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TO TRANSPLANT OR NOT TO TRANSPLANT:
THE CASE OF CYSTIC FIBROSIS

An organ transplantation rule is constructed with a special reference to
the controversial procedure of transplantation of lung sections from living
donors to cystic fibross patients. The rule indicates the minimum
probability of success required for transplantation and how it is related to
a wide range of factors associated with the well being and objectives of
the directly involved recipient, donor and surgeon. (JEL 119, J17, D91)

. Introduction
This paper is concerned with decisons on organs trangplantation from living donors to petients.
Notable examples are kidney, bone marow and lung-section trangolantations. While it is
relatively easy to reach a decison in favour of trangplantation of a kidney, or bone marrow,
from a living donor to a chronicdly ill patient, trangplantation of lung sections from living donors
to cydic fibrogs patients is a nonrorthodox and controversd procedure due to its law
probability of success. Surgeons involved in this procedure do not enjoy a wide support in the
medicd drcdes. They bear much of the professond and mora responghility for the operation
and its outcome. Their reputation is disputed: while being perceived by some people to be
sncere and courageous pionears, they are hed by many others as promoters of illusons and
solicitors of futile and harmful debate and dtruigtic actions within familiesin grave Stutions

The paper’ s objective is to develop a decison rule on trangplanting organs from living donors
to patients that can help surgeons, patients, potentia donors and medica adminidratorsinvolved
in controverdd cases reach a decison in a comprehengve manner. The decison rule devel oped
in the fallowing sections offers a method for assessng the minimum probability of success
required for proceeding with the organ trangplantation. The proposed method is comprehengve
in the sense that it takes into account a wide range of agpects affecting the wel being of the
individuals most intimetely and directly involved: the patient, the donor and the surgeon.

Before proceeding to the congtruction of the transplantation rule and to the andyss of its
properties, a brief medicd introduction might be of a vaue for the readers. Cydic fibrogsis an
inherited diseese triggered if, and only if, both parents carry the responsible defective gene. The



gendic irregularity leads to a lack of cliary action in the bronchid tubes of the lungs Thick
mucus collects in the base of the sufferer’s lungs, obstructing the smdler air passages and
leading to severe respiratory and permanent damage to the lungs, high blood pressure and
chronic heart grain. The abnormaly thick, viscus mucus aso tends to obstruct the pancreas and
sweet glands and thus leading to poor digestion and maabsorption of a number of important
nutrients and to aloss of large amounts of sdt. (See dso Smith, 2001.)

Desath a early age of cydic fibrods patients is inevitable. Remova of the patient’s lungs and
trangplanting sections of hedthy lungs may improve the qudity and lengthen the expectancy of
the patient’s life. Presently, the rate of successislow. Since the cydtic fibrogs patient’s physcd
fitness deteriorates over time, a delay of operation is resulted in even lower probability of
SUCCESS.

In view of the short supply of suitable lungs from deceased people and the diminishing
probability of success associated with delay, living donors are required. Parents cannot be
congdered as preferred donors as they are carriers of the defective gene causing the disease
and, in some cases, dso dueto their advanced age. In most of the cases involving adult cydtic
fibrogs patients, the donors are shlings who are not cariers of the trat. This close kin
relaionship explains the willingness of the donors to participae in a low-success-rae
procedure. It dso reduces the likeihood of rgjection of the trangplanted lung sections.

Trangplantation of lung sections obtained from living donorsis an experimentd procedure. It is
voluntarily gpplied in some cases of young adult and adolescent cydtic-fibrods petients. It
involved the remova of the damaged lungs of the patient and the implantation of the lower
sections of the right and left lungs and, in some cases, dso a smdl heart tissue. Presantly, the
probability of sgnificant improvement in the recipient’s hedth and life expectancy is low, and
recipients die from infections, haemorrhages and other complications. In addition, the donors
experience a sgnificant loss of potentid phydca fitness and hedth due to the reduction in their
lungs capacity and due to the pain, traumatic effect and the complications accompanying the
incson. From the medicd indudtry’s perspective, knowledge is gained through learning by
doing, and improved knowledge may raise the probability of success in future operations. This



inter-tempord pogtive externdity provides a further incentive to trangplant depite the currently
low odds of success and the loss of hedlth for the donors.

The condruction of the transplantation rule and the discussion of its properties are structured
asfollows The individuds intimately and directly involved in the procedure and their well being
are destribed in section 11 The decison rule and the minimum probability of success required
for trangplantation are presented in section |11. The effects of the pre- operation hedth conditions
of the recipient and the donor and the effect of the expected medicd knowledge gains on the
minimum probability of success required for trangplantation are summarised in section IV. The
specid case where the expected deterioration in the Donor’s hedlth is negligible and learning by
experimenting on human patients is not an admissble objective for ethicd reasonsis andysed in
section V. The paper is concluded with abrief summary in section V1.

