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Abstract

Facial transplantation has emerged as the nextasteghe reconstructive ladder for
severe facial disfigurement. Clinical issues sumding facial tissue donation are
examined, comprising pre-transplant facial vessdéihdation; pre-operative aesthetic
matching; and attitudes towards donation. An anatainstudy of 200 consecutive
facial and transverse facial vessels was perforas#ly colour Doppler ultrasound.
Facial vessels were measured at three landmarks tlaid branching pattern
documented. The facial artery main branch wasctideat the lower mandibular
border in 99.5% of cases, the accompanying fa@at \in 97.5%. The transverse
facial artery was present in 75.5% of cases, the feeind in 58%. When the facial
artery was undetectable, there was transversel fadery dominance. When the
facial vein was absent it was replaced with a trarse facial vein. This provides
valuable pre-operative information regarding vessgatus. A quantitative eleven-
point skin tonal matching scheme is described udiggjal analysis of facial imagery.
Attitudes towards tonal mismatch in facial and h#&ashsplantation are examined in
two representative skin types. There was moreeséopskin tonal mismatching in
skin tone 2 (slightly tanned white) than in skinnéo6 (light golden brown)
participants. Tonal mismatches were more toleratddcial than in hand transplant
simulations in both groups. More acceptable ddapal groups exist for males than
females. Targeted matching of skin tone is thugired. Attitudes and beliefs of
170 transplant professionals were examined. Addéasoncern included the organ
retrieval process; impact on the retrieval team @owbr family. In-depth analysis of
a transplant donor focus group was performed; promi of information, post-
transplant contact, and post-retrieval donor faggearance was deemed important.

A method of fabricating a donor-specific artificiaosthesis within the time frame of



facial graft retrieval is described. Finally, a mad of framing the informed consent

process is described.
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Chapter 1

1. The Evolution of Facial Transplantation

1.1. Facial Disfigurement and its Sequelae

Many great writers from Shakespeare (‘to find thadis construction in the face’) to
Oscar Wilde (‘it is only shallow people who do natige by appearance’) have long
held the view that the face gives insight into aspe’s character (Rumsey and
Harcourt 2005a). History has often been unkinthtzse of an unusual appearance.
Nineteenth-century paintings by Hogarth depictecopte with mental health
problems with unusual or unattractive faces (Mub®81), and society continues to

maintain that connections exist between inner atarand outward appearance.

The face is regarded as our most defining and resalgle feature; facial recognition
is an essential characteristic of human interactidnch begins when we are newborn
babies and continues throughout life. Modern-dgylatation of the unique nature
of facial identity has led to the explosion of &aiecognition software as a method of
identification. The face is not however simply amatomical storage place in which
the mouth, eyes, nose and ears reside. It isquendentifier to all those with whom
we interact. It provides us with expressions tat convey our innermost feelings.
It is an important marker for sexual attraction amdindicator of social status and
identity (Furret al.2007). There is evidence for example that faaiimhctiveness can

favourably effect evaluation of job status, abilijyd earning power (Bull and
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Rumsey 1988). Facial disfigurement therefore prissa rather unique challenge to

the facial surgeon.

Facial disfigurement is surprisingly common. le K, facial disfigurement-related
disability is estimated to affect approximately X8I0 people (0.7% of the
population) (Kharet al. 2007). Facial disfigurement can occur followingaaiety of
events, including surgery, trauma (including burasdl cancer. The stigma of facial
disfigurement plays a role in the morbidity of eént severe skin diseases such as
acne, and can occur with congenital defects suchoaswine stain and cleft lip.
Disfigurement of the face is a significant life aveassociated with considerable
psychological morbidity, lack of social interactjofeelings of withdrawal, and a

lower self esteem and self image (Levatal. 2005).

Evidence suggests that the public treat the facidisfigured with less trust and
respect (Furet al. 2007). Patients with facial scarring are ratedeas honest than
non-scarred individuals (Rumsey and Harcourt 20Q05a$ocial isolation and
unhappiness in the facially disfigured can lead aoxiety, substance abuse,
relationship breakdown and an increased risk ofidei(Robinsoret al. 1996; Ye
1998). The facially disfigured can experience dismation in their daily activities;
evidence suggests that the facially disfigured bantreated adversely during the
assessment of work-related skills in the job inevprocess (Stevenage and Mckay
1999). They experience bullying, staring, sociabidance and other more subtle

forms of discrimination.
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It has been suggested that facial disfiguremengtdortes a ‘social disability’ in that it

affects both the disfigured person and the peomeara that person with whom they
interact (Rumsey and Harcourt 2005b). For examplmgngers leave a greater
distance between themselves and a person withl fdgégurement than with

someone of ‘normal’ appearance (Rumséwl. 1982). The inability to use muscles
of facial expression can lead to difficulty ‘reaglinhe non-verbal cues communicated
by a disfigured face (Macgregor 1989). The fagidisfigured can be pre-occupied
with the effect that their appearance has on othensch can lead to shyness and
defensiveness, or at the other extreme, overcardelend hostility (Rumsey and
Harcourt 2005b). The reconstruction of the seyedbsfigured face can lead to
significant measurable improvements in an individuavell-being (McGrouther

1997).

1.2. Facial Reconstruction

The reconstruction of the face has fascinated smgdor centuries. The face
represents the ultimate challenge: a group of wngjtuctural and functional subunits
made up of a variety of tissues which are diffic¢alteplicate and mimic. Traditional
methods of facial reconstruction have included skatfts, flaps and tissue expansion,

but these methods often cannot replace lost tisstngully.

There are numerous historical accounts of methdd&adal reconstruction. The
chronicles of the ancient Indian physician Sushgiva the earliest recorded account
of facial reconstruction, describing the use ofidacheek tissue to reconstruct the
nose in around 600 BC (Singh and Kelly 2005). He 5" century the Sicilian

surgeon Antonio Branca reconstructed the nose ymdgled forearm tissue. In the
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16" century the Italian physician Gaspare Tagliacofzether popularised this
method, subsequently describing the transplantaifom nose from a slave onto his
master (Barkeet al. 2007b). In the 1B century, the ancient Indian technique of
forehead flap reconstruction (the ‘Indian Methodyas popularised in the
‘Gentleman’s Magazine of London’ in 1794 (Singh aelly 2005). The subsequent
work of Gillies and Mcindoe reconstructing facialdaother injuries during the early

20" century is well-documented (Barron 1985; Trian@9)9

1.3. The History of Composite Tissue Allotransplantation

Composite tissue allotransplantation (CTA) is theggal transfer of grafts composed
of multiple tissue types. Its origins pre-daterett@ose of solid organ transplantation.
The ‘Legend of the Black Leg’ recounts how in AD834wins Damian and Cosmos
replaced a diseased leg of a sleeping man withetheof a dead Ethiopian Moor
(Kannet al. 2000). Bunger famously described allotransplaomabf sheep skin in
1804 (Barkeret al. 2007b). In the early 30century Carrel successfully performed
orthotopic hind limb and kidney transplants in dgGarrel 1983). In the early %0
century Guthrie described heterotopic allotrangpl#on of dog heads (Barket al.

2007bh).

Medawar and Gibson first described the problemkai sllograft rejection in 1943
(Gibson and Medawar 1943). It was later shown im@use model that it was
possible to induce a selective state of toleraockin grafts (Billinghanet al. 1953).

Plastic surgery has thus been intricately assatiatgh transplantation for many
years; it is no coincidence that it was a plastegson, Joseph Murray, who

performed the first human kidney transplant in1880s (Friedrich 2004).
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The first albeit unsuccessful human hand transphead performed in Ecuador in
1963 (Barkeret al. 2007b). In the late 1980s several more attempgi® wnade at
transplanting hands in primate CTA models, butrilative immunogenicity of the
skin led to failure, with the limbs developing ssgof rejection after only a few
months. This was despite the introduction of cyptwine A which had been shown
to prolong survival, dropping acute rejection ratesn 70% to 50% (Borekt al.
1994). A number of swine CTA models were develofigstuneret al. 2000); the
use of prednisolone, tacrolimus and mycophenolatéetih in experimental models
helped ascertain that prevention of skin rejects@s indeed possible (Barket al.
2007b). The first successful human hand transplaste performed in 1998 in Lyon
(Dubernarcet al. 1999), Louisville (Jonest al. 2000) and Guangzhou (Franceisal.
2000) and there have been over 60 hand transp(&utsneebergeet al. 2011)
including over 16 double hand transplants (Wysod$02 performed to date. There
have also been attempts at CTA reconstruction ofgkin containing tissue such as
bone and joint (Hofmann and Kirschner 2000), péHiset al. 2006), larynx (Strome
et al. 2001), tendon (Guimberteat al. 1992), nerve (Bain 2000), muscle (including
abdominal wall) (Leviet al. 2003), tongue (Birchall 2004) and uterus (FagetAl.

2002).

1.4. The Recent History of Human Facial Transplantation

Attention has in more recent years turned to é&ltera methods of facial
reconstruction which could mimic tissue more prelgisand provide satisfactory
functional recovery of muscular sub-units. Theliprmary clinical work behind

modern human facial transplant techniques begdowimig a series of reports in the

1990s. In 1996 a series of scalp replantationsreparted by Chengt al (Chenget
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al. 1996), with replantation of the face following agibving accident described in
1998 by Thomast al (Thomaset al. 1998). In 2004 Jiangt al transplanted a
cephalocervical skin flap and two ears onto a 7aryéd lady with malignant
melanoma (Jiangt al. 2005), leading to some debate regarding patielectien

(Siemionow and Agaoglu 2006).

From these experimental procedures it became dlear future human facial
transplantation was technically possible from a rosargical perspective. The
previously considerable problem of skin rejecticgersed to have been largely
overcome using tacrolimus, prednisolone and mycoplagée mofetil combinations in
both pre-clinical and clinical hand transplantatgiadies (Francoist al. 2000; Jones,

Jr.et al.1999).

The various aspects of facial transplantation &tilbe resolved were discussed in a
widely publicized report authored by the Royal €g# of Surgeons of England in
2005 (Morriset al. 2004). Although work had shown that facial trdasfation was
technically feasible, it was felt by the group tlatumber of outstanding issues still

remained.

Following further ethical debate (Bangs al. 2004; Barkeret al. 2007a; Haughton
2004; Summerton and Agha 2004; Thorbetnal. 2004; Wigginset al. 2004), the
first human partial face transplant was perfornrre@005 in Amiens, France, on a 38
year-old lady whose face was severely injured Wil a dog bite injury

(Devauchelleet al. 2006). A central triangular-shaped area of tloe faom the nose
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to the chin was transplanted from a cadaveric doddre mouth and lips were badly
disfigured and functionally redundant, and werestimeluded within the gratft.

The second partial face transplant took place ianXiChina in 2006 on a 30 year-old
farmer whose face was mauled by a bear (Burd 2G0i6;et al. 2008). The patient
died two years later, after having stopped his imosuppressive medication on the
advice of his community doctor who substituted ittadal medicines. Later in 2006,
a third partial facial transplant was successfpéyformed in Paris, this time on a
young man with severe plexiform neurofibromatossntieri et al. 2008). In the US,
Siemionow performed a complex near-total faciahg@ant on a 54 year old woman

following severe mid-face trauma (Siemionetal.2009).

A total of 16 facial transplants have now been grened to date (Schneebergsral.
2011), including a full facial transplant performedSpain in early 2010 (Eaton 2010)
which included the nose, facial muscles and maxillater in 2010, Lantieret al.
performed a full facial transplant, this time ailsoluding eyelids and lacrimal system
(Schpoliansky 2010). A total of two mortalgibave been reported thus far, one in
a Chinese patient who stopped immunosuppressiory@ars post-transplant, and the
second a patient with extensive burns sequelae widerwent bilateral upper limb
transplantation at the same sitting as the facaasplant (Gordoet al. 2009). Two
months post-transplant, the patient developed dwvelming infection requiring
surgical revisions, and subsequently died followengardiac arrest. All transplants
have been performed due to a lack of alternativgical methods to reconstruct

severe trauma, burns or congenital deformity.
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1.5. Minimizing Rejection in Facial Transplantation

Several factors are involved in matching faciahg@lant donor to recipient. These
include aesthetic considerations and donor-to-resipnatching for blood group and
tissue-type to reduce rejection. Additionally, ngmissible infections may be
prevented or managed if the viral disease stata®obr and recipient is known. The
purpose of this section is to outline the rationb&hind the components of the

immunological matching system for facial transpéeiain.

1.5.1. Human Leucocyte Antigen Matching in Organ Transplartation

Human leucocyte antigen (HLA) molecules are encodhyd a set of highly
polymorphic genes located within the major histopatibility complex (MHC) on
chromosome 6. There are three classical clasddaules (HLA-A, -B and -C) which
are ubiquitously expressed on most cell types aedgnized by both CDST cells
and natural killer (NK) cells (Lanier 2005; Zinkagel and Doherty 1997). Similarly,
three classical class 1l molecules (HLA-DR, -DQ ardP) exist, expressed
predominantly on B cells, activated T cells and rmpbages, and recognized by
CD4" T cells. HLA class | and Il gene loci are the mpslymorphic in the human
genome, with the HLA-B locus encoding over 900 IlaHe (see
http://www.ebi.ac.uk/imgt/hla).  Functionally, HLAnolecules present antigenic
peptides to T cells that drive both humoral anduéal immune responses to foreign
antigens, including allogeneic HLA molecules oms#planted tissues. Techniques
used to type HLA molecules and their allelic varsahave largely evolved from the
field of human transplant immunology and the needredetermine compatible tissue
types that will reduce the risk of organ rejectiohvariety of other class | (HLA-E, -

F and -G) and class Il (HLA-DO and -DM) moleculesr{sidered “non-classical’ by
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their unusual functions, restricted expression &mdted polymorphism) are not
considered relevant in mediating transplant repectiConversely, non-classical MHC
class | chain-related (MIC) molecules genes are yrpolphic, expressed
predominantly on epithelial cells, and may mediagnsplant rejection (Stephens
2001; Zouet al. 2007). Rejection occurs when HLA antigens on dorells are
recognised by recipient lymphocytes or antibodieading to destruction of the
antigen-bearing graft (Porter 1976; Tilnelyal. 1979); rejection may be hyperacute
(antibody-mediated) (Williamset al. 1968); acute (cell and antibody-mediated)

(Porter 1976; Tilnewt al. 1979); chronic; or a combination thereof.

Different HLA matching requirements exist for diéat organs. Renal
transplantation in the UK is based on a matchingHtA-A, -B and -DR loci,
because graft survival has been shown to progedgsiecrease with increasing
number of HLA mismatches (Terasa#i al. 1996). Evidence suggests that within
this group, HLA-B and -DR may be the most importédK Transplant 2006).
Conversely, donor-recipient HLA matching in liveransplantation is of less
importance and is not routinely performed in the, @K the liver is relatively resistant
to antibody-mediated rejection (Navared al. 2006). In cardiac transplantation
studies have been contradictory, with evidence dod against HLA matching
(Almenaret al. 2005; Smithet al. 1995). Prospective matching is logistically diiit
however, because of the short ischaemic time tlérdy cardiac grafts. These
matching requirements contrast markedly with boaeraw transplantation, where all

six loci must be matched precisely at a very haggolution (Flomenbergt al. 2004).
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The primary role of the HLA or tissue-typing fatyliis to provide advice on the
relative risk of immunological rejection. With kidy, pancreas and cardiothoracic
transplants, high immunological risk is indicateg & high titre of circulating
antibodies specific for mismatched donor classidalA class | and Il antigens,
detectable at time of transplantation (British Balantation Society 2004; Gebet
al. 2003). Such antibodies may form in potential pegits through sensitisation to
allogeneic HLA molecules during pregnancy, previowansplants and blood
transfusions. Intermediate immunological risk mnsidered if there are known
historic donor-specific sensitisation events, b@alv or undetectable antibodies to
donor-specific allogeneic HLA mismatches at theetiof the transplant. Low
immunological risk occurs if a recipient is non-siéised, or is sensitised but has
irrelevant alloreactive antibodies to HLA types pogsent on the donor graft (British

Transplantation Society 2004; Gel¢lal. 2003).

1.5.2. HLA Matching in CTA

Composite tissue allografts are by definition Hgacally heterogeneous. A hand
allograft, for example, contains elements of sknuscle, cartilage, nerve, vasculature
and bone, along with immunocompetent cells in lyoighiissue or bone marrow.
High-to-intermediate expression of donor HLA innsplanted skin, bone marrow and
vasculature (Duquesnoy 1998) provides potentialetar for alloreactive recipient

responses.

1.5.3. HLA Matching in CTA Animal Models

Rodent models of CTA demonstrate a reduced immugneabresponse to allografts

of a closer histocompatibility match. A hierarcloy tissue rejection has been
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described in rats as: skin > muscle > bone > egeil(Buttemeyeet al. 1996). Both
the intensity and timing of rejection of a vascidad bone transplant was found to be
dependent on the genetic disparity between dorsbregipient; allograft survival was
significantly shorter when transplanted across majather than minor
histocompatibility barriers (Yaremchukt al. 1985). The importance of matching
varies between the different MHC sub-regions, witismatches at the RT1-A sub-
region having the greatest negative impact on aleg: hindlimb transplant survival
(lwasakiet al. 2001). This finding is not limited to limb allagts. Compared with
transplantation across a full MHC barrier, transfdéion across a semi-allogeneic
barrier is associated with immune hyporesponsivet@slonor antigen and increased

graft survival in a rat hemi-facial allograft mod&iemionowet al. 2005).

Benefits of genetic matching for CTA have also bsaggested by work in MHC-
inbred miniature swine, which possess a definecgtyetransplant barrier similar to
human MHC. Leeet al (Leeet al. 2001) compared survival of a limb allograft after
transplantation betweevlHC-matched and MHC-mismatched animals. In the MHC
mismatched group, there was gross and histologiddence of allograft rejection by
42 days post-transplant. In comparison, the MH@ehed group showed no
evidence of rejection at time of sacrifice (25  weeks), suggesting ongoing graft
tolerance. The transplant barrier in the MHC-mattroup resembled that between

human siblings sharing the same paternal and nateaplotypes.

Significant differences between animal models ammdns have been observed in the

response to composite tissue allografts and imnuppgssive regimes, such as the

relative ease of tolerance induction in animals garad to humans (Cahill T.8t al.
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2006). Despite animal studies in favour of MHC chatg for CTA, whether the

results are applicable to human transplantatioranesruncertain at present.

1.5.4. HLA Matching in Human CTA Trials

Early composite tissue allografts in humans hawnbariably matched for HLA. In
bone grafting, histoincompatibility between donadarecipient in animal models
affects revascularization, graft union and new bloneation (Stevensoet al. 1996).
All three human femoral transplants reported werematched at the HLA-A,-B and
-DR loci (222mm) (Hofmann and Kirschner 2000), bonhe were viable at 2 years
(Hettiaratchyet al. 2004). In comparison, the successful human laghgansplant
performed in 1998 involved a total HLA-A,-B and -DRatch between donor and
recipient (000mm)(Stromet al. 2001). HLA-A, -B and -DR matching for renal
transplantation (111mm) was performed on six p&tigrho underwent simultaneous
renal and skin allograft transplantation from thesspective donor (Wendit al.
1994). All skin allografts survived, bar one whaderwent renal graft rejection in the
early stages; one skin allograft survived despitee tdiscontinuation of
immunosuppression after four weeks. However, thesoutcome of HLA matching
in hand transplantation which is most informatias,this group represents the human
CTA model most analogous to facial transplantationhe first two hand transplants
performed in Lyon (France) and Louisville (USA) weavoorly HLA-A, -B and -DR
matched (222mm). The next two (in Guangzhou, Qhivexe performed on patients
with three HLA-A, -B and -DR matches (111mm) (Barke al. 2002). In the large
human hand transplant series so far there is diyre difference in allograft
survival according to the number of HLA matches nzettaet al. 2005). It is

noteworthy that the first hand transplant failedyéy due to patient non-compliance
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with medication (Dubernarcet al. 2001); the second documented failed hand
transplant did so largely due to inadvertent hatri@rial steroid injection (Guoxiaet
al. 2004). A number of hand transplant recipientsnfrGhina have had rejection

episodes linked directly to non-adherence with imosuppressive medication.

Interestingly the HLA matching of the series of ictransplants has not had a
significant impact on survival. Of the two deatbeg facial transplant recipient had
significant HLA mismatches, but his death was vigkgly multifactorial involving
post-operative sepsis. The second facial transptaortality (in China) had three
HLA mismatches; his mortality is however thought be directly linked to
unilaterally stopping immunosuppressant therapyheratthan as a result of

uncontrollable acute rejection (Gordenal.2009).

It has been proposed that HLA matching might redutee doses of
immunosuppression required to control rejectiomluoing the risk of side effects
(Duquesnoy 1998). However, to date there have beerclear differences in
immunosuppression required, number of acute repcgpisodes, or functional

outcome in the human hand transplant cohort rgJagrHLA mismatch.

Given that the recipient of a facial transplanlikely to be healthy, it is possible that
the immunological response to a facial graft wel fmore robust than following liver
or heart transplantation, where recipients mayntrunologically-suppressed due to
hepatic failure or cardiogenic shock respectivefer{dales and Hardy 2000).
However, episodes of acute rejection in hand awcdhlfaransplantation have so far

proved controllable, and it has been reported imatunosuppressive requirements
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for some hand transplants are lower than renapm@fts (Dubernarcet al. 2002;

Dubernarcet al. 1999).

Both donor and recipient in the first partial facansplant shared five HLA antigens
(recipient: HLA-A2,3; B8,44; DRS3,7; donor: HLA-AZ,3B8,44; DR-15,3)
(Devauchelleet al. 2006). An immunosuppressive protocol of antithggie
globulins, tacrolimus, mycophenolate mofetil aneédmisolone was used during the
immediate transplant period. At least two biopsyited episodes of cellular
rejection have been recorded (Dubernatdal. 2007; Kanitakiset al. 2006), with
donor-directed cytotoxicity noted at an early statjsappearing at a later stage. Itis
unclear whether this was accompanied by any indoabdf detectable antibodies to
the mismatched donor HLA class Il antigen (DR19)he relatively high level of
HLA-A, -B and -DR matching may favour survival bgducing the overall risk of
rejection episodes occurring. However, to dateetienot enough evidence from the
relative paucity of transplants performed to ad@@aminimum level of HLA class |
and 1l matching of donor-recipient pairs in facigbnsplantation. The less
conventional procedure of post-transplant donanebmarrow infusion was also
performed in the first partial face transplant witle aim of inducing immunological
tolerance to the facial graft (Devauchedleal. 2006), but this procedure has not been

utilised in subsequent facial grafts (Parasketasd. 2007) performed elsewhere.

One obvious disadvantage of HLA matching would reduction in the size of the
suitable donor pool, potentially leading to a pngjed wait for a suitable donor, or to
compromise in other areas such as aesthetic mgtcHmvoking a full HLA match

might therefore preclude widespread uptake of facamsplantation as an option in
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the reconstruction of the severely disfigured faltas nevertheless important for pre-
and post-transplant research and monitoring pugts&etermine the patient HLA
type and antibody status. The candidate faciakpkant recipient should therefore be
HLA-typed pre-operatively to the highest resolutfrssible (using direct sequencing
or bead-based Luminex technologies). Similarly,the immediate pre-transplant
period a potential donor could be rapidly HLA-typeding moderate-resolution
phototyping or PCR-SSP (Buneg¢ al. 1995) which will provide information on the
level of HLA matching available. Pre-transplantsessment of the potential
recipients HLA-specific antibody status should als® performed, preferably with
high resolution flow cytometric or Luminex microspk-based methods (Gibney
al. 2006). Similarly, regular screening of post-tfdast recipient sera enables
monitoring of antibodies specific to all possibléesmatched classical class | and I
antigens on the facial graft (HLA-A, -B, -C, -DRD® and -DP), as well as
mismatched non-classical MICA molecules (Mizutahal. 2005). Such screening is
informative both in defining the recipient’s immuagical response and predicting
potential rejection episodes, particularly in camgtion with biopsy-driven analysis of

graft tissue histopathology (Kanitalgs al. 2006).

1.5.5. Crossmatching

The purpose of the crossmatch test is to determimether a potential transplant
recipient has circulating antibodies directed agfamismatched donor HLA antigens.
This test is considered a prerequisite to renak{@bs et al. 2003), heart (Tambuet
al. 2000), lung (Palmest al. 2002) and intestinal transplantation (Reizal.2003), as
a positive result is indicative of a high probaliliof hyperacute and vascular

rejection. The crossmatch assay utilises don@espllymph node or peripheral blood
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as a source of T lymphocytes (expressing classidad class | antigens) and B
lymphocytes (expressing both class | and Il ansyerfFresh recipient sera collected
within 24 hours of a potential transplant and delédistoric sera are reacted with
donor T and B cells in a complement-dependent lyoaptotoxic (CDC) test (Smith
and Rose 2006) or flow cytometric crossmatch (Skod995). The latter is
considered the more specific and highly sensitivethad of detecting donor HLA-

specific antibodies, and can be conveniently paréat on donor serum.

Flow cytometric crossmatching can also be adapted detect different
immunoglobulin subclasses, although most laboragofdocus on IgG. Both methods
of crossmatching can detect donor HLA and non-Hlp&csfic antibodies. If the
specificity of antibodies causing a positive croatth were against non-HLA
molecules, this should not be a veto to proceediitly the transplant. However, the
interpretation of a crossmatch result is multifaeioand needs to be performed by
experienced personnel who are capable of consgleny result in the context of
both donor and recipient’'s HLA types, and the riggips known antibody profiles as

previously determined by screening.

