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BACKGROUND: Facial composite tissue allotransplantation is a

potential reconstructive option for severe facial disfigurement. The

purpose of the present investigation was to use decision analysis mod-

elling to ascertain the expected quality-adjusted life years (QALYs)

gained with face transplantation (versus remaining in a disfigured

state) in an effort to assist surgeons with the decision of whether to

adopt this procedure.

STUDY DESIGN: The probabilities of potential complications

associated with facial allotransplantation were identified by a com-

prehensive review of kidney and hand transplant literature. A deci-

sion analysis tree illustrating possible health states for face

allotransplantation was then constructed. Utilities were obtained

from 30 participants, using the standard gamble and time trade-off

measures. The utilities were then translated into QALYs, and the

expected QALYs gained with transplantation were computed.

RESULTS: Severe facial deformity was associated with an average of

7.34 QALYs. Allotransplantation of the face imparted an expected

gain in QALYs of between 16.2 and 27.3 years.

CONCLUSIONS: The current debate within the medical commu-

nity surrounding facial composite tissue allotransplantation has cen-

tred on the issue of inducing a state of immunocompromise in a

physically healthy individual for a non-life-saving procedure.

However, the latter must be weighed against the potential social and

psychological benefits that transplantation would confer. As demon-

strated by a gain of 26.9 QALYs, participants’ valuation of quality of

life is notably greater for face transplantation with its side effects of

immunosuppression than for a state of uncompromised physical

health with severe facial disfigurement.
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Une allotransplantation de tissus composites
de la face : Un modèle d’analyse décisionnelle

HISTORIQUE : L’allotransplantation des tissus composites de la face est

une possibilité de reconstruction en cas de grave défigurement. La

présente exploration visait à utiliser un modèle d’analyse décisionnelle

afin de déterminer les années de vie pondérées par la qualité (AVPQ)

prévues obtenues par une greffe du visage (par rapport au fait de demeu-

rer défiguré) pour aider les chirurgiens à décider ou non d’adopter cette

intervention.

CONCEPTION DE L’ÉTUDE : Une analyse approfondie des publica-

tions sur les greffes du rein et de la main a permis de repérer les probabi-

lités de complications potentielles associées à une allotransplantation

faciale. On a ensuite construit un arbre d’analyse décisionnelle pour illus-

trer les états de santé possibles reliés à l’allotransplantation de la face. On

a obtenu les valeurs utilitaires auprès de 30 participants, au moyen des

mesures de hasard-type standard et de marchandage-temps. Les valeurs

utilitaires ont ensuite été converties en AVPQ, et on a calculé les AVPQ

qu’on prévoyait obtenir grâce à la greffe.

RÉSULTATS : Les graves malformations faciales s’associent à une

moyenne de 7,34 AVPQ. L’allotransplantation de la face ajoutait un gain

prévu d’AVPQ de 16,2 à 27,3 années.

CONCLUSIONS : La controverse actuelle au sein du corps médical

entourant l’allotransplantation de tissus composites de la face est axée sur

l’induction d’un état d’immunodéficience chez une personne en bonne

santé en raison d’une intervention non salvatrice. Cependant, il faut

pondérer cette constatation par rapport aux bienfaits sociaux et psy-

chologiques potentiels de la greffe. Comme le démontre un gain de

26,9 AVPQ, l’évaluation que font les patients de la qualité de vie est con-

sidérablement plus élevée à l’égard d’une greffe de la face, avec ses effets

secondaires d’immunodéficience, qu’un état de santé physique non com-

promis accompagné d’un important défigurement.

The practice of composite tissue allotransplantation (CTA)
in reconstructive surgery was introduced with the hand

allograft in September 1998 (1), and has since had success with
other anatomical components, including the larynx, abdomi-
nal wall and knee joint (2). Early results of the first clinical
cases have demonstrated partial functional recovery with evi-
dence of cortical integration of the anatomical part, while pre-
vention of graft rejection in the absence of major or
irreversible complications was achieved with immunosuppres-
sive treatment (1,3-12).