[1. Theindividualsdirectly involved, their concernsand their well being

The proposed modd involved the three essentidl and cooperatively involved individuds -- the
Recipient (R), the Donor ( D) and the Surgeon (S). There are, of course, other stack holders
-- family members friends medica colleagues and administrators and the public. Yet in view of
the mgor uncertain outcomes of the trangplantation for these mogt intimately and directly
involved individuals concentrating on the inner drde is essntid. It dso amplifies the
condruction of the tranglantation rule and its gpplication. The outcomes of the double
operdion are uncertain. Yet amuch higher level of uncertainty is associated with the outcome of
the Recipient’s operation than with the outcome of the Donor’s operation. It is assumed, for
tractability, that the uncertainty associated with the consegquences of the Donor’s operation to
her hedth are negligible.

[1.1 The Surgeon
The Surgeon is taken to be sincere in the sense that she is concerned with the well-being of the

Recipient (uR), with the well being of the Donor (u®), and with learning (L), per se. The
Surgeon’s overdl concern (u®) is assumed to be aweighted sum of these three aspects:



u® =u" +gau° +g,L D

where g, is a postive scalar denoting the Surgeon’s degree of concern for the Donor’s well
baing vis-a-vis her degree of concern for the well being of the Recipient (taken as a numeraire)
and refleting no favouriism wheng; =1; and whereg, is a pogtive scdar indicating the
Surgeon’s degree of interes in learning by doing. For practicdity, the possble vaues of the
vaiadbles (uR, u® and L) in thisweighted sum are taken to have an identicd range -- ascae
of O to 10 for indance. Thus, g, >1 (dtenativeyg, <1) represents a scenario in which the

Surgeon is more (less) interested in learning by doing than the well being of the Recipient. This
may not necessily reflect opportunism and lack of condderation for a patient. It may be
explained by afar-gghted gpproach and strong concern for future patients.

1.2 The Recipient

The Recipient is conddered to be generating well being (u®) from her own hedth (H®) and
the Donor’'s hedth (HP). Her operation can be dther successful or a falure. Thus, the
digribution of her wdl being after the transplantation (ugﬁ)St ) is given by the fdlowing binomid

digtribution:
(1+gr)Hg +br(1- dp)Hg p
Upos :{
(1- dg)Hg +bg(1- dp)Hg 1p (2)
where,
p = the probability of successful operation, 0< p<1,

1- p = theprobability of falure,
HE = theRedpient's hedth before the transplantation,
HY = theDonor's hedth before the transplantation,



gr = the rae of improvement in the Redpient's hedth following a successul

operation,

dg = theraeof deterioration in the Recipient’s hedlth in the case of failure,

dp, = therateof deterioration in the Donor’s hedth due to the operation, and

br = the Recipient’s degree of concern for the Donor’s hedth, by 2 0, with by =0

indicating strict selfishness and, in contrat, b, > 1 reflecting an extreme level of concern for the
Donor’s hedth.

Thus, the Recipient’ s expected podt- operation well being is
E(U;Ffost) = HoR +(0g +dR)HoRp' dRHcfe +bg (1- dD)HOD- 3)

In other words, the expected improvement in the Recipient’s utility from the trangplantation
(EDu®)is

EDu® = E(Uri)st) - (HoR + bRHoD) =(9x +dR)HORp' dRH($ - deDHoD 4

LbR

where u§ denotes the Recipient’s pre-operation level of well being — acombination of her own

and her Donor’ s pre-operation hedth.

[1.3 The Donor
The Donor, caring (of course) about the Recipient’s hedlth to adegree b, (is-aVvisher own

hedth so thet b, > 1 reflects an extreme degree of dtruism), also faces a binomia digtribution

of her post-operation well being:



(1+dp)Hg +bp(@- gr)HG p
“;)st :{

(1- dp)Hg +bp (1- de)Hg' 1-p. ®)
Consaquently, the expected change in the Donor’ swell being induced by the transplantation is

E(ur?ost) - (Hcl)) +bDHc$) = by (9r +dR)HoRp' dp HoD - deRHoR- (6)
D
Yo

where ug denotes the Doror’s pre-operation leve of well being — a combination of her own
and the Recipient’ s pre-operation hedlth.

[1l. Thetransplantation rule

While the assumption of risk averson is commonly mede in normative behaviourisic models,
risk neutrality can be viewed as an objective and, hence, a suitable congderaion of uncertainty
in the present context of congtructing a decision rule which is free of subjective atitude toward
rik and hence consarvatism. A risk-neutrd Surgeon, who is dso raiond, favours
trangplantation and seeks the consent of the patentid Donor and Recipient if

E(Upyg)- Us >0, (7)

In view of this condition and in recaling equetions (1), (4) and (6), a decison in favour o
trangplantation is reeched if
[(gr +dr)Ho P~ drHg - brdp Hg']

+gl[bD(gR+dR)H§p- dDHtl)D - deRH§]+92L>0 (8)
or, equivaently, if



. (05 +97)dpHg *+ (1+6;05)deHy - gL ©

(1+9,bp)(gr +dg)Hy
The term on the right-hand-side of inequdlity (9) is the criticd leve of p: if the probability of
success is assessed to be higher (lower) than this ariticd leve, a decison in favour of (agangt)
trangplantation is reached. This criticd leve is, therefore, referred to as the minimum probability
of success ( p,,,) required for transplantation.