If a potential transplant recipient has never exgpered a sensitising event (e.g. blood
transfusion, previous pregnancies or organ trangpldhen theoretically the
production of HLA-specific antibody may not occurdaa crossmatch test may not be
necessary. This theory has been tested in a nuafbrenal transplant units where
pre-operative crossmatching has been successfuiliteal in a sub-group of highly-
selected immunologically non-reactive patients (Kan et al. 1998). However,

given that the incidence of humoral rejection inid CTA is not yet fully known,
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pre-transplant crossmatching is prudent given th@ogs consequences of facial

allograft rejection.

In the facial transplantation setting, we suggbkat tapid flow cytometric allogeneic
cross-matching using donor lymphocytes and recipsama should be performed.
This process will help determine the likely risk r@jection, and can be performed
within a reasonable time frame in the context dafidiagraft harvesting to allow

appropriate interpretation of the results (Figurg).l A summary of the matching

procedures recommended in facial transplantatigiven in Table 1.1.
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Notification of possible donor, brain death confation

A 4
Transplant co-ordinators contacted, relatives catieske

A 4
Donor blood taken early for: cross-match, tissyetylood group, infective

_————

A 4
Specimens transferred to recipient laboratory

A 4
Recipient called, recipient blood taken

A 4 \ 4

Cross-matching process commenced Blood group, tissue type,
infective status result

\ 4
Donor teams mobilised

\ 4
< Cross-match result

\ 4
Donor face dissection commenced

A 4

v Recipient face dissection commenced
Organ transplant mobilisation

Figure 1.1. Proposed mechanism of donor face procurement:aictien with

matching process.
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Table 1.1. Summary of the process of immunological matchamgl monitoring

required in facial transplantation.

Process Method Timescale Essential (E) /
Recommended (R) §

Recipient HLA typing: Bead-based Luminex Pre-operative R

moderate-high resolution technology

Direct sequencing

Recipient screening for Bead-based Luminex Pre-operative R
antibodies to HLA class technology three-monthly
I/ll antigens: moderate-

high resolution

Recipient & donor ABO Standard blood typing  Pre-operative E

matching

Donor HLA typing: rapid Phototyping Pre-operative R
assessment PCR-SSP*

Cross-matching: CDCt Pre-operative  E
allogeneic and Flow cytometry Pre-operative E
autologous Post-operative R

Recipient screening for Bead-based Luminex Post-operative R

HLA-specific antibodies technology three-monthly
Graft tissue Tissue biopsy Post-operative R
histopathology monitoring

* PCR-SSP: polymerase chain reaction using sequspeefic primers; T CDC:
complement-dependent cytotoxic cross-matching; @Renended processes (R) are
required mainly for monitoring and/or research [osgs; essential processes (E) are
required in order for the operation to proceed.
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1.5.6. Blood Group Matching

In solid organ transplantation, donor-to-recipiematching for major (ABO) blood
groups was traditionally considered important tecevent hyperacute rejection
secondary to anti-A or anti-B antibody activatioBxceptions to this view generally
include: liver transplantation (Gugenheigh al. 1990); after antibody removal by
plasmapharesis or immunoadsorption (Higgihal. 1996; Tyderet al. 2005; Winters
et al. 2004); and following recipient immunomodulationtbé immune system (Glotz
et al. 2004; Vieiraet al. 2004). The liver for example is considered atinadty
immunoprivileged organ, the implanted liver adsogoicirculating antibodies.
Hyperacute rejection is rarely seen, although tieiee greater risk of acute rejection
and poorer long-term survival in blood group incatiple transplants (Donaldson
and Williams 1997). Such transplants are only mred in exceptional

circumstances where delay to obtain a matched igraftgreat risk to the recipient.

Such a clinical scenario clearly does not applfatdal transplantation. We consider
that additional processes to modulate or removibadhies from the recipient would
overcomplicate the whole facial transplant procggbout a clear evidence base for
its implementation. A low-risk strategy should riéfere ideally be adopted. Both
donor and recipient of the first partial face tyalast shared the same blood group
(O") (Devauchelleet al. 2006), and such an approach is probably prudent.
Nevertheless, it is important to note that the #odacial transplant was performed
successfully (in Cleveland, USA) despite donor aacipient being blood group A
and AB respectively (Siemionoet al. 2010). If shown to be reproducible, this could

have significant impact on the availability of falcdonor grafts globally.
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1.6. The Matching of Infectious Disease Status

The rationale behind serological screening of thieod for infectious disease status is
to minimise the risk of transmission of significaninfections to the
immunocompromised recipient. It is also importdat a careful and detailed history
of potential exposure and “at risk” behaviour isambed, along with an accurate
diagnosis of cause of death. In the UK, the pcacis to routinely screen for the
following: human immunodeficiency virus (HIV) -1 @n2; hepatitis B virus (HBV)
surface antigen and core antibody; hepatitis Csv{ldCV) antibody; human T-cell
lymphotropic virus (HTLV) -1 and -2 antibody; cytegalovirus (CMV) delta agent;
toxoplasma antibody; syphilis; and Epstein-Barrusir(EBV) antibody (British

Transplantation Society 1998).

1.6.1. Hepatitis and HIV

The transmission of HBV or HIV from an infected dons high if the donor is
positive for HBV surface antigen or for HIV antibpdThe risk of transmitting HCV
with an extrahepatic allograft from a donor wh@asitive for anti-HCV antibody is
approximately 50%, with the risk approaching 10G%he donor's blood contains
HCV RNA (British Transplantation Society 2003). tle US, an estimated 4.2% of
cadaveric donors are positive for anti-HCV, with Ifasitive in the UK (British
Transplantation Society 1998). One approach has twetransplant organs from anti-
HCV-positive donors only into critically ill patie¢s awaiting heart, liver, or lung
allografts, older patient with a limited expect&e lspan, or patients awaiting renal
transplantation who have been unable to find aablat donor because of prior
sensitization to MHC antigens, for whom a particul@atched donor represents a

unique opportunity. Organs from donors positive &mti-HCV are not used for
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younger patients. Recent evidence shows that heamsplants from anti-HCV
positive donors confer shorter survival to recipsgi@asinket al. 2006). Clearly, as a
life-enhancing procedure, facial transplantatiomgsa donor who is positive for
HIV, HCV or HBV would be hard to justify. There®mwe propose that all donors
should have negative virology results for thesentgygrior to graft harvesting.
Donors with a history of possible exposure to Hhosld also be excluded, as there is

a time lapse after infection before the antibodyesps.

1.6.2. Cytomegalovirus

Cytomegalovirus can be a devastating complicatibecang long-term outcome in

solid organ transplantation. At highest risk favedloping primary CMV infection

are CMV-negative recipients of a CMV-positive grafRe-infection with a donor

viral strain is more common than reactivation aeipient viral strain, and is likely
to produce more severe and frequent disease episdderious CMV disease often
depends on the total burden of immunosuppressiotigiB Transplantation Society
2003). Knowledge of CMV status and immunosuppuessegimen therefore allows
clinicians to adopt appropriate clinical strategieprevent CMV infection. This can
be via pre-emptive screening, prophylactic antalvimedication or reduction of

immunosuppressive intensity.

Of the first 18 hand transplants that were reported donors and 17 recipients
received prior testing for CMV, although CMV statuas not used as a criterion for
donor selection (Schneeberget al. 2005). Infection or disease due to CMV
complicated the postoperative course in five ofrtime recipients challenged with the

virus. Importantly, in some cases a close timeetation between CMV replication
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and episodes of acute rejection suggests a caedatik/ (Schneebergest al. 2005).
Of the three femoral transplants reported, oneprewt suffered from a transmitted

CMYV infection at seven weeks post-transplant (Hafmand Kirschner 2000).

In the series of facial transplants performed so warldwide, CMV remains a
considerable issue, with severe valgancyclovirstast CMV viraemia complicating
the course of the third transplant recipient anisha@ding with a rejection episode —
here the donor was CMV-positive, the recipient wegative and the patient suffered
a severe viraemia episode coinciding with the tgniof CMV seroconversion
(Gordonet al. 2009). Many therefore feel that CMV remains thajon infectious
threat in facial CTA. Some authors advocate th@dance of CMV-mismatch and
mandatory prophylaxis with valgancyclovir and a&@MV hyperimmunoglobulin in
CTA (Schneebergesat al. 2005). Although CMV titres can be tightly mongdrpost-
operatively, and pre-emptive treatment can be cameexk if titres begin to climb,
CMV matching of donor to recipient is ideal and sldoideally be a performed in
facial transplantation. Prophylaxis against CM\owd certainly be considered if
either the facial transplant donor or recipienpasitive, as severe CMV viraemia is a
predictor of mucosa rejection (Hui-Chou et al. 201t the fourth facial transplant
case, CMV donor-positive/recipient-negative statieant that maintenance of a high
level of ganciclovir was a priority post-operatiyeand no CMV viraemia has been

subsequently reported (Siemionetval. 2009).

1.6.3.  Epstein Barr Virus

In solid organ transplant populations, transmissib&EBV to seronegative recipients

is associated with several clinical scenarios idiclg asymptomatic viraemia,
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hepatitis and mononucleosis syndrome (NicholsonJamthson 1994). In addition, the
risk of post-transplantation lymphoproliferativesaider (PTLD) can increase as
much as 20-30 fold (British Transplantation Soci#§08). We suggest that EBV
serology should be performed in both donor andorent. Seronegative recipients at
risk of EBV transmission from a seropositive dosbould be monitored closely and
the degree of immunosuppression modulated to mssimisk of development of

PTLD.

1.6.4. Human Herpes Virus

In solid organ transplantation, transmission of hanherpes virus 8 (HHV-8) from

donor to recipient has been described, leadingntinereased incidence of Kaposi
sarcoma (Moore 2003). It would be prudent to fimsthis agent in donors from areas
of increased prevalence (such as the Middle Easfraza). A type 1 human herpes
simplex infection was reported on the lips of thistfpartial face transplant, and was

successfully treated (Dubernagtial. 2007).

1.6.5. Human T-cell ymphoma virus (HTLV)

Donor screening for HTLV is not routine performed the UK. Although the
prevalence in the UK is very low for these virusel§,LV-1 infection presents a
serious threat to the recipient. Absolute lifetimgk of lymphoma in positive
individuals approaches 5% in the immunocompeterity the disease manifesting
itself more rapidly in organ transplant recipieriBritish Transplantation Society
2003). There is scant data on HTLV incidence ilACNevertheless, in areas where
infection of potential donors with HTLV is endemi@ suggest including it as part of

the screening test for facial transplantation.
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1.6.6.  Syphilis
Syphilis is increasingly prevalent worldwide. Sigrantly the donor face in the third
facial transplant performed worldwide was positige T. pallidum the T. pallidum

negative recipient thus received treatment withhylpenicillin (Gordonet al. 2009).

1.7. A Rationale for Minimizing Rejection in Facial Transplantation

Experience from solid organ transplantation and Gi&& demonstrated that matching
of immunological and infectious disease status khba important considerations in
facial transplantation. HLA tissue-typing is unien in a variety of solid organ
transplant programs. Given the limited availapitif facial transplant donors, and the
paucity of evidence suggesting improved outcomdoviohg prospective donor-
recipient HLA matching in comparable CTA groupscfsias hand transplantation), it
is difficult at present to invoke a prerequisitenimum level of HLA matching in
facial transplantation. Nevertheless, it is impeeathat as much relevant and
meaningful information as possible should be ctdédor research purposes. Pre-
and post- transplant crossmatching and screeningresformed and induced HLA
specific alloantibodies (in conjunction with regulastopathology investigations) are
likely to be highly informative to clinicians in éghimmediate and medium-term post-
operative phase of a facial transplant, for thisvieen immunological rejection of
donor tissue is most likely to occur. In additionatching for infectious agents is
required for some viruses (such as HIV and HTLW) tmay not be quite as essential

for others (such as CMV) where effective prophydacan be given post-operatively.
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As the series of facial transplants performed soh&ae shown, it is no longer a
guestion of how to perform a facial transplant, tather a question of how to achieve
the best possible outcome. Of course, paramestablshed prospectively for donor-
recipient matching can only be validated once gdarcohort of facial transplant
patients is established. Final outcome in facaigplantation will depend not just on
technical accomplishment and immunological succeBsychological outcome and
patient satisfaction will be related to the aesthehdpoint. At present it is not fully
clear which aesthetic properties of the allogredtaf greatest importance and to what
degree they need to be matched: it is likely tmbgreat importance for example to
obtain a good skin tone match (Chapter 4). Tisgpmg and matching of infectious
agents must therefore be performed rationally deoto increase the potential facial
donor pool. The matching process will also requiaeeful collaboration between
different units. Additional aesthetic matching uggments may necessitate the
establishment of an international recipient databasorder to maximise usage of
potential donors. As the potential pool of fatraihsplant donors may be small, time
may be better allocated to these aspects if we tishlly optimise outcome in facial
transplantation. As has been shown in hand transgion (Banist al. 2004), this

can be a challenging endeavour, but an essental on
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1.8. Functional Outcome of Facial Transplantation

Transplanting skin and subcutaneous tissue in aaiafinjuries with a skin-only flap
can often improve the mobility of deeper structuasd hence facial movement).
Grafts have however so far required a number ofbooations of skin, muscle, and
bone (Siemionowet al. 2009), often incorporating complex maxillofacialbsinits

into the graft. How well the face transplants wiltimately function many years
down the line is not fully known, yet the resulte @romising. Functional recovery

of the upper lid is still likely to be difficult foexample.

The evidence for full neurological recovery follogi reanastomosis of facial nerves
is generally poor (Myckatyn and Mackinnon 2003)owgver, the results so far in the
facial transplant group are promising; perhaps thisn part due to the effect of
accelerated nerve regeneration associated withathmainistration of tacrolimus
(Mackinnon et al. 2001). There have been notable exceptions withé facial
transplant group however, such as the third facalsplant recipient whose facial
nerve was more damaged than had been previousiglidy the operating surgeon
(Hui-Chou et al. 2010). Results for facial graft function on théole compare
favourably with the large group of hand transpldmdwever (Wysong 2010). Reports
of the first seven facial transplants performedneéd sensory recovery from between
3 and 6 months, with acceptable motor recovery cenmuimg between 9 and 12

months (Gordort al. 2009).
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1.9. Attitudes to Risk in Facial Transplantation

In 2004 the Royal College of Surgeons of Englanghssted that the risks of facial
transplantation outweighed the benefits (Moetsl. 2004). These risks pertained to
psychological adaptation, allograft rejection, arttie ethics of life-long
immunosuppression for a non-lifesaving proceduith increasing evidence from
animal models and hand transplant data, and fatigywartial face transplant cases in
France and China, it became clear that these nel§s not be as high as previously
thought. In 2007 the Royal College issued an wpdatwhich they stipulated 15
measures which should be in place before faciasplantation can be considered

(Morris et al.2007).

How each individual professional views and framasherisk may actually differ. For
example, when compared with facially disfiguredaoyan transplant recipient groups,
plastic surgeons are less tolerant of the riskkaohl transplantation (Vasiliet al.
2008). Although the majority of plastic surgeondMathes’ study of 163 American
plastic surgeons agreed that current techniquestiprovide adequate reconstruction
for severe facial injuries, only 26.2% were in favoof performing facial
transplantation which includes immunosuppressioatfidset al. 2009). Anecdotal
evidence suggests that many reconstructive surgedmen asked about whether they
would undergo a face transplant at present, waefigdse due to the risks of lifelong
immunosuppression; if this were dramatically redulbewever, most would go on to

support it (Clarke 2006, personal communication).
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1.10. Immunosuppressive Risks in Facial Transplantation

Immunosuppressive risks include increased predisposto infection and cancer.
Rejection is difficult to predict. Initial estimeg were that up to 10% of face
transplants will reject at 12 months, with 30-508fected within the first 5 years
(Concar 2004). These estimates were made baseyan transplant populations, a

group which is not directly comparable to composfisue transplants.

The incidence of rejection following facial tranaptation has been largely managed.
However, in two of the transplants, rejection hakeast partly contributed to patient
mortality, albeit indirectly. The first facial dgtarecipient to die following the
procedure did so most likely due to medication adherence, stopping his
immunosuppressive drugs and replacing them withraditional herbal remedy

(Gordonet al. 2009).

Examining the one-year post-transplant data froenhéind transplant cohort, 65% of
patients experienced acute rejection (Barletr al. 2007b), with all episodes
successfully reversed. In the series of 52 haausplants performed so far (Wysong
2010), two particularly well documented cases wafiected by immunological
rejection: one due to patient non-compliance (Batisl. 2004; Dubernarcet al.
2001), and the other due to probable inadverteérd-grterial steroid injection (Barker
et al. 2007b). The increased visibility of a hand trdasp probably contributes to
earlier diagnosis of rejection and subsequent Biglvival rate. In acute rejection
following hand transplantation, cutaneous manitesta present early, and correlate
with pathological findings (Kanitakiet al. 2005). Time lag for the incidence of

chronic rejection has been unpredictable in thedleamsplant series, although when
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compared to solid organ transplant groups this pimemon may not be as important
in composite tissue transplantation as previoustught. Chronic rejection is still
however undefined in facial transplantation, arelltkely incidence is not yet known

(Hui-Chouet al. 2010).

The immunosuppressive protocols used for renal splants (comprising

prednisolone, tacrolimus and mycophenolate mofetilexample) have been used
successfully in composite tissue allotransplants are likely to be used for future
face transplants; immunological tolerance will e tultimate goal in the future

(Siemionow and Agaoglu 2005).

Most of the facial transplant recipients reportexd far encountered at least one
episode of acute graft rejection: these have beenessfully reversed Anecdotal
evidence suggests that many transplant physicisas that the risks of
immunosuppression are thus largely modifiable. féé that these risks should not

therefore preclude surgeons from considering facaisplantation.

1.11. Psychological and Societal Issues in Facial Transpitation

There should be methods in place to ensure patisalscted for any facial
transplantation programme are suitably adjustecthasdggically and able to cope
with the rigours of radical life-enhancing surgéBlarke and Butler 2004; Clarke and
Butler 2005). These include assessment of cognftmction, mental health status,
pre-transplant compliance and an analysis of patgtitudes and beliefs. Some
commentators view the psychological adjustmentiredun facial transplantation to

be problematic; in fact, many psychologists wouldjug that many of these
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psychological changes are also modifiable (Clankd Butler 2005) and methods
have been described to deal effectively with thgcpslogical adaptation required

(Brill et al.2006).

There is need for open and careful public debateitathe issues surrounding facial
transplantation, and this has been addressed folipa series of public engagement
exercises (Clarket al. 2006) in which societal issues towards facial gpantation
were examined. The major barrier remained the sriskssociated with
immunosuppression. When asked hypothetically wdrethey would accept or
donate a face transplant, 70% of respondents agrddwse that were staunchly
opposed (11%) identified identity transfer as thanmmobstacle. The thought of a

recipient adopting the donor’s identity may alsalisturbing for donor families.

In fact, experiments using free tissue transfemfeadaver-to-cadaver (Concar 2004),
and with face exchange using laser scanning andogtaphy (Clarke and Butler
2005), have shown that the resulting face consibta donor craniofacial skeleton
with an overlying recipient tissue ‘envelope’ - @ffect a new identity altogether.
This is supported by experimental work in simulafadial transplants where the
transformed face is not perceived as completelyeholiut is more commonly
identified as the recipient (Pomahetcal. 2010). Some authors have commented that
identity is an issue that a face transplant candidall already be very familiar with
following their injury (Brill et al. 2006). Indeed, adaptation has not been such an
issue for facial transplant recipients as it hasnb&r hand transplant recipients,

probably because patients need to look into a mimrorder to see their face, whereas
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their hands are in full view most of the time. alfiything, aesthetic matching is

perhaps of greater significance than identity tiemis facial transplantation.

1.12. Patient Selection Criteria for Facial Transplantation

Facial transplantation is major surgery and showidbe undertaken lightly. One of
the most important issues for the medical teanpsapriate patient selection, which
should be vigorous in its approach and draw on miggefrom a range of relevant
professionals. Surgeons, transplant physiciangchadogists and psychiatrists are
likely to be involved in patient assessment an@édin. Selection criteria should
include physical assessment of the face and itstimal deficit, general health
assessment, and psychological profile. Even ifatept is felt to be appropriate,
consideration should be given to alternative opgisanch as psychosocial strategies to
manage unusual appearance. These may alreadypbene=xhausted, but the patient
should be fully aware of all options and counsetb@dadvantages and disadvantages

of each.

The reconstruction of form and function is now otls importance that it is no longer
acceptable to produce a sub-optimal attempt attsirai mimicry. In fact one can
argue that the function of a limb or organ is ol&qgor greater importance to
successful outcome. If we are ready and able talyme satisfactory functional
reproductions of the larynx, the oesophagus andhadinel, the next logical step should
be to continue research on facial transplantatiobm.recognition of this, the Ethics
Committee at the Royal Free Hospital gave its amdrdo commence patient

selection for potential whole face transplantatio2005 (Highfield and Hall 2005).
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Working on the original Royal College of SurgeonspBrt on facial transplantation
(Morris et al. 2004) the UK facial transplantation team has gttech to address each
concern as a research question. In doing this fin@yd that the barriers have been
less substantial than previously thought. Ultihatéhe risks of a procedure are
never known until the procedure is actually perfedwn with partial and full facial

transplantation now already a reality, the truest bf any selection criteria is time.
How will the first facial transplant be reflectegan fifty years from now? We do not
know. We do however know that fundamental prirespdf surgery will stand the test
of time: research, preparation, planning, informeshsent, and thorough pre-
operative assessment. Only by incorporating theeea selection process can the

likelihood of the most optimal patient outcome baximised.

1.13. Summary of Chapters

In the following thesis, a number of the clinicabnsiderations in facial

transplantation will be explored and examined.

CHAPTER 2 deals with technical aspects of procurgroédonor facial graft tissue.
Clearly facial transplantation is major reconstiwect surgery, and the surgeon
harvesting the graft must be sure of the vascutarfiguration of the donor or
recipient face. Estimates of technical failuremiicrosurgery are relatively easy to
predict; the face has a robust blood supply antinieal success rates in many
microsurgical units can reach 96-98% (Krell al. 1996). Two cases have been
reported of successful scalp and face replantatioa,surviving on a single artery and
two veins (Wilhelmiet al. 2003). Most plastic surgeons would therefore eghat

the technical difficulties are significant but notsurmountable. However, the
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definition of the facial vasculature can be trickythe intensive care setting; this
necessitates the development of an accurate, mahiteuser-friendly method of

defining the facial vessel anatomy.

CHAPTER 3 of this thesis described the developn@nt skin tonal matching
system. This we hope will help in obtaining a Satitory aesthetic end-point

following facial transplantation.

CHAPTER 4 describes a system for assessing pregaigeth donor skin tone would
be acceptable in some of the common recipient graap UK facial transplant

surgeon is likely to encounter.

CHAPTER 5 examines the attitudes of transplant ggsibnals towards facial
transplantation. For any face transplant progranmmbe successful, donor groups
will need to be enlisted and every attempt sho@laade to do this in as sensitive a
way as possible. The attitudes of health profesds dealing with the donor families
and obtaining informed consent for donation areefoge of some significance,
helping to pave the way towards the establishmeatrational facial transplantation

programme.

CHAPTER 6 describes the development of a systerastore form to the donor face
following facial graft harvest. The donor face Ivakhibit a significant facial defect
following facial graft harvest: this comprises tFacial skeleton with or without
muscle units. The reconstruction of such a sigaift defect should be carefully

considered by any successful transplant programwie. have designed a system in
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which a moulded silicone envelope can be fabricatedng the graft harvesting

process.

CHAPTER 7 explores the unique nature of informedsemnt in facial transplantation.
This section of the thesis will review the procedsinformed consent in health
settings, assessing how applicable the currentatda are for facial transplantation.
The factors which need to be assessed during treersnog programme will be
outlined, producing a new gold standard for enguimformed consent in facial
transplantation which categorises the procedur@rdoty to both individual and
process factor. It is hoped that this can be exeénd any consent process for radical

new procedures.

58



Chapter 2

2. The Use of Colour Doppler Ultrasonography in the Asessment of

Vessels for Facial Transplantation

2.1. Introduction

The majority of the facial skin is supplied by tpaired facial, superficial temporal
and transverse facial arteries (Figure 2.1). Tamaf artery is utilised widely in
plastic surgery, such as in facial artery musculoosal (FAMM) (Pribazt al. 1992)
and nasolabial flaps (Housemanal. 2000). The facial artery has been examined in
various cadaveric studies (Mit al. 1973; Niranjan 1988). These studies have
shown wide variability, with few large studies (lrogt al. 2004) outlining its course
and terminal branching pattern. There is littiéadautlining the course of the facial

vein, and scant data on the transverse facial esse

The facial artery arises from the external careatitery, the main branch coursing
above the submandibular gland. The artery trathlig has a tortuous course across
the anterior face, the vein a more direct path @eéowaret al. 2000). The artery runs
along the masseter muscle, where it becomes maerfgual. It then moves
gradually anteriorly until it gives off the two b arteries near the angle of the
mouth. Distally, the artery dives deep to the tewdabii superioris and zygomaticus
muscles, running towards the medial canthus whereupp anastomoses with
branches of the ophthalmic artery. The facial \@ises from the confluence of the

supraorbital and supratrochlear veins in the mezhathus. It runs in a straight line
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down to the angle of the mandible, lateral to thterg, before joining the anterior

division of the retromandibular vein.