Although in its infancy, CTA extends the boundaries of
reconstructive surgery to patients with tissue defects for which

acceptable reconstruction with autologous tissue is limited.
Management of severe facial disfigurement best exemplifies
this problem. Outcome with conventional reconstructive
techniques, including skin grafts, local flaps, tissue expansion
and free tissue transfers, as well as skin substitute, is rarely con-
sidered satisfactory with regard to both function and cosmesis
(13). However, as demonstrated by the success reported for two
cases of total face and scalp replantation for traumatic defects,
these objectives can, in theory, be achieved with reconstruc-
tion using facial skin (14,15). This should not be surprising,
because it is in keeping with the pre-eminent objective of
reconstructive surgery, which is to replace like with like. The
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latter, in combination with the ostensive success of hand trans-
plantation (16), has led to the advance of facial CTA as a
potential reconstructive option for severe facial disfigure-
ment in humans (10,17-19). A French team, led by Dr Jean-
Michel Dubernard, performed the first partial face transplant
in 2005 on a 38-year-old woman who had suffered extensive
injuries from a dog attack (20). In April 2006, the Xijing mili-
tary hospital in Xian, China, carried out a similar operation,
transplanting the cheek, upper lip and nose of a hunter who
was mauled by a bear (21).

Although the face allograft is conceptually the consummate
reconstructive alternative for facial defects, with no donor site
morbidity, the prospect of facial allotransplantation has pro-
voked great debate within the medical community (22,23). The
discussion has primarily centred on the issue of the inherent risk
associated with indefinite immunosuppressive treatment for a
non-life-saving procedure in an otherwise physically uncompro-
mised patient (10,24,25). Additional concerns are the absence
of long-term data on CTAs performed to date (with particular
emphasis on chronic rejection) (26), the feasibility of achieving
adequate functional recovery of the graft, the limited suitable
donors for cosmetic matching between donor and recipient, as
well as the psychological repercussions associated with the
acquisition of a new face. However, these issues must be weighed
against the potential social and psychological benefits that
transplantation would confer to candidate patients (27,28).

In absence of clinical data, decision analysis modelling can
be used to determine whether CTA of the face should be pur-
sued as a potential solution for a selected group of patients with
facial deformities that cannot be adequately addressed with con-
ventional reconstructive procedures. Decision analysis, rooted
in health economics, is a set of explicit, quantitative methods
used for the comparison of the expected consequences or out-
comes of pursuing different strategies (eg, facial CTA versus
severe facial disfigurement) (29). The preference for or desir-
ability of each health outcome, termed utility, can be ascer-
tained and transformed into quality-adjusted life years (QALYs).
The QALY was developed as an attempt to integrate length of
life (or time spent in a particular health state) and quality of life
(in that state) into a single index measure (29). The QALYs
associated with each health state can be fitted into a decision
tree, and the number of QALYs gained from the procedure (in
this case, face allotransplantation) can be determined.

The decision to perform any surgical intervention, such as
facial CTA, should be based on the principle of ‘primum non
nocere’, despite a lack of satisfactory outcomes with alternate
procedures. Although this is the responsibility of the surgeon,
who as a result is ultimately charged with the decision of
whether to perform face transplantation, it is only the recipient

who can justify the risks of this procedure for the expected ben-
efits. Thus, the purpose of the present investigation was to use
decision analysis modelling to ascertain the expected QALYs
gained with face transplantation in an effort to assist surgeons
with the decision of whether to adopt CTA of the face.

METHODS
Treatment strategies
A decision analysis tree was constructed (Figure 1) illustrating
possible health states (pathways) for facial disfigurement. The
two clinical strategies (decision node) were remaining with
severe facial deformity or undergoing face allotransplantation.
Stage 1 of this model, representing the immediate postopera-
tive period in the case of transplantation, was defined as two
weeks based on the assumption that complications associated
with immunosuppression would not occur before this two-
week period (16). Stage 2, representing all possible health
states following face CTA, was conservatively defined as the
rest of the recipient’s life.

Based on experience from previous CTA procedures (30-33),
namely, hand allotransplants, it was assumed that the mainte-
nance immunosuppressive regimen implemented for a face
transplant would include a combination of tacrolimus (adjusted
blood concentration of 5 ng/mL to 10 ng/mL), mycophenolate
mofetil (500 mg/day to 3000 mg/day) and prednisone
(2.5 mg/day to 30 mg/day) (5,10,11,16,34,35).

