes are previously discussed for a
long period of time with transplant physicians. Before their implementations,
new allocation schemes can also be simulated. A Patient-based allocation
scheme is typically based on a scoring function tacking into account multiple
and contradictory allocation criteria. Such an approach implies to have all
patients registered on a national or supra-national waiting list. The management
of the waiting list and the Allocation schemes are supported by an Information
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System. The coordinating officer will offer a given organ to transplant centres
following the order of rank computed for each patient on the waiting list
according to the scoring function.

12.5. ORGAN ALLOCATION CRITERIA

Two main categories of criteria are to be considered. In one category one can
list medical criteria such as severity of the organ failure, ABO blood group, HLA
matching, primary disease or expected post-transplant outcome. In the other
category of non-medical criteria one can list geographic distances or available
resources, while some factors such as waiting time or ischemic time can be
listed in both categories. The Committee of Ministers of the Council of Europe
recommended Organ Allocation Organizations to periodically provide complete
information for both health professionals and the general public, including
criteria for registration and allocation, figures and flows of registered patients
and average waiting time for the different groups of patients.13,14 Allocation
systems have also to ensure, as far as possible, that no group of patients waits
longer than another group.15,16

12.5.1. General Criteria

• Urgency: in many countries, a nationwide or a supra-national allocation
priority is offered to patients that have with a life-threatening condition that
will benefit from transplantation. Such a priority is supposed to restore an
equitable access to transplantation for patient that cannot wait very long
on the waiting list.

• ABO blood group: the immunological possibility to offer organs from blood
group O donors to all recipients and organs from A of B donors to AB
recipients cannot be systematically used without adverse effects on
transplant access rates for O recipients. To maintain equity, organ
allocation usually respect blood group identity between donor and
recipient. Restricted blood group compatibility is often used for subgroups
of patient with poor access to transplantation: it consists in the allocation
of organs from A donors to AB recipients and the allocation of organs from
O donors to B recipients. 

• Geography and Distance between Transplant Center and Donor Center:
The geographical distribution of Donor centers relative to Transplant
centers is a major allocation criteria in Centre based allocation systems.
It is also an important criteria in many patient-based allocation system,
for one need to deal with logistical constraints and minimize cold
ischemic time.
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• The access to allocation priorities often implies a demand from the
transplantation centre that will be examined by staff from the Organ
Allocation Authority or by external experts.

• Multi-organ allocation priorities: patients that require a multi-organ
transplantation get a priority in many allocation systems. The offer is
simply made first and sequentially to multi-organ transplantation
candidates or programs according to whether the allocation system is
patient-based or centre-based.

• Living-donation: the use of an organ from a living donor is generally by law
restricted to a precise recipient. The emergence of "living donors clubs" in
some countries will certainly raise the problematic of organ allocation in
this context. Donor and Recipient Matching constraints are taken into
account in the selection of donor.

12.5.2. Kidney allocation

For kidney allocation, the following allocation criteria are widely taken into
account:

• Urgency: in many countries, a nationwide allocation priority is offered to
patients that have no more possibility of dialysis (vascular complications,
contra-indication to peritoneal dialysis).

• Recipient age: in many countries also, due to the high benefit of kidney
transplantation compared to dialysis in young patients, children (age <16
or age <18 according to the country) get a national and/or a regional
allocation priority for kidneys reaching specified criteria (usually donor age,
sometimes also HLA matching). Such a priority has both an ethical and an
utilitarian motivation.

• HLA antibodies: to minimize the risk of positive cross-match, recipients
with allo-antibodies against donor HLA A, B, DR or DQ are usually
excluded from the list of potential recipients for this given donor. 