G plal
By e seer Rebial

Figure 2.1. Blood supply to the face including facial arterydémwanches, reproduced
with permission fromGray's Anatomy: the Anatomy of Clinical Practic®"3d,

Churchill Livingstone, Edinburg(Standring 2005).
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The transverse facial artery arises from the sugpa&rftemporal artery prior to its
emergence from the parotid gland; there may alteig be a direct origin from the
external carotid artery (Standring 2005). The dvanse facial artery crosses the
parotid, passing masseter superficially betweenpim®tid duct and the zygomatic
arch, supplying masseter, the parotid gland andtipladuct. Anastomoses exist
between the transverse facial artery and the fabiatcal, lacrimal and infraorbital
arteries. The main transverse facial artery patéwroccurs in a constant location
(Whetzel and Mathes 1997), originating at the siigpal musculo-aponeurotic
system and coursing with the superior ligament wihks (Basaet al. 2004). This
perforator is found approximately 3.1 cm lateratl &7 cm inferior to the lateral

canthus (Basaat al.2004).

Traditional methods used in pre-operative vascalaluation of the face, such as
manual palpation and Doppler probes, have limitetidghey have no way of assessing
flow direction or vessel diameter, and they havstrigted capacity for venous
evaluation.  Colour Doppler sonography has beerd us assess flow diameter,
velocity and pulsatility in small blood vessels @&oand Erickson 1991). Although
there have been studies of the vasculature in @@riymph nodes (Net al. 1997),
submandibular glands (Arigt al. 1998) and masseter muscle (Aefial. 2001), there
are few studies on colour Doppler sonography imndating the blood supply to the
anterior face (Nagasst al. 1997). Zhacet al (Zhaoet al. 2002) used colour Doppler
to assess the main trunk and labial and buccalchesnof the facial artery in 46
volunteers, detecting 100% of facial artery maianghes, and 92.4% of buccinator

branches. In this chapter we clarify the disthitautof the facial vessels and described
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the transverse facial vessels in the anterior teteg high-frequency colour Doppler

ultrasound in a large series of healthy individuals

2.2. Materials and Methods

A total of 200 facial arteries/veins, and 200 trerse facial arteries/veins were
examined in 100 consecutive healthy volunteers ffen, 59 women; 89 right-
handed, 11 left-handed; 65 Caucasian, 16 AsiarAfid-Caribbean and 8 Oriental;
age 20 to 57 years, mean 32.3 years) recruited fraondepartments at the Royal
Free Hospital (Department of Accident & Emergenny ghe Department of Plastic
Surgery). The study was approved by the Royal FHespital Research Ethics
Committee. All participants were informed of theidy aims and gave written

consent to participate.

Measurements were taken with the SonoSite MicroMaxSystem 3.2 ultrasound
machine (SonoSite Inc., Bothell, WA) furnished wigim SLA 13.6 MHz wide-
bandwidth linear active matrix transducer. All gea were obtained in the
superficial setting using a multifocus with an ireadgpth of 2.2 cm for the facial and
superficial temporal vessels and 3 cm for the trarse facial vessels. The settings
were chosen to optimise colour Doppler flow measemats; artefact was minimised
by altering the wall filter and pulse-repetitionedquency. The linear transducer
transmits parallel ultrasound beams in sequeneatiog a field only as wide as the
probe length. The short depth of field was chasemaximise the potential pick-up
rate of the small calibre vessels, which are foandtomically within the superficial
facial tissues. The SLA probe is small, thin aetihat an angle; this was chosen to

allow examination to be most optimally applied axduhe contours of the face.
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Colour gain was set at 2033 Hz. All measuremergsevwmade with the patient
horizontal on the same couch in a room kept atrestemt temperature of 20-22°C.
Measurements of flow diameter were obtained when \thssel was maximally
dilated. The probe was kept at right angles to skhen, and flow diameter
measurements were taken perpendicular to the ve$kel machine’s digital callipers
were placed at the outer limit of the vessel walid a flow diameter measured
vertically.  All measurements were made at the sgmotnts on the face.
Measurements were performed after confirming tresgmce of arteries or veins on

the basis of their waveform in the audible Doppherde (Figure 2.2).
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Figure 2.2. Doppler signal showing arterial wave pattern.
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The facial artery and vein were scanned in thréerdnt positions (Figure 2.3). The
landmarks used to measure distance from the faaiedry or vein were: the
mandibular crossing point (position 1), measuredlfe and superior to the inferior
border of the mandible; the laterality to the dhail (position 2), measured
horizontally from the angle of the mouth; and thenp at which the facial vessel
crosses a line drawn between the cheilion and #terdl canthus (position 3).
Variation in branching of the facial vessels wasudoented up to the level of the
nasal ala, corresponding with this final positioAnomalous drainage patterns were

recorded.

The transverse facial vessels were found emergiogn fthe superficial temporal

vessels at the anterior border of the masseterlen(jsasition 4), travelling across the
cheek in a reference line from the external augit@nal to the anterior nasal spine.
Flow diameter was assessed perpendicular to tleeleBistance was measured from
the centre of the vessel to the lateral canthusflok diameter measurement of the
superficial temporal artery and vein was taken ocomntly. This was achieved by
placing the probe perpendicular to the vessel Jantaro-superior to the tragus of the

ear. All measurements were repeated bilateralgllimessels.
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Figure 2.3. Landmarks for the measurement of the facial artEA) and transverse
facial artery (TFA). Solid black lines represemolpe application. Distances were
recorded from: the mandibular crossing point (positl), the point at which the
vessel crosses a line drawn laterally from the lgoat (G); the laterality to the
cheilion (position 2), the point at which the vdssesses a line drawn laterally from
the cheilion (C); and the approach to the nasa(@daition 3), representing the point
at which the vessel crossed a line drawn from Heglion to the lateral canthus (LC).
The TFA was measured as it crossed the anterialebaf the masseter (M), and the

distance measured from this point (position 4hwlateral canthus (LC).
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The distribution patterns of the facial artery amin were categorised according to
the final branch of the facial artery that was detd up to and including the nasal ala
(Figure 2.4). This was adapted from the systencrde=d by Koh et al (Kolet al.

2003) consisting of: angular, lateral nasal and @eouped together here as Types I-
ll), superior labial (Type 1V), inferior labial (ipe V) and undetected, or submental

(Type VI).

Figure 2.4 Distribution pattern of the facial artery: angul(&ype |); lateral nasal
(type 11); alar (type Ill); superior labial (typeV); inferior labial (type V); and

submental (type VI).
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2.3. Results

The main branch of the facial artery was detecteth@ lower mandibular border
(Figure 2.5) in 99.5% (n=199) of cases. The acamygmg facial vein was found in

97.5% (n=195) of cases, lateral to the arterylicades.
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Figure 2.5. Right facial artery (FA) and vein (FV) at the nddyular crossing point

(position 1).

At the mandibular crossing point (position 1: Figu.5) the flow diameter of the
facial artery ranged from 1.1 to 3.7 mm (mean £ 3B,mm = 0.45); the facial vein
diameter ranged from 1.8 to 5.8 mm (mean + SD,n@1 + 0.61). Lateral to the
cheilion (position 2: Figure 2.6) the diameter loé ffacial artery ranged from 1.1 to
3.5 mm (mean + SD, 2.1 mm * 0.41); the facial \whameter ranged from 1.2 to 4.5

mm (mean + SD, 2.6 mm % 0.55). Although the faaraéry and vein were largely
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located together at the mandibular crossing pomgan artery-to-vein distance 7.9
mm) the facial artery and vein diverged from eatieo more widely lateral to the
cheilion (mean artery-to-vein distance 11.8 mmy}.th%® nasal alar base, crossing the
line drawn from the cheilion to the lateral canthi®sition 3: Figure 2.7), the
diameter of the facial artery ranged from 0.9 @ 2m (mean + SD, 1.8 mm £ 0.39);

the facial vein diameter ranged from 1.2 to 4.9gme SD, 2.4 mm + 0.64).
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Figure 2.6. Laterality to the cheilion (position 2). FA = fatiartery, FV = facial vein
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Figure 2.7. Crossing the cheiliocanthal line (position 3). &) Ffacial artery, b) FV

= facial vein.
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The numbers of arteries in each distribution gr@iype I-VI, with type I-11l grouped
together) are summarised in Table 2.1. Theseampared with distribution patterns

from previous cadaveric studies.

Table 2.1. Distribution patterns of the facial artery.

Number of facial arterie@®6)

Type -l Type IV Type V Type VI
(Renshavet al.2007)* 152(76) 43(21.5) 4(2) 1(0.5)
(n=200)

(Lohnet al.2004) 170(85) 20(10) 6(3) 4(2)
(n=200)

(Mitz et al. 1973) 42 (84) 5(10) 4(8) 0(0)
(n=150)

(Niranjan 1988) 48 (96) 2(4) 0(0) 0(0)
(n=50)

* Current study

A total of 144 (72%) of all the facial arteries exaed were symmetrical, with 56
(28%) of arteries asymmetrical. It is interestingnhote that more of the symmetrical
arteries were of Type I-1ll, and that the rareriaats, especially Type IV, were more
likely to be asymmetrical (Table 2.2). One canstlextrapolate that if a type I-1lI
facial artery is located on one side, the chandeBnding a symmetrical arterial

distribution is higher than had a type IV or V aytbeen found.
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Table 2.2. Facial artery variation.

No. of arteries, No. of symmetrical No. of asymmetrical
n=200(%) arteries, n=144%) arteries, n=5¢%)
Type |-l 152(76) 126(87.5) 26(46.4)
Type IV 43(21.5) 18(12.5) 25(44.6)
Type V 4(2) 0(0) 4(7.1)
Type VI  1(0.5) 0(0) 1(1.8)

The facial artery and vein distances from the thddérent points on the face

described previously were used to calculate thennpeaition of the facial artery and

vein, which are shown in Figure 2.8. The mean fiiameter of facial artery and

facial vein, along with the distance from eachhd three points on the face is shown

in Tables 2.3 and 2.4.
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Figure 2.8. The path of the facial artery (FA) and facial véiV) in the anterior
face. Values (mm) represent distance (mean = $heovessel from three fixed
landmarks, as shown from lateral to medial: the ditariar crossing point (1);
laterality to the cheilion (2); and crossing a lo@wn from the cheilion to the lateral

canthus (3).
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Table 2.3. Facial artery: mean flow diameter and mean diganom three fixed
landmarks: the mandibular crossing point (positibn laterality to the cheilion

(position 2); and crossing a line drawn from theeikbn to the lateral canthus

(position 3).

Position Mean (iSD) diameter (mm) Mean (8D) distance (mm)
1 2.6(0.5) 66 (6.6)

2 2.1(0.4) 18(3.8)

3 1.8(0.4) 18(5.4)

Table 2.4. Facial vein: mean flow diameter and mean distanos three fixed
landmarks: the mandibular crossing point (positihn laterality to the cheilion

(position 2); and crossing a line drawn from theeikbn to the lateral canthus

(position 3).

Position Mean (i5D) diameter (mm) Mean (8D) distance (mm)
1 3.1(0.6) 74(6.2)

2 2.6(0.6) 29(5.7)

3 2.4(0.6) 31(5.4)
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The transverse facial artery was present in 75/%95%1) of cases; the accompanying
vein was found in 58% (n=116). The flow diametérle transverse facial artery
ranged from 0.7 to 3.1 mm (mean + SD, 1.6 mm =)0.M&h the transverse facial
vein diameter ranging from 0.7 to 3.7 mm (mean 4 $8B mm + 0.56). The mean
distance from the lateral canthus to the transviexsal artery and vein was 58 mm *
6.02 and 59.7 mm * 6.59 respectively. The flownditer of the superficial temporal
artery ranged from 1.1 to 4.3 mm (mean + SD, 2.3 m®@.43), that of the vein

ranging from 1.2 to 4.3 mm (mean + SD, 2.7 mm 4.5

In one case the facial artery was undetectable €Ty}, with a transverse facial
artery dominance (diameter 2.3 mm, Figure 2.9). weier, three out of four
individuals with a short rudimentary facial artgfiyype V) had an absent transverse
facial artery. While the facial artery was morei&hble in its course, the facial vein
was more predictable in position. On one occadlmn facial vein was absent,
replaced by a transverse facial vein which ran iheosuperficial temporal vein. This

was in a hemiface with a normal arterial supply.
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Figure 2.9. Large 2.3 mm right transverse facial artery (TFARi23 year-old right-

handed female with absent (Type VI) right faciaégy.
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Mean transverse facial artery flow diameter wasifcantly larger in females than
males (one-way ANOVA test: 1.65 mm vs. 1.43 mm;.p80). A greater distance
from the lateral canthus was noted in males thafenmales for both the transverse
facial artery (60.59 mm vs. 56.7; p=0.002) and vEB8.46 mm vs. 57.99 mm,;
p<0.001). The facial artery was found further freime gnathion in males than in
females (69.5 mm vs 63.42 mm; p<0.001), as wadatial vein (77.46 mm vs. 71
mm; p<0.001). At position 3 (approaching the nada), the facial vein was found
further away from the cheilion in males than in &es (33.28 mm vs. 28.8 mm;

p<0.001).

Only one significant difference was noted betwearial groups (one-way ANOVA
test, p=0.001), that of mean distance from thestrarse facial vein to the lateral
canthus (Caucasian 58.59 mm, Asian 61.77 mm, Q&8 36 mm, Afro-Caribbean
59.42 mm). Increasing age was associated witin@eased mean distance of the
facial artery from the cheilion at position 3 (hide correlation, p=0.002).
Handedness was not associated with either incrdésgdliameter or distance from

facial landmarks using the one-way ANOVA test.
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2.4. Discussion

This is the first time such a large series of fagessel scans using colour Doppler
ultrasound has been described. The facial artgpples the submandibular gland,
masseter muscle and much of the anterior facedimguthe lips. The assessment of
facial vasculature is thus of particular importamdgen considering patient selection
for facial transplantation (Diveet al. 2006), as the pan-facial injuries being
considered by the UK facial transplantation tearhlikely include defects associated

with severe functional deficits around this area.

The facial vessels were easily found in the antddoe, due to their superficiality to
the skin. The mean facial artery diameter at tla@dibular crossing angle (2.6 mm)
correlates with previous studies (Pimml. 2005). The arterial diameter peters out as
the artery reaches the nasal ala, as describdw inadaver (Lohet al. 2004). The
facial artery was found an average of 18 mm latieréthe mouth, compared with 15.5
mm quoted elsewhere (Pinatral. 2005). The facial vein crossed the mandible at a
predictable point, similar to that reported in taglaver (7.4 cm vs. 7.5 cm) (Lokh

al. 2004). Importantly, in keeping with Nagase’s stodlfacial vessels (Nagase al.
1997) the artery and vein diverged widely from eater at the oral commissure.

The surgeon should be wary of this when plannicgfdlaps.

This study confirms the branching patterns of eén@dl artery reported in other series
(Lohn et al. 2004), although more individuals were reportecexdibit a Type IV
artery than previously reported (21.5% vs. 10%)t¢Mt al. 1973). This may be due
to the methodology used, or simply may represemttidler ethnic mix in our sample

population. The main trunk was absent or rudintgnia a small minority of
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individuals (2.5%), compared with between 0% a#idd@ioted elsewhere (Foley and

Erickson 1991; Lohrt al. 2004; Mitzet al. 1973; Niranjan 1988).

Importantly, this study verifies clinically the iildence of facial artery absence (Lohn
et al. 2004): one individual with Type VI (submental \aari) facial artery had
reciprocal transverse facial artery dominance. sTdanfirms previous observations
that compensation for an underdeveloped facialrnarteay come from a more
developed ipsilateral transverse facial or conteadd facial artery (Pinagt al. 2005),
and that several arteries may contribute to thisnpmenon (Mitzet al. 1973;

Nakajimaet al.2002; Niranjan 1988).

The branches distal to the ala (Types I-1ll) weot specifically measured for two
reasons. Firstly, our methodology meant that usdsscame more difficult to detect
the smaller they were, with probe application peoftic at the side of the nose and
at the medial canthus. Secondly, the terminal divisng pattern of the facial artery is
of little importance to a facial transplant grafthere proximal patterns are of more

significance.

Handedness was investigated as it has been sudgestne of the factors that might
influence arterial development: right-handed indipals have been reported to have
higher flow rate in the right external carotid aytéhan in the left (Bogremt al.
1994). No significant associations were foundhiis study between handedness and

flow diameter.
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Figure 2.10. Mean path of 200 facial arteries and veins in tmeent study (a); mean
path of 200 facial arteries and veins in the cad@ve(Lohnet al.2004).

a)

b)

79



Increasing age had little effect on facial vessenter or distance. Gender
differences in flow diameter of the main trunk bktfacial artery have previously
been found in some studies (Zhetoal. 2002) but not in others (Koét al. 2003). In
the current study there were often larger distanbesveen vessel and fixed
landmarks in males than females, probably duedmften larger facial proportions in
males. Interestingly, flow diameter largely did kidfer between sexes, apart from a
larger mean transverse facial artery diameter mafes. Racial differences in the
origin and distribution of the facial artery haveen reported previously (Mitt al.
1973; Nakajimaet al. 2002; Niranjan 1988) but other studies have shawite
different branching patterns within the same ragmup (Kohet al. 2003). There
was only one significant difference between ragralups in the current study: that of
the position of the transverse facial vein, whichsveonsiderably further away from

the canthus in Oriental faces.

There are many benefits to using colour Dopplerogosphy to assess facial
vasculature. It is non-invasive, mobile, easilpeated and (importantly) has the
ability to image veins. The facial vessels aralgdsund in the anterior face, due to

their superficiality to the skin.

Disadvantages include uncertain reproducibility doethe ‘fluid’ nature of the
measurements. Quantitative evaluation using digitdlipers is also prone to
variability (Zhaoet al. 2000). The wide variation and tortuosity of tlaeiél artery
made visualisation occasionally difficult. The @t amount of pressure has to be
maintained on the skin so as not to obliteratevttie wall. Vein flow varies with the

respiratory cycle, especially closer to the thor&o allowance was made for altered
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fluid status: although this may be of potential ortance in the assessment of the
facial transplant donor in the acute clinical seffiall individuals in the present study
were well-hydrated and received oral fluids priorthe assessment. Additionally,
vessel flow diameter represents maximal inflatiowd gives little indication of the
diameter when collapsed. The smaller-diameterstranse facial vessels (which lie
deeper than the facial vessels) sometimes proviéidutti to find, and indeed the
smaller pick-up rate for the vein than for the grtg8% vs. 75.5%) may reflect this.
Unlike the current study, patients selected fonaflatransplantation may not have
normal anatomy. However, this method could stdl ised for assessment of the

health of their vessels to ascertain which vesseisin intact after trauma.

The ability to locate and assess small vessel pgateas many other applications in

facial reconstruction. Colour Doppler ultrasoureth doe used in the planning of

aesthetic procedures such as face lift procedwiasg the transverse facial artery

supplies a large portion of the lateral face ldpf(Whetzel and Mathes 1997).

Figure 2.11. MicroMaxx™ colour Doppler ultrasound system in use.
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In the realm of facial transplantation, colour Digpprovides a good method of pre-
operative vascular imaging to establish the fehisilof raising facial flaps based on
the facial vascular pedicle. As part of this soreg@ process, colour Doppler
ultrasound could also help in establishing an dparaontingency plan to delineate
an alternative vascular pedicle should the fadi@rg be absent. The MicroMaxx™
system was chosen as it is mobile, hand-held,yetisihsported to the bedside, and
rapidly boots up (Figure 2.11); its robust natune ase in other critical care settings,
such as in the placement of central venous linesans that it has particular
application in the assessment of donor faces foralfaransplantation. Colour
Doppler ultrasound can be used by clinicians witins initial training in ultrasound
technique to outline the course, diameter andioglatof the facial and transverse
facial vessels in the anterior face. This techaighould therefore be considered a

valuable adjunct to the facial reconstructive sarge armamentarium.
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Chapter 3

3. The Development of a Skin Tonal Matching Scale fofacial

Transplantation

3.1. Introduction

3.1.1.  Human Skin Colour

Human skin acts as a physical barrier: it provideBrst-line defence mechanism
against infection; it protects against the damagfiigcts of ultraviolet radiation; and
it acts as a locus for the ultraviolet-driven prolon of vitamin D (Jablonski 2004).
Melanins are the skin’s primary pigment. Two typésnelanin exist: pheomelanin (a
reddish-yellow colour) and eumelanin (a dark braeblack colour) (Thodyet al.
1991). Eumelanin is characteristic of darker amntad skin, with phaemelanin

predominating in red-haired Caucasians for exar{ifiedyet al. 1991).

Melanocytes (specialised dendritic cells residingthe epidermal stratum basale)
produce melanins in specialized cytoplasmic ordaseatalled melanosomes. These
vary in size and amount of aggregation dependinglon type: darker individuals
sport larger melanosomes which are dense and sutighersed, deflecting more
ultraviolet light than lighter individuals (Jabldas2004). The epidermis of people
with darkly pigmented skin contains a more tighgbcked arrangement of cornified
cells within the stratum corneum, thus conferrimpmu it superior barrier properties

(Taylor 2002). Variation in pigmentation dependsren on the distribution,
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composition and size of melanocytes rather thanr thember, which remains

constant in most individuals (Lin and Fisher 2007).

Human skin colour boasts a large multiplicity ohdhs. On average, women have
slightly lighter skin than men (Jablonski and Cia@®000). Skin that is usually
exposed to the sun has a more intense red compaluento increased vascularization
(Andreassiet al. 1990; Kollias 1995). The quantity and type of améh are
determined by four to six genes operating undeormaete dominance. In addition
there is an interplay between the environment afevanajor genes accompanied by
modifier genes (Jablonski 2004). With each genaifesting several alleles, this
results in a multitude of skin colours. Humans alboée to distinguish a very large

number of these shades.

3.1.2.  The Fitzpatrick System of Skin Phototype Assessment

Skin type (and tone) can be assessed clinicallywbry imprecisely. Traditionally,

skin phototype is determined by dermatologists g@haktic surgeons using the
Fitzpatrick system (Fitzpatrick 1988). This cléigs skin into six skin phototypes,
termed types I-VI (Table 3.1). Four categories described for white-skinned
persons (skin type I, II, lll, IV), with brown skidassified as skin type V, and black
skin as skin type VI. Later the system was modifie include three brown skin
tones: type IV for light brown, type V for browmatype VI for dark brown or black

(Pathak and Fitzpatrick 1993). The clinical vabfethis system however lies in its
ability to predict tanning or burning potential. hi$ provides an indication of the
potential for transformation of the skin into carsceaused by ultraviolet radiation

(e.g. squamous cell carcinoma, melanoma). It pgesvithe clinician with a quick

84



method of assessing patient skin phototype withthe need for scientific
instrumentation. However this rating is subjectaed even efforts at objective
measurement of Fitzpatrick type have been focussedltraviolet radiation and its

sequelae (Ravnbak 2010).

Table 3.1. The Fitzpatrick system of skin phototyping.

Skin type  Colour Reaction to UVA  Reaction to sun

Type | Caucasian, _
_ N Always burns easily, never
blond or red hair, freckles, Very sensitive o
o tans; very fair skin tone
fair skin, blue eyes

Type ll Caucasian; Very sensitive Usually burns easily, tans
blond or red hair, freckles, with difficulty; fair skin
fair skin, blue eyes or tone
green eyes

Type lll Darker Caucasian, Sensitive Burns moderately, tans
light Oriental gradually; fair to medium

skin tone

Type IV Mediterranean, Moderately Rarely burns, always tans
Oriental, Hispanic sensitive well; medium skin tone

Type V Middle Eastern, Minimally Very rarely burns, tans
Latin, light-skinned black, sensitive very easily; olive or dark
South Asian skin tone

Type VI Dark-skinned black Least sensitive Nevemisudeeply

pigmented; very dark skin

tone
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Melanin pigmentation is either constitutive (i.engtically determined) or facultative
(i.e. secondary to ultraviolet light radiation espee) (Quevedat al. 1975); each
component of the Fitzpatrick system attempts togasskin either constitutive or

facultative properties of colour.

Herein lies the problem with applying the Fitzpekrsystem to facial transplantation.
Facial transplantation is a rather unique scendn®most optimal result will require
a good aesthetic (or cosmetic) match. Skin calwarguably one of the most obvious
physical characteristics. Burning (or tanning)ligbiis of less significance than
colour or tonegper se Additionally, although constitutive skin colobas been found
to be a more meaningful parameter than facultatkne colour in assessing skin type,
Fitzpatrick skin phototype does not correlate patarly well with measured
constitutive colour (Andreasst al. 1990). Finally, the darker skin types are notably

underrepresented, leading to limited applicabilityhese groups.

3.1.3.  The British Red Cross Skin Camouflage Matching Sysim
The British Red Cross use a skin camouflage magclsipstem which is more
representative of the skin types present in thegmpopulation (Glennie and Tagg-

Davis 2000).

The skin tones comprise 11 categories which aret meggesentative of the wide

variation of skin tone in the UK:
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Fair (e.g. red hair, freckles)

Slightly tanned white

Yellow (e.g. Chinese)

Ivory/beige (e.g. Japanese)

Olive (e.g. Spanish, Italian)

Light golden brown (e.g. light Asian)
Reddish brown (e.g. dark Asian)
Light to mid-brown

Mid brown

Brown/black

Black/black

Currently, this skin tone scale focussing on thenoetic aspects of tonal matching is
probably the closest to what is needed in facehdplantation. There are however
problems with this system: it is a crude scale ptigre is no definition of what

constitutes each category; the photographs arstantlardised and are poor quality.

It is clear that a new system of skin tone matchsngquired.