Face allotransplantation
The decision tree outlined two possible events (chance node)
that may occur following CTA of the face. These events
included successful face transplantation, which was defined as a
successful surgical result, and surgical complications, with subse-
quent flap failure. Although studies report successful surgical
outcome following replantation of the avulsed face (14,15),
facial transplantation does not have the experience that hand
allotransplantation has from decades of limb replantation. Thus,
the sequelae of technical failure must be specifically emphasized.
However, given the extensive success of free tissue transfer for
head and neck reconstruction, the surgical outcome for the
facial flap can be anticipated to parallel these results. Thus, the
probability of microsurgical complications and flap failure (ie,
probability of successful face allotransplantation) was estimated
from head and neck free flap literature (17,22).

Treatment outcomes
In an effort to identify the clinically important complications
that may be associated with allotransplantation of the face
(outcome node), the literature on CTAs and kidney allografts
was analyzed (36). The literature search utilized MEDLINE
and EMBASE electronic databases, and was limited to human
subjects and the English language. The search included articles
published between 1996 and November 2005. Inclusion crite-
ria were restricted to reports based on: 

• transplants with the maintenance immunosuppressive
regimen anticipated for face allotransplantation; 

• recipients of renal transplants (cadaveric or living
donor) who had not undergone other organ
transplantation; 

• a minimum of six months of follow-up and 50 patients;
and 
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Surgical complications and
subsequent allograft loss
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Figure 1) Decision analysis tree illustrating possible health states (path-
ways) for facial disfigurement. QALYs Quality-adjusted life years
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• data on three or more of the following outcomes – graft
loss, death, incidence of acute rejection and incidence
of post-transplant diabetes mellitus. 

If data were available, allograft losses due to death were
excluded in the calculation of graft loss, in view of the obser-
vation that death in a patient with a functioning allograft is
usually related to associated morbidity (such as cardiovascular
disease), which may have been present before transplantation
(37), and based on the presumption that candidate recipients
for face allografts have minimal pre-existing comorbidities.

Reports on registry data, including recently published
reports on the International Registry of Hand Composite
Tissue Transplantation (16,38), were excluded to obviate the
repeated inclusion of results from the same patient. Further,
studies that examined high-risk transplant recipients (eg, eld-
erly patients, patients with previous allograft failures), the
pediatric population, patients with delayed graft function or
recipients of grafts from non-heart-beating donors as the main
study population were also excluded. Many recent studies have
investigated outcomes following complete withdrawal of corti-
costeroids from standard immunosuppressive regimens.
However, in light of the fact that all but two maintenance pro-
tocols for the hand allografts performed to date involved
steroid therapy (16), if a protocol-defined goal of a study was
the discontinuation of corticosteroids, it was excluded from
the analysis.

Data were extracted from the relevant publications and
summarized to include the number of patients involved and
the particular complications associated with the transplants.
Although a myriad of complications are theoretically possible
following allotransplantation, the complications included in
the model comprised the most common complications noted
among hand transplant recipients, as well as complications
deemed clinically important and probable given the experi-
ence with solid organ allotransplants and the anticipated
immunosuppressive regimen.

Hand allograft offers the most analogous model for a face
CTA; however, to date, the number of hand transplantations is
small, and long-term data are not yet available. For this reason,
solid organ transplantations, for which there are abundant and
more extensive data, were also reviewed. The latter consisted
of kidney transplants, in view of the fact that the immunosup-
pressive protocol used for hand allotransplantation is based on,
and hence most comparable with, that implemented for kidney
transplantation. It was therefore hypothesized that the risk of
immunosuppression associated with a facial composite tissue
transplant would be similar to that of a kidney transplant (36).

The only exception was analysis of heart transplant data for esti-
mation of the probability of hypertension and nephrotoxicity.

Because there are various pathways that can occur if a com-
plication arises with the allograft or chronic immunosuppres-
sion, certain assumptions were made. For instance, irreversible
complications associated with the surgical procedure, such as
flap failure, would necessitate debridement of the allograft and
skin grafting of the facial defect. Furthermore, the assumption
of mutually exclusive health states was made, and based on
experience with hand transplants, it was also presumed that
the majority of complications attributed to immunosuppressive
therapy could be reversed with dose adjustments.

