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Preface

Reconstructive allotransplantation has emerged as the ultimate restorative
technique for treating face deformity, hand amputations and others. In particu-
lar, a real revolution in face reconstruction has occurred. The not-so-old dream
of restorative surgery, namely the replacement of damaged parts of the body
by new, unharmed preformed tissues, has become a reality. The development
of techniques aimed towards the transplantation of vascularised composite tis-
sues has provided clinicians with a new, robust tool for the reconstruction of
deformities that were, not so long ago, impossible to achieve. The results of
face transplantation in humans demonstrate that face transplantation is no lon-
ger an abstraction but a clinical reality. It has been implemented in the recent
years with increasing interest and great success. The limits of indications are
still, though, desperate catastrophic face disfigurement. Similarly to that learnt
in many other transplant and plastic surgery disciplines, the development of
face transplantation programmes calls for a strong team approach. Building a
multidisciplinary team involves joining together all essential and diverse spe-
cialists to make a robust protocol and an experienced team that warrants excel-
lency in outcomes. The general objective of our intense efforts in basic, clinical
research and implementation in the human clinic is the standardisation and
introduction of a new treatment for patients suffering from severe face defor-
mities and destructions caused by burns, trauma, congenital defects and the
extirpation of malignant tumours. It introduces technical aspects; immuno-
logical, psychological, ethical and legal methodologies; and the necessary sur-
gical proficiency for the performance of face transplantation. With the
development of novel, more effective, immunosuppressant regimens, which
shall decrease the advent of toxic side effects, the indications for this new
technique may widen. In fact, the achievement of such a regimen that mini-
mised side effects and counterbalanced the ethical issues in reconstructive
allotransplantation would allow for the transplantation and restoration of any
anatomical and functional unit of the human body. Cell therapy, tissue engi-
neering and new synthetic polymers will help in the development of a true
restorative surgery in the future, combining the knowledge and expertise of
transplantation medicine specialists with the advent and development of bio-
logical and synthetic tissue engineering.

Barcelona, Spain Juan P. Barret, MD, PhD
Catania, Italy Veronica Tomasello, MD
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Introduction and General
Background

Abstract

The last years have registered an important activity in the specialty of
plastic and reconstructive surgery. In particular, a real revolution in recon-
struction has occurred. The not-so-old dream of restorative surgery,
namely, the replacement of damaged parts of the body by new unharmed
preformed tissues, has become a reality. The development of techniques
aimed at transplantation of vascularised composite tissues (VCA, vascula-
rised composite allografts) has provided clinicians with a new robust tool
for the reconstruction of deformities that were, not so long ago, impossible
to achieve. History, development and classical attempts for VCA are not a
new one. More than four decades ago, doctors in Ecuador attempted the
transplantation of a hand limb. The transplant failed, but the dream sur-
vived. Pioneering laboratory work in experimental animals showed the
path to clinicians for the achievement of human VCA. The works of Dr.
Siemionow and Dr. Butler are milestones of the development of this disci-
pline. They showed how tissues could survive after transplantation and
implemented the basis for the surgical technique in the clinical scenario.
More than ever, this is a perfect example of translational research and
implementation of bench work to the bedside.

The last years have registered an important
activity in the specialty of plastic and recon-
structive surgery. In particular, a real revolution
in reconstruction has occurred. The not-so-old
dream of restorative surgery, namely, the
replacement of damaged parts of the body by
new unharmed preformed tissues, has become a
reality. The development of techniques aimed at
transplantation of vascularised composite tis-
sues (VCA, vascularised composite allografts)

has provided clinicians with a new robust tool
for the reconstruction of deformities that were,
not so long ago, impossible to achieve. History,
development and classical attempts for VCA are
not a new one. More than four decades ago, doc-
tors in Ecuador attempted the transplantation of
a hand limb. The transplant failed, but the dream
survived. Pioneering laboratory work in experi-
mental animals showed the path to clinicians for
the achievement of human VCA. The works of
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1 Introduction and General Background

Dr. Siemionow and Dr. Butler are milestones of
the development of this discipline. They showed
how tissues could survive after transplantation
and implemented the basis for the surgical tech-
nique in the clinical scenario. More than ever,
this is a perfect example of translational research
and implementation of bench work to the bed-
side. Not so long ago, Dr. Pribaz et al. at Harvard
and Brigham and Women’s Hospital illuminated
the plastic surgery community with the revolu-
tionary concepts of flap prelamination and pre-
fabrication. These elaborated techniques, well
documented in literature, pursue the goal of fab-
ricating new flaps and parts in the human body
ready for autotransplantation. There is no sur-
prise that few years later the same institution is
at the forefront of face VCA in the USA. On the
other hand, VCA has opened a new era not only
in reconstructive surgery but also in transplant
surgery. To date, there have been reports of suc-
cessful transplantations of the knee joint, hand
(unilateral and bilateral), arms (unilateral and
bilateral), face (partial and total), abdominal
wall, larynx, penis, digits and lower limbs. All
recipients presented with deformities and/or
amputations that were not amenable to be recon-
structed by means of classical or traditional
techniques. Such deformities affected nonvital
parts and/or organs, and all of them had in com-
mon the impossibility to restore form, function
and cosmesis by means of conventional tech-
niques and reconstructive surgery. The results of
face transplantation in humans demonstrate that
face transplantation is no longer an abstraction
but a clinical reality. It has been implemented in
the latest years with increasing interest and
great success. The limits of indications are still,
though, desperate catastrophic face disfigure-
ment. Today, we are in a position to say that it
has been possible to perform face transplanta-
tion both in animals and humans in a short
period of time.

Similarly to that learnt in many other trans-
plant and plastic surgery disciplines, the develop-
ment of face transplantation programs calls for a
strong team approach, building a multidisci-
plinary team that involves all necessary and
diverse specialists to make a robust protocol and

an experienced team that warrants excellency in
outcomes. This multidisciplinary team is formed
by all transplant disciplines usually involved in
transplant medicine (surgeons, immunologists,
infectious disease specialists, renal disease spe-
cialists) but should include also experienced
health professionals more involved in the plastic
and reconstructive scenario, namely, rehabilita-
tion specialists, physiotherapists, occupational
therapists, psychologists, psychiatrists and social
workers. VCA procedures must be organised in
tertiary centres with a strong commitment to
transplant surgery and medicine. Such institu-
tions have in common the required laboratory,
clinical services and research units that are nec-
essary to perform this new clinical discipline.

The general objective of our intense efforts in
basic, clinical research and implementation in the
human clinic is the standardisation and introduc-
tion of a new treatment for patients suffering
from severe face deformities and destructions
caused by burns, trauma, congenital defects and
the extirpation of malignant tumours. It intro-
duces technical aspects, immunological, psycho-
logical, ethical and legal methodologies and the
necessary surgical proficiency for the perfor-
mance of face transplantation.

1.1 General Aspects

The face has important functional and aesthetic
roles. Phylogenetically related, the face has deli-
cate structures to host the senses and to allow for
correct nutrition and communication with the
environment. However, as human beings, the
face plays a central role in personal identity and
in social interaction. It is well represented in dif-
ferent languages with different words to refer to
the face as an organ (“cara”, “fac”, “faccia”) or as
an identity (“rostro; faz” or “visage”, “viso”). We
are what we see in others, and we recognise peo-
ple by the face construction, the expression of
emotions and the psychosocial input that the face
imprints into each other. The face incorporates
other exigent functions that merge together anat-
omy and emotions, such as the discourse, the
communication competence and the emotional
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expression. The latter is very significant from the
social and psychological standpoint, since the
communication with other human beings involves
face expression in non-verbal communication. Its
consequences are the following: the importance
of the reconstruction of both anatomy and func-
tion is fundamental and accepts no controversy,
and this requires the application of meticulous
and innovative techniques, although total recov-
ery of functions, social and emotional recovery
and global aesthetical reconstruction remain
extremely difficult. The main reason for such dif-
ficulty to obtain an optimal reconstruction of
function, emotion and aesthetics of the “face—vis-
age” is the highly specialised organisation of the
face as an organ, which has to be approached
with exigent technique to form function and
aesthetics.

Burns, ballistic trauma (gunshots), benign
tumours and malformations (neurofibromatosis
and vascular malformations) and cancer abla-
tion may produce important face deformities.
The whole scope of plastic surgery does apply
for the reconstruction of these defects. However,
when important functional anatomical struc-
tures such as muscle sphincters (orbital, oral)
are involved, final outcome is normally less than
optimal. In order to obtain good cosmetic and
functional results that match those of absent or
deformed tissues, texture, colour and elasticity
of tissues should be as similar as possible to the
original tissues. Traditional reconstructive face
surgery includes the utilisation of skin grafts
(partial or full thickness), local flaps, tissue
expansion, free flaps and face prelamination.
Other nonsurgical options may include custom-
made prosthetic reconstruction. When final,
long-term results are analysed at follow-up, the
overall results are usually that of a mask-type
appearance. Even in experienced hands, when
sophisticated techniques have been used, the
lack of an effective function, especially of active
competent muscle movement, prevents patients
from regaining a normal appearance and correct
face functions. Patients are confronted on a
long, never-ending number of surgical proce-
dures that in many situations render limited out-
comes. Reasons for such important concerns

and limitations include technical, anatomical
and physiological issues.

The human face is a unique structure in nature,
both by its anatomical basis and its function.
Specific features such as the nose, mouth and
eyelids cannot be reconstructed or transplanted
from another part of the human body. Reaching a
final, long-lasting solution for these deformities,
making the deformed face a human spirit anew,
experimental and translational researches for the
last 20 years have been dedicated to study the
technical, biological, immunological and ethical
possibilities of vascularised composite tissue
allotransplantation in humans.

This is not a new idea in reconstructive sur-
gery. The most common method for the recon-
struction of face defects is the transplantation
(auto) of tissues from adjacent or distant parts of
the same patient (Figs. 1.1 and 1.2). Local/
regional flaps or grafts are commonly used.
Microsurgery is necessary if distant tissues are
autotransplanted from the same patient (Figs. 1.3
and 1.4). In some instances, though, prosthesis,
osteointegration and biomaterials are utilised
(Fig. 1.5). There is no doubt regarding the best
outcome possible: it is obtained when tissues
from neighbouring areas of the face are the donor
areas for the defect. However, when we face
severe deformities, these tissues may be absent or
destroyed. This situation forces surgeons to
search for other techniques that can render the
desired outcome, which is no other than “restitu-
tio ad integrum” of the face aspect, the face func-
tion and the quality of life. Classical, traditional
(including sophisticated microvascular tissue
transfers) reconstructions fill defects and repair
deformities. However, in the majority of cases,
they do not provide patients with a satisfactory
aspect, since they do not repair the feeling of
avoidance and isolation. It is not uncommon for
patients to follow a long series of surgical inter-
ventions (some require more than 100 operations
in a time span of 10-20 years), not obtaining,
though, the desired outcome: social and func-
tional reintegration.

In general terms, conventional techniques are
the common option when skin coverage is the
main goal of the surgical treatment. However, in
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Fig. 1.1 Flap advancement and rotation are workhorses
in plastic surgery reconstruction. (a) Cancer of the floor of
the mouth. (b) Defect after resection and mandibular split.

some cases, when extensive damage and severe
scars are present and multiple operations with
limited outcomes are expected (i.e. burns;
Fig. 1.6), face transplantation may be indicated
and taken into consideration. It may not improve
much the functional outcome of that individual,
although it will reintegrate him/her into society
and it will avoid multiple conventional opera-
tions. Face deformity is a devastating disability

(c¢) Nasolabial flaps are elevated to reconstruct the defect.
(d) Reconstruction with flaps in place

that induces depression, social isolation and risk
of suicide. Anger, shyness and avoidance are
some of the feelings that face deformity patients
feel and receive from society, worsening their
recovery after trauma and burns or hindering the
adaptation in congenital deformities. Our face is
fundamental for physical attraction and is a pri-
mary characteristic of our identity. Consequently,
a severe deformity, traumatic, innate or acquired,
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Fig. 1.2 Regional flaps are required when a more com-
plex lesion shall be reconstructed. (a) Recurrent parotid
tumour involving the cervical skin. (b) Defect after resec-

signals that person as “different or diverse”. The
consequences are social and emotional
introversion.

It is estimated that in the USA alone, there
are thousands of people that are severely disfig-
ured and live in social isolation and they do not
show in public. In general terms, few of them

tion and modified radical neck dissection. (c¢) Elevation of
a pectoralis major myocutaneous flap. (d) Result after
reconstruction. (e) Long-term result

are real candidates for face transplantation.
Only those patients that cannot be reconstructed
with conventional techniques are candidates for
face VCA. On the other hand, it should be stated
also that those patients that cannot achieve the
same excellent functional outcome offered by
face transplantation shall not be offered conven-
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Fig. 1.3 Autotransplantation of flaps/composite tis-
sues is based on reconstructive microsurgery. It joins
all important issues in composite tissue allotransplan-
tation with the exception of immunosuppression.
(a) Free fibula osteocutaneous flap prepared for recon-

Fig. 1.4 Autotransplantation of a jejunal free flap for
the reconstruction of the hypopharynx. (a) Recurrent
laryngeal tumour after laryngectomy and radiotherapy.

tional reconstruction and be evaluated by face
transplantation teams. After extirpating all
scarred tissues and deformed face units, it is
expected that patients recover good functional
and aesthetic outcomes in 1-2 years (the time

struction of the mandible and floor of the mouth. Note
the preformed fibula with miniplates in place. (b) Free
deep circumflex iliac artery osteomuscular flap pre-
pared for reconstruction of high-energy traumatism to
the forefoot

(b) Preparation of a free jejunal flap. (¢) Reconstruction
of the hypopharynx and oesophagus

for motor and sensitive nerve recovery).
Smiling, laughing, smelling, drinking, eating
and speaking shall become again a normal daily
living activity, making face transplantation the
“gold standard” for these patients.
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Fig. 1.5 The use of different biomaterials and titanium-
based implants aids in craniofacial reconstruction.
(a) Reconstruccion of a cancer defect of the floor of the
mouth a radial forearm free flap and osteointegrated

Fig. 1.6 Severe destruction of superficial face structures
may indicate face VCA

implants. (b, ¢) Titanium miniplates are the current foun-
dation for reconstruction of face fractures. (d) Resorbable
plates are new biomaterials that disappear between
6 months and 1 year

1.2  Background

The idea of replacing the loss of human anatomi-
cal parts (especially limbs) has been depicted by
many artists, and it is as old as human history and
the history of trauma care. It has been recognised
for decades that this objective was far from the
human clinic due to immunological and technical
barriers. The science behind the immunology of
transplantation was initiated with the clinical
objective of skin resurfacing and the reconstruc-
tion of severely deformed tissues in British pilots
and burned navy soldiers injured by U-boat
attacks during the Second World War. Physicians
such as Tom Gibson and Peter Medawar and
other collaborators developed the first experi-
mental studies after tissue immunogenicity, espe-
cially skin transplantation and the paradox of
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Fig. 1.7 The first full-face transplant performed in March 2010 in Barcelona, Spain

foetal and gestation tolerance. Their work
founded the grounds for transplantation and
brought a Nobel Prize in 1960. Soon afterwards
many other pioneers in transplantation immunol-
ogy joined these efforts. The lack for a good
proper progression in skin transplantation and the
initial encouraging data on experimental renal
transplantation shifted the scientific attention
from skin and soft tissue transplantation to human
renal transplantation, which showed a more
promising outcome. In 1954, Joseph Murray per-
formed the first successful renal transplantation
in humans between identical twins. Renal trans-
plantation across the MHC followed, with the
introduction of azathioprine as immunosuppres-
sive agent. For this achievement, Murray received
the Nobel Prize in medicine and physiology, and
he remains the only plastic surgeon that has
received such honour to date. These pioneering
works and efforts were the opening of a new era
in transplantation medicine. The evolution of
renal transplantation encouraged other solid
organ transplantation (SOT) programmes in the
last decades of the twentieth century, such as
heart, liver, lung, pancreas and small bowel trans-
plants. During the same period, though, there was
little progress on the exploration of clinical skin
and soft tissue transplantation, most probably by

the conception that skin was one of the most
immunogenicity tissues in the human body. The
former being reinforced by the pioneering expe-
rience of Gilbert in Ecuador, were doctors per-
formed the first-hand transplantation ever in
1964, which was rejected despite the implemen-
tation of prednisone and azathioprine immuno-
suppression. More than 30 years elapsed between
this first exploration of VCA and the first suc-
cessful hand transplantation in 1998. The
improvement in immunosuppression regimes and
the introduction of new drugs (calcineurin inhibi-
tors, cyclosporine A and tacrolimus, and myco-
phenolate mofetil) were grounds for improvement
in survival (liver, heart, pancreas, lungs) and for
the introduction of new SOT programmes such as
small bowel transplantation. Their introduction
in experimental models showed promising results
in VCA in experimental animals. These impres-
sive results prompted authors to organise a
research team on human VCA at the University
of Louisville, Kentucky, which showed good
results in big experimental animals with long-
term survival, proving the role of this preclinical
study protocol. At the same time, other clinical
scientists at the Cleveland Clinic (Strome and co-
workers) developed experimental studies on
laryngeal transplantation, and Hoffman and
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co-workers, experimental studies on knee joint
transplantation. Few years of research brought
these types of transplantations to the clinic. Other
teams were formed in Louisville and Lyon, aim-
ing to perform human hand and upper extremity
allotransplantation. The first human hand allo-
transplantation was performed in France (Lyon)
in September 1998, followed by the Louisville
team in January 1999. All initial efforts helped to
the development of the initial VCA teams to date
that have made a reality in the human clinic
vascularised composite tissue allotransplantation

of the hand, larynx, knee, femur, abdominal wall,
upper and lower extremities and face (Fig. 1.7).