3.1.4. Methods of Analyzing Skin Tone

Historically, a number of methods have been usechtaracterise skin tone. In the
nineteenth century, von Luschan (von Luschan 188&pe one of the earliest
attempts to match areas of unexposed skin usincpie €omprised of a series of
coloured tiles or tablets. This method remainegutar until the emergence of
spectrophotometry in the mid-twentieth century {eas 1954). Reflectance

spectrophotometry remains in use for the assessafieskin pigmentation and tone,
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as it has a number of benefits: there is a consliatdance from the light source, and it
is an objective measurement (Jablonski 2004). d&¥ew the different types of
portable spectrophotometers available produce rdifte skin reflectance

measurements which are not directly comparable.th Bdkin pigmentation and

reaction to ultraviolet radiation have been measwith the Derma-Spectrometer
(Kollias 1995), the Datacolour International Midesth, and the Minolta Chroma
Meter CR-200 (a colour analyser for measuring #feective colour of surfaces by

the tristimulus system) (Andreasgial. 1990).

These methods are not readily available in mositaal environments. As the facial
graft donor will be assessed initially in a higlpdadency area, the portable
assessment of donor facial skin tone using easttessible equipment should remain

the goal of the facial transplant team.

Digital photography is one of the most widely asble methods used to measure skin
tone. The device can be set up at a fixed distandeat a fixed relative angle - in
standardised light settings - in order to minimliglt reflectance from the subject.
Pixels within an image can be analysed using cortialgr available image analysis
software (Adobe Photoshop CS2, Adobe Systems Iocaigd, USA) to give a mean
value for red, blue and green and luminosity. #ge mean value for red, blue and
green together can also be obtained: this is teraedRGB value’. Obijective
analysis of skin tone using such digital imagery haen used in a number of settings,
such as examining burn depth (Retaal. 1999), and scrotal skin colour changes in

monkeys (Geralét al. 2001).
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3.2. Methods and Materials

3.2.1. Case Ascertainment

Volunteers were recruited from within staff in tReyal Free Hospital, London.
Written informed consent was formally obtained ihvalunteers. Ethical approval
was obtained from the University College Londomélospitals Ethical Committee.
No volunteers were ineligible unless they had presifacial disfigurement, facial

discolouration or make-up, all of which might haskewed the results.

3.2.2.  Photographic Studio Set-Up

Digital photographic images (anterior-posteriorefathree-quarter view face, lateral
face and right forearm/hand) were obtained by aosanedical photographer. Al

photographs were taken on the same Fuji S2 diggtalera and 60 mm Nikon Nikkor
lens at 1SO-200 with a shutter speed of 1/125. pklbtographs were taken at a

distance of two metres from the subject.

The same studio was used in order to allow stamgiidn of background light using
electronic flash reflectors and diffusers. To mmize light drift, we used a tungsten
bulb of the same wattage at a standard distanoe stjects. Two lights and diffuser
panels providing front key lighting were positionad60 two metres from subject;
full power produced an aperture of f32. Two ligatsl diffuser panels providing rim
lighting were positioned at 45 three metres frdma subject; half power produced an
aperture of f22. A custom white balance settinghg a background white card
placed one metre behind the subject, was madedod ¢he colour temperature of the

lighting set up. The set-up of the studio is higfmied in Figures 3.1 and 3.2.
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Figure 3.1. Photographic image procurement in a studio settinder standard,

optimal and reproducible lighting conditions.
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Figure 3.2. Photographic image procurement studio setting.

3.2.3.  Monitor and Software Calibration

Image processing and assessment was conducted asiDgll Optiplex 3GHz
PC/Nvidia-256Mb video display graphics card with2a” Sony monitor. The
calibration process involved the initial pre-segtof various monitor characteristics to
specific standardised industry values. This wdkved by a series of sequential
steps using Gretag Macbeth Eye-One 2 software garerthat tone and colour were
displayed accurately (e.g. mid-grey should be digpd as Red=127, Green=127,
Blue=127). The monitor-specific profile was thanplemented and saved. To
accommodate changes in the monitor over time thplaly profile was revised on a

monthly basis.

A Gretag Macbeth Colour Checker Colour Renditiora€® (McCamy et al. 1976)
and was used for objective standardization of imaffegure 3.3). This chart,
measuring 83mm x 56mm in size, contains 24 colopagdhes arranged in a 6-by-4

array, each colour reflecting light the same waylinparts of the visible spectrum.
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This chart can be incorporated into photographthefface without obstructing the
selected target areas on the face (e.g. nose awetiefd). A Pro-Photo RGB
reference chart was accessed in order to provigeerece values and a visual guide

(www.colorremedies.com/realworldcolor/downloads.htm

Using the Adobe Photoshop CS2 ACR image convetiterjmages were converted
using the ACR 2.4 camera profile. This profile veadibrated so that it matched the
characteristics of the camera and lighting setansuring standardisation of image
workflow. Each photographic image was taken in RAWége file type, containing

raw untouched pixel information from the camerassen This was compared with
the standardized Gretag Macbeth colour spectrurhinvithe frame, and the image

calibrated accordingly, thus creating a Tagged krfate Format (TIFF) file.

Figure 3.3. The Gretag Macbeth Colour Checker Colour RendiGbart™.

When capturing sample images we also capturedatligitages of black and white

standards for calibration. Photographic black ahdeweflection standards were used

to maximize light absorption and minimize lightleetance, respectively.
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3.2.4. Image Analysis

Images were analysed within the Adobe Photoshop §iffvare package (Adobe
Systems Inc., USA). Captured image files were édaihto the software application,
in which pixel intensity values (mean, standardiaiéen and median) were obtained
for each of the RGB, red, green, blue and lumigolgvels (normal range 0-220,
where 0 = black and 220 = white) found within thstégram feature of the software
package (Figure 4.4). The term ‘RGB value’ refessan amalgamation of the
individual values for red, green and blue; thisueals calculated automatically within

Adobe Photoshop CS2.

The RGB method characterizes colour by displayinmeric measures of the three
basic colour components: ‘hue’, ‘value’, and ‘ch@m‘Hue’ refers to the generally
accepted interpretation of colour, and is meashyedssessing pixel brightness in the
three colour channels: red, green, and blue. GHameasures were graphically
represented in a colour diagram (see Figure 3@hroma’ refers to the saturation of
colour and this equates broadly to strength ortpwf colour. The ‘value’, also

known as brightness, refers to the relative damkiightness of the sample.

Faces were grouped into four separate regionskckesaple, forehead and nose. The
dorsal hand was also analysed for comparison. Ax3®@0 pixel and 100 x 100 pixel
fixed diameter area was used for analysis in tloe f@nd hand respectively. The

points taken in the face for analysis remained t@ons
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Figure 3.4. Anterior-posterior image of the forehead regionistbgram analysis of

the RGB channel.

The four points used for analysis were defined as:-
a) ‘Cheek’: the point midway between the angle of tuth and the root of
the helix.
b) ‘Temple’: the point superior to the zygomatic araidway between the
hairline and the lateral canthus;
c) ‘Forehead’: the central point midway between thabglla and the hairline;

d) ‘Nose’: the point midway from bridge to tip alorfgetdorsum of the nose.

On the dorsal hand, the fixed diameter area waegdlaentrally, midway between the
line of the metacarpophalangeal joints and the 6hehe radial and ulnar styloid
processes. Each analysis was performed on thefdoial images (and one dorsal

hand image) taken in each volunteer.
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Fair Slightly tanned white Yellow

Ivory-beige Olive Light golden brown
Reddish brown Light-to-mid-brown Mid-brown
Brown-black Black-black

Figure 3.5. Red Cross skin types (ST). Fair; slightly tannehitey ivory-beige;
ivory-beige; yellow; light golden brown; reddisholn; light-to-mid brown; mid-

brown; brown-black and black-black.
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3.3. Results

A total of 108 individuals were photographed (42nm@& women; age range 19-62,
mean age 35.5). Each participant was categorigedoine of eleven different Red
Cross skin types (Figure 4.5); there was a 95% peddent observer correlation
(p<0.05). Mean RGB, blue, green and luminositygalwere obtained in each image
(anterior-posterior face, lateral face and handpur areas: forehead, temple, cheek
and dorsal hand. From this, a pattern emerged wigtan RGB giving a
representation of specific tonal variation. Theamealues of three forehead images

(ID 1 = olive, ID5 = brown/black, ID16 = fair) ashown as an example (Figure 3.6).

Figure 3.6. Colour analysis of the RGB spectrum showing vaoradiin individuals

from three different Red Cross skin types: a) glivebrown/black; and c) fair. Lum

= luminosity.
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Eleven discrete skin tone types were categorisadaalysis of standardised facial
and hand images in the 108 volunteers as defingdy usean RGB values within
Adobe Photoshop CS2. Numbers of subjects exammedah tonal group are shown

in Table 3.2.
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Table 3.2. Numbers of photographic subjects examined (n=108).

Skin tone (ST1-11) Number
Fair (ST1) 16
Slightly tanned white (ST2) 17
Ivory/beige (ST3) 6
Olive (ST4) 11
Yellow (ST5) 7
Light golden brown (ST6) 15
Light-to-mid brown (ST7) 8
Mid-brown (ST8) 11
Reddish brown (ST9) 4
Brown/black (ST10) 6
Black/black (ST11) 7

Mean RGB values in the four facial regions are ghaw Table 3.3 and were
categorised according to Red Cross skin tone. égatar the hand region are shown
in Table 3.4. The forehead area was chosen asnttst easily accessible and
representative area for sampling, and due to tldemadistribution pattern of mean
RGB values. A graphical representation of the mR&B values obtained in the
forehead view is shown in Figure 3.7. The scals than used to attribute skin tone
to individuals. Mean RGB values for each Red Csigs tone in each region in the
face (forehead, temple, cheek and nose) are showigures 3.8-3.11. Mean RGB

values for the hand region are shown in Figure.3.12
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Table 3.3. Red Cross skin tones (termed ST1-11) in the f@eéhemple, cheek and

nose region of the face, categorised according38 Ralue.

Skin tone (ST1-11) Value (meash
Forehead Temple Cheek Nose
Fair (ST1) 211.35 209.19 209.67 193.09
(1.57) (2.4) (2.37) (2.11)
Slightly tanned white (ST2) 206.90 203.48 204.47 186.17
(2.00) (1.46) (1.73) (2.61)
Ivory/beige (ST3) 191.97 200.12 202.40 178.99
(3.48) (3.5) (3.7) (5.25)
Olive (ST4) 191.88 190.18 189.00 174.18
(3.09) (3.5) (4.43) (3.57)
Yellow (ST5) 171.11 175.51 180.23 168.10
(5.50) (7.39) (5.96) (6.92)
Light golden brown (ST6) 172.31 171.24 170.35 162.42
(3.73) (4.02) (4.5) (2.99)
Light-to-mid brown (ST7) 155.57 158.26 161.65 152.68
(6.58) (6.84) (7.55) (5.08)
Mid-brown (ST8) 139.22 137.77 142.54 129.27
(2.80) (3.65) (3.83) (2.65)
Reddish brown (ST9) 124.33 133.05 134.07 119.22
(13.27) (2.03) (5.03) (7.84)
Brown/black (ST10) 102.56 102.66 106.87 95.13
(5.51) (3.5) (4.18) (6.18)
Black/black (ST11) 81.67 96.46 103.16 74.04
(3.75) (7.09) (4.79) (3.42)
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Table 3.4. Red Cross skin

according to RGB value.

tones (termed ST1-11) in the haew,vcategorised

Skin tone (ST1-11)

RGB value (me&E)

Fair (ST1)

Slightly tanned white (ST2)
Ivory/beige (ST3)

Olive (ST4)

Yellow (ST5)

Light golden brown (ST6)
Light-to-mid brown (ST7)
Mid-brown (ST8)
Reddish brown (ST9)
Brown/black (ST10)
Black/black (ST11)

20§3L21)
202.21(3.88)
188.5(5.25)
1823.74)
179.08.00)
166.94(4.64)
161.69(6.03)
143.76.24)
127191.8)
118.85(3.36)
109.7@.48)
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Figure 3.7. Mean RGB value, range and 95% confidence intervalebch of the
eleven Red Cross skin tones, in the anterior-piostéorenhead view (n=108). A

circle/star represents an outlying image with valutside range.
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Figure 3.8. RGB values in each of the Red Cross skin toneghfoforehead region

(mean, range and range and 95% confidence intarwalt 08).
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Figure 3.9. RGB values in each of the Red Cross skin tonesthiitemple region

(mean, range and 95% confidence interval; n = 108).
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Figure 3.10. RGB values in each of the Red Cross skin tonesthircheek region

(mean, range and 95% confidence interval; n = 108).
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Figure 3.11. RGB values in each of the Red Cross skin tonesthi®mose region

(mean, range and 95% confidence interval; n = 108).
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Figure 3.12. RGB values in each of the Red Cross skin tonesthi@rhand region

(mean, range and 95% confidence interval; n = 108).

Using the data from representative forehead imagesnodified the order of Red
Cross skin tones according to the assessments afi R&B value, and compiled a
scale of discrete skin tone groups which could gedufor matching purposes as a
quick reference chart (Figure 3.13). Each repraesiee tone was taken from the
image with the least deviation from the median R&Rels identified previously. All
images were taken from the same forehead areaildesg@reviously, to reduce tonal

variability.
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Figure 3.13. Colour scale of skin tones (ST) for use in matchiog facial

transplantation. ST1 = fair (F); ST2 = slightlyhwteed white (STW); ST3 = ivory-
beige (IB); ST4 = olive (O); ST5 = yellow (Y); SEo6light golden brown (LGB); ST7
= light-to-mid brown (LMB); ST8 = mid-brown (MB); ® = reddish brown (RB);

ST10 = black-brown (Bl Br); ST11 = black-black (Bl).
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3.4. Discussion

Donor compatibility in facial transplantation hageln substantially focussed on
morphological or structural issues. Clearly theaves a gap in terms of skin tone
matching, something which cannot be easily and peently altered. Using a series
of standardised photographs we have thus sougbttoduce a bank of images with
which we have created a graded system of asseskimgone, with each skin tone
assigned a number. This will allow transplant sorgs to better delineate which skin

tones to use when performing facial transplant matg

Accurate analysis of skin colour has been widelyanexed previously. Many
different techniques of colour matching have reledsubjective means of analysis,
such as the use of paint chips. There are a nuwfbproblems with using this in
clinical practice (Geralcekt al. 2001). First, ambient light affect all components
colour. Second, colour chips or cards are vulderat wear-and-tear and fading.
Third, people vary with respect to ‘normal’ and nalomal’ assessment, and various
factors can further complicate colour assessméwiset include fatigue, especially
important in an after-hours assessment of a daua Iby the treating surgeon, and the
rather high incidence of colour blindness withie fpopulation. Colours adjacent to
one another can also affect colour appearancetr®pbhotometry overcomes some of
the subjective objections to using cards, howeklierdonsiderable expense and the
fact that there is a problem when multiple speat&in adjacent distribution, mean
that its use in this setting is somewhat limitéle thus sought to address these issues
by using digital photographic corroboration of asloby means of RGB value

analysis.
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We chose the RGB method of image analysis duestease of accessibility, ease of
use, and previous use in similar types of skin tanayses (Geraldt al. 2001). All
images were calibrated in their raw file formatdamalysed within Adobe Photoshop
CS2 as TIFF files. This was performed in orderpt@serve maximal image
information. Although the JPEG format of photodr@pimage has been used in the
remote digital analysis of burn depth (Retaal. 1999), this leads to the compression
of colour. The greatest and most significant lossmage information occurs with
colour more than spatial information (Neild and Ppv2001) so we sought to
standardise this as much as possible. The hunsamhsystem can distinguish about
hundreds of different saturation levels, and aroR@dlifferent shades, hence we can
distinguish hundreds of thousands of colours. Wherteiving coloured objects the
characteristics of the illumination source alsoéham important influence, therefore a

standardised photographic studio with reprodudihlenination source was used.

Lastly, the concept of an individual’s chronolodiege is important to the study of
pigmentation and skin tone: the quantity of metamadly active melanocytes
decreases over time and could affect whether oth@tmage is truly representative
of each group. As winter months are correlatedh wotver skin pigmentation rates
(Chaplin 2004), all photographic images were tattenng the winter months in order

to reduce the potential incidence of additive featite colour (Quevedet al. 1975).

It is important to note that for the potential fcgraft donor, there is likely to be a
loss of colour from the face following death. Téfere any assessment of facial skin
tone must be done as early as possible followingicetion to the facial transplant

team. In addition, the scale shows a groupingabtfies towards the fair end of the
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RGB spectrum, and is thus less discriminating fistimuishing fairer skin types.
This is easily explained by the more subtle chanigesolour saturation values

existing within these skin types.

We have defined an objective scale to categorige tekhe which we hope will be
useful in assessing objectively to which categdrslan tone a potential facial or
hand transplant recipient would be assigned tocréating this scale we thus hope to
aid the assessment of the donor face, which coal@ddrasioned remotely in the

future.
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Chapter 4

4. Skin Tonal Matching in Facial Transplantation

4.1. Introduction

4.1.1. Skin Type Assessment in Facial Transplantation

As facial transplantation becomes more commonplanaiching will become
critically important to successful patient outcom&®onor compatibility in facial
transplantation has been assessed previously ipatie@veric model; Baccaraet al

(Baccaraniet al. 2007) describe the morphological matching pro@sgsomprising

evaluation of:-

Gender
Skin texture
Features (nose, eyes, ears)

Size of head

Many of the above factors are modifiable. As thaftgs a pliable entity, head size
discrepancy may be modified by draping or stretgtohthe facial graft for a small
donor face, or by debridement of redundant tissueaf large donor graft. Skin
texture differences might occur with a large ageckhipancy, although such
discrepancy may be small compared with other fact@ender is included in this list
but is not likely to be of such critical importanes might be expected, ethical

considerations notwithstanding, as the facial gsalftstretch and distort considerably
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and any hair-bearing areas are likely to adapt He tecipient’'s hormonal
environment. Pronounced and distinctive soft as&atures however - most notably
the nose - can cause the chimeric face to resethblelonor to an unacceptable
degree (Baccararet al. 2007). In contrast, non-distinguishing soft tessacial
features are likely to mould to the recipients uhageg facial skeleton, creating a
hybrid chimeric face which primarily resembles thecipient. This has been
confirmed by cadaveric studies on identity transfemock facial transplantation

(Siemionow 2006).

The psychosocial sequelae associated with facisfigdrement should not be
underestimated. These derive somewhat from aituradtinability to send symbolic
facial messages, which when coupled with alteresihatic appearance can lead to
psychological morbidity such as stigmatisation,i@oanxiety and avoidance, poor
self-image and self-esteem, and substance abuse éFual. 2007). Clearly

unacceptable facial cosmesis plays a large ralearevolution of these sequelae.

A total of 52 hand and 13 face transplants have Ipeeformed worldwide (Wysong
2010). Although these have been matched for geratet broadly by race, no
indication has been given as to how precisely sipe matching was achieved, and
no-one has yet described a system for assessingasie (an important component of

the process) in either donor or recipient.
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4.1.2. Importance of Skin Tonal Matching to Facial Transplntation

Skin colour distribution, independent of facial forand skin surface topography,
seems to have a major influence on the perceptidiactal age and judgments of
attractiveness and health (Fiekal. 2006). This is further supported by the fact that
skin tonal mismatches following surgery (such asn sirafting) can cause
psychological morbidity. We feel that robust systeor aesthetic matching of skin
tone is therefore required for any facial and haadsplantation programme for the

following reasons:

a) Composite tissue transplantation is unique. Bloghface and hand are visible
to the naked eye, in direct contrast to solid organsplants where aesthetic

considerations are of no consequence.

b) The donor pool for facial transplantation will bestrained by the need for
matching for gender and/or age. By ascertaining clwvhiskin tone
donor/recipient matches are acceptable, we camaserour potential donor

pool.

c) The outcome following facial transplantation ne¢ul$e considerably better

than that achieved with standard plastic surgieabnstructive techniques in

order to justify its choice as a reconstructive aliyl.

d) The impact of a facial graft may be lessened iftthasplant looks similar to

the recipient, or has minor discrepancies (Goezgy).

113



4.2. Methods and Materials

4.2.1. Recipient Facial and Hand Transplant Images

A data set highlighting the distribution patterneach of the RGB areas for each
image was obtained as previously discussed in €nh&pt A group of eleven antero-
posterior facial images and dorsal hand images ahasen to represent each Red
Cross skin tone according to mean RGB value (seB0Be3.3). Using this data set,
we chose two representative groups to act as estipaces: skin tone 2 (‘slightly
tanned white’) and skin tone 6 (‘light golden bréwnThe first group was chosen as
it represented a common tonal group within thegadous UK population; the second
group represented a large minority group within tleeal population, which
demonstrated contrasting RGB tonal values withen data set previously obtained.
The two groups were chosen to provide sufficiemtiast between light and dark
recipient tones. A representative image for e&th tone was chosen by assessing
which image lay closest to the mean RGB value t®mgroup. In this way, both a
male and female recipient face and hand were adldor both recipient skin tones 2
and 6; appropriate donor face and hand tones waritagy obtained for types 1 to

11.

4.2.2. Creation of Simulated Face and Hand Transplant Imags

Using the data set we obtained previously, we eckatseries of simulated facial and
hand transplants, colour-matched to represent skichtone identified. This was

achieved in the following way. Areas likely to geafted in a full facial transplant or

a hand transplant were first delineated in theramtposterior facial and dorsal hand
images respectively. In the face, this area exadndterally anterior to the ear to

include the whole face and chin, mirroring the INkéacial graft in a whole facial
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transplant (Baccaramt al. 2007). The distinction between normal and adteslen
inferiorly was made at the superior neck level.isTas chosen to provide sufficient
contrast to perform questionnaire analysis of distiatonal mismatch. Part of the
neck was included to allow inclusion of the likedigje of facial vessel anastomosis
corresponding with the site reported from previopartial face transplants
(Devauchelleet al. 2006). In the hand, the simulated transplant eesgned at the
mid-forearm level to coincide with the site of drafttachment in previous hand

transplants.

The face and hand transplant simulations were padd using the ‘Colour Match’
facility within the Adobe Photoshop CS2 programmddbe Systems Inc., USA). In
each image, the area of facial or hand transplamilation was altered ten times in
order to produce ten colour-matched images (gielegen images in total, including
the original). This reproduced the eleven skinetondentified in the previous
photographic part of the study, providing elevercidh and hand transplant
simulations. The order of hand or facial simulatimages was randomised using true
random generator techniques (www.random.org, Appef) and made into a
customized flipchart booklet. Images were showe-byone, in a random order
within a customized flip-chart. Each image occdpits own page on the flipchart,
and each volunteer was shown the complete flipobiace to avoid repeated direct
comparison between different shades. The proceas vepeated in both
representative skin tone groups to make a seriesimblated facial transplants
(Figures 4.1 and 4.2). A sample of simulated haadsplant images is shown in

Figure 4.3.
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Each colour-matched image was compared with thginadi tone from which the
colour was sampled. There were no significantedéiices between mean RGB

values of each simulated image and mean RGB valutbe original donor image for

each of the images%0.05, two sided).
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Figure 4.1. Facial transplant simulations using a skin tonsl@litly tanned white)
male recipient with overlying sampled donor skings. Each image is presented in a
randomised order (1 = brown-black skin tone overfay olive skin tone overlay, and

SO on).
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Figure 4.2. Facial transplant simulations using a skin tondight golden brown)
female recipient with overlying sampled donor skines. Each image is presented in
a randomised order (1 = slightly tanned white $&ime overlay, 2 = control image, no

overlay, and so on).
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Figure 4.3. Hand transplant simulations using a skin tone @i{gl tanned white)
female recipient with overlying sampled donor skines. Each image is presented in
a randomised order (1 = ivory-beige skin tone @ser = fair skin tone overlay, and

SO on).
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4.2.3. Case Ascertainment

A total of 122 volunteers were recruited into thedy (61 males, 61 females) after
correctly identifying their own facial skin tonepy on a panel of images representing
each of the eleven discrete skin tones previougbntified (Figure 3.5). The
volunteer’s skin tonal type was recorded by twoejmehdent assessors. There was a
95% correlation between volunteer and assessouawah of volunteer skin tone
(Pearson correlatiom<0.05). Volunteers who correctly assessed their skin tone
were recruited into the study, in order to elimenaésponses based on potentially
aberrant perceptions of skin tone. We chose tdystbservations made by two
representative skin tone types: skin tone 2 (‘shgkanned white,” n=60) and skin

tone 6 (‘light golden brown,” n=62).

4.2.4. Questionnaire Study

For the questionnaire part of the study, volunteeree firstly asked to state which of
the eleven facial images and eleven hand imagessepted the original non-altered
image. They were then asked to state how confitleey were in their choice,
marked on a modified Likert scale (-7.0 to 7.0pgiag from ‘not confident’ to ‘very
confident’ respectively. The volunteers then utieel same scale to rate a series of

randomised simulated face and hand transplant toismhatches in terms of:

a) Acceptability

b) Attractiveness

c) Normality
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The Likert scale and questionnaire used are showAppendix C. For responses
which required an estimation of whether simulatiomgre deemed broadly
acceptable, normal or attractive by participantesponse was termed ‘positive’ if it

was above zero; a response was termed ‘negatitavds below zero.

‘Acceptability’ was defined as how socially accdpéathe participant would find
each of the simulated facial or hand transplaritdormality’ was defined as how
close to the average or normal face or hand eacthefsimulations appeared.
‘Attractiveness’ was defined as the perceptiorhefphysical traits of an individual as
being aesthetically pleasing or beautiful. Eachthefse terms was clearly framed
within the context of the participant appraisingimulated transplant of their own

face.

