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Abstract. We present an Agency called
UCTz designed to model the tasks per-
formed by a Transplant Coordination
Unit (UCTx) inside a Hospital. The aim
of this work is to show how a multi-agent
approach allows us to describe and imple-
ment the model, and how UCTz is ca-
pable of dealing with an Agent Mediated
Institution for the Exchange of Human
Tissues among Hospitals for Transplanta-
tion. Also UCTz will act as the represen-
tative of the hospital in the transactions.
As an example we present the use of this
Agency in the case of Cornea Transplan-
tation.
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1 Introduction

In the procurement of human organs, tissues and/or
bones for transplantation the key role of a Trans-
plant Coordination Unit attracted our attention fol-
lowing the work of Lépez-Navidad et al [6], and we
saw this unit as a good example of a multi-agent
system that has to interact with other agents of
different nature as for example: Surgeons, Agent
Mediated Institution for the Exchange of Human

Tissues among Hospitals for Transplantation such
as Carrel [3], and organizations as the Organitzacié
Catalana de Transplantaments (OCATT) and the
Organizacién Nacional de Transplantes (ONT) .

A related approach for monitoring medical pro-
tocols is described in [1].

1.1 Organization of this paper

In section §2 we explain in detail the architecture
of UCTx but we do not go into detail on the com-
munication security issues.

In section §3 we give a practical example of the
possible application of UCTx studying the case of
Cornea Transplantation, including an explanation
and examples of the Selection Function in §3.1. Fi-
nally, in §4, we present some conclusions.

2 UCTx: The Transplant
Coordination Agency

Our implementation has to reflect the infrastruc-
ture and staff of a real Transplant Coordination
Unit (UCTx) which permits the successful conclu-
sion of an organ or tissue' procurement and ex-
traction process for transplantation [6]. In addition,
it deals with the management of the requests for

1 . . .
From now on we will use the word pieces to designate
organs or tissues or bones.
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Fig. 1. The Transplant Coordination Unit’s Agency

pieces made by the surgeons in order to transplant
them into recipients.

It has in addition to observe the local, national
and European Union legislation (see the reports of
the ONT in [4] and the recommendations of the
Transplant Experts Committee in [7]).

2.1 Description of the Agency

A UCTx is modeled as an Agency (see figure 1)
that has several agents, each one competent in a
specific task. The Agency is composed of a Coor-
dinator Agent, Surgeon, Analyzer, Finder, Planner,
Consultation and Arrival agents.

We can identify those fundamental services that
UCTz should provide to those agents:

— Information confidentiality
— Information integrity
— Dynamic accessibility

The Surgeon Agent, specific for each kind of piece,
is responsible of communicating with the human
users (surgeons) through the Surgeon Interface and
it collects and formalizes the requests for pieces for
transplant. Each request has to include the relevant
information about the patient, the required piece,
optional medical and economic restrictions and the
Selection Function. The Surgeon Agent is able to
specialize the Selection Function for a given pa-
tient using the relevant information coming from
the surgeon and the patient’s data (see §3.1). This
function provides a way to evaluate each piece for
a given offer in the Institution for Human Tissue
Exchange. The Institution assigns the pieces to the
different competitor finder agents maximizing the
satisfaction degree of each request.

The Surgeon Agent sends the request to the An-
alyzer Agent. This agent, specific for each kind of
piece, will check if the information was properly in-
troduced, that is, if all the characteristics needed
were entered, and if the values are consistent follow-
ing a given protocol. If there is some data missing, it
informs the Surgeon Agent who will ask the surgeon
to enter the data in order to validate it. When the
Analyzer has all the information required, it sends
the request to the Coordinator Agent.

The Coordinator Agent is responsible for the dis-
tribution and coordination of the different tasks
that make up the whole process, and the Hospital
Transplant Coordinator in person can communicate
with this Agent through the Coordinator Interface.
Afterwards, it creates a new Finder Agent, that will
be the one going to the Institution to look for the
desired piece. The Coordinator Agent is also respon-
sible to keep records of all the piece requests made
by the hospital and to give feed-back to the Insti-
tution (see [3]) when the piece arrives, after trans-
plantation and three weeks after the operation or
in the case of any fatality.