The initial development of hand allotransplan-
tation programmes helped in the understanding
of the performance of immunosuppression
protocols, rejection episodes and their treatment
and functional and midterm outcomes of
VCA. Similarly, the initial outcomes of different
VCA programmes have shown that a robust team
and VCA protocol and good patient selection
allow for excellent clinical results and good
survival.



History of Face Transplantation

and Objectives

Abstract

The recent history of face transplantation includes a few chronological key
issues that promoted the development of face VCA in the past few years.
In November 2004, following an increasing scientific, social and mass
media interest, the Royal College of Surgeons in London released the
“Working Party Report on Face Transplantation”, which concluded that at
that point further basic science, psychological and translational research
was necessary to implement the discipline in human clinical practice. At
that moment in time, though, the University of Louisville had published a
series of documents pointing out the ethical and scientific relevance of
face transplantation in selected patients.

The recent history of face transplantation
includes a few chronological key issues that pro-
moted the development of face VCA in the past
few years. In November 2004, following an
increasing scientific, social and mass media
interest, the Royal College of Surgeons in London
released the ‘“Working Party Report on Face
Transplantation”, which concluded that at that
point further basic science, psychological and
translational research was necessary to imple-
ment the discipline in human clinical practice. At
that moment in time, though, the University of
Louisville had published a series of documents
pointing out the ethical and scientific relevance
of face transplantation in selected patients.

The same year, the CCNE (Comité Consultatif
National d’Ethique) in France was in favour of the

implementation in clinical practice of a partial
human transplantation, although expressed its
reserve for an integral, full-face transplantation.
Few months later, in October 2005, the Ethics
Committee of the Cleveland Clinic granted permis-
sion for a face transplantation to Dr. Siemionow’s
team (world expert and pioneer in experimental
face transplantation) to perform face transplanta-
tion in humans. In 2005, the American Society of
Plastic Surgery (ASPS) produced a similar docu-
ment to that of the Royal College of Surgeons in
London, serving as a clinical guide, recommending
the practice of human face programmes in gradual
increments. Soon afterwards, human face trans-
plantation became a reality in Amiens, France,
where doctors (Dr. Bernard Devauchelle and Dr.
Jean Michel Dubernard) within a multidisciplinary

J.P. Barret, V. Tomasello, Face Transplantation: Principles, Techniques and Artistry, 1
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Fig. 2.1 The world’s first human face transplantation.
The lower third of the face, including the lips and oral
commissures, was transplanted

team performed the world’s first partial human face
transplantation (Fig. 2.1). The intervention was
performed on a woman who had suffered the attack
of a domestic dog, sustaining the loss of the lower
part of her face. Initial and midterm report on the
intervention granted the success of the transplanta-
tion, followed by good to excellent documentation
of sensory and functional recovery. The medical
community and society in general had a favourable
response to this transplantation. Following this first
case, subsequent favourable ethical reports for face
transplantation programmes were achieved in the
Netherlands (University Hospital Utrecht) and in
the UK (Royal Free Hospital, Dr. Peter Butler). At
this point in time, a general acceptance was
observed on the immunological survival of face
transplants, sensory and functional recovery, with a
technique far superior to conventional reconstruc-
tive surgery.

Few reports on successful face transplanta-
tion followed this initial experience. In April

2006, Dr. Shuzhong Guo, at the Xijing Hospital
in Xian (China), performed the world’s second
partial face transplantation in a male patient
affected by a traumatic deformity on the lower
face caused by a bear’s attack. Results were
similar to that obtained in the first face trans-
plantation. Other partial face transplantations
followed: neurofibromatosis and wound shot
injuries to the face in Paris (Dr. Lantieri), wound
shot injury to the face in the USA (Dr.
Siemionow), electrical burn injury (Boston, Dr.
Pomahac) and postoncological deformity and
neurofibromatosis in Spain (Valencia, Dr.
Cavadas; Seville, Dr. Gomez-Cia). In April
2009, the first partial face and double hand
transplantation is attempted (Dr. Lantieri, Paris).
Although initially successful, the operation
failed few weeks afterwards due to infection and
septic shock.

Face transplantation made the final step for-
ward in March 2010. For the first time in the
world, the first full face transplantation was per-
formed. The operation was successful, and it
resolved many technical, scientific and ethical
questions unsolved until that moment. The
recipient, a 30-year-old male patient affected by
a severe posttraumatic injury from a gunshot
injury to the face received a full face transplant
(skin, muscle, lips, eyelids, lachrymal appara-
tus, mucosa, palate, upper and lower teeth,
nerves, etc.) that included all face bones (Dr.
Barret; Barcelona, Spain). The operation was
successful, and the patient regained his premor-
bid status a few months after his operation. This
operation changed the approach to face restora-
tion through face transplantation. From that
moment on, face transplantation will be per-
formed following aesthetic units with strict
reconstructive tenets. Therefore, full-face trans-
plantation will be performed in those patients
affected by severe deformities covering differ-
ent aesthetic units, reserving partial ones for
strict aesthetic units.

Currently, a total of 26 face transplantations
have been performed worldwide (France 10,
USA 7, Spain 3, China 1, Belgium 1, Turkey 3,
Poland 1) covering 13 different institutions in the
world.
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2.1 Vascularised Composite

Tissue Allotransplantation

Face transplantation is a perfect example of
composite tissue allotransplantation (CTA),
more recently termed as vascularised compos-
ite tissue allotransplantation (VCA). The pro-
gression in reconstructive surgery has made
this type of transplantation reconstruction a
reality. Composite tissue allotransplantation
began in 1998 in human clinic, when a team
performed the first human hand transplantation
in France. Following this, other parts of the
body, including the abdominal wall, limbs, gen-
itals, tendons, larynx, muscles, nerves, tongue
and face, have been attempted throughout the
world. This is an emerging subspecialty in the
field of transplantation (Fig. 2.1). These VCA
are distinct from traditional solid organ trans-
plantations (kidneys, liver, heart, lungs, pan-
creas); however, they have in common the same
tenets of transplantation surgery, namely, the
necessity of a vascular pedicle for survival and
the requirement for an intense immunosuppres-
sion regime to prevent rejection. The former

makes an important and relevant difference
from allotransplantation of isolated tissues
(skin, bones, tendons, etc.), which are used as
nonvascularised tissues, being used in clinical
practice for many years. Face and hand VCA
have been included in an independent classifi-
cation (Gordon type III) that differs from other
types of transplants (Table 2.1), which is based
on the surgical complexity and the rehabilita-
tion and psychological impact. Currently, it is
accepted that there exist 13 different types of
vascularised composite tissue allotransplanta-
tion, depending on the combination of tissues,
the amount of skin and its antigenicity, making
Banff classification a necessity but a lively
changing scoring system.

VCA has changed the reconstructive para-
digm in plastic and reconstructive surgery. There
exist millions of patients with different types of
deformities not amenable for a full functional
reconstruction with traditional techniques.
Common examples are catastrophic deformities
to the face (with loss of eyelids, lips, tongue and
larynx) and unilateral and bilateral limb amputa-
tions. This new field of transplantation has come

Table 2.1 Modified Gordon CTA classification system based on relative complexity

Allografts
Flexor tendon

Type Complexity

1 Low
Tongue

Uterus
Vascularised nerve
Abdominal wall

Face subunit (ear)

11 Moderate
Genitalia (penis)

Larynx

Scalp

Trachea

Vascularised joint (knee)
Upper extremity (hand)

I High

Face

v Concomitant CTA

Face/hand(s)

Maximum

Characteristics
1. Absent skin
2. Reduced antigenicity

1. Contain skin
. Absent or less challenging rehabilitation

. Requires multidisciplinary transplant team
. Complex rehabilitation

. Significant psychological obstacles

. Complicate cortical reorganisation

. High mortality risk

. Extreme difficulty

Face/tongue rehabilitation

From Siemionow M, Zor F, Gordon CR. Face and upper extremity transplantation: future challenges and potential

concerns. Plast Reconstr Surg. 2010;126(1):308-15
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to reality following an extensive experimental
research that has been translated to human clinic.
All published data, regarding experimental
work, and the human multidisciplinary approach
have proven that a robust team approach in a ter-
tiary hospital setting can produce excellent out-
comes, which are technically, psychologically
and ethically acceptable.

2.2  Objectivesin Face

Transplantation

Face transplantation is still evolving, being on its
initial phases of development worldwide. Therefore,
it is still considered a clinical experimental venture.

The implication of these considerations is that itis a

new technique with unknown long-term results,

especially considering its longevity and chronic
rejection. Consequently, the indication for face
transplantation has to be made on a case-by-case
basis by a multidisciplinary team.

Current objectives of face transplantation
include:

1. The introduction of a new method of restor-
ative surgery for patients that present with
severe catastrophic face deformities, caused
by severe burns, trauma, congenital deformi-
ties or tumours, having in common the utilisa-
tion of microsurgical techniques and plastic

Fig. 2.2 Microsurgical techniques are necessary to per-
form human face composite tissue allotransplantation

surgery methodology for the transplantation
of composite face tissues (Fig. 2.2)

2. To obtain optimal outcomes, both functional
psychological and aesthetic, with “restitutio
ad integrum” of the deformed structures

3. Optimal reconstruction of the face, with com-
plete restoration of the missing anatomy, not
amenable for reconstruction with any other
traditional technique(s)

4. To produce the necessary outcomes for the
reintegration of the patient into society, family
and work market
As in many other areas of plastic surgery, the

line between what is desirable, necessary and

ethical is very subtle.



Indications for Face
Transplantation

Abstract

Severe face deformity is one of the most devastating disabilities of human
beings. In the majority of cases, this disability produces a myriad of symp-
toms, including depression, social isolation and suicide ideation. In com-
parison to other extreme disabilities, such as amputations, spinal cord
injuries or cerebrovascular disease, where compassion and sympathy are
common reactions in those that relate with the patients and in society in
general, catastrophic face deformities produce anxiety, rejection and fear
in those that are confronted with them. Physicians that care for this people
ordinarily listen to histories of rejection and isolation feelings, fear to
expose oneself to society for being “ugly” or “anger gazes” and even
increpations such as “how one dares to walk on the street with such a face”

or “you are scaring my children”.

Severe face deformity is one of the most devastat-
ing disabilities of human beings. In the majority
of cases, this disability produces a myriad of
symptoms, including depression, social isolation
and suicide ideation. In comparison to other
extreme disabilities, such as amputations, spinal
cord injuries or cerebrovascular disease, where
compassion and sympathy are common reactions
in those that relate with the patients and in soci-
ety in general, catastrophic face deformities pro-
duce anxiety, rejection and fear in those that are
confronted with them. Physicians that care for
this people ordinarily listen to histories of rejec-
tion and isolation feelings, fear to expose oneself
to society for being “ugly” or “anger gazes” and
even increpations such as “how one dares to walk

on the street with such a face” or “you are scaring
my children”.

Traditional methods of reconstructive plastic
surgery include the transplantation of neighbour-
ing tissues to the defect, free tissue transfers and
the use of prosthesis and biomaterials. Best out-
comes are most often obtained when the surgeon
can utilise tissues from adjacent face areas,
rendering a good colour and texture match.
However, when dealing with severe deformities,
these tissues are either absent or injured and
deformed also. In these situations, the techniques
that are available to reconstruct patients offer
outcomes that are far from perfect and do not
obtain the desired goal—restoration of image
and function—rendering poor quality of life.

J.P. Barret, V. Tomasello, Face Transplantation: Principles, Techniques and Artistry, 15
DOI 10.1007/978-3-662-45444-2_3, © Springer-Verlag Berlin Heidelberg 2015
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Reconstruction often fills the defect with tissue,
and social appearance is mediocre. Feelings of
isolation, rejection, anxiety and depression are
not being overcome and maintain a high level of
stress and psychological problems. In many
instances, patients require a large number of
operations to attempt achieving the desired out-
come (some cases require more than 100 inter-
ventions in a long lifespan), having a final result
far from perfect.

Face transplantation is an excellent alternative
to traditional treatments for severe and cata-
strophic face deformities. Its application in
selected cases has been a revolution in recon-
structive surgery, similar to that achieved with
solid organ transplantation for patients with end-
organ failure years ago. Paralleling that experi-
ence, it is producing the same social demands
and it raises similar scientific and ethical ques-
tions. The transplantation of face structures per-
mits the reconstruction of disfigured face
anatomy with healthy tissues that have a pre-
formed natural form and function, the final out-
come being superb in comparison to that yielded
by traditional techniques. All scarred and
deformed tissues and anatomical landmarks are
resected. Following this step, identical, healthy
tissues replace them. A normal functional, senso-
rial and social outcome is expected at 1-2 years.
All techniques that are necessary to perform face
transplants are commonly used on a daily basis in
tertiary plastic surgery services. Among them,
the microsurgical proficiency, which permits
anastomosing vessels and nerves and joining
together muscles and all anatomical structures, is
routinely performed. The outcomes of face trans-
plantation programmes throughout the world
warrant that with a robust protocol and team

approach, these perfect outcomes can be
achieved.
3.1 Indications

Face transplantation is in its initial clinical
phase. Therefore, it should be still considered a
clinical experimental treatment. The effects and
long-term outcomes are still unknown; thus, face

transplantation should be considered and evalu-
ated on a case-by-case basis. In order to provide
the maximum safety of the procedure and
achieve equilibrium between the potential risks
(including death as an outcome) and the benefits
to patients affected by severe face deformities,
the indications should be limited and be meticu-
lously defined. As mentioned before, it is evalu-
ated in an individualised manner, and it is limited
to true severe face deformities that cannot be
properly reconstructed with traditional tech-
niques. Focus on functional outcome is
essential.

Absolute indications for face transplantation
include:
¢ Complete destruction of the eyelids, including

the orbital sphincter
* Complete destruction of the lips, including the

oral muscle sphincter

Destruction of face muscle sphincters cannot
be currently restored or reconstructed with tradi-
tional techniques. There have been attempts to
mimic the natural function of these structures
with composite free tissue transfer (free flaps).
However, results vary and they are poor, both
functionally and aesthetically. Therefore, we may
assume that the only and unique technique that
can render a total restoration of the face sphinc-
ters is the transplantation of such structures from
a human being (donor) that granted permission
for face transplantation. With this manoeuvre, the
delicate muscle, internal lining, nerves, vessels
and skin of these anatomical landmarks can be
properly reconstructed.

Taking into account the former considerations,
diseases and anatomical conditions that consti-
tute absolute indications for face transplantation
can be listed (Table 3.1):

1. Patients affected by face destruction (total or
partial) from burns

2. Posttraumatic face deformities

3. Benign tumours, congenital deformities and
other local extensive malformations

Patients affected by burn squeals present with
a broad spectrum of deformity (Figs. 3.1 and
3.2). It may vary from small superficial scarring
that produces aesthetic deformities to total
destruction of anatomy and function. There have
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Table 3.1 Types of general indications for face
transplantation

Aetiology Considerations

Postburn deformity ~ Evaluate psychosocial impact
and functional status; severe

scarred faces may not be good

indications
Posttraumatic Important complexity, bone
deformities commonly involved; good

indication if functional impact
is severe. Gunshot injuries are
excellent indication
Benign tumours
and congenital
deformities

Good indications if pan-face
deformity is present. May
require treatment of tumour/
malformation first, followed by
transplantation.
Neurofibromatosis and AV
malformations excellent
indications

Severe deformities. Evaluate on
a case-by-case with oncology.
Check oncological risk and
functional impact

Important ethical issues

Postoncological
deformities

Fig.3.1 Massive third-degree burns to the face are good
candidates for face VCA. It may be considered in the
acute phase for patients with the involvement of deep
structures

been diverse face transplantations on burn
patients, all having in common destruction of
oral and/or eyelid sphincters. Postburn pan-face
deformity should be addressed with caution,
especially in those patients with scarred faces
with minimal functional deficits. In this patient

Fig. 3.2 Destruction of face sphincters and severe face
scarring are common problems in burn patients that have
an indication for face VCA

population though, deformities may pose signifi-
cant psychological and social impact. The indica-
tion should be carefully addressed on a
case-by-case basis, taking into consideration the
risk—benefit of the procedure.

Posttraumatic face deformity (Figs. 3.3 and
3.4) is a second important group of patients that
may benefit from face transplantation.
Deformities of the soft tissues are commonly
encountered, coupled with bony destruction and
functional incompetence. Gunshots to the face
are a paradigm of such deformities. The latter are
formal indications for face transplantation.
Similar to burn deformity, the patient should be
thoroughly evaluated. Some patients function
well in society and face transplantation may not
be indicated in these situations.

Benign tumours and congenital/acquired mal-
formations are commonly treated in tertiary plas-
tic surgery departments (Figs. 3.5 and 3.6). Most
of them are treated within a multidisciplinary
team with good to excellent outcomes. Patients
present with localised or restricted tumours/
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Fig.3.3 Gunshot injuries to the face are excellent indica-
tion for face transplantation. They allow for immediate
restoration of form and function

Fig.3.4 Posttraumatic bone involvement can be restored
with a composite tissue face allotransplantation that
includes the maxilla and the mandible

deformities, and traditional or classical tech-
niques after formal resection of the cause of the
deformity render acceptable functional and
aesthetic results. Large and severe tumours/
deformities require multiple operations and muti-
lations. Consequently, patients required a long-
term follow-up, a large number of operations,
difficult rehabilitation and a secondary deformity
(both aesthetic and functional) caused by the
surgical treatment. This kind of patient reintegrates
badly into society and function is commonly
impaired. These types of patients are good

Fig. 3.5 Complex congenital deformities may benefit
from a face VCA team approach, which is aimed to recon-
struct face sphincters and anatomical landmarks and face
bones

Fig. 3.6 Vascular malformations and neurofibromatosis
are also prime indications in face VCA programmes. They
allow resection of the tumour and restoration of anatomy

candidates for face transplantation, provided they
understand the nature of the treatment, its limita-
tions and the potential and real risks. Common
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Fig.3.7 Postoncological deformities should be evaluated
in a case-by-case basis with full oncology work-up to rule
out other primaries, recurrences and the individual onco-
logical risk

aetiologies include type I neurofibromatosis, vas-
cular malformation and secondary craniofacial
deformities.