Gender of participant was linked with the imagemed, such that all the men viewed
the same 11 pictures created on one male recipreage, and all the women viewed
the same 11 pictures based on one female imadevoldhteers within the skin tone
2 (slightly tanned white) group viewed transplantidations created on a skin type 2
recipient; similarly, all skin tone 6 (light goldebrown) volunteers viewed

simulations of a skin tone 6 recipient.

4.3. Results

4.3.1. Correlations between Acceptability, Attractivenessand Normality
There were significant correlations between acd®migtg attractiveness and

normality in all skin tonesp0.01, Pearson correlation, two-tailed). This oced in
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both simulated hand transplant and facial transplaages, and in both skin tone 2

and skin tone 6 participant groups.

4.3.2.  Skin Tone 2 (Slightly Tanned White) Participants

A total of 30 males (aged 23-60, mean 34) and Bfafes (aged 22-59, mean 34)
from skin tone 2 were recruited into the questiampart of the study. There was no
gender difference in correct identification of gentrol face (2 = 1.176df = 1,p =
0.278) or hand @ = 0.162,df = 1,p = 0.688). When asked to make a choice over
which simulation was the control image, there wagslifference in confidence rating
between facial{ = 0.45) or hand = 0.693) transplant images. There were no
gender differences in the percentages of corredtiacorrect responses, with no
significant difference in mean confidence ratingseg by male and female
participants assessing simulated facial transglant0.757,df = 57,p = 0.45, two-

sided) and hand transplant=(0.397,df = 57,p = 0.693, two-sided) control images.

i.  Skin Tone 2 (Slightly Tanned White) Facial Transpia Simulations
The mean rates of acceptability for skin tone Bgly tanned white) participants are
shown in Table 4.1. There were statistically sigaifit differences between mean
levels of acceptability for each donor skin typmgliation examinedR(10, 590) =
238.183 MSE = 4.915,p < 0.001, one-way repeated measures ANOVA) as shiown

Figure 4.4.

There was a statistically significant interactia@tieen gender and donor skin tone on

acceptability F(10, 580) = 5.362MSE = 4.577,p < 0.001, one-way repeated

measures ANOVA). Post hoc application of the irdefent samples t-test showed
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mean acceptability ratings were significantly geedbr males than females for light
golden brown donor simulations £ 3.894,df = 58,p < 0.001, two-sided); light-to-
mid brown simulationst(= 4.893,df = 58, p < 0.001, two-sided); and mid-brown
simulations { = 2.997,df = 58,p = 0.004, two-sided). For this group of skin téhe
participants, more groups were deemed acceptabtetfas potentially available for
matching) for males than for females: a total of donor skin tones for males,
compared with three acceptable donor skin tonedeimales (excluding the control
facial transplant simulation). Male participantsted that there were more numerous
acceptable mismatches for facial transplant sinaratthan for the hand transplant
simulations (six donor skin types compared witleéhdonor skin tones, excluding the
control simulation). The percentage of particigawho rated the tonal mismatches

acceptable is shown for both facial and hand tdam$gimulations (Figure 4.5).
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Table 4.1. Mean (i#5D) acceptability ratings of facial transplant sintidas (skin
tone 2 participants, n=60). Simulations were laido a skin tone 2 recipient face
(scale ranged from most acceptable (7) to mostaamable (-7)). * = Control image;

8 = Significant gender difference at the& 0.05 level.

Donor skin tone (ST1-11) Meacceptability (+SD)
Fair (ST1) 4.8(10702)
Male 3.04(1.499)
Female 4.58(1.881)
Slightly tanned white (ST2) 5.398(1.525)*
Male 5.5(1.314)
Female 5.296(1.727)
Ivory/beige (ST3) 4.248(2.151)
Male 4.167(2.236)
Female 4.330(2.097)
Olive (ST4) 3.983(2.210)
Male 4.137(2.038)
Female 3.383(2.095)
Yellow (ST5) -.276(3.566)
Male .223(3.484)
Female -.776(3.635)
Light golden brown (ST6) -1.103(3.375)8
Male 420(3.428)
Female -2.627(2.572)
Light-to-mid brown (ST7) 1.270(3.512)8
Male 3.157(2.250)
Female .616(3.575)
Mid-brown (ST8) -4.188(2.234)8
Male -3.377(2.514)
Female -4.9991.573)
Reddish brown (ST9) -5.128(1.810)
Male -4.737(1.947)
Female -5.520(1.599)
Brown/black (ST10) -5.420(1.582)
Male -5.217(1.742)
Female -5.623(1.405)
Black/black (ST11) -5.765(1.433)
Male -5.753(1.364)
Female -5.776(1.522)
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Figure 4.4. Donor skin tones for a simulated facial transplagtformed onto a skin
tone 2 (slightly tanned white) recipient; 95% cdefice interval error bar graphic for
mean acceptability (acceptance) values as ratettibytone 2 participants. Error bars
that do not overlap with one another indicate stigtl significant differences.

* = Control image.
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Slightly tanned white (type 2) recipient
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Figure 4.5. Percentage of skin tone 2 (slightly tanned whig=pondents rating
donor-recipient skin tonal matches acceptable imdhand face transplant
simulations onto a skin tone 2 (slightly tanned t@hrecipient (n=60). * Control

image.

In terms of perceptions of attractiveness, skinet@n(slightly tanned white) male

participants were more likely to accept tonal miwhas than females, with a

statistically significant interaction between gend@d skin tone on attractiveness

rating using independent sample t-test. Attraciss ratings were higher in males

for light golden brown donor simulations%£ 2.161,df = 58,p = 0.035, two-sided),
for light-to-mid brown simulationst & 5.187,df = 58,p < 0.001, two-sided), and for

mid-brown simulationst(= 2.348,df = 58,p = 0.022, two-sided).
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The interaction between donor skin tone and pei@eptof normality was also
significant, with males reporting higher rates ofmality than females when viewing
images of light golden brown simulatiorts<3.994,df = 58,p < 0.001, two-sided);
light-to-mid brown simulationst (= 6.809,df = 58,p < 0.001, two-sided); mid-brown
simulations { = 3.627,df = 58,p - 0.001, two-sided); and reddish brown simulations
(t=2.07,df = 58,p = 0.043, two-sided). Mean values of acceptabilityractiveness,

normality for the facial transplant simulations at®wn in Figures 4.6 to 4.11.

Figure 4.6. Mean, range and standard error of ratings of aabdjy of facial
transplant simulations, as assessed by skin to(sfightly tanned white) males.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggtiéd with a circle or star.
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Figure 4.7. Mean, range and standard error of ratings of aiwemess of facial
transplant simulations, as assessed by skin to(stightly tanned white) males.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggtiéd with a circle.
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Figure 4.8. Mean, range and standard error of ratings of natynalf facial
transplant simulations, as assessed by skin to(sfightly tanned white) males.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggtiéd with a circle or star.
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Figure 4.9. Mean, range and standard error of ratings of aabdjy of facial
transplant simulations, as assessed by skin tqiséghtly tanned white) females.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggtiéd with a circle or star.
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Figure 4.10. Mean, range and standard error of ratings of di&mess of facial
transplant simulations, as assessed by skin tqiséghtly tanned white) females.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggttéd with a circle or star.
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Figure 4.11. Mean, range and standard error of ratings of natynaf facial
transplant simulations, as assessed by skin tqiséghtly tanned white) females.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggtiéd with a circle or star.

ii.  Skin Tone 2 (Slightly Tanned White) Hand TransplaBimulations

There were statistically significant differencestvieen the mean levels of
acceptability between the different donor skin tesmaulations(F(10, 590) = 237.96,
MSE = 4.623,p < 0.001, one-way ANOVA). There was a significamteraction
between gender and donor skin tone on acceptalgiiii0, 580) = 5.131MSE =

4.321,p < 0.001) as highlighted in Table 4.2 and Figute&4.
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Table 4.2. Mean (£SD) acceptability ratings of hand transpkamtulations (skin tone
2 participants, n=60). Participants assessed atiook laid onto a skin tone 2
recipient hand (scale = acceptable 7, unacceptable * = Control image;

8 = Significant gender difference at the& 0.05 level.

Donor skin tone (ST1-11) Mean eeptability (£SD)

Fair (ST1) 4.489.577)
Male 4.190(1.525)
Female 4.788(1.596)

Slightly tanned white (ST2)

.863(1.225)*

Male 5.903(1.178)
Female 5.822(1.289)
Ivory/beige (ST3) 4.644(1.612)
Male 4.260(1.703)
Female 5.028(1.439)
Olive (ST4) -2.026(3.475)8
Male -.990(3.395)
Female -3.063(3.289)
Yellow (ST5) -2.476(3.058)8
Male -1.297(2.977)
Female -3.655(2.7)
Light golden brown (ST6) -2.975(2.799)
Male -2.643(2.554)
Female -3.307(3.030)
Light-to-mid brown (ST7) -.319(3.692)8
Male .997(3.581)
Female -1.635(3.364)
Mid-brown (ST8) -4.947(2.149)
Male -4.917(2.037)
Female -4.977(2.291)
Reddish brown (ST9) -5.271(2.251)
Male -5.48((1.818)
Female -5.063(2.629)
Brown/black (ST10) -4.723(2.549)
Male -4.420(2.903)
Female -5.0252.145)
Black/black (ST11) -5.409(2.024)
Male -5.457(1.794)
Female -5.361(2.261)
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Figure 4.12. Donor skin tones for simulated hand transplaet$opmed onto
a skin tone 2 (slightly tanned white) recipient?®sonfidence interval error
bar graphic for mean acceptability (acceptanca)esl Error bars that do not
overlap with one another indicate statistical digant differences.

* = Control image.

Independent samples t-test mean acceptabilitygstior the hand simulations were
significantly higher in males than females in thdemor groups: olivet (= 2.402,df =

58, p = 0.020, two-sided), yellowt £ 3.214,df = 58, p = 0.002, two-sided), and light-
to-mid brown { = 2.934,df = 58,p = 0.005, two-sided). Mean attractiveness ratings
were significantly higher for male participants kawog at simulations of the following
donor skin tones: olive € 2.284 ,df = 58,p = 0.026, two-sided), yellow & 3.156,df

= 58, p = 0.003, two-sided), and light-to-mid-browh= 3.962,df = 58,p < 0.001,
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two-sided). There was a significant interactiotme®n gender and donor skin tone
when looking at perceptions of normality in the ¢hadmnsplant simulationg=(10,
570) = 6.235,MSE = 3.36Q p < 0.001), with significantly increased ratings of
normality reported by male participants when assgdbe following donor skin tone
simulations: olive (= 2.460,df = 58,p = 0.017, two-sided), yellowt & 3.294,df =
58, p = 0.002, two-sided), and light-to-mid brown=3.669,df = 58,p = 0.001, two-
sided). Acceptability, attractiveness and normgdbtr the hand transplant simulations

is shown graphically in Figures 4.13 to 4.15.

Figure 4.13. Mean, range and standard error of ratings of aaebdpy of hand
transplant simulations, as assessed by skin to(sfightly tanned white) males.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggtiéd with a circle or star.
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Figure 4.14. Mean, range and standard error of ratings of diveess in males
of skin tone 2 (slightly tanned white) when assggsiand transplant simulations.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggttéd with a circle or star.
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Figure 4.15. Mean, range and standard error of ratings of natynaf hand
transplant simulations, as assessed by skin to(stightly tanned white) males.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggttéd with a circle or star.

137



4.3.3.  Skin Tone 6 (Light Golden Brown) Participants

A total of 31 males (age 21-61, mean 28.3) ande®dafes (age 21-60, mean 33.6)
from skin tone 6 (light golden brown) were entenei the study. The majority of
participants (females: face 25/31, hand 23/31; sadkce 28/31, hand 26/31) could
correctly identify the control image, with no gendéference in correct identification
of the control face @ = 1.17,df=1,p=0.79) or hand @ = 0.876df = 1,p = 0.349).
For the male group, there was no significant defifee between the mean confidence
rating for identification of the control images ¢&a3.61, hand 3.75%) = 0.45),
although for females there was a discrepancy (#2687, hand 2.213p = 0.02).
There was no significant difference in mean comfaeratings given by male and
female participants assessing the simulated faeasplant control images £ 1.541,

df = 60,p = 0.129, two-sided). However, there were higheamconfidence ratings

for males than females £ 2.755,df = 60,p = 0.008, two-sided) in the hand transplant

group.

iii.  Skin Tone 6 (Light Golden Brown) Facial Transplar@imulations

There were statistically significant differencesvilen mean levels of acceptance for
each donor skin type simulation examinéq10Q, 600) = 125.886MSE = 6.307,

p < 0.001, one-way repeated measures ANOVA). Tharea statistically significant
interaction between gender and donor skin tonecoa@ability £(10, 590) = 11.192,
MSE=5.391,p < 0.001, one-way repeated measures ANOVA) as showable 4.3.
Post hoc application of the independent samplesttdhowed significantly greater
acceptability ratings for male than female paraois when viewing the following
simulations: yellow (= 5.447,df = 60,p < 0.001, two-sided); reddish browh <%

5.407,df = 60,p < 0.001, two-sided); and mid-browh= 4.517,df = 60,p < 0.001,
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two-sided). Interestingly however, females expedsssignificantly higher
acceptability ratings than males when viewing gligtanned white donor simulations

(t=-2.099,df = 60,p = 0.04, two-sided).

Mean attractiveness ratings were significantly bigfor male participants looking at
facial transplant simulations using the followingndr skin tones: yellowt & 4.153,
df = 60,p < 0.001, two-sided); reddish brown= 4.02,df = 60,p < 0.001, two-sided);
and mid-brown t( = 3.872,df = 60, p < 0.001, two-sided). Interestingly males
expressed higher attractiveness ratings than fenwaben assessing the control light
golden brown imagegd € 3.67,df = 60,p = 0.001, two-sided). Females on the other
hand expressed higher attractiveness ratings tf@esmvhen looking at simulations

using the fair donor skin tone%£ -2.136,df = 60,p = 0.037, two-sided).

There were significantly increased ratings of ndityjaeported by male than female
participants when rating the following donor skomé¢ simulations: yellowt = 4.871,

df = 60,p < 0.001, two-sided); mid brown € 3.482,df = 60,p = 0.001, two-sided);
and reddish brown & 6.688,df = 60,p < 0.001, two-sided). Again, males rated the
control light golden brown images more ‘normal’ thdid females within the same

skin tone groupt(= 2.689,df = 58,p = 0.009, two-sided).
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Table 4.3. Mean acceptability ratings of facial transplant @iations (skin tone 6
participants, n=62). Participants assessed simoktaid onto a skin tone 6 recipient
face (scale = most acceptable 7, most unacceptahle* = Control image;

8 = Significant gender difference at the& 0.05 level.

Donor skin tone (ST1-11) MexcceptabilitySD)

Fair (ST1) -4.318.769)
Male -4.710(1.469)
Female -3.926(1.972)

Slightly tanned white (ST2) -3.260(2.853)8
Male -4.000(2.010)
Female -2.519(3.368)

Ivory/beige (ST3) .885(3.539)
Male .268(3.413)
Female 1.503(3.609)

Olive (ST4) -1.261(3.598)
Male -1.497(3.465)
Female -1.026(3.768)

Yellow (ST5) 1.194(3.737)8
Male 3.326(2.719)
Female -.939(3.407)

Light golden brown (ST6) 5.237(1.879)*
Male 5.884(1.315)
Female 4.590(2.127)

Light-to-mid brown (ST7) 3.361(2.487)
Male 3.560(2.414)
Female 3.168(2.581)

Mid-brown (ST8) 2.632(3.131)8
Male 4.197(1.315)
Female 1.068(3.446)

Reddish brown (ST9) -2.681(2.778)8
Male -1.103(2.797)
Female -4.258(1.652)

Brown/black (ST10) -4.737(1.683)
Male -4.716(1.887)
Female -4.758(1.482)

Black/black (ST11) -5.169(1.570)
Male -5.290(1.467)
Female -5.048(1.683)
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Iv.  Skin Tone 6 (Light Golden Brown) Hand Transplant @&ulations

Application of the independent samples t-test shibw&gnificantly greater
acceptability ratings for males than females whiewing yellow ¢ = 11.206 df = 60,
p < 0.001, two-sided) and olivé € 5.59,df = 60, p < 0.001, two-sided) donor
simulations. However, females expressed signifigamgher acceptability ratings
than males when viewing slightly tanned white=(-2.829,df = 60,p = 0.006, two-
sided) and light-to-mid-brownt = -11.669,df = 60, p < 0.001, two-sided) donor

simulations (Table 4.4).

Mean attractiveness ratings were significantly bigfor male participants assessing
olive (t = 5.716,df = 60,p < 0.001, two-sided) and yellow £ 11.75,df = 60,p <
0.001, two-sided) hand transplant simulations. nGtfe however, female ratings of
attractiveness were much higher in the followinga@loskin tone simulations: light-
to-mid-brown ¢ = -17.965,df = 60,p < 0.001, two-sided); ivory-beige € -3.036,df

= 60,p = 0.004, two-sided); slightly tanned white=(-4.225,df = 60,p < 0.001, two-
sided); fair { = -2.97,df = 60,p = 0.004, two-sided); and interestingly reddishwamo

(t=-2.588df = 60,p = 0.012, two-sided).

There were significantly increased ratings of ndityaeported by male participants
when assessing oliveé £ 5.67,df = 60,p < 0.001, two-sided) and yellow £ 11.881,
df = 60,p < 0.001, two-sided) donor skin tone simulatiortdowever, interestingly
females expressed significantly higher ratingsnimmality in the light-to-mid brown
simulations { = -23.752,df = 60, p = 0.001, two-sided), along with lesser but still
significantly higher ratings in the ivory-beige £ -2.684,df = 60,p = 0.009, two-

sided) and slightly tanned white< -3.583,df = 60,p = 0.001) donor group.
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Table 4.4. Mean acceptability ratings of hand transplant sanahs (skin tone 6
participants, n=62). Participants assessed simoktaid onto a skin tone 6 recipient
hand (scale = most acceptable 7, most unacceptable* = Control image;

8 = Significant gender difference at the& 0.05 level.

Donor skin tone (ST1-11) MeenceptabilitSD)
Fair (ST1) -4.222.102)
Male -4.681(1.624)

Female

Slightly tanned white (ST2)

-3.777(2.434)
-2.261(3.233)8

Male -3.361(2.54)
Female -1.161(3.507)
Ivory/beige (ST3) -2.477(3.233)
Male -3.1(2.876)
Female -1.855(3.406)
Olive (ST4) 1.303(4.139)8
Male 3.697(3.164)
Female -1.09(3.603)
Yellow (ST5) 1.208(4.501)8
Male 4.881(1.546)
Female -2.465(3.306)
Light golden brown (ST6) 5.294(1.563)*
Male 5.552(1.516)
Female 5.035(1.591)
Light-to-mid brown (ST7) 1.273(4.670)8
Male -2.587(3.337)
Female 5.132(1.559)
Mid-brown (ST8) -4.439(1.648)
Male -4.426(1.75)
Female -4.45(1.568)
Reddish brown (ST9) -4.590(2.220)
Male -5.113(1.523)
Female -4.068(2.671)
Brown/black (ST10) -4.652(1.638)
Male -4.648(1.392)
Female -4.655(1.876)
Black/black (ST11) -5.042(1.583)
Male -5.3(1.33)
Female -4.784(1.785)
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Figure 4.16. Percentage of skin tone 6 (light golden brown) oesignts rating
donor-recipient skin tonal matches acceptable imdhand face transplant

simulations onto a skin tone 6 (light golden browegipient. * Control image.
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Figure 4.17. Mean, range and standard error of ratings of dabdjy of facial
transplant simulations, as assessed by skin tofigl& golden brown) females.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggtiéd with a circle or star.
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Figure 4.18. Mean, range and standard error of ratings of diemess of facial
transplant simulations, as assessed by skin tofligla golden brown) females.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggttéd with a circle or star.
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Figure 4.19. Mean, range and standard error of ratings of natynaf facial
transplant simulations, as assessed by skin tofligle golden brown) females.
Simulated donor skin tone is listed on the lefheTontrol image is highlighted in

blue; values which lie outside the range are hggttéd with a circle or star.

For the skin tone 6 respondents, there were maoteptable groups available for
males than for females (males, four groups; fem#hese groups). In the skin tone 2
group, more acceptable groups were available fdesrthan for females (males, six
groups; females, three groups). There was gegeralie scope in variability of tonal
matching in skin tone 2 than skin tone 6 individud&llable 4.5). Skin tonal
mismatches were often more tolerated in facial ihamand transplant simulations, as

highlighted in Figures 4.20-4.23.
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Figure 4.20. More facial transplant skin tonal mismatches ateréded than hand
transplant tonal mismatches. Graph shows accéipgalatings for face transplant
simulations in skin tone 2 (slightly tanned whipgrticipants: five groups in total
are deemed broadly acceptable. Donor skin toreeséed on the left. Error bars

show mean and 95% confidence interval. * Contra@ge.
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Figure 4.21. More facial transplant skin tonal mismatches aterated than hand
transplant tonal mismatches. Graph shows accdipyattings for hand transplant
simulations in skin tone 2 (slightly tanned whitggrticipants: three groups are
deemed broadly acceptable. Donor skin tones aredlion the left. Error bars

show mean and 95% confidence interval. * Contrage.
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Figure 4.22. More facial transplant skin tonal mismatches aler&wed than hand
transplant tonal mismatches. Graph shows accdpgalvatings for facial

transplant simulations in skin tone 6 (light goldeown) participants: five groups
are deemed broadly acceptable. Donor skin toreeséed on the left. Error bars

show mean and 95% confidence interval. * Contrage.
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Figure 4.23. More facial transplant skin tonal mismatches aler&wed than hand
transplant tonal mismatches. Graph shows accdipyattings for hand transplant
simulations in skin tone 6 (light golden brown) tmapants: four groups are
deemed broadly acceptable. Donor skin tones aredlion the left. Error bars

show mean and 95% confidence interval. * Contrage.
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Table 4.5. Acceptability of facial and hand transplant siatidns for participants of
slightly tanned white (ST2) and light golden bro(8716) skin tone. Both viewer and

simulated transplant recipient share the sametskim. * Control image.

Sample no(%) reporting acceptable donor-

recipient match

Donor skin tone (ST1-11) Recipient skin tone (SI)1-1
Slightly tanned white  Light golden brown
Face
(ST2) (ST6)
Fair (ST1) 556.7) 2(3.2)
Slightly tanned white (S2) 59(98.3) 7(11.3)
Ivory/beige (ST3) 57(95) 35(56.5)
Olive (ST4) 56 (93.3) 23(37.1)
Yellow (ST5) 29 (48.3) 22(64.5)
Light golden brown (ST6) 22(36.7) 60 (96.8)
Light-to-mid brown (ST7) 39(65) 54(85.2)
Mid-brown (ST8) ®) 49(79)
Reddish brown (ST9) 2(3.3) 11(17.7)
Brown/black (ST10) 1(1.7) 1(1.6)
Black/black (ST11) @0) 1(1.6)
Hand
Fair (ST1) 60(100) 4(6.5)
Slightly tanned white (ST2) 60 (100)* 14(22.6)
Ivory/beige (ST3) 59(98.3) 14(22.6)
Olive (ST4) 14(23.3) 40(64.5)
Yellow (ST5) 1(20) 36(58.1)
Light golden brown (ST6) 10(16.7) 62 (100)
Light-to-mid brown (ST7) 28(46.7) 37(59.7)
Mid-brown (ST8) ®) 0(0)
Reddish brown (ST9) 3(5) 2(3.2)
Brown/black (ST10) 3(5) 0(0)
Black/black (ST11) 3(5) 0(0)
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4.4. Discussion

A number of the findings in this study have praatianplications for the facial
transplant matching team. First, skin tonal misiaig was tolerated more in the
face than in the hand simulated transplants. Tbidd be for a number of reasons.
Perhaps individuals feel that they can see theidliaemselves, whereas their face is
less immediately visible. Results from the fadrahsplant cohort performed so far
would seem to support this, with adaptation seelypiegsier to affect in facial graft
recipients than in hand transplant recipients (Wgs@010). Perhaps the quite
marked skin tonal difference at the level of thastamosis in a hand transplant may
cause the patient to consider the mismatch mommipemnt, whilst at the level of the
facial anastomosis, there is a natural line whheeface meets the neck. It is not
unusual for the neck to exhibit different skin tbrharacteristics than the face,
because of altered ultraviolet light exposure aifférént structural skin composition.
This difference may therefore simply occur becaofséhe site of the anastomosis.
This may have clinical repercussions were for eXanthe facial reconstructive
surgeon to decide to transplant part of a facd) e line passing through a natural
sub-unit. It would be interesting to know if thessults would be reproduced in such

a case.

Second, there were significant interactions betwgemder and skin tone on
acceptability (p<0.001), with males reporting higihgean acceptability ratings than
females. More groups were available for matchmgnales than in females. In skin
tone 6 participants, significantly higher accepigbiratings for simulations using
skin tone 2 (slightly tanned white) donor were fdun females than in males. We

therefore suggest that accuracy of skin tonal niragchnay be even more important in
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female transplant candidates. This is supportedvdnk in port wine stain patients,

which suggested that females are far more likedntimen to use camouflage make-
up (Lanigan and Cotterill 1989). Considerably mdemales than males are
dissatisfied with some aspect of their appearancéaige scale studies, although

appearance is also increasingly important in mearrijsland Carr 2001).