Utility estimates and QALYs
Utilities of the various health outcomes associated with CTA
of the face and severe disfigurement were obtained from a sam-
ple of convenience consisting of 30 medical students. Each
participant was presented with a photograph of an individual
with facial trauma severe enough to warrant a face transplant
and was then given a scenario such as: “You are 30 years of age
and have sustained a burn to the face, which has resulted in
severe deformity, similar to the individual pictured in this pho-
tograph. The only treatment that can restore the appearance of
a normal face is a facial transplant. However, transplantation
requires that you remain on drugs for the rest of your life in
order to prevent losing your face. Unfortunately, these drugs
have serious side effects, for example, diabetes.” Because the
clinical course following face transplantation was anticipated
to approximate the experience with hand allografts, when pos-
sible, subsequent description of clinical scenarios associated
with each health state reflected the clinical manifestation of
that particular complication in patients with CTAs.

Utilities were computed from values obtained with the
standard gamble and time trade-off methods (29). The stan-
dard gamble presented participants with choices A and B.
Choice A consisted of varying probabilities of successful face
transplantation (defined as successful surgery and no subse-
quent complications) and associated complications (includ-
ing death), and choice B represented severe facial
disfigurement (Figure 2).

With the time trade-off, participants were also presented
with two choices: choice A, with a shortened life expectancy
of x years, and choice B, with a given life expectancy of t years
(Figure 3). In other words, patients were asked about how
much of their life expectancy they would be willing to trade off
to avoid the health state denoted by choice B (for example,
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Choice
 A

Choice B

Probability
 p

Probability 1-p

Probability p

Successful face CTA

Present state

Complications and death

Figure 2) Standard gamble method for the measurement of individuals’
preferences under uncertainty. CTA Composite tissue allotransplantation

1.0

U

0
x                                t                 years

Successful
face CTA

Present state

Complications

Choice A

Choice B

Figure 3) Time trade-off method for the measurement of individuals’
preferences under uncertainty. CTA Composite tissue allotransplanta-
tion; t Given life expectancy; x Shortened life expectancy
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facial disfigurement). The value of the shortened life
expectancy (ie, x years in choice A) was varied until the par-
ticipant was indifferent with respect to the two alternatives. At
that point, the utility value of the health state in question was
estimated by the proportion between the shortened life
expectancy x and the full life expectancy of the intermediate
outcome t. In both utility measures, utility of a particular
health state was simply the probability of successful facial
transplantation at the indifference point (ie, when choices A
and B were considered equal). The greater chance of compli-
cations that a participant was willing to accept in choice A,
the worse the utility of the health state in choice B.

QALYs for face transplantation and severe facial deformity
were then derived from the utility values obtained. The calcu-
lation of QALYs was based on the following general assump-
tions: a hypothetical patient is 30 years of age and has a total
life expectancy of 76.8 years (based on the general American
population), and health states associated with face CTA would
persist for the remainder of the patient’s life (ie, 46.8 years).
For instance, the QALY calculation for post-transplant dia-
betes mellitus, which has a utility of 0.83 (with the standard
gamble), was as follows:

QALY = duration of health state × utility of health state

+ (number of healthy years remaining – duration of

health state) × utility of successful face transplantation

QALY = 46.8 × 0.83 + (46.8 – 46.8) × 0.86

QALY = 38.8

Utilities, expressed as QALYs, as well as the probabilities
associated with each of these health states, were fitted into
the decision analysis model. The expected QALYs were then
computed. The probabilities of each health state, as deter-
mined from the literature, were first modified such that the
probabilities resulting from a chance node added up to 1.0,
providing the adjusted probability. The expected QALYs
associated with each health state were calculated by multi-
plying the QALYs of the health state in question by the
adjusted probability of that health state and finally by the
probability of successful face transplantation. The effective-
ness of facial transplantation was measured in expected
QALYs gained with this procedure compared with a state of
severe facial deformity. The QALYs gained is simply the
expected QALYs for face CTA (ie, the sum of the expected
QALYs for each possible health outcome associated with this
procedure, as outlined in the model) minus the expected
QALYs for no transplantation.