Postoncological deformities deserve a special
word of caution (Fig. 3.7). They are common,
especially in large tertiary care centres. Their aes-
thetic and functional impact is severe, although
their unique biology deserves an individualised
approach. Even though they are not formal contra-
indications for face transplantation, it is well
accepted that immunosuppression can promote the
development of recurrences or newly acquired
cancer tumours from silent clones of cancer cells.
The experimental nature of face transplantation
limits its utilisation in this patient population. If
they are to be evaluated, patients should be “cured”
from their disease and follow a complete check-up
by the oncology department. The oncological risk
of the patient has to be evaluated and a final deci-
sion be made. It has to be remembered that almost
all patients affected by oncological deformities
have received preoperative or postoperative radio-
therapy, causing an added deformity and defect in
tissues, with extensive fibrosis that may prevent
transplants to be functionally correct.

Contraindications for Face
Transplantation

3.1.1

A list of indications and contraindications for
face transplantation may produce an intense

debate, similar to that produced in society during
the first four years of the twenty-first century
regarding face transplantation.

Contraindications for face transplantation vary
with time, centre, culture and country. They must
be listed in the face transplant protocol, and they
usually follow a consensus with the ethical com-
mittee and the transplant organisation body of the
region/country. In general terms, however, we
may accept that the following are absolute contra-
indications for face transplantation:

1. Evidence of tumour malignancy

2. Negative report from psychiatric/psychologi-
cal evaluation (active psychiatric disorders,
severe personality disorders and known and
reported non-compliance to treatments, among
others)

3. Medical conditions that affect systems and/or
organs (especially those that may be affected
by immunosuppression drugs)

3.1.2 TheTiming for Face
Transplantation

The initial approach and formulation of clinical
protocols indicated that face VCA was an experi-
mental clinical treatment that should only be
attempted in cases with no other alternatives and
as a last resort. Indeed, long-term outcomes were
still unknown, and the efficacy of face transplan-
tation for restoration of form and function in an
effective manner had to be explored. However, the
indication of a face transplantation under these
circumstances raises important ethical questions.

Obtaining informed consent when nothing
else can be offered as a method of treatment
makes informed consent almost impossible.
Without a reasonable alternative, patients cannot
counterbalance risks and benefits of different
techniques and approaches for the deformity, and
this increases the stress and the inability to make
plausible decisions. Moreover, clinical protocols
stated that there should be an alternative to recon-
struct the defect should the transplant failed and
return the patient to the premorbid condition.
Even though this is a formal requirement for ethi-
cal accreditation, it would be almost impossible
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to return patients to the pre-transplant appearance
and function if no other alternatives are possible.
On the other hand, this line of treatment would
condemn patients to a large number of unneces-
sary operations when reconstruction of a severe
deformity is performed with traditional tech-
niques: the final outcome will be less than accept-
able, and the patients will be then confronted
with the difficult decision to accept a face VCA
as a last resort.

The evolution of the successful team approach
for face transplantation and the good to excellent
outcomes that have been obtained forced this
approach to be turned to a more aggressive and
early indication for face transplantation.

It is our belief, which is shared by others, that
patients with complex and severe face deformi-
ties that cannot be reconstructed with traditional
techniques be offered a face VCA early in the
treatment plan process. All other donor sites and
techniques will be still available should the trans-
plant failed, and the patient will show less scar-
ring, untouched face tissues and good alternatives
for acceptor vessels and nerves. The evolution of
face transplantation in its early stages has rapidly

Table 3.2 Timing of face VCA indication

Early

Late

Positive effects

Avoids unnecessary
operations

Limits scarring

Preserves vessels
and nerves

Low stress level

Limits transfusions and
immunological barriers

Better acceptance

of functional deficits
Allows good
communication with
team and surgeons
Increases patient
compliance

Negative effects
Halts reconstructive
plan

Increases time

in waiting list with
functional problems
Limits acceptance
of functional deficits

Limits rescue
operations
Large number
of operations

Increases scarring
Acceptor vessels
and nerves may be
limited

Ethical problems

in informed consent

changed to a more restorative surgery, changing
the paradigm of face reconstruction and face
transplantation (Table 3.2).
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Abstract

The success of face transplantation throughout the world has positioned
this technique as a new option for patients presenting with severe face
deformities. However, the transplantation of a cadaver’s donor face still
poses important psychological, social and ethical issues into the medical
community. Current consensus advises doctors to evaluate potential candi-
dates within a multidisciplinary team in a tertiary centre performing solid
organ transplantation on a daily basis. Core members of such multidisci-
plinary team include plastic surgeons, immunologists, infectious diseases
specialists, psychiatrists, psychologists, transplant surgeons, transplant
coordinators, rehabilitation specialists and social workers, among others.

4.1 Psychosocial and Ethical
Considerations of Face

Transplantation

The success of face transplantation throughout
the world has positioned this technique as a new
option for patients presenting with severe face
deformities. However, the transplantation of a
cadaver’s donor face still poses important
psychological, social and ethical issues into the
medical community. Current consensus advises
doctors to evaluate potential candidates within a
multidisciplinary team in a tertiary centre
performing solid organ transplantation on a daily
basis. Core members of such multidisciplinary
team include plastic surgeons, immunologists,
infectious diseases specialists, psychiatrists,
psychologists, transplant surgeons, transplant

coordinators, rehabilitation specialists and social
workers, among others.

A decade ago, Siemionow and Ogich pointed
out that patients affected from severe face
deformity would improve dramatically their
quality of life with face transplantation. Thus,
they signalled that patient should be involved in
the decision-making process of face transplanta-
tion. Still, in 2004 the French National Ethics
Advisory Committee affirmed that it was too
soon for face transplantation accreditation and
did not grant permission for total face transplan-
tation, since they considered that the discipline
could not answer positively the risk—benefit ratio
dilemma. In November 2005, though, the same
French committee granted permission for the first
partial human transplantation. Organ transplanta-
tion carries with it a series of psychosocial
problems. They are exacerbated in the case of

J.P. Barret, V. Tomasello, Face Transplantation: Principles, Techniques and Artistry, 21
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Table 4.1 Requirements for face VCA
1. Centre with proven solid organ transplantation
experience

2. Tertiary/university centre with all clinical and
research services on site

3. Plastic surgery department with proven experience in
microsurgery and craniomaxillofacial surgery

4. VCA team

5. Face transplant VCA protocol approved by the
Ethics Committee

6. Accreditation by transplantation bodies and organ
procurement organisations

face transplantation, specially for questions of
identity, communication, psychological vulnera-
bility, the aesthetic results, possibility of death,
treatment compliance and the patient’s and
relatives’ reaction to a new identity. These are sci-
entific and ethical issues that need to be addressed
by any face transplantation protocol. The first
human transplantation protocol approved ever
by an Ethics or IRB Committee occurred in
2004 in the Cleveland Clinic (Dr. Siemionow,
USA). The accreditation of a human protocol
must include the inclusion and exclusion criteria,
patients’ screening, informed consents for recipi-
ents and donors and the multidisciplinary team to
develop the programme (Table 4.1). Only under
theses auspices—the “face transplant protocol”—
patients with severe face deformity may be evalu-
ated for face transplantation indication.

4.2 Psychological and Social
Aspects of Transplantation

4.2.1 The Psychological Response

The development of organ transplantation

programmes has had an important effect on the
research for the human psychological response and
adaptation in recipients. It has been traditionally
accepted that organ transplantation can produce a
series of stressing factors and may trigger a change
in the psychosocial adaptation. They include:

e The longevity of the graft (fear for trans-

planted organ failure)
¢ Fear for rejection episodes

Table 4.2 Psychological response to face transplantation

Fear for transplant failure

Fear for rejection episodes

Anxiety regarding side effects and complications
Self-responsibility on the success of the transplant
Treatment adherence

Feeling ill (becoming chronic patient)

Integration in self-image

Emotional response regarding donors

Questions of identity and communication
Personal adaptation to deformity

¢ Long-term anxiety regarding the potential
side effects of transplantation immunosup-
pression protocols, including viral infections
and malignant tumours

e The personal responsibility on the success
or failure of the transplanted tissue/organ:
medication regime adherence/compliance,
changing social lifestyle, monitoring signs
and symptoms, the chronic dependence to an

ambulatory setting (“feeling ill”)
¢ The integration of the transplant in self-image

and self-identity
¢ The emotional response related to organ

transplantation (receiving a transplanted
organ; guilt feelings, specially related to donor
and donor’s relatives)

When we consider face transplantation sepa-
rately, all these fears, guilt feelings, anxiety, etc.
are amplified (Table 4.2). Reasons for this behav-
iour include questions of identity and communi-
cation, personal psychological adaptation to
deformity and support.

4.2.2 Identity and Communication

Our face is extremely relevant for the develop-
ment and maintenance of our identity. It helps us
and others to understand ourselves, our where-
abouts, who we are and our prospects. If we are
deprived of a face, we can no longer recognise
ourselves; our body image disaggregates, causing
a profound existential crisis. We may follow,
thus, that introducing a new face (that of the
others, the donor) may bring problems even
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worse than those pre-existing, especially in the
area of identity.

Conscious and unconscious face expressions
are necessary to relate and communicate with the
rest of the world. One-third of the communica-
tion with other people is non-verbal, depending
on face expressions. The coordination of face
muscles, nerves and tissues is essential for this
part of human interaction. There are different
pathways that connect face structures and cere-
bral functioning, recognising our status of expres-
sion, i.e. smiling signals neuronal connections
that in turn produce a feeling of well-being. More
research will be necessary to understand how the
face mimic influences our psychological status.

4.2.3 Psychological Adaptation
to Deformity

It is well supported in literature that psychological
stress is not necessarily proportional to the severity
of face deformity. Some patients function well
with severe devastating injuries, whereas others
show important stress and anxiety with small
scars and minimal deformities. When we con-
sider trauma patients, it is not uncommon to
diagnose important levels of stress and anxiety,
although it is not per se a formal indication for
transplantation. The same patient may show
excellent psychosocial adaptation in the rehabili-
tation and chronic phase. However, we may not
assume, though, that time is a good remedy for
face deformity adaptation. Patients that adapt
well have in common a high threshold of self-
esteem, good family and social support, excellent
communication skills and a sense that the depri-
vation of a normal face should not impede happi-
ness and good quality of life. On the other hand,
patients that show difficulties in social adaptation
believe that physical appearance is of paramount
importance for well-being and success. They
show important levels of anxiety, depression and
psychosocial difficulties, searching surgery to
improve physical appearance and improve their
social interaction and sense of well-being. In
general terms, this group of patients is psycho-
logically very vulnerable, although they show a

high motivation for surgery and compliance.
Still, non-realistic expectations regarding surgical
outcomes may be present. They require strong
team support since they are very vulnerable dur-
ing the postoperative period, specially regarding
uncertainty of final outcomes and treatment side
effects. When we deal with this type of patients,
it is imperative to follow them closely. We under-
stand that some of our treatments do not offer a
complete resolution of symptoms, and secondary
deformities may be present. It is also uncertain
whether the salutary effects of face transplants,
particularly in the sphere of psychosocial
improvement and social interaction, will be
maintained over time.

4.2.4 Psychological Support
for Face Transplant Patients

A good psychological support is essential
throughout the whole process of face transplanta-
tion for recipients, family members and donor’s
family and relatives. Specialised professionals
well versed in face deformity and solid organ
transplantation should perform it. Psychiatrists
and psychologists are core members of the face
transplant team, dealing with:

e Validation of face transplant recipients;
a negative report contraindicates face
transplantation.

* Understanding risks and benefits of the pro-
posed treatment.

e Therapeutic support during the search for
donors.

* Therapeutic support during the post-operative
period and long-term support.

* Recipient’s family support during the whole
process of transplantation.

e If necessary, donor’s family therapeutic
support.

4.2.4.1 Validation of Face

Transplantation Patients
Motivation and the Patient’s Expectations
Patient’s journey through a face transplantation
treatment process is not an easy one. A long wait-
ing time during the search for donors should be
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Table 4.3 Validation of face transplantation patients
1. Evaluate patient’s motivation and expectations
2. Past treatment adhesion (patient’s compliance)
3. Communication issues and quality of life
4. Explore family and social support
5. Psychological and psychiatric issues

expected, coupled with a high stress level focused
on the expectation of a complex operation, the
possibility of complications and side effects, the
adaptation to a new identity and the possibility of
rejection and even death. Patients’ expectations
are usually very high; they present with important
aesthetic and functional deformities, and many of
them have gone through other plastic surgery
interventions. The face transplant team must
understand completely all issues and problems
that motivated the patient to search for a face
transplantation, address them and create a treat-
ment master plan that can deal with the deformity
and all functional problems (Table 4.3). It is very
important to address non-realistic expectations in
the preoperative period; failure to do so may deal
to important postoperative problems, specially
with issues of patient compliance with treatments
and immunosuppression protocol drugs, psycho-
logical adaptation, adhesion to rehabilitation pro-
gramme and final functional outcome.

The majority of patients will show different
levels of anxiety in the area of resilience and the
confrontation with the unknown, the possibility
of side effects and complications and the new
identity. They must be thoroughly evaluated and
reassured when necessary to be able to go through
the period of search for donors.

Face transplantation is a non-saving proce-
dure; in other terms, the operation is aimed to
increase quality of life. Comparing to solid organ
transplantation, it mimics renal transplantation;
it is performed to improve the life of patients,
stop dialysis and provide patients with a long-
term superior treatment. However, when dealing
with risks and possible outcomes, we can com-
pare it to heart transplantation: should the trans-
plant failed, only a new transplant could solve the
problem. Ultimately, death can be the outcome.
Consequently, a good cognitive level is necessary

to understand the risks and the benefits of the
proposed treatment. Good motivated patients
should be assessed by the transplant team and
evaluated that the patient understands that the
possible benefits and the potential improvement
in quality of life surpasses the potential risks and
that patient accepts them as part of the treatment.
The expected improvement in quality of life and
the manner the patient feels and accepts it should
be superior to the potential morbidity and
mortality.

4.3 Protocol Adhesion,
Preoperative

and Postoperative Support

Good adhesion and patient’s compliance with
the postoperative protocol is necessary for the
success of face transplantation. When we com-
pare data regarding other type of solid organ
transplantation, it is reported that as much as
46 % of recipients of solid organ transplants do
not adhere to the postoperative protocol. In order
to make an approximation to the patient’s own
risk of protocol non-adhesion, team members
evaluate the past medical history and the patient’s
adhesion to clinic visits and other types of treat-
ment protocols followed in the past. Patient’s
behaviours reflecting clinic no-shows, failure to
perform treatments and tests and stopping at own
risk medications are red flags that need to be
addressed. It is indeed a complex interaction of
different factors, including personal and cultural
characteristics, education level, understanding
instructions and the intrinsic complexity of the
treatment. They will signal future adhesion to
the transplantation protocol, including in these
considerations the familiar and social support,
which are also important pillars in patient’s com-
pliance. On the other hand, it is relevant to assess
the capacity of patients for changing the environ-
ment and different lifestyles: it is not uncommon
that after the transplant, sun exposure may be
limited, housing may be required to be changed,
and pets may not be allowed. We should remem-
ber that many patients may enter the face trans-
plantation programme, but only few may have a
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Table 4.4 Special issues that complicate social and per-
sonal adaptation in the postoperative period
Communication problems (oral impairment, tracheotomy)
Face paralysis
Feeding problems
Sensory recovery
Reactions of others
Mass media interest

true indication for a face transplant. Tertiary cen-
tres are best positioned to offer patients with face
disfigurement psychological support and all
types of treatment options. Those that do not
fulfil all requirements for face transplantations
have to be followed, supported and offered other
reconstructive treatment options if they are
indicated.

Patients that have been accredited as potential
candidates and that have a true indication for
transplantation enter the programme. It is not
uncommon that patients have to wait a long time
during the search for donors. During this period
a good support and periodical visits to the team
members are fundamental. Support is delivered
constantly and reinforced when needed. During
this period the patient’s expectations are read-
dressed, and different issues regarding the intra-
operative and postoperative period are reviewed.

During the postoperative period, care has to be
implemented to detect any sign of stress, anxiety
and/or depression. Patients are normally highly
motivated and have been prepared to the postop-
erative journey. However, communication prob-
lems (oral impairment, tracheotomy), difficulties
moving the newly acquired face (postoperative
face paralysis), feeding problems, etc. may pose
an important challenge to the patient. In this
phase the team should pay attention to all signs
and symptoms for psychological adaptation
(Table 4.4). One of the most relevant signs is the
adaptation to the new identity, watching the new
appearance in the mirror and its acceptance. In
general terms, patients should be allowed to see
his/her new face as soon as the patient requests to
do so. The general response to all face transplants
so far is a positive reaction, since patients accept
their new reality as new human beings, regardless
of the true appearance (they feel normal again).

Following this event, the new self-image is rap-
idly integrated in the imagination and, in the
cerebral plasticity, soon forgetting the deformed
face appearance. Patients then remember two
selves, the one prior to the deformity and the new
identity. Patients that present with congenital
deformities or benign tumours (i.e. neurofibro-
matosis) feel confident and normal for the first
time in their life.

Patients are soon requested to take care of the
face, to massage scars, to touch the new face
and to work together with rehabilitation ser-
vices; all these manoeuvres help to integrate the
new face rapidly. Questions, curiosities and
gratitude regarding donors may be necessary to
be addressed during this phase of recovery.
At the final part of the admission to hospital, the
team has to address the programme of gradual
social reintegration into society. Other issues
that may arise are society and mass media
interest-communication. We have to remember
that face transplantation is aimed to improve
quality of life, its main goal being to reintegrate
into society patients with face disfigurement as
full active members.