Females exhibit generally lighter pigmentation thaales (Jablonski and Chaplin
2000). Some authors have observed that the abimasct human infants and human
females is partly due to their lighter pigmentatitrat lighter-coloured adult females
are perceived as more feminine than are darkerlésmand therefore are preferred as
partners (Frost 1988). Clearly however there sxisinsiderable cultural variability.
The skin contains information not just on ethnigior but also gives an indication of
whether a person has been exposed to the surdagdime, which in some cultures
can reflect socio-economic status. The colourkai $ias always been a subject of
controversy, and still causes discrimination andaurtreatment of (mainly) non-
white people, but also of any person whose skime tisnviewed as being markedly
different: such as white albinos in Africa wherdiaism has for centuries been

viewed as a stigma (Cruz-Inig al. 2011).

In this study there was support for the notion tipatrceptions differ among
individuals of differing skin tone. There was m@®ope available for variability of
tonal matching in skin tone 2 (slightly tanned wlithan in skin tone 6 (light golden
brown) participants. We suggest that this couldehaccurred for a number of
diverse socio-cultural reasons. In the 1960s af@d04 tanning amongst fair

individuals was thought of positively in the Westiggesting radiant health, well-
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being or wealth — the external sign of being aldeafford to travel to sunny

destinations. This has encouraged the developaiensun-tanning industry (Randle
1997). Although the 1990s brought the advent dé-p@oking models into the

cultural milieu, such perceptions do still remaln.contrast, in certain Asian societies
- in whose origins sat the majority of the obsesv@ssessing the ‘light golden brown’
simulated facial transplant group - a lighter sisiroften thought to indicate a higher
social status and sun avoidance is actively pursuadeed, in some countries skin
bleaching agents containing hydroquinone or stepoggharations are readily available

to apply to the skin (Taylor 2002).

All volunteers viewed images of their own gended akin tone. This was done for
two reasons. First, we wished to eliminate peioaptof attractiveness within the
opposite sex, which may have biased some of thstign@aire responses. Second, as
the primary beneficiary of a composite tissue alasplant is the recipient, it is the
recipient’'s perception of his own appearance whghof paramount importance.
Clearly onlookers’ perceptions are significant adlwand the facially disfigured do
report experiencing considerable morbidity as adiconsequence. However, it is
satisfaction with oneself which ultimately will d&te psychological recovery
following surgery to correct facial disfiguremerarticipants thus viewed images of
their own skin type and gender to assess self pgoce specifically because facial
transplantation is not primarily proposed to adslregternal ‘societal’ perceptions.
The concepts of proximity to the ‘norm’ or ‘averggeoupled with one’s perceived
physical attractiveness and social acceptabilityeved! chosen as important indicators
of satisfaction in one’s own body image. Subjextelf-assessment of skin toper

seclearly differs somewhat among individuals howevbr one study of Caucasians,
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36.4% overestimated their own skin pigmentatiorelewith 16.4% underestimating
it (Harrison and Buttner 1999). We therefore dedito have only those participants

correctly identifying their own skin tone partictpgg in the study.

Two recipient skin tones (‘slightly tanned whitenda light golden brown’) were
chosen. This was done in order to provide twohef most likely facial transplant
recipient groups which a facial transplant teamkivay in the UK might be expected
to encounter (UK Census 2001). All the recipient alonor groups were age-
matched in order to prevent the introduction of-eglated bias into the observers’

ratings.

We chose to use RAW and TIFF files because anabyasher photographic formats
such as JPEG formats can lead to compression a@iuicol This is particularly
prominent in burn scars for example where largewogradients exist. We felt that
similar gradients existed in the simulated facransplant images. The choice of
digital photographic imagery was done in orderffea as close to a real transplant
simulation as possible. Clearly a real facial $@ant recipient may have potentially
unusual facial bony architecture compared with domor, and likely prominent
scarring, all of which might act to detract fronskin tonal mismatch. Participants
looking at real facial transplant recipients mayept tonal mismatch if this is
accompanied by an overall improvement in appeararg® facial morphology.
Nevertheless this study is important because tlights a theoretical basis for the
matching of potential facial and hand transplant $&ne in commonly encountered

skin types found in the UK.
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Chapter 5

5. Analysis of Attitudes towards Facial Transplantation

5A. The Transplant Professional’'s Perspective

5.1. Introduction

Facial reconstruction presents a serious challengg, current treatment options
limited in terms of satisfactory function and cosimse Facial transplantation is now
emerging as a realistic option for the reconstamctdf severe facial disfigurement
(Clarke and Butler 2005), with a number of faciahnsplants now performed
worldwide (Devauchellet al. 2006). As with any new procedure, the identifmat
of potential surgical and psychological risk isiarportant part of the development
process and the ethical aspects of this radicahstouctive approach have stimulated

a polarised debate (Butlet al. 2004; Rumsey 2004; Wiggiret al. 2004).

With human facial transplantation no longer an wwin, many of the risks about

facial transplantation can be now be quantifiethalgh the longer term outcomes
will clearly be important in positioning this prab@e as part of the reconstructive
options for severe facial injury (Butlet al. 2005). The UK facial transplantation

team have taken a pragmatic approach to the ethspedcts of facial transplantation,
designing a systematic research strategy whichrepasses the areas identified as
priorities in the Royal College of Surgeons’ Workiarty Report (Morriset al.

2004). We have expanded this framework to incisdaes identified by the general
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public, relevant health professional groups suchtragsplant coordinators and

potential donor families.

Engagement with the general population has produogdrtant information about
public attitudes and beliefs towards the proceduxetions exist of how acceptable
the donation of facial material might be. This rd®wed us to challenge the
suggestion that no-one would be prepared to ddhatéace of a loved one (Clarké
al. 2006). The general public also worry about théepial for identity transfer
(Clarkeet al. 2006). Even in its simplest form (i.e. the usesoft tissue resurfacing)
the use of a cadaveric face may result not onhannalteration in the recipient’s
appearance, but in the acquisition of some suparfiacial characteristics of the
donor (e.g. eyebrows). This question has beeneaddd by authors modelling likely
identity transfer, using laser scanned images antange of their own faces (Clarke
and Butler 2005). These studies suggested théameat a new or third face, rather

than the transfer of recognisable features.

The need for lifelong immunosuppression has alsnlaghlighted as a barrier to
facial transplantation (Morrigt al. 2004). Immunosuppressive risks include the
predisposition to infection and cancer. Howevaggestion that skin might be more
allogenic than other tissues has not been suppartethe cohort of patients
undergoing successful hand and abdominal wall plangations (Brennegt al. 2002;
Renshawet al. 2006). Thus the level of immunosuppressive risk facial
transplantation patients is no greater than the¢@ed by patients undergoing renal
transplantation, which is undertaken for similaingan quality of life. Butleret al

(Butler et al. 2005) have suggested that it is increasingly diffi to justify one
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procedure and not another where the risks are emberthe same. Furthermore,
Brill and colleagues have suggested that most riskes both predictable and

manageable and that this includes psychologides (iBrill et al. 2006).

Potential patient groups, potential donor famileasl relevant health professionals
have also been sampled using both qualitative arathtdative methodologies. The
latter two groups are of interest due to their oon the donor family. This may lead
to a different set of attitudes and concerns coetpawith those relating to the
recipient. Transplant coordinators and relatedltheprofessions have unique
experience of the practical procedures of transateom and donor issues. They will
be involved in recruitment of facial donors if theopcedure becomes a clinical reality.
We therefore undertook a review of UK health preiesals’ attitudes and beliefs
about facial transplantation. This group was saapgb provide information about
the practical issues concerned with organ retrjet@ir concerns for donor families

and the perceived impact on the transplant progra@sra whole.

5.2. Methods and Materials

5.2.1. Design

A mixed qualitative and quantitative study desiggswised. A focus group was used
to identify the issues highlighted by transplanbrciinators. The main themes were
then developed into a questionnaire which was adtered to a study group
attending training days (Appendix D). The studymptied with all the ethical
requirements for research within a National He&hrvice institution, and was

granted ethical approval by the local researclcettommittee.
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5.2.2. Sample

The focus group comprised five transplant coordirsatvho were current members of
the North Thames Regional Donor Transplant Cootdisaleam. The focus group
was surveyed before the reporting of the firstiphfacial transplantation in France,
although all members of the group had read abaotptiocedure as a hypothetical

development in professional journals.

The groups sampled by questionnaire comprised E&hh professionals attending
separate study days, in Oxford, Cambridge and @rstlate 2005 — before the first
partial facial transplantation but after the pragedhad been discussed hypothetically

in professional journals.

Nurses (including theatre staff) comprised eighgycpnt of the sample; 18% were
transplant co-coordinators. Fifteen percent haghbe post for up to one year, 42%
between one and three years, and 43% three yearsrer The groups were sampled
after a lecture delivered by the consultant surgeading the UK facial transplant

programme.

5.2.3. Procedure

Each focus group was told that we were interestedheir attitudes to facial
transplantation, and that we were keen to elucidayeproblems they anticipated with
respect to their own work. The following one-hdiscussion was recorded verbatim.
The resulting transcript was assessed and allssgueiped under three main themes:

those related to organ retrieval, those affectihg transplant team, and those
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impacting on the donor family. A questionnaire vgeserated to elicit the attitudes

of the larger group to these items.

The questionnaire study was completed after anataunal session which included
video, written and pictorial information about thexonstructive challenges of facial
injury including case examples, and technical exgi@n of the surgical procedures
involved in free tissue transfer. Examples wereegiof ‘exchanged’ faces between
two of the research team members, generated by wempnodelling from

photographic and laser scanned images (FigurgGladke and Butler 2005).

Figure 5.1. Morphing of face B donor onto face A recipient {Jefnorphing of face
A donor onto face B recipient (right). Courtesy Mir David Bishop, Medical

lllustration Department, Royal Free Hospital, Londo
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Barriers to facial transplantation were also pres@nto provide a balanced

presentation. These included the problems of emdit rejection and the problems of
immunosuppression, illustrated by the first harah$plantation in which failure to

comply with medication contributed to graft rejecti Suggested figures of acute and
chronic rejection as outlined in the Royal CollegfeSurgeons report were made
explicit. The aim of the exercise was to presdm turrent issues in face

transplantation - including both the advantages @dirddvantages of the procedure -
in an accessible format. Participants were thémdgor consent to complete an
anonymised questionnaire. A subset of participmt81, those attending the second
set of two study days) were asked to rank the itapge of the issues identified by

the focus group.

5.3. Results

5.3.1. Quantitative Data

A total of 170 people completed the questionnadfethese participants, 129 (76%)
were in favour of facial transplantation now and(28%) felt that further research
was needed before the procedure took place. Nocipant was against facial
transplantation in principle. There was no impzfctole or length of time in post on

this decision.

Sixty-three respondents (36%) reported knowing soraevith a facial disfigurement.
There was a statistically significant associatietween being in favour of face
transplantation and knowing someone with a faciafighrement or dysfunction

( %,=8.28, p=0.016).
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The Friedman test was conducted for each groupingms to identify whether the
issues had been systematically ranked rather #wamomly ordered. Post-hoc pair
wise comparisons using the Friedman test and Segh were used to identify
homogeneous subsets of ranked items. Table 5wusstiee rank order assigned by
the questionnaire respondents to the organ retrisgaes (most important issue

ranked first and least important ranked last).

Those items ranking highest related to impact an dbnor family, in particular

appearance after retrieval, whereas factors impgan the organization as a whole
were ranked lower. Application of the Friedmart fes the issues in Table 5.1 shows
that there is consistency in rank ordering overaadom assignment (Friedman
26=95.7, p<0.001). A post-hoc analysis of the ramkisg a pair-wise application of

the Sign test indicates that the top 2 items inl@ &bl (appearance after retrieval and
development of donor criteria) form a homogeneoubsst (p=0.541), as do

development of facial prosthesis and liaison witheo retrieval teams (p=0.0151).
The final three items (increasing overall time ofan retrieval, amount of tissue
retrieved, and delay to operating room time in lnaspital) also form a homogeneous

subset (p=0.410).

Table 5.2 summarizes the percentage of responddsssifying appearance after
retrieval to be more important than the other corajoa issues and additionally gives
the percentage of times that appearance afterevatrivas judged to be equally
important. Table 5.3 summarizes the percentagerespondents classifying

development of donor criteria to be more importdman the other comparator
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retrieval issues. The data in Tables 5.2 and BrBahstrate that the top 2 ranked
items are consistently identified as most importdiyt the majority of the

guestionnaire respondents.

Table 5.1. Rank order of organ retrieval issues.

Organ retrieval issues Mean ranking
Appearance after retrieval 2.62
Development of donor criteria 2.98
Development of facial prosthesis 3.81
Liaison with other retrieval teams 4.18

Increasing overall time of organ retrieval 4.68
Amount of tissue retrieved 4.77

Delay to theatre time in host hospital 4.97

Table 5.2. Percentage of respondents ranking appearancereftezval to be more

important.

Organ retrieval issue % more important % of tigtknags
Development of donor criteria 44 17

Development of facial prosthesis 57 33

Liaison with retrieval teams 64 17

Increasing overall time of organ retrieval 75 7

Amount of tissue retrieved 72 14

Delay to theatre time in host hospital 77 9
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Table 5.3. Percentage of respondents ranking developmedbiobr criteria to be

more important.

Organ retrieval issues % more important % of testkings
Appearance after retrieval 39 17
Development of facial prosthesis 51 19

Liaison with retrieval teams 71 25

Increasing overall time of organ retrieval 65 14

Amount of tissue retrieved 70 14

Delay to theatre time in host hospital 73 7

Table 5.4 illustrates the rank order assigned lgstionnaire respondents (n=81) to
the issues affecting the retrieval team. The itemm&ed of highest importance were
those specifically relating to education, team dingd, and development of links

between teams. Negative impact on other transplagrams was ranked lower than

team support issues.

Application of the Friedman test for the issuesTable 5.2 shows that there is
consistency in rank ordering over a random assignn{€riedman %=109.5,
p<0.001). A significantly higher percentage ofp@sdents (50%) regarded educating
professionals about facial transplantation to beenimportant than development of a
specific retrieval team (Sign test, z=2.85, p=0,0b-sided), with 29% giving tied
rankings to these 2 items. Likewise, a signifigahigher proportion of respondents
(49%) regarded development of specific retrievalreto be of greater importance
than development of working links between coordratand the main facial

transplant team (Sign test, z=2.08, p=0.037, twled) with 24% of the respondents
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giving a tied ranking. Fifty-one percent of resgents ranked development of
working links between coordinators and the mainalairansplant team to be more
important than impact of facial transplantationaperating room and intensive care
unit (ICU) staff (Sign test, z=2.02, p=0.044, twdexl), with 19% of respondents
giving tied rank values. Application of the Friedmtest indicates that there is some
evidence that impact of facial transplantation grerating room and ICU staff,
debrief and support for health professionals, arepative impact on other
transplantation programs form a relatively homogersegroup (Friedman®=5.55,
p=0.062), as do negative impact on other transptaofjrams and press intrusion
(z=1.47, p=0.143, two-sided). However, a signifiba higher percentage of
respondents (73%) rated impact of facial transpl#ort on operating room and ICU
staff to be more important than press intrusiorgriSiest, z=5.46, p<0.001, two-
sided), with 13% giving equal ties. Likewise, grsficantly higher percentage of
respondents (73%) rated debrief and support fotthhgaofessionals to be more
important than press intrusion (Sign test, z=5440.001, two-sided), with 12%
giving equal rank importance. Table 5.5 shows thek order assigned by

guestionnaire respondents (n=81) to the donor farsdues identified by the focus

group.

Responses indicate concern for support in the femg. However, responses are less
dispersed than on the previous scales with manyonekents assigning tied ranks.
Interestingly, the question of whether the recipwill resemble the donor is ranked
low, as is potential press intrusion for the familgpplication of the Friedman test
indicates that there is structure in the rank pmsstin excess of a random assignment

(Friedman 2%=21.0, p<0.002). The top 4 ranked issues form bomogeneous
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subset (Friedman %=0.933, p=0.818) and the other 3 issues form anothe

homogeneous subset (Friedmés=1.11, p=0.573).

Table 5.4. Rank order of issues affecting retrieval team.

Team issues Mean ranking

Educating professionals about facial transplamatio 2.58
Development of specific retrieval team 3.36

Development of working links between 3.58
coordinators and the main facial transplant team

Impact of facial transplantation on operating room 4.0
and intensive care unit staff

Debrief and support for health professionals 4.27
Negative impact on other transplant programs 4.56
Press intrusion for health professionals 5.65

Table 5.5. Rank order of issues affecting the donor family.

Donor family issues Mean ranking
Likelihood of benefit for the recipient 3.57
Long-term support for donor family 3.58
Discussion of the process involved 3.87
Viewing by relatives after retrieval 3.90
Consent issues and consent form 4.05

Will recipient resemble the donor? 4.28

Donor family press intrusion 4.75
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5.3.2.  Qualitative Data

The questionnaire also contained an open questioting respondents to suggest any
other issues that they believed to be importantvemdh had not been included on the
guestionnaire. Seventeen participants (20%) redgabmo this open-ended question,

listing the following:

Need for increased public awareness of the reagorfacial transplantation
(two respondents).

Plans in the event of graft failure (four resportden

Plans in the event of poor psychological adjustnenthe new face by the
recipient (one respondent)

Suggestion for improved terminology: ‘donation atifal tissue’ rather than
‘face transplantation,” and ‘retrieval’ rather thamarvest' of tissue (one
respondent)

Should the donor family meet the recipient? (twapmdents)

5.4. Discussion

The first important finding in this study is thdtet substantial majority of transplant
professionals support the development of faciahgpéantation as a reconstructive
option, and that none objected to the conceptimcigal. A minority were in favour

of further research before the procedure is offer€tearly, since the surgical team
will rely on the UK transplant co-coordinators &xruit and consent donor families, it
is important to establish broad support for thisgedure at the outset, and to identify

any concerns which need addressing before the guoeés finally approved.
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The relationship between knowing someone with Aglieement and being in favour
of facial transplantation is interesting and haserbaeported previously in a
convenience sample assessed at the Royal Socidiyké€Cet al. 2006), the
independent academy of science in the United Kingdorhis result suggests that
those who are familiar with the problems that theidlly disfigured encounter may
find it easier to justify a radical new techniqughis is supported by responses to the
open-ended question in the questionnaire, nantey more efforts should be made to
educate the general public about the reasons wtigl fransplantation is being

proposed.

However, it is important to note that user groupghhinterpret this finding in a
different way. Rumsey (Rumsey al. 2005) has reported that visible difference (cf.
disfigurement) is very readily associated with tieed for surgical intervention, even
though many people manage an unusual appearancesstidly without resort to
surgical treatment. Therefore there should be menmgpt to justify facial
transplantation simply on the basis of the bel@fsbservers, as this would overlook
the evidence that psychosocial interventions afece¥e in teaching management
skills where the principal problem is one of sodleraction. The UK facial
transplantation team has stressed the role of theseanvasive interventions both in
the selection and management processes of faam$glantation, and continue to
elicit the input of relevant user groups as parth& continuing public engagement
process. We would therefore interpret this retetiop as justifying further research
into how need is assessed and addressed usingety @ rstrategies both biomedical

and psychosocial.

168



It is important that we continue to position fadi@nsplantation as a treatment option
for severe facial injury and not as an automagatiment choice for anyone with a
facial difference. This also helps people undegstidnat this is not a procedure that

has any application in cosmetic treatments.

The questionnaire study supports the focus grongirfgs which suggest that the

main concerns of transplant professionals canwdet into the following factors:

Factors impacting on the donor family, including typpearance of the body
after the face has been removed

Support for the team liaising with the families

Clear strategies to ensure that the process aevatrdoes not disrupt the

existing practices of retrieval for other organs

There was thus general support for facial trangptaom in principle, provided there

is an efficient process with effective supportdtirinvolved.

Methodologically, the use of a ranking process wasful despite the number of
respondents who assigned equal ranks to all itdms,endorsing all issues as equally
important. The clustering of items allows not oalyalculation about their relative
importance compared with each other, but also éunthformation about how they are
categorized by the respondents. For example, ghavision of a facial prosthesis”
was originally proposed by the UK facial transplgrdup as potentially reassuring to
the donor family; however, within the focus grotgansplant coordinators perceived

this to be a means of preserving the dignity of itteevidual in the operating room
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and protection for operating room staff. This finglis supported by the results of the
guestionnaire in which the “provision of a faciahsk” forms a homogeneous subset
with “liaison with other retrieval teams” ratheratih to “appearance after retrieval,”

which forms a subset with “development of donotecia.”

The importance of education and team building ifiedt by the focus group is
supported by questionnaire respondents, as illestia Table 5.2. Interestingly, the
impact of facial transplantation on the transplamdgram as a whole, which was an
issue flagged by the facial transplant team, isidetified as a primary concern by
professionals already working in the transplantirsgt It is also clear that press
intrusion, again a potential issue with a new pdoce, is consistently ranked of lower
importance than other factors affecting the teamd &s links with the facial
transplantation team. Finally, responses conceméd factors affecting the donor
family are less dispersed than in the previousiaegt with a homogeneous subset
formed by four items. Of interest is the issuadeintity transfer, represented as “will
recipient resemble donor?” which is ranked low.isTdontrasts markedly with early
studies by the facial transplantation group in \whicis item was ranked highest by
people most concerned about the concept of faaasplantation. It is likely that the
provision of computer-generated images demonsgatire “third face” concept
together with the photographs of the first partsaial transplantation have helped to

reduce anxiety about this hypothetical problem i procedure.

Methodologically, the use of a questionnaire sttalyalidate the findings of a focus

group has proved useful. The endorsement of itetogether with the few

respondents who identified issues that were ntadisn the questionnaire provides a
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justification for the use of focus groups as anrappate methodology for eliciting

the concerns of specific groups in continuing pribhigagement studies.

We have sampled the concerns of transplant codaitsyand other relevant health
professionals with regard to facial transplantatid®esults demonstrate a substantial
majority in favour of the procedure with the neefishe donor family, support for the
team, and the development of clear management pgthvdentified as the main

issues of concern. The development of these puvesds now a priority.
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5B. The Transplant Donor Family Focus Group

5.5. Introduction

As facial transplantation becomes an option for riaenstruction of severe facial
disfigurement, the question of how to maximise pb& donation of facial tissue will
become more significant. Every individual has ithaivn notion of how best to
approach facial graft donation. This may vary frima pre-existing beliefs held by
facial transplant teams. Some evidence does egatding the opinions of transplant
professionals (Clarket al. 2007) and the scientific community (Clarke al. 2006)
towards facial transplantation, but the attitudésdonor families toward facial
transplant donation have not yet been studied & literature. For the facial
transplant team it is of great interest to assehsatwopinions regarding facial
transplantation exist, whether these might afflet gotential for donation, and what
modifying factors could alter this potential. Qlgathe donor family may have
different reference points and priorities than @itithe recipient family or the
transplant team. These attitudes were therefoaenmed using a specially selected

donor focus group.

5.6. Methods and Materials

A research study was designed using a qualitativalysis of themes using a
homogenous focus group. Five families with presi@xperience of donating their
relatives’ organs were asked in writing to par@ét® in the focus group. All the
families had had previous contact with the transpta-ordinator researcher, lived
close to the research facility, and could commuriedfectively in English. Families

had previously consented to the retrieval of tissaied organs from their loved ones
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within the preceding two years. Although all faesl were willing to participate,

only three families were actually able to partitgwavithin the time frame available.
A total of six participants from these three faesliattended the focus group. All
participants gave informed consent and were fregittedraw at any time. They were

fully debriefed about the purpose of the sessiaor po it commencing.

The group was given instructions that the team weeking to investigate their
attitudes regarding the donation of facial transpleéssue. The researchers took on
the role of moderator, commencing the discussioprbyiding open-ended questions
to elucidate the group’s opinions on a selectiortogiics relevant to facial tissue
donation. Participants were asked whether it whialde been difficult had they been
approached to give consent for facial graft retievThey were asked to talk about
the issues that they thought were important inafattiansplantation. Later in the
discussion, participants were asked whether thephed to know more information
about the risks of the procedure, the likely remmpj and the possible effects on the
donor family. This was provided in verbal and awtsual form by the three
members of the facial transplant team: surgeonchusggist and transplant co-
ordinator. Current reconstructive techniques weiscussed, along with a short
synopsis of the current issues surrounding facsadsplant surgery. At all times the
researchers attempted to paint a balanced picfutieeorisks and benefits of facial

transplantation.

173



The transcript from these discussions was analgset coded into the following

themes for the purposes of analysis:

The timing of body viewing

Provision of a post-retrieval donor facial prostees

Identity transfer issues associated with faciaugsdonation

The appropriateness of transplant professionalsgdkmilies to donate
facial tissue

The need to raise awareness of facial transplantati

Contact with the donor family after the transplardcess

Information provision to donor families

The preferred sequence of requesting donationcmdlfissue

Preferred terminology to use in reference to fattssue donation

5.7. Results

5.7.1.  Timing of Body Viewing

Some families needed access to the donor body @éath for much longer than
others. One participant went in to see her husliared times, and “kept going back
into the chapel...” This was done so that her “lasthemory” could be “intact.” For
another participant this was done to convince hat there were no signs of life. Had
she known that facial graft donation was a speaifish of her loved one, this
particular participant would not have kept goingl& see the body: she stated that

she returned on multiple occasions for “purelyiskifreasons.
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5.7.2.  Provision of Post-Retrieval Donor Facial Prosthesis

Most participants felt that they spent ample timethe intensive care unit, where
there was a lot of time to say goodbye. It wastfet the maximally adjusted family
is one who says goodbye when the individual i$ atillife support, rather than when
the individual is in the undertakers. The provisf a post-retrieval donor facial
prosthesis was therefore not thought to be es$éntishis focus group, as such a
mask did not appear to confer much advantage tgdhigcipants. However, it was

felt by the group that the provision of a donorgthesis was “better than nothing.”