Sensitivity analysis
Sensitivity analysis was performed to determine whether the
conclusions were robust, because it is reasonable to presume
that a face transplant recipient would not attain the life span
expected for a member of the general population (ie, 46.8
years) in view of the requisite immunosuppressive therapy.
This was confirmed through the evaluation of the worst case
scenario, which was based on the presumption that the life
expectancy of a face transplant recipient would be equivalent
to a kidney transplant patient aged 30 years (ie, 58.5 years,
based on the United States Renal Data System) (39) rather
than that of the general population.

RESULTS
The search strategy identified 892 articles, of which 543 were
considered to be potentially relevant. This number was fur-
ther decreased to 109 articles, which were reviewed in full.
Twenty-nine articles fulfilled the criteria outlined above and
were included for analysis. It should be noted that in an effort
to avoid double-counting, data from several seemingly relevant
articles were not included in the analysis because this would
have resulted in a biased probability estimate. The probabili-
ties of the most common and clinically important complica-
tions potentially associated with face allotransplantation based
on kidney and hand transplant literature are listed in Table 1
(1,4,5,7-9,11,12,40-60).

The sample of 30 volunteers (18 women) surveyed had a
mean ± SD age of 33±4.3 years. Participants were medical
students at McMaster University, Hamilton, Ontario.
Utilities and QALYs for each health state were obtained
from the participants with the standard gamble and time
trade-off. The decision analysis tree for face allotransplanta-
tion, including adjusted probabilities and QALYs for each
health state (pathway), is illustrated in Figure 4.

Severe facial deformity was associated with 9.36 and
8.9 QALYs, as computed with the standard gamble and time
trade-off, respectively. The expected QALYs gained with facial
CTA were estimated as 27.3 and 26.5 years, with the above
listed measures. The QALYs calculated for facial disfigurement
in the sensitivity analyses (based on the life expectancy of a
kidney transplant patient 30 years of age) were 5.7 and 5.4, as
derived from utilities measured with standard gamble and time
trade-off, respectively. Furthermore, allotransplantation of the
face imparted an expected gain of 16.6 and 16.2 QALYs,
respectively. Thus, face CTA confers between 16.2 and 27.3
years of perfect health to individuals with severe facial defor-
mity.

DISCUSSION
The short-term success attained with hand and other CTAs
has led to the application of CTA for patients with facial
defects not amenable to reconstruction with autologous tis-
sues. Allotransplantation necessitates permanent immuno-
suppressive therapy, which is deemed justified in solid organ
transplants in view of the provision of life or alleviation of
chronic disease that such transplantation confers. However,
the inherent risk associated with indefinite immunosuppres-
sion is heralded by opponents of CTA as unreasonable for a
non-life-saving procedure in an otherwise physically healthy
individual. An additional and chief concern of CTA is the
absence of long-term data on composite tissue transplants
performed to date. However, the latter must be weighed
against the potential social and psychological benefits that
transplantation would provide candidate recipients. In fact,
as demonstrated by a utility of 0.2 for extreme facial defor-
mity, as well as an expected gain of between 16.2 and
27.3 QALYs, the general public’s valuation of quality of life
is notably greater for face transplantation and the side effects
of immunosuppression than for a state of uncompromised
physical health with severe facial disfigurement. For purposes
of comparison, kidney transplantation has been associated
with a utility value of 0.94, while the utilities of breast
hypertrophy and moderate angina have been estimated as
0.76 and 0.90, respectively (61). The reported gain in
QALYs with allotransplantation can be interpreted to mean
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TABLE 1
Probability of complications potentially associated with face transplantation as derived from the literature

Increased
serum

creatinine
(defined as

Graft Acute CMV GI Hematological >106 μmol/L,
Organ Patients Death loss* rejection PTDM infection PTLD (diarrhea) complications but <221

Reference transplanted (n) n (%) n (%) n (%) (%) n (%) n n (%) n (%) HTN μmol/L)

Dean et al, 2004 Kidney 59 6 (10) 1 (1.7) 7 (12.0)† 1 – 1/8 – – –

(40)