4.4 Life Following Hospital
Discharge
4.4.1 Living with a New Appearance

Patients that go through a programme of face
transplantation experience three different phases
(Table 4.5). Firstly, patients are evaluated; an
indication is performed and will go through a
long time waiting for a donor search. As soon as
the face transplant is a reality, patients are admit-
ted to the hospital and have a hospital stay that
may last a few weeks depending on the complex-
ity of the transplants and the potential complica-
tions. During this phase the patient is coached
and supported, creating a protective environment.
Finally, the recipient is discharged from hospital;
this final phase may produce new feelings of
stress and anxiety. Patients will return to their
normal environment and family and social circle;
they will be exposed to family and friends’
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Table 4.5 Phases of face transplantation
1. Evaluation, indication and search for donors

2. Transplantation and hospital stay, new identity
3. Return to normal environment (family and social)

reactions, both to their new appearance and their
new communication skills. This uncertainty will
mark also the future success of the face trans-
plant. It will be necessary to have a constant sup-
port for the patient and family. The patient needs
to understand that the team’s support is ready and
can be obtained in a rapid manner anytime during
this period. It is not only a question of the new
face appearance acceptance, but also to face and
learn strategies to control emotions and the new
relationship with others. Face sensibility and
function will improve constantly during the first
year, changing gradually the communication
skills and the way the patient relates with people.
If mass media has been involved or press releases
performed, the patient may be recognised by
strangers and attract attention. This situation can
be positive for some patients, although may be
distressing for others, requiring attention and
modulation.

4.4.2 Adhesion to Medical
Treatment

Postoperative protocols are very complex,
including not only relevant medication protocols
(immunosuppression, infection control, medica-
tions for side effects) but also rehabilitation and
nutritional protocols. Most of the patients adhere
to without many problems, not surprising consid-
ering they are treated within a robust transplant
protocol. Patients that have presented with adhe-
sion problems to the immunosuppression proto-
col have shown important psychological stress,
being the main cause for bad compliance. If this
is the case, it is imperative to work with the
patient and family members to achieve the
psychological well-being and promote good
medical adhesion. During this period, patients
will be also assessed regarding immunosuppres-
sion response and related risk for infections and

Table 4.6 Basis for a good indication

1. Inform patients

2. Important deformities

3. Severe impact on quality of life

4. Reasonable cognitive and educational level

cancer development. Depending on the individual
risk, different adjustments in drug combinations
and drug levels will be necessary. These medical
manoeuvres should be explained in a comprehen-
sive and understandable manner to the patient
(many of them will have been discussed in the
preoperative period) in order to maintain the
psychological stability not producing increased
levels of stress and anxiety.

4.4.3 The Risk of Rejection
and Transplant Failure

Good indications are based on informed patients
with important deformities with severe impact on
quality of life with a reasonable cognitive and
educational level. It cannot be overstated that it
is the basis for success in composite tissue allo-
transplantation (Table 4.6). Acute rejection has
been reported in as much as 85 % of all vascular-
ised composite tissue allotransplantation. Patients
must be instructed in transplant inspection and
control of possible complications. They are an
important part of postoperative control protocols.
Patients are actively involved, and it can be
another source of anxiety and fear. Acute chronic
episodes require prompt treatment and hospital
admissions, and these repeated episodes of
inflammation might produce in turn an increase
of fibrosis and deterioration of form and function.
The face could become a rigid mask, having an
important impact in recipients and in the overall
transplant programme evolution. These fears and
anxieties are shared with professionals, which,
on the other hand, may have a salutary effect on
the coaching and support of recipients. In addi-
tion, rejection episodes require changes and an
increase in immunosuppression drugs. Side
effects may be present, and patients should be
properly monitored for pathophysiological and
psychological impacts.
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Face Transplant Failure
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Fig.4.1 Treatment algorithm in face transplant failure

Similarly to the evolution and fate of solid
organ transplantations, transplant failure may
occur. Recipients are aware of this potential fatal
complication, and it is part of the specific
informed consent for face transplantation. If total
failure occurs, the face must be removed. This
potential complication would cause a significant
psychological impact in recipients, family mem-
bers and transplant team members. It may be pos-
sible to proceed at that moment with classical
reconstructive techniques (with all its inherent
limitations); however, face transplantation has
been compared to lung, liver or heart transplanta-
tion: failure of the transplant organ can be over-
come only with a new transplantation. In general
terms, if traditional techniques are possible, the
patient would return to its pre-transplant condi-
tion (going back to step 1), making a new trans-
plant even more risky (less salvage procedures
would be available if a new transplant is
attempted). If patients were re-transplanted (bear
in mind the shortage of available donors), the
patient would go back to a long waiting time and
would go through the whole transplant process.
In both situations, the psychological support the
recipient would require is even more intense than
in the primary transplantation (Fig. 4.1).

4.4.4 Effect on Family Members

There has been not much research on the effect
of face transplantation on patients’ and donor’s
family members. The most common areas of
psychologlcal stress concentrate in:

There is a high level of responsibility regard-

ing the optimization of the domestic environ-

ment and the risk of infection and the
maintenance of well-being and health status
after the transplant.

e Family members’ fears and worries for the
future physical and psychological recipi-
ent’s well-being. There is an important and
intense interaction of relatives during the
immediate postoperative period, although it
tends to diminish gradually months and
years after the transplant. On the overall,
patients regain a normal social and family
status and interaction, going back to a more
normal relationship.

The social and psychological intervention
should focus, before the transplant, in different
areas to warrant the success of the process:

1. Understand the risks and the information to
allow complete success

2. Alleviate the stress that family members go
through after the patient has made a final deci-
sion to accept the procedure and during the
search for donors

3. Detect and intervene in the worries regarding
future recipient health and psychological
status

4. Explore the possible impact that the transplant
may pose on relatives and in the social circle
of the recipient
During the postoperative period, all family

members should be followed and supported to
detect pathological levels of stress and anxiety
resulting from aesthetic results and functional
deficits and false ideations of failures and bad
results: encouraging the accent of progressive
integration of body image, maintaining immuno-
suppression protocol, detecting any side effects
and promoting emotional experimentation. In
case of a transplant failure, psychological family
support should be as important and intense as that
delivered to the recipient.
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The support that the transplant team, and
specially transplant coordinators, must deliver
to donors’ family cannot be overstated. The
decision to donate face tissues, when a sudden
death from a relative has occurred, carries
with it an intense psychological stress.
Donating a face brings false but real ideas of
identity transplantation. Social and cultural
beliefs are extremely diverse, and presentation
of the cadaver after donation is no longer pos-
sible. Full support to relatives while in the
intensive therapy unit (ITU) (the only possible
environment were mourning with the in-love
will be possible) is mandatory. The whole pro-
cess of tissue donation is much more complex
than in any other solid organ; coordinators
have to preserve the normal and correct dona-
tion of internal organs (aimed to life-saving
procedures) while allowing successful dona-
tion of composite vascularised tissues. Mass
media relations and journalists and social
interests have to be dealt with, since they are
often involved. Preservation of anonymity is a
must, and even in those prone to celebrity, it
should be discouraged to preserve the normal
donation process. This type of social issues
does apply to recipients and their families.
There exists an important social interest in
face transplantation, and it is necessary to pre-
pare them for an important impact to their
lives soon after the transplantation. Even
though an intense stress from mass media can
produce anxiety and psychological problems,
a well-maintained and delivered relationship
and support may bring salutary effects, such as
support from anonymous people and a sense of
global support. In general terms, society in
general understands the real intention of face
transplantation: provide patients with a correct
quality of life, reintegration to daily normal
activities and reintegration into society.
Moreover, publicity will improve the idea that
a good quality of life is very relevant for
patients with severe face disability and that
face transplantation may render this complete
outcome and will help many patients to come
forward and be helped in specialised recon-
structive centres.

Table 4.7 Legal issues in face VCA

. Informed consent and patient autonomy

. Physician’s autonomy

. Acceptable risk—benefit ratio

. Collaborative autonomy

Death as an outcome

. Second opinions

. Experimental consideration of face VCA
. Define moral, ethical and legal issues

R o Y N T

. Legal issues of donation: double affirmative answer

4.4.5 EthicalandLegallssuesinFace
Transplantation

Patients’ informed consent is necessary and a
legally bounding document and process that is
necessary for every single medical and surgical
procedure. The patient is the person responsible
for the decision to perform surgery, accept the
results and consequences of such decision and
the risks of the operation. The surgeon plays a
player’s role provided patients are informed
correctly and that the surgical procedure was
performed properly and according to accepted
standard clinical practice. The surgeon is respon-
sible for the procedure and its good performance
and that any change in the accepted procedure
is done in the best benefit of the patient. Best
performances are obtained when a good collabo-
ration is obtained between the patient and the
surgeon, including all collaborators and team
members (Table 4.7). The surgical team must
maintain patient’s autonomy (inform and accept
patients decisions), which is more important and
superior to the decision to operate and the surgi-
cal procedure itself. However, patient’s auton-
omy is not absolute. Patient’s decisions and
wishes to go through a surgical procedure may
have severe risks. Composite tissue allotrans-
plantation carries significant risks, such as
immunological rejection (acute and chronic) and
drug-related side effects. Most patients accept
these risks to obtain the desired quality of life,
even when risks are very high and the possible
side effects are considerable. Still, the risk—ben-
efit ratio of patient’s decisions and the desire and
possible results of the operation should be
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acceptable for the surgeon. The medical team is
not obliged whatsoever to follow and perform a
surgical intervention unless they are convinced
that the outcomes and results are superior to the
potential risks and possible complications and
they are proportionate. Autonomy, therefore, has
to be universal (apply to all parties, patients and
medical teams, surgeons) and, in general and
optimal terms, be collaborative. It is anticipated
that there may be conflicts when patients con-
sider surgeries appropriate and surgeons not and,
conversely, situations that confront the desire of
surgeons to perform treatments that are not
accepted by patients, despite being in their best
interests. Face transplantation procedures focus
on a difficult issue, since there are clinical situa-
tions that, in terms of quality of life, are worse
than being dead. The final outcome of face trans-
plantation may be death; therefore, in such situ-
ations the autonomy, obtaining informed
consent, and developing a collaborative action
may be disperse and difficult. Professional con-
sensus should be sought, and in conflicting situ-
ations the patients or surgeons may consider a
second opinion to help in the decision process
and make sure that patient’s best interests, life
and health are prioritised. This potential conflict
is of particular relevance in face transplantation.
There is a clear consensus on the devastating
impact that severe face disfigurement produces
on a human being; hence, the desire for a proce-
dure that aims to improve quality of life is sus-
tained in ethical grounds. However, similarly to
other traditional techniques, surgeons may still
face a bioethical and professional problem, spe-
cially for such procedures that improve the qual-
ity of life but that present with an uncertain
positive risk—benefit ratio. The conflict may even
worsen with the experimental consideration of
face transplantation. All uncertainties in face
transplantation will stress all patient—surgeon
relationships and will challenge a correct deci-
sion-making process. In order to achieve a fluent
communication and a correct evaluation of
patients, teams and centres should define moral
and ethical limits and legal issues in a general
consensus in all terms of clinical surgical prac-
tice and clinical research.

Ethical and legal issues are also of extreme
relevance in the donation process. Teams must be
well versed in local legal laws and bills in order
to proceed under correct accepted pathways.
Legal issues vary in every country. However,
there is a common general consensus that a dou-
ble affirmative answer is advised by many in
order to proceed with the procurement of com-
posite vascularised allografts: the will of the
donor and the will of the relatives, following the
Human Tissue Act (2004). A specific informed
consent should be provided and as many inter-
views as necessary should be performed to
achieve excellency and compassion during the
process. Minimal information that should be pro-
vided includes:

* Amount of tissues to be removed and the
probable consequences to the donor’s aspect

* How tissues will be transplanted to the recipient
and the potential benefits of such transplant

e Address identity issues (how similar/different
donor—recipient will show after the transplant)

e Mass media and publicity issues

In addition to all direct and indirect issues,
problems and considerations listed above,
patients, recipients’ relatives and donors’ rela-
tives should be informed, and they must under-
stand the experimental character of vascularised
composite tissue allotransplantation. Surgeons
have to understand the risks, benefits and side
effects of this treatment in order to be able to
inform patients and their families properly. They
have the obligation to deliver the information that
the transplant team proposes them a new
innovative clinical experimental treatment.
Consequently, full details regarding current
knowledge of face vascularised composite tissue
allotransplantation, the absence of long-term
results so far, the uncompleted scientific back-
ground regarding any experimental treatment and
the acceptance of such limited knowledge should
be understood and accepted by patients and team
members. Many medical and surgical issues are
still being studied and discovered, and since
many ethical questions arise and we consider a
true clinical experimental work, submission of
clinical protocols, indications and proposed cases
to Ethics Committees is mandatory.
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The Role of Ethics Committee
in Patient’s Protection

4.5

The Research Ethics Committee (REC) or
Institutional Review Board (IRB) in the USA has
the mandate to warrant that any proposed research
study conforms to the ethics recognised in the
Helsinki Declaration (Table 4.8). REC examines
the research protocol and shall accept it if it
protects the dignity, the legal rights, the clinical
safety and the well-being of all individuals
participating in clinical research. It will allow
participation in clinical research provided
patients have received all information and they
have been offered the opportunity to express all
their concerns and all questions have been
properly answered in a timely fashion that allows
unrushed decisions.

Some patients are extremely fragile and/or
vulnerable, therefore may be prone to give
informed consent in situations where there exists
an important risk. It can be evaluated in situa-
tions with a severe disease and an intense doc-
tor—patient relationship. The committee will
evaluate these issues and will supervise that
researches did not underestimate the risks and
overestimate the benefits of the proposed treat-
ment. Particular care is devoted to evaluate and
examine the informed consent and the patient’s
information document in order to provide
patients with sufficient information in clear and
understandable wording that shall allow a cor-
rect decision-making process. Article 22 of the
Helsinki Declaration clearly states that anyone
accepting to participate in clinical research must

Table 4.8 Ethics committee role in VCA
1. Warrant that protocols follow the Helsinki
Declaration
Dignity protection
Maintenance of legal rights
Warrants clinical safety and well-being
. Protocol provides all relevant information to patients
. Informed consent
. Risks—benefits and current clinical knowledge
. Independence

(o) JY, I NS I O]

. Death as an outcome: review on a case-by-case
individual fashion

be properly informed and researchers have to
make sure that they have properly understood all
information.

Risks—benefits of any clinical experimental
research or assay must be rationale and well sup-
ported by the clinical protocol and the current
clinical knowledge. Any proposed clinical trial
aimed to a fragile or vulnerable patient may only
be conducted if it responds to their health needs
and be beneficial to the health status of the com-
munity in general. Benefits should surpass risks,
especially when it is related to the condition
being investigated. Risk—benefit assessment is
very uncertain, especially when taking into con-
sideration minorities and rare diseases. Ethical
decisions of RECs are based on their compe-
tency, professionalism and in some instances by
consultation with related experts. Patients and/or
surgeons may disagree with some decisions that
do not permit the implementation of the experi-
mental protocol into practice. Still, only those
protocols that receive a positive response and
accreditation of the local REC may be imple-
mented. Proposed experimental protocols of
composite tissue allotransplantation carry with it
an important risk, making RECs’ mandate very
difficult. However, the Helsinki Declaration
offers a path for deliberation in these situations.
When one considers a disease or health condition
that renders death as an outcome or significant or
total disabilities, RECs have a much more flexi-
bility to evaluate the risk—benefit of the proposed
treatment. The same declaration allows physi-
cians to contemplate experimental treatments
when traditional or classical accepted techniques
of protocols cannot be efficacious, provided a full
informed consent has been obtained. Following
the application of these experimental protocols,
the efficacy of such treatments and their risk—
benefit will be evaluated.

Taking into consideration the level of diffi-
culty that some proposed experimental research
protocols pose to the Ethics Committee, it is
essential that all RECs be independent. No doubt,
every institution that organised itself not only as
a clinical health provider but also as a research
institute or foundation is obliged by law to host a
local Ethics Committee. However, it must be



4.6 Appendix 4.1: The Helsinki Declaration

31

totally independent from any of the institutions

that form the local research environment. Their

ruling is only effective for that given institution.

Any multicenter clinical trial must be submitted

individually to each of the ethics committee

forming the research team.

Ethics Committees considering face trans-
plant protocols and patient’s indications should
evaluate different aspects regarding the physical
and psychological risks of the technique:

e It is considered a true experimental clinical
research.

* Risks, side effects and consequences of face
transplantation can be very severe and
devastating.

» Physical and psychological risks and impacts
are extremely high.

All these factors and the previous consider-
ation are taken into account to deliver proper
answers to researchers. In many situations, the
accreditation of the protocol and the face trans-
plant programme is not enough to perform face
transplantation. It is a requirement to have such
accreditation. However, in most of the cases,
REC:s solicit to review every case with an indica-
tion for a face transplantation on an individual
basis to make a case-by-case ethical deliberation
and accreditation.

4.6 Appendix 4.1:The Helsinki

Declaration

Adopted by the 18th WMA General Assembly,

Helsinki, Finland, June 1964 and amended

by the:

29th WMA General Assembly, Tokyo, Japan,
October 1975

35th WMA General Assembly, Venice, Italy,
October 1983

41st WMA General Assembly, Hong Kong,
September 1989

48th WMA General Assembly, Somerset West,
South Africa, October 1996

52nd WMA General Assembly, Edinburgh,
Scotland, October 2000

53rd WMA General Assembly, Washington, DC,
USA, October 2002

(Note of Clarification on paragraph 29 added)

55th WMA General Assembly, Tokyo, Japan,
October 2004

(Note of Clarification on Paragraph 30 added)

59th WMA General Assembly, Seoul, Korea,
October 2008

4.6.1 Introduction

1. The World Medical Association (WMA)
has developed the Declaration of Helsinki
as a statement of ethical principles for med-
ical research involving human subjects,
including research on identifiable human
material and data. The Declaration is
intended to be read as a whole, and each of
its constituent paragraphs should not be
applied without consideration of all other
relevant paragraphs.