The Finder Agent is provided with a sealed en-
velope with all the information required (ie. hospi-
tal information, patient’s data, selection function,
etc). When a Finder Agent returns from the In-
stitution for Human Tissue Ezchange, it communi-
cates the result of the negotiation to the Coordi-
nator. If a piece is found, the Coordinator passes
the delivery plan proposed by the Institution and
the relevant information about the request to the
Planning Agent, which will make up a logistic plan
for the reception and transplantation. This infor-
mation has to arrive to the surgeon that will per-
form the transplant, too. If no piece was found, the
Coordinator asks the Surgeon Agent to inform the
surgeon of such failure. The surgeon can then revise
and resubmit the request, or perhaps this can pro-
voke an impasse situation that can only be solved
by the Hospital Transplant Coordinator in person.
The Surgeon and the Coordinator agents can stop
the process of a request at any moment, if needed.

The Planner Agent is responsible for creating the
transplant plan, that is, finding a surgery room to
match the arrival time of the piece and the sur-
geon’s available schedule. The Planner Agent can
send several proposals for the surgeon through the
Surgeon Agent. When the surgeon agrees with one
of them, the Planner will carry out the transplant
plan and will send a message to the Coordinator.
Otherwise, the Surgeon Agent can create its own



proposal and can send it to the Planner. If the pro-
posal cannot be carried out, the Planner can ask
for help to the Hospital Transplant Coordinator in
person and/or notify the problem to the surgeon.

The Arrival Agent is responsible for informing
the Planner Agent about events that can change
the delivery plan, events that can occur while the
transportation of the tissue is made from the Tissue
Bank to the Hospital. The Planner will be able to
modify the delivery or the transplant plans dynam-
ically.

Finally, the Consultation Agent, which is the in-
terface with the Institution’s database, processes
the different types of queries sent by the Surgeon
Agent, the Planner Agent or the Coordinator Agent.
Different levels of privilege are defined by the in-
stitution to restrict the access to its database, so
queries created in the Coordinator Agent have a
higher privilege level than the ones created inside
the Surgeon Agent or the Planner Agent, and hav-
ing a higher privilege level means having access to
a wider amount of information in the Institution’s
database.

2.2 The Envelope

The information required by the Finder Agent to
look for a piece in the institution is stored in a
Sealed FEnvelope. This envelope is created by the
Coordinator Agent after it has received a piece re-
quest. The envelope contains the following informa-
tion:

— Urgency level, that works as electronic postage
stamp and sets the urgency level of the request
(in Spain: normal, urgency-1 or urgency-0)

— Hospital identification, together with the coor-
dinator’s electronic signature.

— Piece information (type, parameters, etc.) and
recipient data (age, sex, laboratory analysis,
etc.).

— The selection function, as explained in section

§3.1.

The data needed to create this envelope comes
from different sources. The hospital identification
and the electronic signature are known by the Coor-
dinator Agent. All the data about the piece and re-
cipient are provided by the Surgeon Agent and the
Analyzer Agent. An important constraint to be con-
sidered is the expected data for the transplant. The
information required to create the selection func-
tion comes in part from the Surgeon Agent, reflect-
ing the surgeon’s preferences for the piece to get,

and in part from the Coordinator Agent, reflecting
the coordinator or hospital’s preferences (such as
costs, preferred Tissue Banks, etc.).

Once the envelope is created, it is delivered to the
Finder Agent, which will send it to the Institution
to look for the piece.