Johnson et al, Kidney 72 5 (6.9) 9 (12.5) 12 (16.7) 6/46 CMV tissue invasive 1 – – – –

2000 (41)‡ (13.0)§ disease: 3 (4.2);

CMV viremia or

syndrome: 7 (9.7)

to 10 (13.9)

Vanrenterghem Kidney 277 6 (2.2) 7 (2.5) 47 (17.0) 12/235 18 (6.5) – 33/277 Leukopenia, – –

et al, 2005 (5.1) (11.9) 23 (8.3);

(44) anemia,

72 (26.0)

Miller et al, Kidney 59 3 (5.1) 0 19 (32.2) 5/41 4 (6.8) 0 26/59 Anemia, 25 (42.4); – –

2000 (45) (12.2) (44.1) leukopenia,

(MMF 1 g/day) 19 (32.2)

Miller et al, Kidney 58 3 (5.2) 0 5 (8.6) 2/43 4 (6.9) 0 37/58 Anemia, 26 (44.8); – –

2000 (45), (4.7) (63.8) leukopenia,

(MMF 2 g/day) 21 (36.2)

Squifflet et al, Kidney 79 2 (2.5) 1 (1.3) 12 (15.2) 2/66 7 (8.9) – 23/79 Leukopenia, – –

2001 (46)¶, (3.0) (29.1) 7 (8.9);

(MMF 1 g/day) anemia,

15 (19.0)

Squifflet et al, Kidney 71 2 (2.8) 1 (1.4) 4 (5.6) 4/64 Gastritis, 5 (7.0) – 30/71 Leukopenia, – –

2001 (46)¶, (6.3) (42.3) 13 (18.3);

(MMF 2 g/day) anemia,

13 (18.3)

Ciancio et al, Kidney 50 4 (8.0) 0 2 (4.0) 5/37 Viremia 2 (4.0) to 0 1/50 0 – –

2004 (47,48) (14.0) 1 (2.0); tissue

invasive, 1 (2.0)

Ciancio et al, Kidney 233 5 (2.1) 2 (0.9) 12 (5.1) 14/233 CMV tissue 0 0 0 – –

2002 (49) (6.0) invasive disease,

2 (0.8); CMV viremia

or syndrome,

2 (0.8) to 4 (1.6)

Ahsan et al, Kidney 100 1 (1) 1 (1) 11 – 6 1 0 0 – –

2002 (50)

Mendez et al, Kidney 176 5 (2.8) 5 (2.8) 20 (11.4) 9/117 CMV tissue 0 26/113 Leukopenia, – –

2005 (51)** (7.7) invasive disease, (23.0)†† 24.4% (43)

2.3; CMV viremia anemia,

or syndrome, 0.6% (1)

5.1 to 7.4 (13)

Miura et al, Kidney 80 0 1 (1.3) 21 3/80 22 2 0/80 0 – –

2005 (53)

Goggins et al, Kidney 58 0 0 6 – 3/58 (5.2) 0 – – – –

2003 (54)

Urbizu et al, Kidney 50 1 (2.0) 0 9 (18.0) 9/50 8 (16.0) 0 – Leukopenia, 5 (10.0); – –

2002 (55) (18.0) anemia, 0

Demibras et al, Kidney 120 5 (4.2) 1 (0.8) 16 (13.3) 13/120 1 1 0/120 0 – –

2004 (56) (10.8)

Ciancio et al, Kidney 60 5 (8.3) 1 (1.7) 10 6/48§§ 1 0 – Leukopenia, 0 – –

2005 (57)‡‡

Rostaing et al, Kidney 278 3 (1.1) 2 (0.7) 46 (16.5) 14/259- – – 39/278 Anemia, 58 (20.9); – –

2005 (58) (5.4)¶¶ (14.0) Leukopenia,

50 (18.0)

Continued on next page
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that face CTA confers approximately 21.8 years of perfect
health to recipients, given the assumption that the recipient
of a face allograft would have an average life expectancy
and, in extension, a gain in QALYs that approximates that
between a healthy individual and a kidney transplant
patient.