2. Although the Declaration is addressed pri-
marily to physicians, the WMA encourages
other participants in medical research
involving human subjects to adopt these
principles.

3. It is the duty of the physician to promote
and safeguard the health of patients, includ-
ing those who are involved in medical
research. The physician’s knowledge and
conscience are dedicated to the fulfilment
of this duty.

4. The Declaration of Geneva of the WMA
binds the physician with the words “The
health of my patient will be my first consid-
eration,” and the International Code of
Medical Ethics declares that “A physician
shall act in the patient’s best interest when
providing medical care”.

5. Medical progress is based on research that
ultimately must include studies involving
human subjects. Populations that are under-
represented in medical research should be
provided appropriate access to participation
in research.

6. In medical research involving human sub-
jects, the well-being of the individual
research subject must take precedence over
all other interests.
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10.

. The primary purpose of medical research

involving human subjects is to understand
the causes, development and effects of dis-
eases and improve preventive, diagnostic
and therapeutic interventions (methods,
procedures and treatments). Even the best
current interventions must be evaluated
continually through research for their
safety, effectiveness, efficiency, accessibil-
ity and quality.

. In medical practice and in medical research,

most interventions involve risks and burdens.
Medical research is subject to ethical stan-
dards that promote respect for all human
subjects and protect their health and rights.
Some research populations are particularly
vulnerable and need special protection.
These include those who cannot give or
refuse consent for themselves and those who
may be vulnerable to coercion or undue
influence.

Physicians should consider the ethical, legal
and regulatory norms and standards for
research involving human subjects in their
own countries as well as applicable interna-
tional norms and standards. No national or
international ethical, legal or regulatory
requirement should reduce or eliminate any
of the protections for research subjects set
forth in this Declaration.

4.6.2 Principles for All Medical

11.

12.

Research

It is the duty of physicians who participate in
medical research to protect the life, health,
dignity, integrity, right to self-determination,
privacy and confidentiality of personal infor-
mation of research subjects.

Medical research involving human subjects
must conform to generally accepted scien-
tific principles and be based on a thorough
knowledge of the scientific literature, other
relevant sources of information and adequate
laboratory and, as appropriate, animal exper-
imentation. The welfare of animals used for
research must be respected.

13.

14.

15.

16.

Appropriate caution must be exercised in the
conduct of medical research that may harm
the environment.

The design and performance of each research
study involving human subjects must be
clearly described in a research protocol. The
protocol should contain a statement of the
ethical considerations involved and should
indicate how the principles in this Declaration
have been addressed. The protocol should
include information regarding funding,
sponsors, institutional affiliations, other
potential conflicts of interest, incentives for
subjects and provisions for treating and/or
compensating subjects who are harmed as a
consequence of participation in the research
study. The protocol should describe arrange-
ments for post-study access by study sub-
jects to interventions identified as beneficial
in the study or access to other appropriate
care or benefits.

The research protocol must be submitted for
consideration, comment, guidance and
approval to a research ethics committee
before the study begins. This committee
must be independent of the researcher, the
sponsor and any other undue influence. It
must take into consideration the laws and
regulations of the country or countries in
which the research is to be performed as well
as applicable international norms and stan-
dards, but these must not be allowed to
reduce or eliminate any of the protections for
research subjects set forth in this Declaration.
The committee must have the right to moni-
tor ongoing studies. The researcher must
provide monitoring information to the com-
mittee, especially information about any
serious adverse events. No change to the pro-
tocol may be made without consideration
and approval by the committee.

Medical research involving human subjects
must be conducted only by individuals with
the appropriate scientific training and qual-
ifications. Research on patients or healthy
volunteers requires the supervision of a
competent and appropriately qualified phy-
sician or other health-care professional.
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17.

18.

19.

20.

21.

22.

23.

The responsibility for the protection of
research subjects must always rest with the
physician or other health-care professional
and never the research subjects, even
though they have given consent.

Medical research involving a disadvantaged
or vulnerable population or community is
only justified if the research is responsive to
the health needs and priorities of this popula-
tion or community and if there is a reason-
able likelihood that this population or
community stands to benefit from the results
of the research.

Every medical research study involving
human subjects must be preceded by careful
assessment of predictable risks and burdens
to the individuals and communities involved
in the research in comparison with foresee-
able benefits to them and to other individuals
or communities affected by the condition
under investigation.

Every clinical trial must be registered in a
publicly accessible database before recruit-
ment of the first subject.

Physicians may not participate in a research
study involving human subjects unless they
are confident that the risks involved have
been adequately assessed and can be satis-
factorily managed. Physicians must immedi-
ately stop a study when the risks are found to
outweigh the potential benefits or when there
is conclusive proof of positive and beneficial
results.

Medical research involving human subjects
may only be conducted if the importance of
the objective outweighs the inherent risks
and burdens to the research subjects.
Participation by competent individuals as
subjects in medical research must be volun-
tary. Although it may be appropriate to con-
sult family members or community leaders,
no competent individual may be enrolled in a
research study unless he or she freely agrees.
Every precaution must be taken to protect
the privacy of research subjects and the con-
fidentiality of their personal information and
to minimise the impact of the study on their
physical, mental and social integrity.

24. In medical research involving competent

25.

26.

27.

human subjects, each potential subject must
be adequately informed of the aims, methods,
sources of funding, any possible conflicts of
interest, institutional affiliations of the
researcher, the anticipated benefits and poten-
tial risks of the study and the discomfort it
may entail and any other relevant aspects of
the study. The potential subject must be
informed of the right to refuse to participate in
the study or to withdraw consent to participate
at any time without reprisal. Special attention
should be given to the specific information
needs of individual potential subjects as well
as to the methods used to deliver the informa-
tion. After ensuring that the potential subject
has understood the information, the physician
or another appropriately qualified individual
must then seek the potential subject’s freely
given informed consent, preferably in writing.
If the consent cannot be expressed in writing,
the non-written consent must be formally
documented and witnessed.

For medical research using identifiable
human material or data, physicians must nor-
mally seek consent for the collection, analy-
sis, storage and/or reuse. There may be
situations where consent would be impossi-
ble or impractical to obtain for such research
or would pose a threat to the validity of the
research. In such situations the research may
be done only after consideration and approval
of a research ethics committee.

When seeking informed consent for partici-
pation in a research study, the physician
should be particularly cautious if the poten-
tial subject is in a dependent relationship
with the physician or may consent under
duress. In such situations the informed con-
sent should be sought by an appropriately
qualified individual who is completely inde-
pendent of this relationship.

For a potential research subject who is
incompetent, the physician must seek
informed consent from the legally authorised
representative. These individuals must not be
included in a research study that has no like-
lihood of benefit for them unless it is intended
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28.

29.

30.

to promote the health of the population
represented by the potential subject, the
research cannot instead be performed with
competent persons and the research entails
only minimal risk and minimal burden.
When a potential research subject who is
deemed incompetent is able to give assent to
decisions about participation in research, the
physician must seek that assent in addition to
the consent of the legally authorised repre-
sentative. The potential subject’s dissent
should be respected.

Research involving subjects who are physi-
cally or mentally incapable of giving consent,
for example, unconscious patients, may be
done only if the physical or mental condition
that prevents giving informed consent is a
necessary characteristic of the research
population. In such circumstances the physi-
cian should seek informed consent from the
legally authorised representative. If no such
representative is available and if the research
cannot be delayed, the study may proceed
without informed consent provided that the
specific reasons for involving subjects with a
condition that renders them unable to give
informed consent have been stated in the
research protocol and the study has been
approved by a research ethics committee.
Consent to remain in the research should be
obtained as soon as possible from the subject
or a legally authorised representative.
Authors, editors and publishers all have eth-
ical obligations with regard to the publica-
tion of the results of research. Authors have a
duty to make publicly available the results of
their research on human subjects and are
accountable for the completeness and accu-
racy of their reports. They should adhere to
accepted guidelines for ethical reporting.
Negative and inconclusive as well as positive
results should be published or otherwise
made publicly available. Sources of funding,
institutional affiliations and conflicts of
interest should be declared in the publica-
tion. Reports of research not in accordance
with the principles of this Declaration should
not be accepted for publication.

4.6.3 Additional Principles

31.

32.

33.

34.

35.

for Medical Research
Combined with Medical Care

The physician may combine medical
research with medical care only to the extent
that the research is justified by its potential
preventive, diagnostic or therapeutic value
and if the physician has good reason to
believe that participation in the research
study will not adversely affect the health of
the patients who serve as research subjects.

The benefits, risks, burdens and effectiveness

of a new intervention must be tested against

those of the best current proven intervention,
except in the following circumstances:

¢ The use of placebo, or no treatment, is
acceptable in studies where no current
proven intervention exists.

e Where for compelling and scientifically
sound methodological reasons, the use of
placebo is necessary to determine the effi-
cacy or safety of an intervention, and the
patients who receive placebo or no treat-
ment will not be subject to any risk of
serious or irreversible harm. Extreme care
must be taken to avoid abuse of this
option.

At the conclusion of the study, patients
entered into the study are entitled to be
informed about the outcome of the study and
to share any benefits that result from it, for
example, access to interventions identified as
beneficial in the study or to other appropriate
care or benefits.
The physician must fully inform the patient
which aspects of the care are related to the
research. The refusal of a patient to partici-
pate in a study or the patient’s decision to
withdraw from the study must never interfere
with the patient—physician relationship.

In the treatment of a patient, where proven

interventions do not exist or have been inef-

fective, the physician, after seeking expert
advice, with informed consent from the
patient or a legally authorised representative,
may use an unproven intervention if in the
physician’s judgement it offers hope of saving
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life, re-establishing health or alleviating
suffering. Where possible, this intervention
should be made the object of research,
designed to evaluate its safety and efficacy.
In all cases, new information should be
recorded and, where appropriate, made pub-
licly available.

Appendix 4.2: The Code
of Nuremberg

1. The voluntary consent of the human subject

is absolutely essential.

This means that the person involved
should have legal capacity to give consent;
should be so situated as to be able to exercise
free power of choice, without the interven-
tion of any element of force, fraud, deceit,
duress, over-reaching or other ulterior form
of constraint or coercion; and should have
sufficient knowledge and comprehension of
the elements of the subject matter involved,
as to enable him to make an understanding
and enlightened decision. This latter element
requires that, before the acceptance of an
affirmative decision by the experimental
subject, there should be made known to him
the nature, duration and purpose of the
experiment, the method and means by which
it is to be conducted, all inconveniences and
hazards reasonably to be expected and the
effects upon his health or person, which may
possibly come from his participation in the
experiment.

The duty and responsibility for ascertain-
ing the quality of the consent rests upon each
individual who initiates, directs or engages
in the experiment. It is a personal duty and
responsibility which may not be delegated to
another with impunity.

. The experiment should be such as to yield
fruitful results for the good of society,

10.

. The experiment should be so designed and

based on the results of animal experimenta-
tion and a knowledge of the natural history
of the disease or other problem under study
that the anticipated results will justify the
performance of the experiment.

. The experiment should be so conducted as to

avoid all unnecessary physical and mental
suffering and injury.

. No experiment should be conducted where

there is an a priori reason to believe that death
or disabling injury will occur except, per-
haps, in those experiments where the experi-
mental physicians also serve as subjects.

. The degree of risk to be taken should never

exceed that determined by the humanitarian
importance of the problem to be solved by
the experiment.

. Proper preparations should be made and

adequate facilities provided to protect the
experimental subject against even remote
possibilities of injury, disability or death.

. The experiment should be conducted only by

scientifically qualified persons. The highest
degree of skill and care should be required
through all stages of the experiment of those
who conduct or engage in the experiment.

. During the course of the experiment, the

human subject should be at liberty to bring
the experiment to an end, if he has reached
the physical or mental state, where continua-
tion of the experiment seemed to him to be
impossible.
During the course of the experiment, the sci-
entist in charge must be prepared to termi-
nate the experiment at any stage, if he has
probable cause to believe, in the exercise of
the good faith, superior skill and careful
judgement required of him, that a continua-
tion of the experiment is likely to result in
injury, disability or death to the experimental
subject.

Trials of War Criminals before the Nuremberg

unprocurable by other methods or means of
study and not random and unnecessary in
nature.

Military Tribunals under Control Council Law
No. 10, vol.2. Washington, D.C.: U.S. Government
Printing Office; 1949. p. 181-2.



Functional Anatomy and Types
of Face Transplants

Abstract

The bases of vascularised composite tissue allotransplantation rely on
general principles of plastic and reconstructive surgery and on modern
reconstructive microsurgery. In traditional autotransplantation, soft tissues
in the form of flaps or vascularised anatomical parts are autotransplanted
to another part of the same patient in order to reconstruct a defect caused
by trauma, burns, atrophy or tumour ablation. Nonvascularised grafts sur-
vive by diffusion of nutrients until a new capillary network is created. In
contrast, flaps do survive by a complete autonomous vascularisation cre-
ated by microanastomosis between donor and recipient vessels. For years,
these types of flaps have been used in reconstructive surgery, especially for
head and neck reconstruction, breast reconstruction and lower limb sal-
vage. An important clinical and experimental research has been imple-
mented during the past two decades to provide evidence of the
vascularisation of soft tissues and to develop new types of flaps to form

and develop modern plastic reconstructive surgery.

The bases of vascularised composite tissue allo-
transplantation rely on general principles of
plastic and reconstructive surgery and on mod-
ern reconstructive microsurgery. In traditional
autotransplantation, soft tissues in the form of
flaps or vascularised anatomical parts are auto-
transplanted to another part of the same patient
in order to reconstruct a defect caused by
trauma, burns, atrophy or tumour ablation.
Nonvascularised grafts survive by diffusion of
nutrients until a new capillary network is cre-
ated. In contrast, flaps do survive by a complete
autonomous vascularisation created by micro-

anastomosis between donor and recipient ves-
sels (Fig. 5.1). For years, these types of flaps
have been used in reconstructive surgery, espe-
cially for head and neck reconstruction, breast
reconstruction and lower limb salvage. An
important clinical and experimental research has
been implemented during the past two decades
to provide evidence of the vascularisation of soft
tissues (Table 5.1) and to develop new types of
flaps (Figs. 5.2 and 5.3) to form and develop
modern plastic reconstructive surgery.

Survival of microvascular flaps depends on an
adequate inflow and outflow of vascularisation.

J.P. Barret, V. Tomasello, Face Transplantation: Principles, Techniques and Artistry, 37
DOI 10.1007/978-3-662-45444-2_5, © Springer-Verlag Berlin Heidelberg 2015
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Fig. 5.1 Flaps are the basis of reconstructive microsur-
gery. Correct anastomosis between flap vessels and recipi-
ent’s vessels (either termino-terminal or termino-lateral)
is necessary for flap survival

Table 5.1 Common flaps utilised in reconstructive
surgery
1. Random local or regional flap (there is not any
pedicle identified)
2. Axial pattern skin flaps (direct arteries to a cutaneous
territory; i.e. groin flap)
3. Fasciocutaneous flaps (fascia, fat and skin,
vascularisation through fascial feeders; i.e. radial
forearm flap)

4. Perforator flaps (direct or indirect vessels that pierce
fascia/muscle to vascularised soft tissues; i.e. deep
inferior epigastric artery perforator [DIEAP] flap)

5. Muscle flaps (named muscle with its vascular(s)
pedicle(s); may include nerve; i.e. latissimus dorsi
muscle flap)

6. Musculocutaneous flaps (Muscle flaps with a skin
and fat paddle vascularised through
musculocutaneous feeders)

7. Osteocutaneous flaps (bone and skin + muscle,
through direct vessels and feeders; i.e. fibula flap)

8. Keystone flaps (locoregional flaps based on fascial/
direct perforators/feeders)

9. Freestyle flaps (free or pedicle perforator flaps based
on perforators of any given territory; identified by
Doppler and designed ad hoc)

10. Various: free vascularised nerve flaps, bone flaps,
composite flaps, chimera flaps, prefabricated flaps, etc.)

It is not only a question of a correct and efficient
microvascular anastomosis and good recreation of
an anatomical vascular network, but also of a suf-
ficient and balanced blood flow through the entire
transplanted tissues. Similarly, functional and sen-
sory recovery relies on neurotisation of muscle
units and excellency on neurorrhaphies between

Fig. 5.2 Perforator vessels are the workhorse for new
techniques (i.e. keystone flaps, freestyle flaps) and new
reconstructive concepts. Arrows signal direct and muscu-
locutaneous perforators

Fig. 5.3 Perforator vessels from the deep epigastric
artery and vein form the vascular network for DIEAP
flaps, commonly utilised in breast reconstruction

donor and recipient nerves that allow scarless
neural union that promotes ingrown of axons
into the transplanted nerves (Fig. 5.4). The same
general principles do apply to face allografts, which
depend on a correct vascularisation and functional
recovery from different vascular and neural anas-
tomosis between the graft vessels and nerves and
recipient vessels and nerves in the cervical and
face areas of the recipient. The basis for a robust
flap and efficient surgical technique resides on
proficiency in reconstructive surgery and anatomic
knowledge, often gained in the anatomy room and
experimental microvascular lab.
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Fig.5.4 Excellency in microsurgical technique is neces-
sary to obtain good outcomes. Function depends on cor-
rect nerve coaptation, similarly to that obtained in face
reanimation. Cross-face nerve grafts from sural nerves are
anastomosed to face branches on the healthy hemiface
and transposed to the contralateral side

5.1 Relevant Anatomy

in Face Transplantation

Complete knowledge of anatomy of blood ves-
sels and nerves and other anatomical units in the
face and neck region is fundamental for the suc-
cess of face transplantation. It is very important
to understand the microvascular and macrovascu-
lar anatomy in order to include the specific vas-
cularisation of any type of face VCA graft in the
surgical approach.