IV. The properties of the minimum praobability of success

In order to fadilitate the anadyss of properties p,,,, the right-hend-sde of inequdity (9) is
rearanged and equivdently rendered as linearly increesng in the Donor-Recipient pre
operation hedth ratio and the learning- Recipient’ s pre- operation hedth ratio:

dg +°'9 (bg +91)dp i?HcE) & J> :
(gr +dR) g(:I-"'glbo)(gR +dg) g HE 8(:I-"'glbo)(gR +dg)gHE

(10)

pmin =

IV.1 The effect of the pre-operation health

The second term on the right-hend-<Sde of equation (10) indicates that the minimum probability
of success required for trangplantation rises with the ratio of the Donor’s and Recipient’s pre-
operation hedth conditions The term in the parentheses reveds that this (mathematicaly)
positive effect of the Donor-Recipient pre-operation hedth ratio on the minimum probehility
required for trangplantation is amplified by:

1. the Recipient’ s degree of concern for the Donor’s hedlth (b ),
2. the expected rete of deterioration in the Donor’s hedlth due to the operation d;),
and



3. the Surgeon’s degree of concern for the Donor’'swell being (g, ) if bybg <1,i.eif
the concerns of both the Donor and Recipient for their own, self hedlth are greater than
their concerns for each other hedth, or, more generdly put, if & least one of them is
fish or very moderatdy dtruist towards the other.

However, the positive effect of the Donor-Recipient pre-operation hedlth retio on the minimum
probability required for transplantation is moderated by:

1. the expected rate of improvement in the Recipient’s hedth in the case of success
(9R),

2. therate of deterioration in the Recipient’ s hedlth in the case of failure (dy ),

3. the Donor’s degree of concernfor the Recipient’s hedlth (b, ), and

4. the Surgeon’s degree of concern for the Donor’swell being (g, ) if byb, >1,i.e, if
the concerns of both the Donor and Recipient for their own, sdf hedth are smdler than

their concerns for each other hedth (extreme degrees of dtruism), or, more generdly
put, if & least one of them is extremdy dtruist while the other is not completdy sdifish.

IV.2 The effect of the expected medical knowledge gains
The third term on the right-hend-Sde of equation (10) suggests that the minimum probebility of
success required for trangplantetion is lowered by the ratio of the expected knowledge gains
semming from the operation to the Recipient’s pre-operation hedlth. A careful inspection of the
term in the parentheses revedl s thet the moderating effect of the ratio of the expected knowledge
gans to the Redipiet’s pre-operaion hedth on the minimum probability required for
trangolantation is increased by the Surgeon's degree of interest in learning-by-doing (g, ), but
lowered by:

1. the rate of improvement in the Recipient’s hedlth in the case of success(gyg),

2. therate of deterioration in the Recipient’ s hedlth in the case of failure (dy ),

3. the Donor’ s degree of concern for the Recipient’s hedlth(b, ), and



4, the Surgeon’s degree of concern for the Donor’ swell being (g, ).

V. When the Donor’s health is unaffected and experimenting with human patientsis
inadmissble

In the specid case where the expected deterioration in the Donor's hedth is negligible
(i.e,dp =0), and where for ethicd reasons learning by experimenting on human patients is not
thought as an admissble objective (i.e, g, = 0), equation (10) is reduced to:

d

(Gn +0r) ()

pmin =

In this case, the minimum probability of success required for trangolantation is aso independent
of the Recipient’ s pre-operation hedlth. It exclusvely depends on the expected rate of changein
the Redipient’s hedlth. The minimum probability of success required for trangplantation declines
with the expected rate of improvement (gg) in the Recipient’s hedlth following a sucoessful

operation, and increases with the expected rate of deterioration (dy ) in the Redpient’s hedlth

fallowing an unsuccessful operation.

VI. Concluson

A dedson rule on organ trangplantation from living donors to patients was developed in this
paper. It was developed by taking into account a wide range of factors affecting the well being
of the three mogt intimetely and directly involved individuds: the recipient, the donor and the
surgeon. The well beings of the recipient and the donor were assumed to increase with their
own hedlth, and were dso dlowed, as should be expected in the case of the donor at leest, to
rise with the hedth of each other. The Surgeon was taken to be sncere in the sense of bang
soldy concerned with the well being of the recipient and the donor and, possibly, interested in
gaining knowledge through learning by doing. The cooperative integration of the concerns of a
rationd, risk-neutrd (non-conservative) surgeon with the expected changes in the well baings of



the recipient and donor, led to a transplantation decison rule that indicated the minimum
probability of success required for trangplartation. The minimum probability formula induded
the pre-operaion hedth conditions of the recipient and donor, the potentid knowledge gains,
and parameters indicating the expected rates of change in the recipient’ sand donor’ s health, the
degrees of dtruidic atitude of the donor and recipient towards one ancther, and the raive
weghts given by the surgeon to the well beings of the recipient and donor and to learning by
doing. The application of the proposad organ-transplantation decison rule requires a ddicate,
careful numerica assessment of these factors and parameters.
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