A decision analysis model was used for estimation of the
expected gain in QALYs with face CTA. However, several lim-
itations of this model must be particularly emphasized. First,
the assumption of mutually exclusive health states was made
for pragmatic reasons in an effort to simplify the model.
However, this presumption does not accurately reflect the fact
that a CTA recipient would likely experience more than one of

the complications outlined. For instance, an acute rejection
episode necessitating immunosuppression dose adjustments
may precipitate transient hyperglycemia or increased serum
creatinine levels (5). A second limitation of this simplistic
model is that the complications considered are nonexhaustive
(eg, graft-versus-host disease), and their probabilities are based
on short-term data despite efforts to obviate the exclusion of
long-term data by review of reports on solid organ transplants.
The latter also advances the methodological limitation of
comparing probabilities of immunosuppression-induced com-
plications from divergent allotransplants, given that physical
health has considerable implications for drug tolerability, and
recipients of kidney allografts have higher pre-existing morbid-
ity relative to potential CTA recipients. In addition, kidney
transplant patients suffer from at least some of the symptoms of
uremia, such that not all the neurological, hematological or
gastrointestinal symptomatology may be attributed to
immunosuppressive therapy. Thus, the data utilized for compu-
tation must be considered approximations and most likely
present the upper limits of potential risks in face transplanta-
tion (36). Third, the duration of each complication was
defined as the remainder of the recipient’s life (ie, stage 2 as
46.8 years), despite the fact that the occurrence of certain
immunosuppression-induced states are maximal within the
first year following transplantation. This time period was
selected to account for the continuous risk of recurrence of
particular health states as well as to reflect the unpredictable
clinical course following a face transplant. Alternatively, a
Markov model could have been implemented (29). This model
proceeds by determining transition probabilities between dif-
ferent health states, and characterizes branches at particular
time points when recurrence would be evaluated. However,
this model necessitates a large decision tree, the complexity of
which was deemed beyond the scope of an initial analysis.
Such a model can be considered in the future when clinical
data from actual face transplants become available. Finally,
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TABLE 1 – continued
Probability of complications potentially associated with face transplantation as derived from the literature

Increased
serum

creatinine
(defined as

Graft Acute CMV GI Hematological >106 μmol/L,
Organ Patients Death loss* rejection PTDM infection PTLD (diarrhea) complications but <221

Reference transplanted (n) n (%) n (%) n (%) (%) n (%) n n (%) n (%) HTN μmol/L)

Hand transplants Hand 10 0 1 8 6/9 5 0 0/10 6 - anemia 2 6

(1,4,5,7-9,11,12)

Probability 0.03 0.02 0.14 0.08 0.07 0.004 0.18 0.11 - leukopenia; 0.77 0.22

0.13 - anemia

Taylor et al, Heart 5668 – – – – – – – – 76.8 –

2005 (59)*** (4353)

5727 22.1

(1266)

*Where possible, graft loss secondary to rejection was included exclusively; †Clinical acute rejection; ‡Includes data from Ashan et al, 2001 (42), and Gonwa et al,
2003 (43) for 2- and 3-year follow-up data, respectively; §Plus, 2/46 (5.9) who required oral hypoglycemic agent; ¶Acute rejection as determined clinically – or biop-
sy proven; **Includes 6-month follow-up data from Gonwa et al, 2003; ††Mycophenolate mofetil (MMF) discontinuation, 21.1 (4/19), and MMF dose adjustments,
23.3 (22/94); ‡‡Post-transplant diabetes mellitis (PTDM) was defined as insulin or oral hypoglycemic agent; §§Three additional patients required oral hypoglycemic
agents (total, 9/48); ¶¶Hyperglycemia reported in 44 (15.8) patients;   ***Cumulative prevalence of post-transplant morbidity in survivors within 1 year for transplants
performed between January 2000 and June 2003. Results from the Registry of International Society for Heart and Lung Transplantation (59) was used as primary
heart transplantation studies, which utilize tacrolimus, MMF and steroids as maintenance immunosuppressive therapy, either do not report on these parameters,
withdraw steroids after an initial induction period, or outline the mean blood pressure and serum creatinine, and thus do not indicate the incidence of these compli-
cations. If only incidence or percentage of patients with given complications given as part of list of reasons for discontinuation of therapy, then that number is includ-
ed/indicated. Where possible, graft loss secondary to chronic rejection reported only. CMV Cytomegalovirus; GI Gastrointestinal; HTN Hypertension; PTLD
Post-transplant lymphoproliferative disease