5.7.3. ldentity Transfer

Families needed reassurance in this regard, alththey were generally much less
concerned once they had seen the computer simngadibthe likely appearance of a
facial transplant. However there was some vamatwith some families much more
concerned than others. One participant was “na”saf their loved one’s “face on

someone else.” One participant commented thatethdtant recipient face would not
look like the donor, as the dead donor never looklesl the recipient. Another

participant suggested that “everyone has a doubtbeemselves,” and that there are
many people in the world who look very similar tack other. The group was

however concerned that the donor and recipientldhmisufficiently age-matched.

5.7.4.  Asking for Consent to Donate Facial Tissue

Participants thought that it was important thatuhé proposing facial transplantation
were perceived as a specialist unit within thedfielOverall there was a strong
message that it was acceptable for transplant gsmheals to ask families whether or

not they would agree to donation of facial tissiiée worries about offending people
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or worrying them were not supported and there wstsamg presumption in favour of
asking for facial tissue. Indeed, one particigaenself suggested to the hospital that
her husband’s organs might be donated. Anothdicjpant remembered saying at
the time that it was “okay to ask the question” wisthe was asked to consent to
retrieval of her loved one’s organs. It was howdeé by participants that the whole
family should be asked, even if some members mightso traumatised.” There
should be “family agreement” and families would mant to proceed if there were

Nno consensus.

One participant was at first reluctant to donate Haughter's organs, but then
reconsidered and decided that her daughter wouice fepproved of the idea.
Families felt that transplant donation was a metbbdealing with their loss “in a
positive way” at a time “when people are sympatigsi Therefore donation was
thus seen to be a good way of trying to deal withrtloss. It was felt that the whole
process would be made easier by including facehamd transplant donation as one
of the options on the national donor card. In the&y/, some responsibility could be
taken away from the family. The focus group codellithat transplant professionals
“don’t have the right not to ask” for donation ddcfal tissue, and felt that the

opportunity to donate organs is a privilege.

5.7.5. Raising Awareness of Facial Transplantation

The families in the focus group were very pro-tpastation. It was a “waste not to
do it.” Some participants said that they mighttiselves donate: “it wouldn’t matter
to me if my face were taken away.” The familiesravgery keen on anything that

could be done to raise awareness. It was considina there was not enough
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material available regarding transplant donatiddne participant felt that “people
need to know how much easier this makes the aftermfaa tragedy.” Transplant
donation acted to bring a kind of positive elem&mttheir loss, helping to take
attention away from the fact that the individuatitdhied. One participant suggested
producing posters with an image of a donor surrednlly scattered images of
transplant recipients who had been “helped...to a lilew In this way transplant
donation could be seen more of a celebration of tbeed one’s life. This could be

one place where the media could be used in a peddshion.

5.7.6.  Contact Post-Transplant

The sending of letters to the donor family on timaieersary of the donation was
discussed. People supported the idea of contdbttine facial transplantation team
but only after “a considerable time.” Meeting thexipient was discussed as an
option, but only after a long time frame, when tHelg stronger. It was suggested
that five years may be an appropriate period oétimwait before meeting the facial

transplant recipient.

It was very much felt that “remembering is impottanThe families “used to be
uneasy” about contact — “now there is much moreefieh It was felt that the
process needed to be “more about how familiesléet on. The real pleasure comes
years on....that people genuinely get better livdsamilies did feel sorry that friends
did not receive contact from the transplant groagtygionation, and that consequently

their friends did not benefit from this to help thgrieve.
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It was noted that participants only wanted to hegayd news regarding the transplant
recipient. They would not want to hear if the pgent had died, nor would they
would not want “surprises.” However, participamteuld want to know first about

events surrounding the facial transplant recipieefore reading about them in the
press. Concerns were also raised regarding howrdhsplant team would manage
potential press intrusion post-transplantation, laomé one might prevent the recipient

from “selling their story.”

5.7.7.  Information Provision

In order to explore the notion that the most id@ahilies for facial graft donation

were the ones most prepared, the option was giwetnd group to hear a short
presentation on issues surrounding facial transsti@m. All  participants

unanimously agreed to see the presentation. Theigmwn of information was

perceived as a good idea by the focus group. dh the participants wished that
more information were available: “It needs to be tbe agenda. We would have

donated...if [X] had wanted it.”

It was felt that the provision of an educationabklet was beneficial, and that this
booklet would not be upsetting for families to reatlowever, the nature of this
information provision was deemed important. Speaily, families felt that they

would benefit from knowing about the kind of patighat facial transplantation
would be offered to: participants “would want tookn what [the recipient] looked

like.” This was regarded as a helpful aid in thecidion-making process. One
participant considered that the facial disfiguretmnexhibited by Simon Weston was

“not that severe,” and that he was well-adjusted #mus would not merit facial

178



transplantation. Another participant stated tha¢ svas more likely to agree to
retrieval of her relative’s face were the recipianthild, as such a recipient “had their
whole life in front of them.” Families stated thaformation should not however be

too graphic as to dissuade families from donating.

Families would want to feel that there was a gaabon for taking facial tissue. One
person within the group had refused consent tmlirssue for research — this request
had been shocking to her because it did not sdearali‘good reason” for taking her
daughter’s tissue. She distinguished betweenahds giving a new face to a child,

which she felt would have been more of a valid saas donate.

5.7.8.  Sequence of Requesting Facial Tissue Donation

The families favoured the phrase ‘facial tissu¢hea than ‘facial transplant’ or ‘facial
graft. When asked about the sequence in whiamsptant professionals should ask
about tissue or organ donation, the families fagdyslacing consent to donation of
facial tissue last in the sequence. Some partitspaere hesitant about the donation
of corneas: “...don't let them have my eyes, | stéked to see...” This is in keeping
with previous work suggesting that refusal of catngonation be set as the cut-off

point to facial tissue donation (Clarkeal. 2008).

5.8. Discussion

There is little published work about the attitudégamilies intimately involved with
transplant donation. Overall, this donor familycdie group was positive towards
facial transplantation. The group thought thatfdwal transplant team would in time

find a donor. The main obstacles were seen tabtle ¢f information (“not enough
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publicity”) and issues surrounding identity (“lookj like loved ones”). The research
findings were surprising in parts (such as thetingddack of added value provided by
making a facial prosthesis), but confirmed previgue-conceived ideas we had
towards aspects of the facial donor graft procurénpeocess (such as requesting

facial tissue at the end of the consent sequence).

Focus groups have recently become popular ways esfonqming qualitative
psychological research. In transplantation, thaye been used in a number of
different settings to investigate the reasons lekthe relative paucity of organ donors
(Peterset al. 1996), bone marrow donation rates amongst Afridanericans
(Glasgow and Bello 2007) and donor/recipient ate&l toward living renal
transplantation (Pradet al. 2003). Our methods were similar to those usezhrntier
work (Clarke et al. 2007) examining attitudes towards facial transia@on in
transplant co-ordinators. The number of participamithin the focus group was in
keeping with recommendations for accurate transonpof focus group discussions

(Willig 2001).

Participants were defined as ‘concerned’ rathem thaive’ due to their direct interest
in the transplant donation process. The natureufassessments, performed on
families who had already experienced donation-hestd, meant that there was no
need to extrapolate data from normal volunteerk wit prior experience of organ or

tissue donation.

The flexible open-ended nature of qualitative redeacan call into question the

validity of its findings. However, this same flbkity also enables participants to

180



challenge the researcher’s own pre-conceived relseprestions, and can bring with
it additional valuable data which would not ordihabe obtained with quantitative

methodology. Group members are able to responeéatth other and develop
arguments, providing data which would not otherwbgeobtained. In addition, the
less artificial nature of the focus group actedncrease the validity over standard
semi-structured interview techniques. The abildy people to interact with others
who have faced similar life experiences can alsmfbbenefit. This contact with

other individuals can assist both participant asskarcher.

It might be suggested that the invitation to attanfdcus group may in itself lead to
stress for the individual, if the session were planned and timed appropriately.
However, all participants were under no pressurattiend the focus group and gave
of their time freely; the sessions occurred onéato-years post-bereavement. In this
study, participants were made aware that they Wweeeto challenge the researcher’s
pre-conceived ideas at any time, or to correct amyerlying assumptions that may

have been made.

Many of the issues explored were unique and hypictielending themselves well to
gualitative methodology: the questions we askedewky definition open and

provisional, more concerned with ‘how’ than ‘whafThe relatively small numbers in
our data set do mean that caution needs to beisgeéravhen generalising about the
donor group as a whole. However, through exploting experience set of the
individuals within this focus group, we have obtim valuable insight into possible

future behavioural events. At least some of outigpants’ responses were products
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of societal influences, and so it could be infertbdt ‘each individual mode of

appropriation of the social..... is potentially geadesable’ (Willig 2001).

This is first time a group has examined facial s@antation by utilizing the
experience base of families with prior exposuredémation of organs and tissues.
This provides us with much valuable data regardimgv future facial tissue
procurement programmes should be organised. Bapphat asking for donation of
facial tissue should not be seen as problematiyighng that adequate information is
provided to families. Programmes should focusassimg awareness, and continue to

maintain contact with donor families after facigbtie donation.
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Chapter 6

6. An Artificial Prosthesis to Reconstruct Donor Defets Following

Facial Transplantation

6.1. Introduction

Facial transplantation is becoming an option fa tbconstruction of facial defects
following severe facial injury including burns (Bertet al. 2005; Butleret al. 2006).

The reconstruction of the donor face post-operbtiieeof some importance, due to
recommendations that a donor body be restored twa aesthetic appearance

following organ harvesting (Robertson 2004).

The face is the unique identifier, providing botamilial characteristics and
information about identity. The inability to requge a face has been likened to a
bereavement reaction. Although family members mamt to grieve with the donor
body immediately post-harvesting, often this gmevprocess is performed once the
diagnosis of brain death has been establishedmniitte confines of the intensive care
unit. The reconstruction of donor facial featuiesherefore likely to be of maximal
benefit to the transplant recovery team itselferd, the appearance of the donor face
after retrieval and the development of a suitalaleial prosthesis rank highly in
surveys of health professionals involved in traasfdtion (Clarkeet al, unpublished
data). Despite discussion of altered identity,entcpublic engagement exercises
suggest that identity issues are not likely to isicemtly reduce access to donor faces

(Clarkeet al.2006).
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A number of surgical options to reconstruct theatdace have been suggested, such
as autologous skin grafting. This may add timéheharvesting procedure, and may
delay other potential transplant harvest teamsadufition, lifelike and cosmetically-
acceptable reconstruction using these methoddfisut. This may be due to post-
operative bleeding, numerous stitch lines, andrtieet difficulty in the application of
grafts around areas such as the nose or earsednthe facial graft may include large
soft tissue areas such as the nose, which mayftieuliito reconstruct using these

methods.

Another option is the production of an artificiacfal prosthesis (Nandini and Nair
2003). We describe a method of fabricating anfieel prosthesis made from
silicone which provides a very satisfactory matehthe reconstruction of the facial
transplant donor face. It is easily fabricatedhmtthe time frame required for facial
graft harvesting, a figure likely to approach fdwurs according to experimental

mock human facial transplantation models (Siemiorbad. 2006).

6.2. Materials and Methods

The first stage of the process begins with impogssnaking. An alginate impression
material is applied to the donor face. This setatively rapidly: a full impression
can be taken within 30 minutes. This may be donthé intensive care unit setting

whilst awaiting transfer to theatre.

The second stage involves the transportation ofrésaltant impression moulage to

the laboratory where an exact replica of the ddacal morphology is reproduced by
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means of a plaster of Paris cast mould (Figure 6This can be produced within 30

minutes.

Figure 6.1. A plaster of Paris mould is fabricated from an iggsion taken of the

donor face prior to transplant harvest.

The third stage involves the application of a sifie putty material (Dupit&rsilicone
putty SP8001/2 and Activator SP8010, Bracon Derltaboratory Products,
Etchingham, UK) over the plaster cast to reprodheefacial plaster of Paris. Once
the silicone putty sets, it is removed from thet @asl inset into plaster of Paris set
within a pre-fabricated steel box (Figure 6.2, tf)ghAfter setting has taken place, two
layers of red soft adhesive dental carding wax ¢asged Dental Products Ltd,
Parton, UK) are applied. This reproduces the tiesk of the skin and subcutaneous

tissues required (approximately 5 mm). Plastd?anis is poured into this wax-coated
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moulding box; once filled, a lid is applied to stibyg plaster from contracting, and the
box left to set for approximately 30 minutes. Thi®duces a second cast, which

retains much of the underlying characteristicshefface (Figure 6.2, left).

Figure 6.2. Silicone putty is produced of the cast and inse¢hiwia pre-fabricated
box (right) to which a wax layer is applied. Apiply a layer of plaster of Paris over
this wax-coated moulding produces a second cds) (#ich retains the underlying

characteristics of the face.

The final stage involves the mixing of a silicorlastomer (CF3-2186 Part A & B,
Polymer System Technology Ltd, High Wycombe, UK)hnan appropriate prosthetic
colourant to obtain the skin tone required. Thiilsae elastomer is poured into the
moulding box, and the second cast placed on tapetate a silicone ‘sandwich’ which

sets in approximately one hour (Figure 6.3). Eweits simplest form (involving soft
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tissue resurfacing) a donor facial graft will mbisely result in the loss of superficial
facial characteristics such as eyebrows. Thesébeamdded easily to the prosthesis
using artificial hair, or using hair harvested prgeratively. In addition to this donor-
specific method of face transplant donor prosthiediscation, we have also produced
a panel of generic masks of all facial types anmitlges. These have been constructed
in case unforeseen constraints prevent the immeedadarication of a donor-specific

prosthesis.

Figure 6.3. An artificial silicone prosthesis is created, toiethadditional

facial characteristics may be added.
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6.3. Discussion

In order to obtain a satisfactory aesthetic appeaathere must be input from a
dedicated bioengineering technician. The bendditsthis method however are
numerous: it can be performed relatively quicklyl aeaply; the prosthesis can be
made whilst the surgeon is harvesting the donag;faomponents such as hair and
eyebrows may be incorporated; and the skin tonebeamatched as far as possible
with the donor. The silicone material is pliabtelastretchable and can be trimmed to
the required shape of defect. Any underlying bilegdinder the prosthesis will not
affect it (due to the robust nature of the matgiait rather may help in achieving a
more life-like result. This contrasts with theesftunsightly bruising and haematoma
occurring in immediate skin-grafting of the facBisadvantages include the inherent
artificial nature of any facial prosthesis, butsthhay improve in the future with
advances in biomaterials. In addition, the maskdeeto be tonally matched to the
donor face, although any mismatch can be hiddemyeasd is thus of minor
importance. Nevertheless, the tone chosen foptbsthesis must be lighter in shade

in order to take cadaveric pallor into account.

Methods have been described to reconstruct tigssiag artificial prostheses (such as
those to reconstruct ears or mandibles followingptessia or trauma) (Nandini and
Nair 2003) but the use of artificial prostheses lyas to be described in the
reconstruction of the facial transplant donor. Wpdn the method described above
will aid in improving the perceived acceptability facial transplantation to both

transplant teams and potential donors.
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Chapter 7

7. Informed Consent for Facial Transplantation

7.1. Introduction

Now that facial transplantation is a reality, atiem has been focused on functional,
aesthetic and immunological outcomes. Howevegutinout the process of writing
this thesis, the elucidation of a robust informedsent process has been a key goal.
Obtaining informed consent is always challengingnew procedures where risk
cannot be quantified, as highlighted by The Royallége of Surgeons of England
(Morris et al. 2004) and others (Agich and Siemionow 2004; Gge2004; The
Lancet 2005). Consent should be a continual psota®ughout the selection and
subsequent planning stages. The purpose of tlgtehis to highlight the current
issues surrounding informed consent as applicabléate transplantation and to
present a strategy for ensuring a robust consedeps as the procedure becomes

established as part of the reconstructive hierarchy

Informed consent has traditionally been interpret®d legal rather than as an ethical
obligation of doctors (Gattelladt al. 2002). However, there is now greater emphasis
on patient choice in the UK (Department of Healfl0®) with patients encouraged to
ask questions patrticularly with regard to the riskshe procedure, alternative forms
of treatment including the option of no interventi@and clear advice about the likely

impact on lifestyle associated with their choice.
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The process of informed consent can therefore be as a more open exchange of
information structured under five main headingschiisure, decision, understanding,

capacity to give consent and voluntarism (del Carared Joffe 2005).

7.2. Disclosure

The doctor is obliged to disclose any significasks to the patient (Pleat al. 2003).
The emphasis must be on adequate information, éntmugake a reasoned decision
about whether or not to proceed. This should vwa@n exhaustive discussion of all
known risks, irrespective of severity and includinglihood and impact, along with

discussion of side-effects with potentially severdatal consequences.

Finding out how much information patients want tmWw is clearly important. As a
group for example, women with ovarian cancer wantnach information as possible
at every stage of the disease and prefer to bévedon any decision-making (Tiller
et al. 2005). Not all patients wish to be informed hoere Some try to actively
avoid information about their disease, reducingeahetional impact of the disease;
this is termed cognitive avoidance. Some commergaiarn that providing detailed
information to those who do natnt it and imposing choice on those who prefeir the
doctorsto assume responsibility for making treatment deos is harmful and may

increase anxiety levels (Tobias and Souhami 1993).

Clinicians frequently underestimate patiede&sire for information and discussion and
overestimate patients' desirenb@ke decisions (Strudt al. 1984). A need for more
information does not necessarily equate to a dasirbecome more involved in

decision-making although some evidence supporss(fimmerman®t al. 2004). A
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lack of information giving is associated with heghed levels of anxiety, as is

requesting greater patient involvement in decisiaking (Gattellaret al. 2002).

Integrating all this evidence into a clear stratéglyinformation-giving is therefore
difficult. However, for face transplantation, & proposed that a clear understanding
of risk is necessary in order to justify the prasedon ethical grounds. For this
reason, only patients who are prepared to engage working partnership with
clinicians are appropriate for the procedure. Theans fill disclosure of information
and an active role in decision making. Informatshrould comprise technical details
avoiding jargon, screened with a readability formmsluch as the Flesch-Kincaid
(Flesch 1974) or Fry (Fry 1968) formulae. Detaifl$acial anatomy should similarly
be appropriate to the individual level of underdiag. Information could, in line with
government initiatives (Department of Health 2008)clude details about the
individual clinician or unit, as patients may wighuse this information to base their

decisions.

As with any new procedure, disclosure in faciahs@antation is limited by the lack
of data on outcome. Consent to innovative treatnsean area insufficiently explored
in the literature. Conceptually, the componenbwf understanding of consent which
involves the taking of an unknown degree of risk d¢se separated off from the
component which involves the proposed benefitsasmis of the procedure. It may
be the uncertainty itself which predominates, @ sbnse of being ‘first-to-go,’ or the
sense of being at the hands of surgeons who aiggtakstep into the unknown. In
most clinical trials, the degree of uncertainty niegy relatively small — we may be

uncertain how beneficial a new treatment is, or lkemmmon or severe the known
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side effects are, but the likelihood of entirelywaband unexpected side-effects, or of

dramatically overestimating the benefits of the riesatment, is small.

The disclosure of risk in facial transplantatiomsld begin with general risks such as
anaesthetic complications, technical problems amadt gailure (Morriset al. 2004).
Specific features of facial transplantation theguige special consideration, such as
immunological rejection. The Royal College of S2mgs report estimates the risk of
graft loss to be around 10% from acute rejectiomth whronic rejection accounting
for loss of graft function in 30-50% at 2-5 yeakdofris et al. 2004). These figures
are derived from studies of solid-organ transplaadipient populations. A more
analogous group would be hand transplantation @&zt al. 2004). Acute
rejection episodes occurred in 70% of hand traméplgBaniset al. 2004). One graft
loss was blamed on ongoing acute rather than ahrefection, but with pathological
features within the skin resembling those of gvaftsus-host disease (Kanitakisal.
2003). Acute rejection resulted in one inadvertenta-arterial steroid injection
leading to graft loss, but it is unclear if thefgraight have survived had this episode
not occurred (Lanzettat al. 2005). Chronic rejection is not a pronounceduieain
hand transplantation to date. In addition, congmariof chronic rejection rates to
renal transplantation may also not be appropriagesome long-term renal graft
failure is due to drug parenchymal damage and tsimmunologically-mediated.
Although only speculative at present (as long-teskin and subcutaneous tissue
immunological reactivity is not yet known), the exped incidence of chronic

rejection may therefore differ significantly betweenal and facial transplant groups.
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Facial abnormality will rarely lead to death, buaft) rejection could do, in serious
cases; this has been borne out by the two degtlostee so far post facial transplant.
Details must therefore be given of alternative nstauctive options, including those
which would be undertaken if the transplant were b rejected. Special
consideration must also be given to altered appearand its implication, even

where there is already experience of extensivegdisdtion.

A summary of the information which should be diseld to face transplant candidates

is highlighted in Table 7.1.

7.3. Decision-making

It is important to assess in what way the recipadra face transplant would arrive at
their decision. People have been broadly categmriato three distinct types of
decision-maker in health settings: active (where ttinician provides enough
information for the patient to make up their owmdjj, collaborative (where there is a
two-way exchange of information), and passive (whire clinician decides which

treatment to undertake) (Stiggelbout and Kiebe®7)9

Certain patterns have become apparent when exagndegisional preferences in
certain patient groups. Approximately 20% of patsechoose an active role, with
80% taking a collaborative or passive role (Dohemyl Doherty 2005; Mazur and
Hickam 1997). Some patients thus prefer to tak®aany responsibility, the clinician
taking no role in the decision making process othan information provision (Tiller
et al. 2005). A sizeable minority of cancer patientsf@rdo relinquish decisional

control (Gattellariet al. 2002). It could be argued that allowing patiegtsater
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control over their medical decisions might actualigempower them. Patients may
try to avoid regret and self-blame for the negatimesequences resulting from a poor

decision.

Married rather than single people (Stiggelbout &nebert 1997), older rather than
younger people (Mazur and Hickam 1997), men raten women (Stiggelbout and
Kiebert 1997) and those with lower educationaliatteent (Tilleret al. 2005) tend to
prefer the doctor to take decisions for them. dpai prefer passive decision making
more than do non-patients, suggesting that the& ‘sate’ (i.e. the act of being a
patient per se) may be a significant factor in deibeing the decisional role taken
(Stiggelbout and Kiebert 1997). The sick-role tiyesupposes that the sick do not
hold themselves responsible for normal role behayithis may occur because they
are in pain, fatigued, on certain medications, iomp$y ‘unwell.” In life-threatening
scenarios patients tend to prefer to hand overrabtd physicians, whereas in cases
where morbidity and not mortality are affected theyd to prefer to assume greater
control (Doherty and Doherty 2005), although thersome disagreement (Mansel

al. 2000).

194



Table 7.1. Information which should be discussed &nderstood by the patient

Identity

The face will adapt to the shape of the underiaogy structure

There will be some superficial characteristicshaf tlonor

A ‘third’ face is likely which will resemble the cgient more than the donor

The recipient will not take on the identity of tlenor postoperatively
Immunosuppression

The need for immunosuppression will be life-long

Non-compliance will lead to graft rejection

There are significant side effects of immunosupgicesincluding cardiovascular,

infective, and neoplastic complications

Regular, thorough monitoring will be necessarytfar rest of the patient’s life
Rejection

Rejection may lead to complete graft loss

Graft loss can occur at any time

Graft rejection may be treated by altering medaatir may require further surgery

Graft loss may result in an outcome worse thamptt&nt’'s preoperative condition
Psychosocial issues

Psychological acceptance of the donor face mayad&ag time

Relationships may be challenging, especially inghrdy stages when family and

friends are adjusting to altered appearance

Psychological challenges are not yet fully underdto
Surgical issues

The risk of technical failure is about 4%

Peri-operative risks, including mortality, are damito other free flap surgery
Functional recovery

Return of facial sensation and function will beigble and difficult to predict

Time frame for functional recovery is likely to beonths/years
Media issues

Media interest is likely to be high, particularlyrfthe first several patients

The donor family may become aware of the recipgeiaigntity through the media
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Some cultures may indeed prefer to delegate theaistbn making to family
members. In some cultures, the wishes of the £lehery override those of a younger
member, although this challenges the concept afintatism. Other groups often
make decisions at a community or family level. Marultural groups can find
negative discussions offensive and some doctors hagn supportive of withholding
bad news to patients, such as is reported in Cfdeh Carmen and Joffe 2005).
Whilst respecting patients own values and beligfe, would argue that facial
transplantation is a situation in which the decisio proceed must be made by the
individual themselves. Successful outcome is depenon post operative behaviour,
and in order to comply with strict medical regimére individual must make the final

decision about consenting to surgery.

7.4. Understanding

A patient can be said to have made an informedcehibithey are knowledgeable
about the operation, have a positive attitude éopftocedure and choose to proceed,
or have a negative attitude to the procedure andsehto decline (Clarke and Butler
2004; Marteaet al. 2001). Knowledge in itself has not been showintoease the
likelihood of screening; positive attitude on ththey hand has a strong association
with increased uptake (Michiet al. 2005). The patient's own values should be
incorporated in the choice made to proceed witlgesyr this may indeed be more
important than the patient's level of knowledge. orkbver, the patient must
appreciate the relevance to their own situatiomrof information given (Lidzt al.