5.1.1 Arterial Anatomy

The carotid artery axis is the main arterial net-
work that forms the anatomical basis for face
transplantation. Dissection of the common
carotid artery is necessary for vascular cannula-
tion in face transplants that receive the preservation
fluid infusion in the absence of an intrathoracic
approach. Face transplants that require a longer
vascular axis for revascularisation require com-
mon carotid artery dissection in order to provide
an extra length. The internal carotid artery and
the vertebral artery do not play any role in face
transplantation. They must be preserved, though,
to avoid any cerebrovascular risk in the recipient.

They do have rich collateral anastomosis, espe-
cially the supraorbital artery, supratrochlear and
the dorsal nasal artery. The external carotid artery
and its terminal branches (in particular face, lin-
gual and superficial temporal arteries) are the
main branches for revascularisation and consti-
tute the workhorses for face transplantation
(Fig. 5.5).

The superior thyroid artery is the first branch
of the external carotid. It does not play a signifi-
cant role in face allograft procurement, although
it is of interest in case it is necessary for revascu-
larisation in the recipient, similarly to the
approach utilised in head and neck reconstruc-
tion. The ascendant pharyngeal artery does not
play any role in face transplantation either, since
the posterior soft tissues receive sufficient vascu-
larisation from collaterals in case the oropharynx
is included in the transplant. The relevance of the
lingual artery resides in its vascularisation of the
tongue and related territories. It should be
included in the dissection in case the tongue is
included in the transplant. If it is necessary, it is
advised to harvest in continuity with the external
carotid artery and the face artery; in order to
facilitate dissection, assure good blood supply to
all territories and to perform an easy anastomosis
end to end to the recipient’s external carotid
artery. The occipital artery is the following
branch of the external carotid. It is seldom
included in the allograft, and it should be consid-
ered when the whole scalp is to be transplanted.
Howeyver, dissection is difficult and the alterna-
tive should constitute the superficial temporal
artery.

The face artery is the workhorse vessel in face
transplantation. Experimental and clinical expe-
rience provides the evidence that the entire face
can be effectively vascularised by the face arter-
ies. Good blood supply is observed in all territo-
ries. Therefore, including the superficial
temporal vessels may not improve blood supply.
It does, on the other hand, increase the complex-
ity of the dissection, especially when a dissec-
tion in continuity with the external carotid and
the face artery is contemplated. However, if a
significant portion of the scalp is to be included
in the transplant, it is necessary to include this
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Fig. 5.5 Main arterial axis of the face and neck. Relevant arterial vessels for face VCA include face, temporal and
external carotid artery

vessel either in a separate anastomosis or in an
in-continuity dissection. The face artery follows
a tortuous route in the upper portion of the neck,
pierces the submandibular gland and emerges
under the mandible before crossing this bone
superficially. It networks in the face tissues pro-
viding different side branches (mentonian, labi-
als), finishing in the lateral nasal artery, where it
networks with branches of the internal carotid
artery. In clinical cases, it has been observed a
complete vascularisation of the entire face with
pulsate bleeding on the contralateral face artery
and in the posterior part of the soft tissues,
including the face bone skeleton.

The internal maxillary artery is one of the
major blood vessels in the mid-face. It does
emerge posterior to the mandibular condyle and
provides significant branches to the face, espe-
cially to the mandible and maxilla. Experimental
and clinical evidence suggests that it may be
ligated during face graft dissection. It does not

increase the risk for devascularisation, since
face bones are well irrigated through the face
artery.

The superficial temporal vessels constitute the
end terminal branches of the external carotid
artery. They may be included separately in the
face graft or be included in a dissection in conti-
nuity with the external carotid artery, joining in
this vascular plexus with the face artery. They
contribute to the vascularisation of the forehead,
scalp, ear and the lateral part of the face. However,
unless a major part of the scalp and ears are nec-
essary, they may be sacrificed, since sufficient
blood supply is carried through the face artery
axis.

5.1.2 Venous Anatomy

Correct and efficient outflow is necessary to
provide a competent flap that does not show
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Fig. 5.6 Good venous return can be achieved with the inclusion of the face veins and external jugular vein. The
retromandibular and internal jugular may be included in extensive VCA grafts

any signs of venous congestion and facilitates
complete survival of the transplanted tissues.
All major veins in the head and neck run paral-
lel to the arterial axis. The only and extremely
relevant exemption is the face vein (Fig. 5.6).
The face vein has a much more posterior course
than the face artery. Its course is linear (in
comparison to the tortuous course of face
artery). It receives many collateral branches
and joins the superficial temporal vein just to
form a main trunk before branching into the
internal jugular vein. In face transplants that
include the mandible, the retromandibular
veins should also be included to increase the
venous drainage of the transplant. The dissec-
tion may include part of the internal jugular to
allow extra length in case it is necessary for the
recipient’s revascularisation. In case it is uti-
lised, an end-to-side anastomosis is advised.
Depending on the superficial venous architec-

ture and the type of transplant that has been
designed, the external jugular vein may be
included in the transplant to augment the
venous drainage. A careful dissection must
include all connections with the superficial
network, superficial temporal vessels and face
vein network. Depending on the complexity of
the superficial venous drainage, excessive soft
tissue dissection should be avoided to prevent
face vessel damage.

In general terms, existing recipient’s ves-
sels, especially internal jugular veins, should
suffice to allow for good face graft drainage.
However, some cases, depending on the type
of deformity, may present with a limited num-
ber of recipient veins for anastomosis. Under
these circumstances, the cephalic vein may
be freed and dissected and turned to an
upward position to allow an extra venous
anastomosis.



2

5 Functional Anatomy and Types of Face Transplants

Fig.5.7
function. All three branches and lingual nerve are necessary in full face grafts and/or tongue

5.1.3 Nerve Anatomy

Vascular anatomy, proficiency in dissection and
patent microvascular anastomosis are necessary
for the success of face VCA. However, sensitive
and motor nerves are extremely relevant and
important to achieve the main objective of face
transplantation: improvement of quality of life,
overcome disability and reintegrate into society.
In ideal circumstances, all nerves should be
repaired. Nonetheless, in some patients (espe-
cially in trauma cases), nerves are severely dam-
aged or absent. In such circumstances only those
that can be identified may be repaired allowing
enough recovery of function. The length of the
nerves and their emergence through skull base
foramens may limit some of the nerve repairs,
thus nerve grafts might be necessary. Every
attempt, though, should be made to perform a
direct repair between nerve endings in order to

Trigeminal branches should be included in every VCA face graft in order to obtain the best sensation and

speed up recovery. However, when necessary,
nerve grafts are utilised in order to allow a
tension-free suture. From the motor functional
standpoint, the most important cranial nerves are
the face nerve and the motor branches of the tri-
geminal (mastication), whereas sensation and
taste are controlled by sensitive trigeminal
nerves. The hypoglossal nerves should also be
included in the transplant should a tongue trans-
plant be planned.

5.1.3.1 Trigeminal Nerve

The trigeminal nerve is the biggest cranial nerve,
emerging from multiple skull base foramens
(orbital fissure for the ophthalmic nerve (V1),
round foramen for the maxillary nerve (V2) and
the oval foramen for the mandibular nerve (V3))
(see Fig. 5.7). The ophthalmic nerve courses
across the superior part of the orbit and emerges
in the forehead through the supraorbital foramen
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(or fissure in some cases). It is responsible for the
sensation of the forehead and most of the scalp.
The maxillary nerve branches in multiple nerves,
and it is responsible for the sensation of the cen-
tral part of the face including the lower eyelid, the
inferior part of the nose, upper lip, maxilla and
gingival area. Even though it emerges through
different maxillary foramens, the main branch of
maxillary nerve is the infraorbital nerve, located
below the orbit. This nerve should be considered
in any face transplant in order to achieve the
maximum sensory recovery in the mid- and lower
face. The most inferior branch of the trigeminal
nerve is the mandibular nerve. It provides sensa-
tion to areas of the tongue, the lower third of the
face, lower gingival area and intraoral mucosa.
The terminal branch of the mandibular nerve
enters the mandible through the alveolar canal,
turning into the inferior alveolar nerve. It emerges
through the mental foramen to form the menton-
ian nerve, branching in the chin and lower lip. It
should be included in the face transplant if a pure
soft tissue transplant is considered. In turn, if the
mandible is included, the nerve is either har-
vested on the skull base or above the entrance to
the alveolar canal. When a tongue transplant is
considered, the lingual nerve must be included in
the graft, either in continuity with the mandibular
nerve or as an individual nerve. Motor nerves
include the masticator nerves for the masseter,
temporal and pterygoids (harvested either as indi-
vidual nerves or en bloc in type B transplants)
and other muscles involved in deglutition and
speech (mylohyoid, anterior belly of the digastric
muscle, tensor veli palatini muscle and tensor
tympani muscle).

5.1.3.2 Face Nerve

The cranial nerve VII (face) emerges through
the stylomastoid foramen. Identification of face
nerves during face graft procurement and trans-
plantation does not differ from the dissection
technique that is commonly used in traditional
face nerve surgery. Dissection starts by identify-
ing the main truck underneath the cartilaginous
ear canal. It is advised to obtain the maximum
length of face branches in order to ease the
recipient’s neurorrhaphy. Recipient’s intact

branches are left intact, although it is imperative
to obtain the most efficient function after face
transplantation. It is not uncommon to sacrifice
some branches and muscles in the recipient to
provide undamaged nerves and muscles. The
face nerve divides in the parotid in the main five
face branches. The anatomy may vary: surgeons
may encounter two main branches dividing in
the final terminal nerves, although some ana-
tomical variants may be present. Every effort
must be executed to include all desired nerves
and muscles in the transplant, since face func-
tion is a must in face transplantation to improve
quality of life in face transplant recipients
(Fig. 5.8).

Innervation of the Tongue: Complete sensory
restoration of tongue function includes the lin-
gual nerve (trigeminal branch (V3), provides sen-
sation to the anterior two-thirds of the tongue),
chorda tympani (provides taste sensation to the
anterior two-thirds of the tongue) and glossopha-
ryngeal nerve (cranial nerve IX, provides sensa-
tion and taste to the posterior one-third of the
tongue). Motor function is provided by the hypo-
glossal nerve (easily identified in the superior
part of the neck), which is responsible for most of
the tongue movements. Even though it is very
important to provide as much tongue function as
possible, complete restoration of the tongue
(especially taste and sensation) is limited by the
posterior and deep location of all nerves and their
short course in the skull base.

5.2 Types of Face Transplants

The classification of face transplants is, in gen-
eral terms, straightforward. Depending on the
quantity of tissue that is transplanted in any given
transplant, face transplantation is classified as
partial or total/full-face transplantation. It refers
to classical or traditional reconstructive face sur-
gery in which the reconstruction of face struc-
tures is termed either partial (parts of the anatomic
unit are reconstructed) or total/full in which the
whole anatomy is repaired. When the former is
applied to face transplantation, the general clas-
sification stands as:
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Fig.5.8 Main branches of the face nerve. It is mandatory to include all motor nerve for correct functional outcome

* Partial transplantation: parts of the face are
transplanted either as subunits or units. One or
many face units are included in the
transplant.

o Total/full transplantation: the whole face is
transplanted as a graft, similarly to solid organ
transplantation.

Dr. Lengele, though, has provided face VCA
surgeons with a classification that combines
the concepts of face anatomy and reconstruc-
tive surgery, making a more practical and use-
ful classification that includes all types of face
transplants.

Lengele’s classification subdivides face trans-
plantation into five types of face transplants,
depending on the type of tissues and areas that
are transplanted. It also takes into consideration
the depth of the transplants and the inclusion of
bones into the transplants. Each type of trans-

plant can be subdivided depending on whether
the transplant includes face bones. Type A trans-
plants include soft tissues only, whereas type B
transplants include different amounts of face
bones.

5.2.1 Type | Face Transplant

(Lower Central)

This constitutes a face transplant that includes the
inferior third of the face. It commonly includes
the nose, lips and chin area (Fig. 5.9). In a type
B, this type of transplant would include the man-
dible or parts of it. Zygomatic, buccal and man-
dibular branches of the face nerve reinnervate the
muscles. The sensitive nerves of the allograft are
the mental and infraorbital nerves. It is well vas-
cularised by the face pedicles.
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Fig. 5.9 Lower face VCA graft (type I). It commonly
includes the chin, lips and nose. Vascularisation depends
on both face arteries. Main motor branches include buc-
cal, mandibular and zygomatic face nerves. The mental
and infraorbital nerves provide sensation. Type B trans-
plants may include the mandible and maxilla

This was the world’s first face transplantation
ever, performed on November 2005 in Amiens,
France (Dr. Devauchelle and team).

5.2.2 Type ll Face Transplant
(Mid Central)

The nose, upper lip, cheeks and mimic muscles
are commonly transplanted in this type of VCA
graft. It may include also the inferior part of the
face, constituting then a true inferior face VCA
graft (Fig. 5.10). The maxilla and parts of the
mandible are bones included in a type II B face
transplant. Vascularisation is obtained by the face

Fig. 5.10 Mid-face VCA graft (type II). The cheeks,
upper lip and nose are included in this type of transplant. It
may be combined with type I. A combination of types I
and II has been used in several face transplantation cases.
Vascularisation depends mainly on face vessels. Main
motor branches are the buccal and zygomatic branches,
whereas sensation depends on the infraorbital nerve. Type
B transplants may include zygomatic bones and maxilla

pedicles, and it should include the infraorbital
nerve and the zygomatic and buccal rami of the
face nerve.

5.2.3 Type lll Face Transplant
(Upper Face)

This type of transplant includes the forehead,
eyelids and root of the nose and mimic muscles
(Fig. 5.11). Bone is not transplanted in this type
of transplant. However, depending on the require-
ments of the recipient, parts of the nose and/or
zygoma may be included. It is raised on the two
temporal pedicles. The frontal and zygomatic
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Fig.5.11 Upper face VCA graft (type III). It includes the
eyelids, temporal and forehead tissues. Motor branches
depend on the orbicularis oculi and frontal nerves.
Sensation is mainly through the supraorbital nerve. The
temporal vessels provide vascularisation. Type B trans-
plants may include root of the nose, or zygomas

branches of the face nerve obtained restore mus-
cle function.

5.2.4 Type IV Face Transplant

In this face transplant the skin and fat tissue of
the face is transplanted. It constitutes a true resur-
facing procedure of the entire face. This VCA
graft is especially designed for burned patients.
Although it has been termed full-face transplan-
tation, it is indeed a partial allograft (type V
allograft corresponds to a true full face trans-
plant), restoring the surface of the face devoid of
any muscle function. It does restore sensation,
and all three trigeminal branches are included in
the allograft. Vascularisation is obtained by face
and temporal vessels harvested separately or in
continuity with the external carotid artery

i

Fig.5.12 Full-face transplant (type V, either A or B). It is
a combination of type I+II+III. Face and temporal ves-
sels provide vascularisation. They may be dissected in
continuity with the external carotid. It can include differ-
ent amounts of intraoral tissues depending on the recipi-
ent’s requirements

5.2.5 TypeV Face Transplant
(Full Face Transplant)

Type V transplants are full/total-face trans-
plants (Fig. 5.12). They include all of the for-
mer (skin, fat, mimic muscles, nose, eyelids,
lips, mucosa, etc.). Type B transplants would
include the mandible, maxilla, zygomas and the
nose. Recipient’s requirements mandate which
part of bony structures is transplanted. These
are multisegments of composite transplants
obtained on a single block of uniform thickness
(types I, II and III). It contains all expression
muscles, face motor branches and all three seg-
mental branches of the trigeminal nerve, and it
is vascularised by the face and temporal arches.
The world’s first full-face transplant was per-
formed in Barcelona (Dr. Barret and team) in
March 2010.
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Abstract

There has been an evolution in the management of face disfigurement in
centres with face VCA programmes. Patients referred to plastic surgery
clinics are no longer studied and offered traditional, though complex,
reconstructive techniques. The deformity and the whole medical and psy-
chological status of patients are taken into consideration, and all available
options, including face transplantation, are considered in regard to
expected aesthetic, anatomical and functional outcomes. This process
allows plastic surgeons to estimate in whole the defect, deformity, func-
tional and social impact and make a valid indication of the technique of
choice for any given defect. Most of the patients will be offered and be
reconstructed with classical reconstructive techniques, while only a few
patients will enter the face transplant programme. In our hands, only
10-20 % of patients entering the face transplantation programme will end

up with an indication and final ethical committee accreditation.

Patient selection in face transplantation is a com-
plex process that starts with the indication for
face transplantation, inclusive all psychological,
ethical and legal issues, followed by a complete
medical workup.

The evaluation of patients begins in the initial
visit. The patient should be evaluated within a
multidisciplinary team to make a full medical and
biographical picture of the physical, functional,
social and psychological deformity and disability
and make a final indication for face vascularised
composite tissue allotransplantation. In general
terms, the technique, operation and some issues
of transplant surgery are very similar to that
encountered in other solid organ transplantation.

However, when we consider in full patient evalu-
ation and selection, there are significant differ-
ences that have to be taken into account.

There has been an evolution in the manage-
ment of face disfigurement in centres with face
VCA programmes. Patients referred to plastic
surgery clinics are no longer studied and offered
traditional, though complex, reconstructive tech-
niques. The deformity and the whole medical and
psychological status of patients are taken into
consideration, and all available options, including
face transplantation, are considered in regard to
expected aesthetic, anatomical and functional
outcomes. This process allows plastic surgeons to
estimate in whole the defect, deformity, functional
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and social impact and make a valid indication of
the technique of choice for any given defect. Most
of the patients will be offered and be reconstructed
with classical reconstructive techniques, while
only a few patients will enter the face transplant
programme. In our hands, only 10-20 % of
patients entering the face transplantation program
will end up with an indication and final ethical
committee accreditation.

6.1 The Initial Visit

Large tertiary institutions that have a long tradition
in transplantation medicine and run a robust pro-
gramme in plastic and reconstructive surgery nor-
mally host face transplantation programmes. Level
I trauma centres, burn units or centres and super-
regional craniomaxillofacial programmes are usu-
ally normal referral units in such institutions.