Death (p=0.02)

Acute rejection (p=0.08)

Graft loss (p=0.01)

Diabetes (p=0.05)

PTLD (p=0.002)

CMV infection (p=0.04)

Hypertension (p=0.44)

Elevated creatinine (p=0.13)

Diarrhea (p=0.10)

Leukopenia (p=0.06)

Anemia (p=0.07)

Debridement and skin graft (p=1.0)

0
36.5
15.4
38.8

24.8

36.5
39.8

39.8
39.8

37.9
37.9

9.36

9.36

Patient with
facial

disfigurement

Facial
allotransplantation

No allotransplantation

Successful face
allotransplantation

(p=0.95)

Surgical complications
and subsequent allograft

loss (p=0.05)

QALYs

Figure 4) Decision analysis tree for composite tissue allotransplanta-
tion of the face, including adjusted probabilities and quality-adjusted life
years for each health state (pathway). The probabilities of each health
state, as determined from the literature (Table 1), were first modified
such that the probabilities resulting from a chance node add up to 1.0,
providing the adjusted probability. CMV Cytomegalovirus; PTLD
Post-transplant lymphoproliferative disease; QALYs Quality-adjusted
life years
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there is general agreement that patients or members of the
general population are preferred to experts for measurement
of utility values (29). For practical reasons, we chose medical
students, because it made it easier to explain the health states
and they were a convenient sample. In the future, we intend to
test this model in a sample of disfigured patients, such as burn
victims.

Given the implications of chronic rejection, this issue must
be specifically addressed. As previously mentioned, chronic
rejection and consequent impairment of functional capacity
has been cited as a cardinal reason against implementation of
facial transplantation. This phenomenon, well documented in
solid organ allografts (37), presents critical potential long-term
sequelae of CTA of the face in view of the young age antici-
pated for recipients, the marked antigenicity of skin and the
formidable effects of allograft debridement. Because long-term
data on CTAs are scant, the probability of chronic rejection of
the face allograft was based almost exclusively on data from
kidney transplants. Some authors have suggested that chronic
rejection of CTAs can be estimated as the half-life of solid
organ transplants. The half-life of a kidney transplant on
tacrolimus-led therapy, for instance, is approximately 14 years
(62). Should chronic rejection of the face allograft definitely
ensue within this period, then the decision analysis model pro-
posed, as well as the computed gain in QALYs, would likely be
affected. This was not considered in the design of the model
and we remain fully cognizant of this potential study limita-
tion. However, the ability to induce allograft tolerance in
CTA recipients, an area of active research, would mitigate the

current limitations in allotransplantation (ie, chronic rejec-
tion), circumvent the complications associated with immuno-
suppression and lend credence to the decision analysis model
proposed (63). This would result in an increase in the number
of QALYs gained with face allotransplantation, and potential-
ly, the medical community would be more apt to accept this
reconstructive procedure.

This study was not intended to reconcile the debate over
the ethicality of facial transplantation (17,22,23). Rather, the
purpose was to assist surgeons with the decision of whether to
adopt allotransplantation of the face in spite of this issue.
Although this investigation did not estimate the utilities and
QALYs ascribed to facial transplantation by patients with
severe facial deformity, future studies are directed to that end.
Nonetheless, the results of this study suggest that despite the
inherent risks and uncertainties associated with CTA of the
face, this procedure should be offered as a potential recon-
structive option to patients with severe facial disfigurement.
Whether this decision is well informed, given the lack of defin-
itive information on the eventual outcomes of face transplan-
tation, can only be determined with future follow-up of the
CTAs performed to date, as well as the clinical course of future
face transplant recipients.

This study was presented at the Canadian Society of Plastic
Surgeons Annual Meeting, Quebec City, Quebec, June 13 to 17,
2006, and at the American Society for Reconstructive
Microsurgery Annual Meeting, Tucson, Arizona, USA, January 14
to 16, 2006.
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