3 An Example: The Cornea
Transplantation

We will use the Cornea Transplantation process to
illustrate our ideas. Unlike most tissues in the body,
the cornea contains no blood vessels. The cornea
must remain transparent to refract light properly,
and the presence of even the tiniest blood vessels
can interfere with this process. To see properly, all
layers of the cornea must be free of any cloudy or
opaque areas. The cornea is as smooth and clear as
glass and it helps the eye in two ways:

— Tt helps to shield the rest of the eye from germs,
dust, and other harmful matter. The cornea
shares this protective task with the eyelids, the
eye socket, tears, and the sclera (see figure 2).

— The cornea acts as the eye’s outermost lens. It
functions like a window that controls and fo-
cuses the entry of light into the eye. The cornea
contributes between 65-75 percent of the eye’s
total focusing power.

A corneal transplant involves replacing a diseased
or scarred cornea with a new one. In corneal trans-
plant surgery, the surgeon removes the central por-
tion of the cloudy cornea and replaces it with a
clear cornea (see figure 2), usually donated through
a Tissue Bank (TB). A trephine is used to remove
the damaged cornea. The surgeon places the new
cornea in the opening and sews around it to con-
nect it.

Corneal transplants are very common all over
the world, the statistics show in the United States
about 40,000 are performed each year, in 1996 there
were 46300 that is 178 pmp [9], [2], [8]; in Cat-
alonia, in 1999, there were 845 that is 141 pmp
and in the first five months of 2000 there were al-
ready 185 transplants [10]. The chances of success
of this operation have risen dramatically because of
technological advances in the procurement, exami-
nation, preservation and implantation procedures
and the improvement of the post-implant treat-
ments. For instance, a study supported by the Na-
tional Eye Institute (NEI) suggests that matching
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the blood type, but not tissue type, of the recip-
ient with that of the cornea donor may improve
the success rate of corneal transplants in people at
high risk for graft failure. Approximately 20 percent
of corneal transplant patients—between 6000-8000 a
year—reject their corneal grafts. The NEI-supported
study, called the Collaborative Corneal Transplan-
tation Study [5], found that high-risk patients may
reduce the likelihood of corneal rejection if their
blood types match those of the cornea donors. The
study also concluded that intensive steroid treat-
ment after transplant surgery improves the chances
for a successful transplant.

3.1 The Selection Function

Here we introduce the description of a Selection
Function, one of the items that comprise the en-
velope the Finder Agent carries to the Institution
with a request for a cornea. The Selection Function
is a private piece of knowledge given by surgeons to
guide the search for suitable corneas made by the
Finder Agent.

The Selection Function is composed of a set of
rules, each one a constraint the selected cornea has
to satisfy. Some of these rules belong to the policy
of the whole transplant unit of the hospital, and the
rest of the rules are introduced by the surgeon, who
can set the constraints needed for a given recipient.

A rule of the Selection Function can include:

— predicates about the piece: predicates that de-
scribe the constraints the selected cornea has
to satisfy, such as the age of the donor or the
density of Epithelial cells in the cornea.

— predicates about the Tissues Bank: predicates
that can set constraints about the Tissue Bank
preferred by the surgeon or the hospital.

— predicates about the cost of the cornea: a pred-
icate that can set a maximum cost for the se-
lected cornea. This cost is related only to the
cost of the cornea extraction and preservation
process, and it is paid through a clearing house
by the hospital who receives the cornea. An ex-
ample of such predicate is (< Cost 600euros).

As an example let us describe an imaginary re-
cipient r with the predicate rule P, as:

P= (=
A= Sex, Male) A ...}

Age, Young) A (= Blood_Type, A)
(3.1)

and he needs a cornea for transplantation. The
UCTx will prepare an envelope with the petition
that will include the encrypted recipient informa-
tion shown in 3.1 and the Selection Function shown
in 3.2. This will be carried by the Finder Agent to
the Institution [3].

(= Ageq Young) A (= TB HSCSP)
A(> ECq2000/mm?) (3.2)

where Ageq stands for the donor’s age, T'B stands
for Tissue Bank (in the example, HSCSP is the
bank of the Hospital de la Santa Creu i Sant Pau)
and FCy stands for the Endothelial Cells density in
the donor’s cornea. Of course, each institution could
specialize and customize the Selection Function to
fit with their policies. For example, in those coun-
tries where donors are in limited supply, to ask for
(> ECq2000/mm?) and (= Ageq Young) may
exclude all available corneas in a TB so the UCTx
should lower these constraints to some other more
acceptable.