The initial referral visit for face transplanta-
tion should not differ much to that usually in
place for face reconstructive surgery. In practice,
it is recommended that all patients be referred to
the face reconstructive outpatient clinic for a
complete initial visit where he/she may meet all
surgical team members and a complete analysis
of the problem be made. The rationale behind
this approach resides on the basis that face trans-
plantation is not a plain composite tissue allo-
transplantation ~ venture but a complex
reconstructive option, in which the reconstruc-
tion is performed by means of the allotransplan-
tation of face units/anatomy and function.
Evaluation of patients with severe face deformi-
ties then follow a step-wise manner in which all
reconstructive options are taken into account and
a final master plan for any given patient is delin-
eated. It may include different classical tech-
niques that may render a good final outcome of a
definitive indication for face transplantation.

There exist few initial steps that need to be
explored and fulfilled in order to plan a compre-
hensive evaluation for a face transplantation.
During the initial visit, tteam members check all
the inclusion and exclusion criteria for face trans-
plantation; explore and analyse the patient’s defor-
mity, possible plastic surgery indications and

required techniques; and list all patient’s com-
plaints, aesthetic, functional deficits and patient’s
expectations (Fig. 6.1). During this initial visit, a
complete blood test is run in order to rule out any
formal contraindication for face transplantation.
During this initial(s) visit(s) (it may be necessary
to have different interviews with the patient), the
patient is provided with all necessary information.
It is mandatory that the patient receives all infor-
mation regarding the positive, negative aspects of
the procedure, risks and benefits and that he/she
understand the experimental aspect of vascular-
ised composite tissue allotransplantation. An
introduction to the multidisciplinary team is also
enforced and the requirement of different inter-
views with the core members of different special-
ists that will be required. Patients are also informed
of the whole selection process and the administra-
tive steps that must be followed:

e Full medical and surgical examination with
any diagnostic laboratory, functional and
radiologic examinations

* Psychological and psychiatric evaluation

* Psychosocial evaluation by social workers

* Informed consent for clinical experimental
treatment

* Ethics committee submission if an indication
for face transplantation is reached

¢ Submission to the health authorities (local and
national transplantation bodies, organ pro-
curement organizations)

» Final accreditation and search for donors

m Referral — initial visit
m Information + preliminary screening
m |ndication for face Tx

‘

® Hospital admission 2—-3 weeks
m Full battery of tests

E Hospital Universitari Vall d’Hebron

Fig. 6.1 Recommended process for the evaluation of face
transplant recipients. Hospital admission allows for an
effective process with good interaction with team members
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Patients that are considered candidates for
face transplantation are then admitted to the hos-
pital. They are informed and warned that a hospi-
tal admission for a 2-3-week period may be
necessary to fulfil all the tests and requirements
according to the VCA face protocol. We have
found that admitting patients to the plastic sur-
gery ward is very valuable for both performing
all necessary examinations and interviews in a
timely fashion and for a good interaction of
patients and their families with the transplanta-
tion team and ward nurses. During all long
“stand-by” hours between tests and interviews,
patient behaviour, social interaction, resilience
and stress response can be evaluated. The report
of caring nurses is extremely valuable to make a
general picture of the psychosocial status of the
patients and his/her social environment. Strong
and weak points may be detected and encouraged
or treated accordingly.

6.2  The Evaluation Process

It cannot be overstated that the initial(s) visit(s) is
a key element of the evaluation process. During
these visits the surgeon-in-chief and team mem-
bers evaluate the face deformity and obtain a
clear picture of the anatomic deformity, the func-
tional impact and the general psychosocial status
of the patients. Full information of the goals of
face transplantation, benefits, risks and possible
side effects, including death, are discussed.
Patients reaching the evaluation process have
understood and accepted the overall principles
and goals of face transplantation, accepting a full
examination with its possible positive or negative
outcomes.

Different specialists, units and services are
involved during the evaluation process. It is a
thorough medical and surgical workup; hence, a
case manager and a surgeon-in-chief that con-
trol the process and lead the process must pilot
it. Plastic surgery specialists evaluate all ques-
tions and issues regarding the surgical aspect of
the deformity (anatomic areas to be extirpated
and donor tissue requirements). The former
includes a full anthropomorphic evaluation,

physical examination (including radiologic
evaluation) and skin phototype. Medical spe-
cialists of the face transplant team should evalu-
ate the health status and well-being, paying a
special attention to those conditions that cur-
rently contraindicate a vascularised composite
tissue allotransplantation (malignant neoplasm,
renal failure, hepatic insufficiency, ASA III or
IV classification, etc.) and other medical condi-
tions that merit attention in order to improve or
treat them before the transplant. Some of these
conditions may exacerbate with immunosup-
pression or contraindicate certain drug regi-
mens. Psychologists and psychiatrists transplant
specialists evaluate all patients. Special attention
is focused to pre-existing pathology, normal or
superior intelligence coefficient, previous adhe-
sion to medications and medical treatments, etc.
The psychological-psychiatric evaluation is
then directed to develop a patient’s profile, with
an emphasis on the risk of abandon for immuno-
suppression, family and social support, pre- and
posttransplant education, and produce an analy-
sis and recommendations. A negative report
from the transplant psychologist and psychia-
trist contraindicates a face transplantation and is
a formal exclusion criterion.

6.2.1 General Evaluation

The general evaluation of a patient being consid-
ered for a face transplantation does not differ
much from other face plastic surgery patients. A
general master plan has to be created; hence,
information regarding medical status and ana-
tomic and functional deformity should be
gathered.

The patient has to be identified and all demo-
graphics recorded. Surgeons bear in mind that
they may be entering a clinical research protocol
and a special identifying number shall be
assigned. Patient’s telephone and relatives’ tele-
phone numbers are recorded for future direct
contact. The disease (if any) and type of defor-
mity are recorded and studied thoroughly. Height,
weight and all anthropomorphic measurements
are recorded (Table 6.1); a hand-held Doppler is
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Table 6.1 Common anthropomorphic clinical measure-
ments in face transplantation

. Interpupillary distance

. Intercanthal (external and internal) distance

. Head perimeter (brow level)

. Hairline—nasion distance

. Nasal length

. Upper lip—chin distance

. Hairline—chin distance
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. Inter-preauricular distance

performed to assess the patency of face vessels
and all results recorded.

A full history is next. Special attention is paid
to allergies, medications and history of past sur-
geries and type, transfusion requirements and any
history of transfusion reactions and any relevant
past medical history. Immunosuppression drug
protocols may produce different side effects; thus
the medical history should focus on renal dis-
eases, hepatic problems, cardiovascular and any
other endocrine disturbances. Systemic hyperten-
sion, posttransplant diabetes, renal failure or
hepatic insufficiency may develop after the trans-
plant; consequently, any minor problems should
be treated and resolved before the transplant.
Important medical problems may contraindicate
the face transplant. The type of nutrition and
dietetic problems or deficiencies are recorded
and type of airway assessed. It is not uncommon,
especially in posttraumatic deformities that the
patients present with a gastrostomy tube feeding
and a patent tracheotomy. During the initial visit
and the posterior general evaluation (together
with the nutritional and anaesthetic assessment),
the need for a gastrostomy tube feeding and a
temporal tracheotomy is discussed with the
patient if they are not yet in place. They may be
necessary and ease the postoperative period.

The face examination is an important part of
the general evaluation of the patient and will aid
in the decision process for the formal indication
and the type of transplant (Table 6.2). The type of
deformity and aetiology is recorded. Areas
affected are studied and evaluated. Any relevant
defects, missing anatomy and altered function are
recorded to make a general picture of the defor-
mity and the functional and emotional impact of

Table 6.2 Face general evaluation

1. Areas affected

2. Involvement of face sphincters (oral and orbital)
3. Cranial nerve involvement

4. Ocular status

5. Hearing status

6. Intraoral structures status

the face disfigurement. Functional impact is best
evaluated by the assessment of the visual, audi-
tory and sensory and motor nerve status, together
with an exploration and evaluation of the intra-
oral structures:

6.2.1.1 Cranial Nerve Status

Special attention should be paid to the ocular
cranial nerves (cranial nerves III, IV and VI) in
regard to eye movement and visual impairment;
evaluation of the motor and sensitive branches of
the trigeminal nerve (V), its function and the ana-
tomical situation of the nerve must be explored;
during face transplantation the first, second and
third divisions are to be anastomosed to obtain
excellent sensory outcomes. Face transplantation
is a quality of life transplant, and faces trans-
planted must be sensitive, not merely functioning
like a mask. The face nerve merits also a special
word. The status of all face muscles and the func-
tion of the different branches and their anatomi-
cal status are also crucial for an optimal functional
outcome. Cranial nerves IX, XI and XII are also
assessed; special care must be paid when a face
transplant that includes intraoral structures (soft
palate, oropharynx, floor of the mouth and/or
tongue) is considered.

6.2.1.2 Visual Status

There has been great debate so as to whether a
face transplant is ever indicated in a blinded
patient. Similarly to what occurred with the ethi-
cal, scientifical and social process of face trans-
plantation, the initial arguments against face
transplantation in blinded patients have been
answered by clinical practice. Excellent func-
tional and psychological outcomes have been
achieved in blinded patients. Quality of life has
improved significantly in this group of patients,
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which signals that face transplantation is not
merely an improvement in face appearance.

6.2.1.3 Hearing Impairment

Audition and external, middle and internal ear
function and anatomy are assessed in a similar
fashion. Hearing impairment is not a contraindi-
cation for face transplantation. It is important,
though, to have a good and fluent communication
with patients. Any hearing loss should be assessed
and addressed, making any efforts for improve-
ment. The status of the external ear is also exam-
ined. If a partial or total destruction of the external
ear or auditory canal is present, they should be
included in the specimen to be transplanted.

6.2.1.4 Intraoral Structures

Functional status of the intraoral structures,
including speech, feeding and swallowing, is
explored. Any deficits are noted, together with
the status of the lip sphincter, palate, teeth,
tongue, oropharynx and floor of the mouth. Any
absent or destroyed anatomy must be delineated
and included in the projected transplant speci-
men if deemed indicated. The external sphincter
may be commonly involved in the deformity in
most cases (it is a formal indication for face
transplantation), whereas the internal structures
are most often involved in tumours, postonco-
logical deformities and gunshot injuries. Cranial
nerves must be explored and any expected diffi-
culties in neurotisation and reinnervation noted.
Rehabilitation and speech pathology services
must be consulted in order to complete the
preoperative evaluation and determine the post-
operative requirements. The exploration is com-
pleted with EMG exploration and imaging.

6.2.2 LaboratoryTests

Face transplantation is commonly being indi-
cated for healthy individuals. The technique is in
its initial phase, and patients that present with
significant co-morbidities are excluded. During
the general evaluation process, some system dis-
turbances or concomitant diseases may be
encountered. Patients are normally referred to

team members for assessment. All altered tests
and system alterations are treated and corrected
prior to the surgical intervention. Those that can-
not be corrected and may be exacerbated by
immunosuppression are considered a contraindi-
cation unless the transplant is being indicated for
a deformity that poses a higher risk than the
disease. This situation is very rare and should be
evaluated in depth by the team and be referred to
the clinical ethics committee for counselling and
deliberation.

Laboratory examination follows similar
guidelines to those of solid organ transplantation.
It must be noted, though, that patients may have
received multiple transfusions (multiple opera-
tions, burns, etc.) and/or skin allografts (burns).
Therefore, patients may have developed a posi-
tive cross-match or antibodies against tissues and
HLA antigens.

A general analytical workup is performed
(Table 6.3). It includes haematology (red blood
cells, leucocytes, platelets and coagulation

Table 6.3 General laboratory tests

Haematology:

Haemoglobin, haematocrit, reticulocytes, platelet
count, red blood cell physiology, leucocytes

(with subtypes), coagulation study (prothrombin
time, activated partial thromboplastin time [aPTT],
thrombin time and fibrinogen)

Blood group and rhesus
Coombs tests

Hypercoagulation status study (if personal or family
history)
Biochemistry:
Ions (sodium, potassium, chloride, CO,, magnesium,
zinc)
Calcium phosphate metabolism
Bilirubin (total and direct)

Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma-glutamyl
transpeptidase (GGT), alkaline phosphatase

Total proteins/albumin

Lipids
Total cholesterol
High-density lipoprotein (HDL) cholesterol
Low-density lipoprotein (LDL) cholesterol
Very low-density lipoprotein (VLDL) cholesterol
Triglycerides

Creatinine clearance
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Table 6.4 Immunological laboratory studies

Tissue typing (HLA antigens)
Cross-match, PRA%
Immunoglobulins (A, M, G)
Lymphocyte subtype populations
Autoimmunity study

Table 6.5 Microbiology tests

Serology:
Cytomegalovirus (CMV)
Epstein—Barr virus (EBV)
Hepatitis A, B, C
HIV
Herpes simplex 1, 2, 6
Varicella zoster
Rubella
Parotiditis
Treponema pallidum (syphilis)
Tuberculosis (purified protein derivative [PPD])

Nasal Swab (methicillin-resistant Staphylococcus
aureus [MRSA])

Tracheotomy swab/tracheal aspirate
Immigrants/endemic areas:
Regional mycosis
Malaria
Chagas disease
Strongyloidiasis

assay), a special coagulation panel study if a per-
sonal or family history of coagulation problems
is encountered, and clinical biochemistry, includ-
ing ions, calcium phosphate metabolisms, liver
metabolism, lipids and creatinine clearance.
Another important part of the analytical study
includes the immunological (Table 6.4) and
infectious diseases studies (Table 6.5). Blood
group and rhesus, tissue type, HLA antigens,
immunoglobulins and lymphocyte subtypes are
studied. As mentioned before, a detection panel
for HLA antigen antibodies and an autoimmu-
nity study are included. Correct outcomes in
composite tissue allotransplantation depend on
many variables, one of which is maintenance of
healthy status with low risk of infections and as
low as possible number of infectious episodes.
During this phase of the evaluation, the infec-
tious specialists explore serology status and past
viral and bacterial infections. An important part

is viral infections, in special cytomegalovirus,
Epstein—Barr, hepatitis panel, herpes and vari-
cella zoster, syphilis, tuberculosis, nasal swab
for MRSA and tracheotomy if applicable.
Cytomegalovirus and Epstein—Barr viral infec-
tions are very relevant. CMV-negative patients
should be protected for primary infection.
Special attention should be paid to negative
recipients of positive CMV donors. Some cen-
tres do not accept them as donors, being a con-
traindication for a face transplant under their
protocol guidelines. We currently accept them
and have not had any increased difficulty in the
postoperative period. Positive Epstein—Barr
needs to be monitored closely for malignant
development. Other important issues are hepati-
tis C (some centres do not accept them as recipi-
ents) and human immunodeficiency virus (HIV)
(not a contraindication). Centres considering
patients from endemic areas for certain diseases
or immigrants should run a panel for regional
mycosis, malaria, Chagas’ disease and strongy-
loidiasis. The transplant infectious disease spe-
cialist evaluates the patient and patient’s results
and any recommendations passed onto the rest of
the team and the surgeon-in-chief. The immu-
nology/infectious disease team is completed by
preventive medicine. A specialist should be
involved in the VCA team and be in close rela-
tionship with surgeons and transplant immunol-
ogists. Following the evaluation by surgeons and
infectious disease specialists and the perfor-
mance of the microbiology tests analysis, any
relevant vaccines are administered to the patients
to start with the prevention program. Main areas
of intervention are hepatitis A and B, varicella
zoster, rubella, parotiditis and current flu vacci-
nation (in consideration to the different season’s
antigens).

6.2.3 Imaging and Other Special

Explorations

A general preoperative workup is mandatory
(Table 6.6). It includes the usual thorax X-ray
examination, electrocardiogram and mammog-
raphy if necessary. Other common X-ray
examinations include orthopantomography and
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Table 6.6 Imaging and other special explorations

1. Complete preoperative workup
Thorax X-ray
Electrocardiogram
Mammography
Orthopantomography and cephalometry
. Face CT scan
. Face MRI
. Face angio-CT scan
EMG
. Swallowing videoscope
. Triple nasopharynx—larynx endoscopy
. Upper and lower digestive tract endoscopy
. Urological/gynaecological examination
10. PET scan, lung CT scan
11. Isotopic kidney scan
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cephalometry, similarly to other craniomaxillo-
face assessments.

The imaging exploration must be completed
with a CT scan and magnetic resonance. These
explorations aid in the assessment of the defor-
mity, extension of the tumours if applicable and
preparation for the surgical panning. The X-ray
examination should be completed with an angio-
CT scan (Fig. 6.2). This exploration provides rel-
evant information regarding the vascular anatomy
of the face structures, and it is very helpful in the
preoperative planning. It allows for a full knowl-
edge of the existing anatomy and an excellent
preparation of the surgical plan, especially in

Fig. 6.2 Angio-CT Scan is highly recommended in the
preoperative evaluation of face transplant recipients. Full
knowledge of the existing anatomy and the vascular net-
work is a must for a successful face transplantation
procedure

regard to revascularisation. Many patients have
been operated on in the past and face anatomy
may be distorted. Some of these operations may
include free microsurgical tissue transfers; hence,
some of the regional arteries may not be avail-
able. The preoperative knowledge of all these
issues allows for a complete planning and consid-
eration of all techniques that will be necessary to
perform a successful face transplantation (i.e.
vein grafts, osteotomies, bone grafts, etc.).

Other explorations that are necessary to final-
ise the evaluation of the candidate include the
evaluation of the functional status of some of the
most relevant structures of face anatomy. They
include electromyogram, with complete explora-
tion of the function of face muscle and face
branches, trigeminal branches and any necessary
nerve conduction studies and nerve sensory
potentials. Swallowing videoscope measures and
explores the oropharynx and tongue function,
together with a triple nasoendoscopy to assess the
status of the nose, pharynx and larynx. It is also
advised to perform a functional MRI to depict the
functional cortical representation for scientific
and clinical follow-up.