• PRA level: The percentage of panel reactive allo-antibodies (PRA) is
widely used to identify immunized (PRA >5 to 10%) and hyper-immunized
(PRA >80 to 85% according to the country) patients. To improve their
access to transplantation, such patients benefit from national and/or
regional allocation priorities for very well matched donors (0 or 1
mismatches) in many allocation systems. The access to the allocation
priority is automatically computed according to their PRA level each time a
donor is retrieved. These allocation priorities are usually combined to
blood group ABO compatibility rules. Acceptable antigens can be
determined for hyper-immunized patients: this "extension" to their own
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HLA phenotype helps to find more suitable donors, to minimize the risk of
positive cross-match and to obtain good post-transplant results.17

Acceptable Antigen Programs have been implemented in EuroTransplant
and more rencently in Agence de la biomédecine kidney allocation
schemes.

• Donor-Recipient HLA matching: HLA matching has been shown to
significantly influence post-transplant results. Although the importance of
HLA matching has been discussed with new immunosuppressive
treatments, multivariate evaluation of post transplant results still
demonstrate an influence of HLA matching. Class I (A and B) and class II
(DR, DQ) antigens are widely considered. There are two ways to compute
HLA matching: the number of HLA-matches and the number of HLA
mismatches, the later deals more accurately with homozygote loci. Full-
match or 0-missmatch patient usually get a nationwide allocation priority,
with or without a condition on their PRA-level. In patient based allocation
scoring functions, DR can get more points than A and B matching as in
UKT kidney allocation scheme.18

• Donor-Recipient age matching: age matching is often claimed as a major
allocation criteria by transplant physicians when they have to accept a
proposed kidney. It can also included into allocation scoring functions in
patient-based allocation systems. It is usually a condition in kidney
pediatric priorities.

• Donor-Recipient citomegalovirus (CMV) matching is sometime taken into
account in allocation schemes (CMV- donor to CMV- recipient).

• Dialysis duration / Time on the waiting list: social justice principles and
ethical considerations state waiting time as a major criteria in scarce
resources allocation. The waiting time is most often calculated using time
on the waiting list. Dialysis duration is taken into account in some
allocation schemes. 

• Matched donor potential / Mismatch Probability: The potential of well
matched donors is computed in France for each recipient.19 It is defined
by the number of donors matching recipient blood group, retrieved during
the 5 past years within a relevant allocation area (region/nation), with less
than 3 HLA A, B and DR mismatches and without unacceptable HLA
antigen. This metric, referred to as Matched Donors Potential (MDP), is
especially relevant to identify patients with a low Transplant accessibility.
Because MDP takes into account the frequencies of HLA phenotypes and
blood groups within the real allocation area, together with the impact of
registered unacceptable antigens, it is a more accurate measure than the
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panel reactive antibody (PRA) rate. Patients that have a high level of PRA,
but a very frequent HLA phenotype with unacceptable antigens that are not
frequent among donors, can have a good access to transplantation
whereas patients with rare HLA or frequent unacceptable antigens may
have low PRA, but a poor access to Transplantation. Such a criteria can
be used in multivariate allocation scoring function to counterbalance HLA-
matching and to avoid the segregation of patient with reduced MDP on the
waiting list, making them artificially long waiting patients. Eurotransplant's
Mismatch Probability, used in the same way, is computed for each
recipient according to the frequencies of its HLA loci in the donor
population, to his/her blood group and to the PRA level.20

• Multivariate Kidney Allocation: The possibility to optimize age and HLA
matching in centre-based allocation systems is very limited. Only large
scale organ sharing and multivariate scoring function patient-based
allocation system are prone to optimize age and HLA-matching without
adverse effect on cold ischemic time for distance between donor and
recipient hospitals can be included in allocation criteria.

• Alien Resident: Variations exists from a country to another. Often, the
registration of non resident and alien transplant candidates is regulated:
forbidden or limited, and allocation rules are the same for all registered
patients. Sometimes, the registration is not controlled but allocation
prioritized resident patients first.