If we modify the recipient characteristics in 3.1 by
doing (= Age, Old) then we can have the following
Selection function:

(= TB HSCSP) A (> EC42000/mm?) (3.3)
which in turn is more flezible than 3.2.

As each kind of transplant procedure (Cornea
Transplant, Lamelar Transplant, Keratoconus
Transplant... ) has different needs, there will be dif-
ferent rules for each one, and this means different
selection functions. If we add to 3.1 the following



Transplant K), where K stand

information (=
for Keratoconus, then 3.2 will change to:

(= Ageq Young) AN(= TB HSCSP)

A(> EC, 2800/mm?) (3.4)
or even to

(= Ageq Young) A (= TB HSCSP)

> ECq42800/mm?)

A
A(= Erosion_Epq False) (3.5)

where Frosion_Epg expresses whether there is
erosion in the donor’s Epithelial layer of the cornea.

It is possible to specialize 3.2, 3.3, 3.4 and 3.5 by
adding the following predicates

(= HLA4 DR) A (= Blood_Typeys ABO)

The HLA predicate will measure the histocompat-
ibility between the Donor and the Recipient, al-
though this is only important when a potential re-
cipient had suffered from previous graft rejections.

Surgeons or the Hospital Transplant Coordina-
tor can introduce other constraint rules about the
cornea, such as the time it has been in preservation
at the Tissues Bank:

(= Ager Young) A (< Hours_In_.TB 72) (3.6)

as some surgeons think that corneas with more
than 4 days (72 hours) inside the TB are not good
choices for a young recipient.

The surgeons can easily create their own rules
to build their own selection functions by means of
a rule editor in the Surgeon Interface. With this
editor a surgeon can compose a rule, and then as-
sociate a weight to each rule. These weights allow
the Finder Agent to know which of the rules are
more important than others while it is searching
for a cornea and, as it was introduced in section
2.1, the weights allow to qualify each piece.

4 Conclusions

Organ and Tissue transplants in general, and
corneal transplants in special are often the best
technique for the treatment of some major health
problems that can affect the quality of life of an
important part of the population. So improving the
success of such techniques is very important.

In this work we propose the UCTx system, a
Multi-Agent System that models the interaction of

the different actors of a Transplant Coordination
Unit inside a Hospital. The UCTx system interacts
with an Agent Mediated Institution for Human Tis-
sue Exchange (see Carrel in [3]), and this collabo-
ration ensures that the process meets the protocols
and the rules established by national transplant or-
ganizations and hospitals. UCTx speeds up the pro-
cess by its automation, which can reduce the time
since the extraction of the tissue to its implant in
the recipient, increasing the quality of the piece im-
planted. That is of special relevance in the cornea’s
transplantation, as corneas are perishable.

The UCTx system can be very helpful in a Trans-
plant Coordination Unit as it can aid in some of
the daily management issues such as coordination
of surgeons or planning of operations and even au-
tomate some tedious tasks such as looking for a
proper tissue or looking for an available surgery
room. It can assist the surgeons while they build
their requests for pieces (see §3), manage the re-
quests and inform the Hospital Transplant Coordi-
nator of any important event that occurs.

On the other hand, as the system asks for a com-
plete clinical evaluation of each piece, it can de-
crease the cost of transplants by reducing the num-
ber of unsuitable transplants and furthermore offer-
ing a higher security level in reducing the chances
of possible infections.

One additional advantage of such a system is that
the information it gathers about tissues and recipi-
ents can be analyzed later to get new useful knowl-
edge of transplantation, knowledge which can lead
to an improvement of the transplant process, from
the tissue selection functions to the extraction and
implantation procedures.
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