2004).
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Increased disease severity has been shown to ldesestention of information in the
consent process (Schaeffsgral. 1996). There is evidence that patients undergoing
breast reduction have very poor recall of risks yeidare on the whole satisfied with
their understanding of the risks involved (Godwi0@). The literature has yet to
reach consensus about what constitutes sufficiesnstanding and indeed the courts
have not tended to agree that failure to undersiavalidates consent, preferring to

rely on evidence of adequate disclosure (del CaraneinJoffe 2005).

The UK facial transplantation team propose thatjadee disclosure is not enough in
the case of innovative procedures such as fa@akplantation. The Evaluation to
Sign Consent Form (DeRenzet al. 1998) has been validated in a variety of
populations and can give the surgeon an appregiaifothe extent of patients’
understanding of a procedure. Additional writtanverbal information has been
suggested to improve patient understanding, althaudgemoro-popliteal bypass and
carotid surgery this did not improve a patientecpiwed and actual understanding of
risks and complications (Stanlegt al. 1998). Use of the cognitive interview
technique with independent validation of informatieetained has been utilised as a
means of demonstrating understanding rather thaplgidisclosure in a service for
people with learning difficulties, and this is bgideveloped as a basis for the consent
procedure in facial transplantation in the UK (Coytill 2001). Assessment of pre-
transplant compliance can also provide evidencepatient understanding and

partnership in care.
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7.5. Voluntarism

One of the caveats of informed consent is volustariMacklin 1999). The patient’s
own wishes should be the only indication for fadi@nsplantation. With every
exciting and novel technique, a surgical team igskt of imparting their own values
upon the patient, and through the consent prodess might unduly influence the
patient's own choice. This would be achieved binezi withholding information
regarding other options or underplaying the impuréaof these operative and non-
operative alternatives. The ultimate decision abwaether or not to go ahead with
the procedure must however be left to the patiehhere must therefore be non-
coercion by the surgical team (Mores al. 2004). Added confounding factors are
related to research into new procedures. In pmogitteatment, a surgeon’s primary
duty is towards patient care; it might be arguedt in evaluating a new surgical
procedure, the surgeon must generate valid datédhasica commitment to the wider
scientific community (Lidzt al. 2004). Therefore the caveat of voluntarism maest b
rigorously pursued in facial transplantation, ameh de ensured through the use of

patient advocacy.

7.6. Capacity

Patient capacity to consent requires sufficientitglhtio maintain and communicate
stable choices. These choices must be maintaioed) lenough for their
implementation (Appelbaum and Grisso 1988). Thditplto make one’s own
decisions is in practice hard to evaluate and wed te assume that an adult has the
capacity unless there is strong conflicting evigen&uidelines exist examining the

ability of patients to evidence a choice and maégonal decisions (American
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Psychiatric Association 1998); these include théitplto manipulate information

rationally and to appreciate the situation and likely consequences. Certain
conditions may preclude this capacity: thought wiea short-term memory
impairment or even extreme ambivalence may lead tapid change in the health
decision that is made. A patient will require eglounemory for words, ideas and
sequence of events; intelligence, memory and adteispan may affect this cognitive

capacity (Appelbaum and Grisso 1988).

7.7. Attitude to Risk

Attitude to risk is important in making rationalabes. This however is difficult to
define because an individual’s attitude to one typhealth risk does not necessarily
predict their future behaviour towards a differkaalth risk. A health risk-taker such
as a smoker for example is not more likely to ugddife-endangering surgery than a
non-smoker, although they may underestimate them asks from smoking and
ignore social conventions which dictate what theytal their health (Weinsteiet al.
2005). Nevertheless some evidence exists thatsbpatients (who constitute a
considerable proportion of potential face transpleandidates) may have a higher
propensity for risk-taking behaviour, as evidenbgdncreased rates of accidental or

violent death in previously burned adults (Onarhamd Vindenes 2005).

There is some evidence showing that people eximbie risk-taking behaviour when

there is a chance of erasing a loss (Thaler andsdoh1990); framing an event as a
gain leads to more risk aversion (Kahneman andskyet982). This is because a
loss reduces perceived desirability of a healtit@mue more than a gain increases it

(Edgellet al.2001). Itis arguable that in the acute stagesa#nt injury, patients are

199



more likely to be focussed on the consequent lodstlzerefore more likely to accept
greater levels of risk involved in reconstructiy@ions. As their post morbid identity
develops however, with the gradual evidence th&tred appearance does not
automatically mean a loss of opportunity or lif@obes, decisions may be made more
in terms of potential gain, with a reluctance teun unreasonable risks. It can
therefore be argued that the stage at which fa@akplantation is contemplated, i.e.
immediate or delayed, will have an impact on atttuo risk and therefore on

informed decision-making.

For the patient a face transplant is a one-off dgapvehereas the surgeon incorporates
clinical evidence into their decision-making prazesPatients are also more likely
than doctors to accept radical treatments evehey have little chance of success.
Doctors may feel they have a responsibility for battcomes when they have
supported a particular treatment regime, espediaihis treatment is viewed as more
radical. Without accepting risks of radical treatits however, many major advances

in medicine could never have been achieved.

Organ transplant recipients perceived risk/benedtios of facial transplantation
similarly to non-transplanted groups in one pretiany study (Baniset al. 2004).
Recent evidence suggests that some composite tismugplant procedures (facial
transplants especially) convey benefits which aegived by individuals (including
those living with immunosuppression) to warrant tieks involved (Brouhaet al.
2006). A number of populations (renal transplagtipients, patients with facial
disfigurement, limb amputees and laryngectomy renig) have been studied using a

validated questionnaire-based tool (the Louisvistrument for Transplantation,
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LIFT) to assess attitude to risk (Barket al. 2007b). This was designed to
objectively assess the opinions of individuals witlal-life experiences in the risks
and benefits of transplantation (Satial. 2010). Specifically the LIFT assesses the
amount of risk individuals would be willing to agteo receive non-life-saving, but
guality-of-life improving transplants. All patiemfroups stated that they would risk

the most to receive a face transplant.

There is some evidence that the facially disfigunealy have different attitudes to
immunosuppressive risk (Clarke and Butler 2005¢gssting that familiarity with the
concepts and treatment of facial disfigurement ictgpan attitude. However, the
emphasis on face transplantation as a qualityfeffirocedure may inadvertently
trivialise the major problems that this group exgece in their day-to-day lives. In
planning the way ahead we therefore propose agirdor informed consent in facial
transplantation. This is framed under the headinfsfactors relating to the

individual, and factors relating to the processafsent.

7.8. Assessment of the Individual

7.8.1.  Cognitive Function

Patients undergoing complex appearance-enhancnggrsumust have the ability to

retain and comprehend proposed risk/benefit inftiona In one study of heart

transplant candidates 35% were found to have sigmif cognitive impairment as

measured by verbal learning and memory (Putekeal. 1997); lung transplant

candidates had essentially normal cognitive fumctm most tasks but between 25-
50% of patients were impaired on verbal and viso@iory tasks (Ruchinskas al.

2000). Therefore a face transplant recipient ghbel of at least average intelligence,
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with no evidence of cognitive impairment affectitigeir decision-making capacity.
Although it is not appropriate rule out a patieequiring facial trauma reconstruction
because of an accompanying head injury; it mustlear that such injuries do not

affect capacity to consent.

7.8.2.  Compliance History

The issue of compliance in transplantation has Ibeparted elsewhere (Rosenberger
et al. 2005). Clearly compliance plays a large role uiecgess of composite tissue
grafts, with the first facial transplant graft fag due to his substitution of
immunosuppressive medication, and a large groupCbinese hand transplant
recipients failing due to non-compliance with medicn; whether this was due to
patient factors, or general unavailability of immsaoppressants is unclear (Sehal.
2010). Nevertheless, a previous compliance historprising attendance to clinic,
dressing changes, and the taking of prescribed cagoins gives us documented
evidence of the ability to understand, prioritisedaexecute health behaviours

consistently within the patient’s own environment.

7.8.3.  Cultural Assessment and Attitude to Facial Transplatation
The attitudes of both patient and health profesdtowards facial transplantation
should be positive and concordant, with clear evtgethat motivation for surgery lies

within the individual not the family.

7.8.4. Decision-Making Role

Given the large stakes involved in undergoing fatiansplantation, we would

suggest that the patient should be collaboratitteerahan active or passive in their
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decision-making, which will be evident from thearapliance history. The reason for
this assertion is that an active decision-maker &piased in the way they elicit
information and therefore may not weigh up fullg thsks against the benefits; they
may have already made up their mind to have atfaosplant prior to full discussion
with medical professionals. A passive decision-enaén the other hand may not
appreciate the risks of rejection or long-term inmosuppression, and may thus be at
risk of coercion; the notion of voluntarism mustvays be preserved. Decision-
making role can be objectively assessed using t¢imeptance history or from the
Autonomy Preference Index, a validated set of goestused to establish decision-

making role (Doherty and Doherty 2005).

7.8.5.  Attitude to Risk

Population studies have assessed attitudes tonriggneral. Evidence of high risk-
taking behaviour in one area, such as smoking dulging in illegal activities or

high-risk sports for example, does not necessarédict an individual’s attitude to
risk in every health decision. Therefore the assest of attitude to risk is not a

particularly helpful construct in face transplardat

7.8.6.  Personality Assessment

Personality disorder is three times more prevalenpopulations of cardiothoracic
transplant recipients (Stillegt al. 2005) and it is postulated that this may predict
future non-compliant behaviour. Some hand tramgpteon literature suggests
personality assessment as a screening tool (€ah 2001). There is ambivalent
evidence however for the value of assessing pelispfi@actors, or an emphasis on

biological traits, in health settings. It is doubtff population studies are helpful in
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the assessment of individual patients’ suitabfitlyface transplant. Although there is
a role in assessing psychiatric co-morbidity whdnaming consent, beliefs and

behaviours may be more useful in predicting hedéditisions. Screening programmes
need to identify patients who have a negativeualéitto the operation or who have an

unrealistic optimism about the risks involved (Wat@in 1984).

7.9. Assessment of the Process of Consent

Finally, we feel that the process of obtaining @msshould be as important as the
content. Therefore an assessment of the efficagyalidity of this process should be
made by someone not directly involved with the techl aspects, ideally by an

informed health professional such as a psycholegtsin the face transplant team.

The surgeon performing the procedure should idealiiain consent, as they are
usually the person best placed to answer quessibost operative aspects, but this is
not exclusive. Indeed it might be argued that sbegeon performing radical new
surgery might not be best placed to take consetihes might introduce their own

bias.

Screening needs to identify those who have a lackformation or who are using it
inappropriately, but it is not enough to be sui there has been adequate disclosure
of information in facial transplantation. There shube both disclosure and

confirmation of patient understanding. This carebeluated as described above.

It is true that in highly innovative procedures Isuas face transplantation, there is no

way of assessing if a patient has made the rigbisibe and will later regret their
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autonomous choice, but the psychologist can aséeke decision has been made
which is in line with the patient’s attitudes. Tpeychologist should also enquire
about the patient’'s personal goals in having a faeasplant. An approach to

informed consent that recognises the importanceotfi perceptual processes and
realistic attitude to risk is proposed as a modwal ihformed consent in face

transplantation. The assessment framework outlmakies use of the best evidence
available in health settings to identify both indival and process factors which must

be considered in informing and consenting patients.
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Chapter 8

8. Contribution to Knowledge and Suggested Further Wok

This work addresses a number of hitherto unanswguedgtions in the field of facial
transplantation. First, we have described a metti@$sessing facial vasculature in a
critical care setting which can be easily performatth relatively minimal training for
the transplant team member; training on such seéattrasound techniques was able
to be performed in a matter of 2-3 weeks only. Témults obtained correlate well
with anatomical studies. We thus feel that thig rapid and remarkably accurate way
of assessing the vasculature at the bedside foatype planning purposes. It would
however be interesting to perform these studiepatients in the critical care setting
to assess whether these findings can be reprodutgzhtients with haemodynamic
instability. Further study could also include as&éd of flow rate, including peak
systolic velocity, along with more investigatiortarreverse flow dynamics of both
artery and vein. A number of other parametersacaido be measured, such as vessel
wall thickness; however this could only practicdlg done on larger vessels such as
facial vein and artery as it is unlikely that mewyiul data could be obtained for the
transverse facial vessels due to their diametewould also be interesting to note if
vascular status on the critical care setting affecty of these additional parameters
and an extension of this study on a group of twemtgo critical care patients with
pre-defined vascular abnormalities could be desigrighis could look at both ease of

use and comparative data to assess if the techoaquandeed be logically extended.
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Second, we have produced a skin tonal scale tcstaebnicians in accurately
assessing facial donor and recipient skin tonegudigital imagery. This is important
because for the first time an easily accessiblehatetof assessing skin tone is
described using widely available and easily acbéssligital imagery. This avoids
the use of skin phototype nomenclatures used puselipwhich do not reflect colour
tone per se, but rather tanning and burning pakntinstead, the system described
attributes discrete tonal values to each of theesleskin tones described, allowing the
clinician more accuracy in attributing skin toneAgain, it would be interesting to
examine if the tonal scale is reproducible in théical care setting. Further
photographic assessments could be planned on tdrgsine care unit, examining the
effect of differing ambient lighting levels. Themeay also be a requirement needed to
add allowances to the tonal grading system to aucimu colour changes associated

with altered haemodynamic status in brain-deadepti

Third, we have ascertained the degree of skin toatching required between donor
and recipient in two of the most commonly encowedeskin tones in the UK. This
has produced some surprising results; for exanipigl mismatch is more tolerated
in facial than in hand transplant simulations. sTisi significant, as it challenges the
notion that a facial graft must (by definition, die the face’s supremacy in
attributing attractiveness to an individual) be enanatched than an equivalent hand
transplant - in tonal appearance at least. Thatmmnal variation is tolerated by
males than females is perhaps not as surprisingthimiinformation does allow the
clinician to plan for a more optimised aesthetid-point. Clearly cultural variations
also exist: in the slightly tanned white group, threference was for a number of

darker skin tonal groups; in the light golden broparticipants, females preferred
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lighter tonal mismatches than darker mismatchesis i& perhaps not as remarkable
given the literature surrounding cultural differeacin attitudes towards skin tonal
variation; however, validation of this in a faciahnsplant setting is extremely
important. These findings are significant becatlsey provide facial and hand
transplant surgeons with evidence to more ratigraskign donor tissue, in a unique

field of transplantation where there is relativiglgs availability of tissue.

It is likely that many of the patterns found in thldn tonal mismatch study will be
similar in the other recipient skin types elucidhte the study, especially those that
lie within the same spectrum of RGB grade. Howgveitural differences dictate
that there may be additional factors which faciahgplant teams around the world
may need to take into consideration, depending len rature of their native
population. This study will thus require repeat@tidation in each of the nine other
skin types in the future; this could be achievedanjunction with other international
teams. It is hoped that we may be able to produceore total picture of likely

acceptable matches in all common facial and hairdtskes.

The development of a system for skin tonal matchisghg digital photography
coupled with suitable professional calibration maljow for the process to be
occasioned remotely via telemedicine in the futulteas hoped that a system may be
put in place whereby images of potential donorslccdie sent electronically to a
central national or international database, wigtibnic systems in place to suggest
suitable tonal matches. We hope that this studly heip clinicians decide where

exactly to concentrate their efforts when dealinighvaesthetic matching in facial
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transplantation, and suggest a more targeted nmatctiskin tone in composite tissue

transplantation in order to optimise this aesthetid-point.

Fourth, the study of transplant coordinators is ongnt as it provides the facial
transplant team with answers to many of the questiposed by both critics and
proponents of the procedure. The perceived impoetaof each component of the
process has been examined and, in many casesergedl. The issue of identity
transfer was not a focus of this group, contraryptevious studies (Clarket al.
2006). The impact of facial transplantation on fdrger hospital transplant program
was not thought to be as important as first thougfithis type of population
guestionnaire study on attitudes toward facial 9pdentation is of course biased by
the fact that presentation of facial transplanbinfation was done prior to the study.
It could be argued that only ‘interested’ partiesrvtaking part, but nevertheless it is
an important piece of research given the fact ithat this same group who will be
most intimately involved in the facial tissue retral process. It is interesting to note
that the group examined in this study had a hidgh of knowing someone with a
facial disfigurement (36%). This is somewhat higtian other population studies on
this topic where rates of 14% are quoted (Clakal. 2006). The reason for this is
unclear, as the phrasing of the questions in battliess was the same; perhaps the
present study attracted more participants who wacetely aware of facial

disfigurement as a concept.

The study on donor family focus groups has revealedimber of important factors

which transplant teams should take into accountrwplkanning delivery of face

transplant services. Importantly, the asking ohifees to donate their loved ones’
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facial tissue is not as much of a challenge a$ firsught, providing that adequate
information is provided and the request is corgeptsitioned in the context of other
organ requests. It might be interesting to repieatstudy with more focus groups to

ascertain if these observations can be reproduced.

This study has highlighted the rationale why dofa@e reconstruction is necessarily
occasioned in the operating theatre milieu. Thasgmetic reconstruction is not done
primarily for the donor family, as one might expetite families surveyed in this
study did not report this as a key component ofddweation process, as they are not
likely to view the body post-harvest. It is tharsplant retrieval team who rank
donor face prosthesis provision a relatively higionty. The face cannot easily be
covered up after facial tissue retrieval as onehinsgiggest, partly because access to
the face and neck will likely be required for a raenof reasons, such as lymph node

retrieval or central venous access.

It is therefore important that we were able to tficescribe how donor facial

prostheses might be produced within a necessdrdyt $ime frame on an intensive
care setting. The inclusion of a prosthetist om fificial transplant team is of key
importance so that a full mask imprint can immesliabe made on a potential donor
face once one is identified. We first describea Habrication of such a prosthesis
can be completed well in advance of the end ofitheor graft dissection; global face
transplant retrieval teams have since followed Isinpost-harvest prosthetic facial

reconstructions in their case reports (Pomagdtad. 2011).
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Lastly, the Royal College of Surgeons Working Parigport (Morriset al. 2007)
highlights fifteen questions which it feels shoulk answered before facial
transplantation can proceed. The fact that fivehaflse centre on the concept of
informed consent is significant. Clearly, life-clggng surgery with attendant risks of
such a wide-reaching nature (from immunosuppressasie to the risk of media
intrusion) necessitates the production of a roloosisent process; the formalizing of
this process was thus a key goal in the productibrithis research. Any new
procedure can be challenged on the grounds thatniield consent is impossible, but
this is effectively a barrier to any form of progse By examining each of the core
requirements for informed consent in detail, andewwing the evidence base, it is
possible to propose a standard for facial transgleam which not only meets but
extends the current gold standard for consent im medical procedures. The work
contained in this thesis is being used by teanelp frame discussions prior to facial
transplantation (Barker 2008). We hope that thi$ also have relevance to other

innovative, novel or potentially high profile medigrocedures in the future.
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Appendix A

Photographic Imaging Calibration Values

Table A.1. Set up values for calibration of the monitor gsthe Gretag Macbeth
‘Eye-One’ monitor calibration system. This invodvihe initial pre-setting of various

computer monitor characteristics to specific stadidad values.

Eye-One calibration settings Selected value

Monitor type CRT
White Point Colour Temperature (llluminant Stand@&b) 6500°K
Tonal response curve (contrast) Gamma 2.2

Luminance level 100/ CRT

Table A.2. Before and after adjustment values

Monitor Settings Pre-set value  Pre-adjustment Postidjustment
White Point (°K) 6500 6200 6500
Luminance (cd/m2) 100 97.8 99.9
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Appendix B

Randomisation of Simulated Facial and Hand Transplat Images

Table B.1. Simulated facial transplant images.

Image number Skin tone 2 recipient Skin tone @prent

Donor skin tone (1-11)

Female Male Female Male

1 6 10 8 5
2 1 8 6t 2
3 8 2% 7 11
4 5 9 9 10
5 9 4 5 3
6 2% 11 3 9
7 10 1 1 4
8 4 3 10 6t
9 3 6 11 1
10 7 5 2 8
11 11 7 4 7

* = Control image: skin tone 2 donor and recipient

T = Control image: skin tone 6 donor and recipient
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Table B.2. Simulated hand transplant images

Image number

Skin tone 2 recipient

Skin tone 6pient

Female

1 4
2 1
3 10
4 9
5 8
6 7
7 3
8 5
9 11
10 2%
11 6

Donor skin tone (1-11)

Male

8

10

2*

11

Female Male
7 8
2 5
6t 4
9 2
1 7

11 3
3 11
8 1
4 10

10 9
5 61

* = Control image: skin tone 2 donor and recipient

t = Control image: skin tone 6 donor and recipient
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Appendix C

Questionnaire for Facial and Hand Transplant Simuldion Study

Please tick each box or mark on the line as appater

Q1. Are you:
Male Female

Please tick your hair colour:

Red Blonde Light brown Brown Dark brown Black

Please tick your eye colour:

Blue Green Brown

What is your age? e
What is your ethnic group? ...

What is your nationality?
When we graft skin we try to match skin as cloaelye can, we don’t always obtain
a close match. The next few questions are designeexamine this degree of

difference.

Q2. A number of the images you will be shown hiagen altered into a different skin
tone. WhichONE of the images iltACH series is the original?
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FACES HANDS

© 00 NO Ol WN PP
1

©O© 000 NO Ol WN K-
1

e
= O
LI |
e
= O
LI |

Q3. How confident are you about this choice? $dgalace & ERTICAL MARK

onto the line below:

FACES
not very
confident confident
HANDS
not very
confident confident

Q4. In the following images of skin grafts BACES, the skin tone may not be a
perfect match. Please tell us, by placingERTICAL MARK onto the line below,

to what extent you think the match is:

Image 1
acceptable unacceptable
unattractive attractive
normal abnormal
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Image 2

acceptable unacceptable

unattractive attractive

normal abnormal
Image 3

acceptable unacceptable

unattractive attractive

normal abnormal
Image 4

acceptable unacceptable

unattractive attractive

normal abnormal
Image 5

acceptable unacceptable

unattractive attractive

normal abnormal
Image 6

acceptable unacceptable

unattractive attractive

normal abnormal

217



Image 7

acceptable unacceptable

unattractive attractive

normal abnormal
Image 8

acceptable unacceptable

unattractive attractive

normal abnormal
Image 9

acceptable unacceptable

unattractive attractive

normal abnormal
Image 10

acceptable unacceptable

unattractive attractive

normal abnormal
Image 11

acceptable unacceptable

unattractive attractive

normal abnormal
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Q5. In the following images of skin grafts BIANDS, the skin tone may not be a
perfect match. Please tell us, by placingERTICAL MARK onto the line below,

to what extent you think the match is:

Image 1
acceptable unacceptable
unattractive attractive
normal abnormal
Image 2
acceptable unacceptable
unattractive attractive
normal abnormal
Image 3
acceptable unacceptable
unattractive attractive
normal abnormal
Image 4
acceptable unacceptable
unattractive attractive
normal abnormal
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Image 5

acceptable unacceptable

unattractive attractive

normal abnormal
Image 6

acceptable unacceptable

unattractive attractive

normal abnormal
Image 7

acceptable unacceptable

unattractive attractive

normal abnormal
Image 8

acceptable unacceptable

unattractive attractive

normal abnormal
Image 9

acceptable unacceptable

unattractive attractive

normal abnormal

220



Image 10

acceptable unacceptable

unattractive attractive

normal abnormal
Image 11

acceptable unacceptable

unattractive attractive

normal abnormal
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Appendix D

Questionnaire for Transplant Coordinator Study
1. What is your role in transplant coordination? Please tick appropriate box)

Donor transplant coordinator

Recipient transplant coordinator

Dual transplant coordinator

Donor liaison nurse

Regional transplant coordinators’ manager

Other, please specify .........ccooviiiiiiiiiiiii e,

2. Please indicate length of time in your current st:

Less than 1 year
Between 1 and 3 years

More than 3 years

3. Do you know anyone with facial disfigurement?

Yes No

4. Would you feel comfortable discussing face donan with a donor family?

Yes No

If NOL, WhY NOL?
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5. Should face transplantation take place?

Now Not yet Never

If not yet, why not?

If never, why not?

IN THE FOLLOWING YOU CAN RANK SOME ISSUES THE SAMECORE

6. Retrieval Issues (Rank in order from 1-7; 1 = mst important, 7 = least
important)

Development of donor/recipient specific criteria face transplant
Face transplant increasing overall time of organenal

Delays to theatre lists in host hospital

Liaison between other organs retrieval teams

Amount of tissue retrieved

Appearance of donor after face has been retrieved

Development of a facial prosthesis

7. Retrieval Issues Il (Rank in order from 1-7; 1 =most important, 7 = least
important)

Developing a specific designated face retrievaihtea
(Surgeons, anaesthetists, scrub nurse, etc.)

Close link of face transplant team with coordinator
Educating professionals about the procedure
Impact of face transplant on theatre and ITU staff
Debriefing and support for healthcare professionals
Exposure of healthcare professionals to presssiatnu

Negative impact of face transplant on other traansjgbrograms
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8. Donor Issues (Rank in order from 1-7; 1 = mostmportant, 7 = least
important)

Consent form and consent form issues

Discussing the process involved in the procedure
Procedure outcome. Likelihood of benefit for theipeent
Whether the recipient will resemble the donor
Viewing by relatives after retrieval

Long term psychological support for the donor famil

Exposure of donor family to press intrusion

Of all the issues what do you think is the most imgrtant issue?

Are there issues we have not covered? What are they
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