12.5.3. Liver allocation

Four main allocation criteria are used for liver allocation:

• Category of Liver Disease: the nature of the underlying liver disease is
very important in liver transplantation. Patients with acute life threatening
liver failure such as fulminant hepatitis, acute Wilson disease, Budd-Chiari
Syndrome, early graft failure, anhepathy (trauma, liver resection) require a
highly urgent access to transplantation for they have a very short life
expectancy without transplantation (few days). Such patients benefit of
national or supra-national allocation priorities in all allocation schemes,
with some variations on definitions from a country to another. Chronic liver
diseases require different allocation modalities depending on whether it is
a chronic end-stage liver failure due to a cirrhosis, a malignancy or a non
cirrhotic liver disease requiring a liver transplantation. 

• Severity of Liver Disease: the severity of end-stage liver failure due to
cirrhosis was classically assessed using Child score or Child score items
(ascites, encephalopathy, albuminemia, bilirubin, prothrombin time). It was
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and it is still used in many allocation schemes to offer an urgent access to
transplantation for such patients according to supra-national, national or
regional allocation priorities. More recently, the (Model for end-stage liver
disase) MELD score has been shown21-22 to be a good predictor of risk of
death on the waiting list for patient with cirrhosis. It includes bilirubin, INR
and creatinine but no subjective and fluctuating items (encephalopathy,
ascites), in contrast with the Child score.

MELD score tends to be widely used in patient based allocation scoring
functions (UNOS, ET, France) for cirrhotic patients to optimize the "just in
time" transplantation. It can be used as well at local level to prioritize
patients with the highest MELD score, but with limited impact in terms of
liver use optimization when the local waiting list are to small. An artificial
MELD score is affected to non cirrhotic patients in some schemes.

• Time on the waiting list: Instead of an artificial MELD, patients with liver
malignancies can get increasing points with the time to get a maximum of
points offering a good access to transplantation before they cannot no
more be transplanted due to metastasis. Time on the waiting list together
with disease specific severity criteria (amyloidal neuropathy, Rendu-Osler
disease) can be used for other non cirrhotic, non tumoral liver diseases.

• Age of the recipient: a pediatric priority is generally used in most allocation
schemes, for ethical reasons and morphological matching. A (Pediatric
end-stage liver disase) PELD score can also be used for liver allocation in
children.22-23

• Morphological donor-recipient matching is more frequently used as an
acceptation/refusal motivation than for allocation.

• Split liver: split liver are usually used in priority by local centre and combine
to pediatric priority.

12.5.4. Thoracic Organs

For heart and lung transplantations, the main allocation criteria are the ABO
matching, the morphological matching and the severity of the disease. Urgent
patients get usually a national priority for they have a very short life expectancy
without transplantation. The definitions of urgency widely differ from a country
to another. The vital status and the need of mechanical and pharmacological
assistance are frequently used in the definition of urgency for the heart.24 The
definition of severity can take into account nature of the underlying lung disease
associated with prognosis criteria, such as time spent on non invasive
ventilation (cystic fibrosis), incremental dose of vasodilators (pulmonary
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hypertension) or level of oxygen-therapy (fibrosis). More recently, scoring
function tacking into account the individual benefit from Lung Transplantation
has been implemented by UNOS.25

12.6. ORGAN ALLOCATION: NEW CHALLENGES

12.6.1. The need for allocation policy survey and evaluation

The evaluation of organ allocation process is required to ensure that organ
allocation realizations are fair, transparent and consistent with the underlying
allocation schemes. The evaluation of results will also ensure that organs are
allocated efficiently, both to obtain maximum benefit from a donated organ and
to minimize the distances that organs need to travel between the donor hospital
and the transplant centre where the operation will take place. Another key
consideration of any allocation scheme is that of ensuring equity of access for
patients both to the transplant list and then to any appropriate donated organs. 

Organ allocation schemes need to be kept under regular review. Initially this
would be to ensure that they are performing in the desired manner but over
time, reviews would need to consider whether the scheme is still appropriate for
the population it serves. Reviews would include examination of factors such as
the proportions of patients on the national transplant list in the different blood
groups compared with those among transplant recipients, or the number of
transplants performed at centres relative to the number of patients waiting for a
transplant.

12.6.2. The interest of simulation tools

Organ allocation is poorly accessible to prospective experimental study: for
ethical and practical reasons, it is difficult to randomize patients between
allocation regimens. In countries which register data on the donors, on the
recipients and on the allocation process, the allocation policy is usually
evaluated through cyclic observational studies. Such studies are prone to
motivate changes in allocation policies when results demonstrate odds results
or adverse side effects. Observational studies can indeed motivate changes,
but they are of limited help to bring about deep modifications in allocation
policies due to the fear of unpredicted adverse consequences. 

Simulation is a relevant mean in such a situation to compare various allocation
schemes and to forecast the behavior of the new system according to the tuning
of its parameters.26 It is an alternative to experimentation because this latter is
not available in our context. 
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Another trigger for changes in Allocation policies is the publication of new
bioclinical facts22 or the emergence of a new allocation paradigm that matter for
organ allocation, for example: the shift from best post transplant results to best
individual benefit as utilitarian allocation criterion.27-28

Last, organ allocation systems define complex socio-technical systems and are
in many aspects a matter for social economy: they have to deal with conflicting
interests and contradictory objectives. Due to the scarcity of organs for
transplantation and to the competition between transplantation centres to
provide the best organs for their patients, any change in organ allocation policy
remains a sensitive issue in public health decision-making.29 Simulation in such
a context has the interest to introduce a more distant and abstract approach of
the allocation problematic. An interactive design of the new allocation scheme
with professionals and patients representatives also facilitate discussions and
thus the integration of contradictory points of view.30

Simulation implies to formalize allocation process and sub-processes and to
define evaluation end-points. It permits to compare and to evaluate the impact
of various allocation policies and their acceptability prior to the
implementation of a new system.31 Thus, it is likely to promote an evidence-
based debate.32

12.6.3. The individual benefit of transplantation: an emerging 
comprehensive end-point

An allocation preference for patients with the best survival after
transplantation can lead to transplant the less sickest patients which also are
prone to be patients with no or low individual benefit of transplantation. For
liver or heart transplantation, the less sickest patients have the best post
transplant survival but a higher risk to dye getting a transplantation than
remaining on the waiting list.33-34 The MELD score was primarily used in
allocation schemes to improve transplant access rates for the sickest
patients, hence to minimize death on the waiting list. It revealed also to be a
good predictor of patients with no individual benefit from transplantation:
below a MELD score of 15, have a higher risk of death in being transplanted
than remaining on the waiting list. Below this cut off are the "futile", say "too
early" transplantations. In the case of liver transplantation, the sickest patients
still have an individual benefit to be transplanted: there is no "too late
transplantation" regarding this individual benefit criterion. Conversely, for
other organ transplantation, one can have a degradation of individual benefit
for very sick patients, the covariate adjusted hazard ratio of death defining
"too late transplantations" above another cut-off. Between these two cut-offs
is the "therapeutic zone" of transplantation.
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12.7. CONCLUSION

Organ allocation has not reach a definitive solution: it remains an open and
moving issue. More issues will arise in the future, as medical science, the needs
of population and its demographic change. 

More accurate and comprehensive allocation criteria addressing the individual
benefit of transplantation are likely to change in depth the approach of organ
allocation.

The use of simulation tool to promote evidence-based debate with transplant
centres are likely to support change in allocation policies.

Last, survey and statistical evaluation of results will progressively help to turn
into facts the objectives that allocation schemes claim to reach in terms of
equity, transparency, practicability and efficacy.

These key-points in Organ Allocation are clearly part of the functions and
responsibilities of National Transplantation Organization in Europe.14 They gave
birth to precise recommendations in Alliance-O consortium White-Paper.35
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