Digestive endoscopy (oesophagogastroduode-
noscopy and colonoscopy) and urological exami-
nation and prostate cancer markers are indicated
in patients with a personal or family history of
malignant or premalignant neoplasms or in those
patients over 50 years old. The complete workup
detects any oncological potential in patients con-
sidered for VCA transplantation and allows for
treatment or counselling if indicated. Patients
with postoncological face deformities should fol-
low similar workup, with completion of a PET
scan to rule out any hidden malignancies.
Smokers should be asked to stop the nicotine
abuse, and both smokers and ex-smokers should
follow a complete lung examination with lung
functional analysis and thorax CT scan. Patients
with an impaired or borderline renal function
undergo an isotopic functional kidney scan and
formal consultation with nephrology services.

The evaluation of the candidate is completed
with consultation to relevant team specialists
that shall be involved in the operative and post-
operative planning and follow-up. Psychosocial
specialists perform the most relevant part of the



54

6 Evaluation of Candidates for Face Transplantation

evaluation. Psychiatrist and psychologists evalu-
ate the patient and perform all necessary tests
and interviews to assess the indication for a face
transplant. It has been mentioned before that a
negative report from the psychological evalua-
tion is a formal contraindication for VCA. Social
services are similarly consulted for a complete
social intervention, which assess not only the
patient but also the family, home situation and
social support. Any items for intervention are
noted and explored. Other specialists that are
involved in the evaluation at this stage are anaes-
thesiology (a formal preoperative examination
and preparation for the procedure is depicted),
preventive medicine (vaccinations and other
general interventions, they liaise with social
workers for the general domestic and social situ-
ation), infectious diseases, rehabilitation, nutri-
tion (special attention is paid to the current
nutritional status and the expected problems or
issues to be encountered in the postoperative
period, with special focus to the necessity for
percutaneous gastrostomy enteral nutrition) and
nephrology.

After completion of all formal clinical,
laboratory, functional and imaging tests and
explorations, a complete case report form is
developed. All candidates that present no formal
contraindications for face transplantation are
informed of the outcome of the evaluation and
receive an indication for a face transplantation.
Patients are informed and all results discussed
with them, with a special focus on the potential
and individualised risks for the procedure. The
proposed operative planning and the specific
details of the operation are delineated, and the
relevant issues regarding tissue donation, organ
procurement, waiting lists and the overall pro-
cess of solid organ and VCA transplantation are
discussed in full. Special attention is paid to
the experimental nature of VCA and possible
outcomes, including death. Patients need to
understand all these issues and understand in
full the implications of face transplantation, the
risks and the expected benefits. Patients that are
well informed; understand the risks and benefits,
outcomes and the transplantation process and
have no contraindication for VCA are then con-

sidered formal candidates, and the treatment is
offered. Informed consent follows.

The process is finalised with submission of the
case report form, the informed consent and the
psychological-psychiatric evaluation for consid-
eration to the Ethics Committee. Ethics Committee
submission is a consultation body, which delivers
their consideration with positive or negative out-
comes. Committees do not approve or disapprove
treatments; they issue recommendations in any
individual medical case concerning clinical prac-
tice. However, a negative outcome that cannot be
corrected with revision of the indication and
resubmission is considered a contraindication for
VCA. A positive report from the Ethics Committee
allows for final formal submission to the regional
or national transplantation bodies for accredita-
tion and organ procurement organizations for the
search for donors.

6.3 Appendix 6.1:Informed
Consent for Face Transplant

Recipients

Patient Name:
Passport Number/National ID Number:
Hospital Number:
Date of Birth:
Diagnosis:
Type of Proposed Transplantation:
1. What is a face transplantation?

Face transplantation is an operation that is
performed under general anaesthesia. During
the intervention, through different incisions
on the face, all deformed structures are
removed and all necessary parts of the face
from a cadaveric donor are implanted. The
transplant may be total or only some parts of
the face may be removed and implanted. The
implant consists in the fixation with stitches
and other surgical fixations to the face and the
anastomosis (putting structures together) of
vessels and nerves. If bones of the face are
also transplanted, they are fixated with mini-
plates and screws. Some persons may need
vein or nerve grafts for the intervention (pieces
of vessels and nerves from the same person or
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from the cadaveric donor). If you do not have
in place at the moment of the operation a tra-
cheotomy (a hole on the throat to allow for
breathing), this may be necessary if your sur-
geon or anaesthetist thinks so. The tracheot-
omy is normally closed few days after the
operation when you can safely breathe on
your own through the nose and mouth.

There exist different types of face
transplants:
 Partial face transplantation (only part of the

face is transplanted)

e Full/total face transplantation (the whole
face is transplanted)

Depending on the type of structures that
are deformed, there are also other types of
transplants:

» Transplantation of skin and subcutaneous
tissues

» Transplantation of skin, subcutaneous tis-
sues and muscles

» Transplantation of skin, subcutaneous tis-
sues, muscles and bone

¢ Transplantation of the tongue and intraoral
structures

* All of the above

Your surgeon will inform you of the type of
structures that need to be removed and
transplanted.

Face transplantation is still a clinical exper-
imental treatment, with long-term conse-
quences and risks that are unknown.
Consequently, the Ethics Committee and the
Competent Legal Transplantation Bodies
release authorisation on an individual basis.

. Preoperative considerations

A multidisciplinary team evaluates
patients, and different tests and explorations
are performed. Following this evaluation,
patients that fulfil all the requirements dic-
tated by the approved protocol are considered
candidates for a face transplantation. The for-
mer means that after full consideration of the
risks and benefits of the proposed treatment,
face transplantation is deemed the best alter-
native for the reconstruction of the face. The
expected functional and anatomical recon-
struction with traditional techniques cannot

achieve the projected outcome of a face

transplantation.

When a donor is available, the recipient is
selected according to his/her date of inclusion
in the waiting list. This is made in full consid-
eration of the biological and anatomical com-
patibility between the donor and the
recipient.

The recipient that has been selected for
face transplantation is then admitted to the
hospital in order to update the preoperative
check.

At this stage two situations may be
encountered:

1. Following full evaluation of the donor and
the recipient, donor is not considered a
good match (it may be considered for
another candidate). Under this circum-
stance the recipient is discharged and will
reassume the search for donor (waiting
list).

2. The donor is a good match and the trans-
plant is carried out.

. The operation

Mean duration of surgeries varies; they
may last between 15 and 24 h; some cases
may require longer operative time. The
operation consists in the substitution of all
absent or deformed tissues and face struc-
tures by those obtained from a cadaveric
donor. In order to obtain and restore the
anatomy and function, it is necessary to per-
form microanastomosis of vessels and
nerves and to adapt and fixate all trans-
planted structures

. Survival

Survival depends on different factors, some
from donors and other from recipients: previ-
ous surgeries, vessel damage, complications,
etc. Face transplantation is an extremely com-
plex intervention that carries with a long oper-
ative time, large amount of blood transfusion
and admission to the intensive care unit. Any
procedures during this process have a signifi-
cant risk: these are life-threatening situations
and the possibility of death.

. The postoperative period. What occurs after

the transplant?
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Right after the completion of the face
transplantation, the patient will be admitted
to the intensive care unit where you will be
cared for by intensivists, surgeons, infectol-
ogists and the rest of the transplant team.
You will be intubated and will receive the
support of a ventilator (a special machine
that will aid the respiration). For the first
hours/days, you will be sedated with full
intensive support. Your doctors will wake
you up when they consider that there is no
risk for your life. The time you will spend in
the intensive care unit varies depending on
the type of the transplant, your individual
conditions and possible complications.
When your doctors consider your status sta-
ble and risk free, you will be transferred to
the plastic surgery ward where you will stay
until the moment you are discharged home.
You should expect a long stay in the hospi-
tal, normally dictated by the recovery and
the stability of tests and your ability to cope
with daily living activities.

Following discharge, you will be asked to
attend our clinic on a regular basis. Hospital
admissions for immunological, infectious or
side effect complications are not uncommon.
You will receive immunosuppressive drugs
for the rest of your life in order to prevent the
rejection of the transplant. If you stop taking
these medications, you will suffer a rejection
episode and may lose the transplanted face.
This situation shall be life threatening. There
are different immunosuppressive drugs (some
available at your chemist and some other
restricted for hospital use). Your doctors will
decide which best suits you.

. What are the possible complications?

The most important issue that you must
understand is that during the procedure, given
the different complex situations that may arise
during the operation, your surgeons may
decide to abort the transplant.

Other relevant complications include:

(a) Anaesthetic complications:
Allergic reactions, bronchospasm,
shock, anaphylaxis, hypoxia, anoxic cere-
bral damage, cardiac arrest and death

(b) Surgical complications:

Massive haemorrhage: Most probably,
you will receive large amounts of blood
products (transfusion) during and after the
operation. A re-intervention for bleeding
problems is not uncommon.

Vascular complications: During the
operation your surgeons will anasto-
mose (stitch together) blood vessels,
some of them of very small diameter
(millimetres). The most common com-
plications include thrombosis and steno-
sis of blood vessels. They will require a
re-intervention.

Other possible complications include
bleeding, massive haemorrhage, infec-
tion, tissue necrosis (death of tissues),
necrosis of the transplanted face (death of
the transplant) and death. Any other com-
plication that may occur during plastic
surgery operations, craniomaxillofacial
procedures or transplant surgery may
occur. Other complications include com-
mon complications of other surgeries
such as deep vein thrombosis and massive
lung embolism.

(c) Medical complications:

In some cases of acute and severe rejection, it

may be necessary to remove the transplanted
face. You will be initially cared for in the
intensive care unit (mechanical ventilation,
nasogastric tubes, drains, central lines and uri-
nary bladder catheters). These manoeuvres
favour infections derived from intensive
manipulation of your veins and systems with
lines and tubes (urinary, line infections; pneu-
monia). Other infections may be caused by the
depression of your immune system (immuno-
suppression): you will be taking medications
that depress your defences and you will be
more prone than the normal population for the
development and to acquire viral or fungal
infections. These infections may be lethal and
you will be asked to take medications to pre-
vent them.

Acute rejection: This may develop days or

months after the transplant. The risk decreases
months and years after the transplant, although
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it may still develop or chronic rejection may
appear. Rejection is a common complication
and it may lead to transplant failure and the
need to remove the transplanted face. Biopsies
will be performed on a regular basis to moni-
tor rejection (initially every week).

Medication side effects: renal insufficiency,
diabetes, neurotoxicity, high blood pressure,
lipid alterations, infections, hepatic disease,
etc.; sometimes these complications force
to change the dose or the type of the
medications.

Less common but possible complications include
the transmission of infections or the reproduc-
tion of tumours (if they were removed before
the transplant in the donor) or the develop-
ment of new malignant tumours; of note is the
development of lymphatic tumours.

7. Other important information/considerations

In order to warrant your survival and to prevent
any side effects or adverse events of medica-
tions, you will have to attend our clinic for the
rest of your life. These visits will include
blood test and interview with the different face
team members. Your doctors will modify or/
and adapt the visits and the drugs depending
on every situation.

Your doctors are the only persons allowed to per-
form any change in the medication regime or
the dose of the medication. You must not
change the medications or the dosage on your
own. If you do not take your medications or
change them without the supervision of your
doctor, it may lead to transplant failure and a
life-threatening condition.

MEI/MEIS. oo

Expresses that:

I have been informed by the face transplant
team regarding all risks and benefits of the
treatment proposed to me and that I do accept
to be operated on and receive a face
transplantation.

I have understood all risks and possible
complications that may occur. I have had the
opportunity to ask any questions I deemed
appropriate and that they have been answered
in a comprehensive manner and that I under-
stood them.

Consequently hereby, by signing this informed
consent, I voluntarily accept and authorise this
procedure.

Signed by the doctor and the patient, with date
and place.



Evaluation of Donors
and Transplant Coordination

Abstract

The process of donation, including the selection of donors and transplant
coordination, is an extremely relevant issue in the success of VCA
programmes and in the final functional and aesthetic outcome in face
transplantation. A multiple organ donation is expected, with stable haemo-
dynamic status, although there is no contraindication for the utilisation of
vasopressors. The face tissues are extremely well vascularised; thus,
priority should be paid to the maintenance of good perfusion to internal

organs.

The process of donation, including the selection
of donors and transplant coordination, is an
extremely relevant issue in the success of VCA
programmes and in the final functional and
aesthetic outcome in face transplantation.
A multiple organ donation is expected, with stable
haemodynamic status, although there is no
contraindication for the utilisation of vasopressors.
The face tissues are extremely well vascularised;
thus, priority should be paid to the maintenance
of good perfusion to internal organs.

There are different specific issues that must be
taken into consideration, which makes donation
in composite tissues much more difficult than
solid organ transplantation. As in any other solid
organ transplant process, any biological parame-
ter must be evaluated and matched to obtain good
outcomes. For optimal results, many other
considerations must be taken into account: skin
colour, anatomical landmarks, gender, race, age
and anthropomorphic information/measurements.

The latter is very relevant, the face and the
structures to be transplanted have a three-
dimensional fashion in special the bones of the
face skeleton and similar structures should be
sought. A perfect match between face donor
structures and those found in the recipient is the
final goal of the donor evaluation. The same
measurements that were performed in the
recipient during the evaluation process should
be explored in every donor that may appear
during the search (Table 7.1).

Every effort should be made to obtain X-ray
imaging, although the circumstances of the
patient (intensive therapy unit [ITU] admission,
haemodynamic instability, other injuries, etc.)
may not allow transportation of the patient to the
radiology department. Transplant coordinators
are involved in the whole process of donation and
transplantation; in those patients, especially those
affected of traumatic head injury, that are trans-
ferred to the department for their injuries, a face
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Table 7.1 Required anthropomorphic clinical measure-
ments for donor matching

. Interpupillary distance

. Intercanthal (external) distance

Head perimeter (brow level)

. Hairline—nasion distance

. Nasal length

. Upper lip—chin distance

. Hairline—chin distance

© NN AW —

. Inter-preauricular distance

CT scan should be performed to make the
required measurements and matching.

Organ and tissue donation legal status differs
among countries. In some countries, all citizens
are considered potential donors unless they have
informed on the contrary; meanwhile, in other
countries only people that have expressed their
will for donation will be considered as donors.
In any case, VCA is considered a clinical experi-
mental treatment, and special and individual
informed consent is required. Consent for dona-
tion follows similar guidelines. Consent for organ
donation does not imply consent for tissues and
composite vascularised tissues. A specific consent
for this type of the donation must be obtained.
During the informed consent process, the donor’s
family and relatives have to be informed regard-
ing the specifics of the operation, type of tissues
and structures that will be transplanted and the
results of such donation in the body of the donor.

Vascularised composite tissue allotransplanta-
tion is not invisible (Fig. 7.1). Non-vascularised
tissue donation is much more difficult than organ
donation. Society is not as conscious as with solid
organs of the real necessity of these tissues (cor-
neas, skin, blood vessels, bones, etc.) for the gen-
eral health and the recovery of some diseases.
When it comes to VCA donation, the issue is much
more problematic: it is not longer a question of
plain tissue donation from hidden anatomic parts,
but a donation of parts of the body, fully compa-
rable to solid organs. The real difference is that
VCA donation is no longer “invisible”. Faces or
limbs will be removed with its consequences on
the mourning and presentation of the cadaver. It is
mandatory to perform a prosthetic reconstruction
of the cadaver (face masks or limb prosthesis) to

Fig. 7.1 Typical appearance of face procurement in a
fresh cadaver anatomical dissection. The common results
after this operation prevents any cadaver presentation

Fig. 7.2 Ethics
Fabrication of custom-made face prosthesis restores the
dignity of the donor. It is compulsory in all face transplan-
tation programmes

during face VCA procurement.

provide dignity to the donation process and release
the body in the best possible appearance (Fig. 7.2).
Donor’ relatives are informed of all these special
issues in VCA donation and are requested to sign
an individualised informed consent that covers all
the relevant information on tissue donation, conse-
quences on the donor, type of expected defect, face
structures that will be transplanted and type of
restoration.



7.1 Inclusion and Exclusion Criteria for Face Donation

61

Inclusion and Exclusion
Criteria for Face Donation

7.1

The overall face donation process is included
within the whole coordination for donation of
organs and tissues. Transplant coordinators are
specialised doctors from different services (more
commonly anaesthesiologists and intensive care
physicians) that work full time for the coordina-
tion of organ and tissue transplantation during a
period of their professional life. During the
active search for donors, the coordinators check
every single possible donor that matches the
specific requirements for the recipient. The
donor is first evaluated as any patient considered
for transplantation of solid organs (tissue typing,
infections, serology, etc), and those that pass the
initial triage as potential donors are then evalu-
ated for VCA.

7.1.1 Inclusion Criteria
1. Multiorgan donor with diagnosis of brain

death
2. Signed informed consent from relatives for

the procurement of face tissues
3. Compatibility of

(a) Age

(b) Gender (if applicable)

(c) Skin tone (if applicable)

(d) Age

(e) Blood group (ABO) and rhesus compatible
4. Morphometric measurements, height and

weight similar to recipient

Donor selection parameters may seem very
specific at first, although some of them are
general guidelines for the selection of potential
donors of face VCA. It is extremely difficult to
match perfectly all parameters (age, height,
weight and measurements), but perfect and
excellent function and aesthetic outcomes shall
be obtained with an approximation to these
parameters. The surgeon-in-chief and surgeon’s
team will make the final decision regarding final
compatibility of the donor. The type of tissues
and structures that shall be transplanted differ
among recipients; it is individualised and the

transplant specimen will be different from one
patient to another. Therefore, the informed con-
sent is individual for each donation. There is a
tendency in many groups, though, to procure a
full-face specimen and discard on the recipient
the parts that will not be transplanted
eventually.

7.1.2 Exclusion Criteria

All donors are evaluated conforming to all
requirements of the local, regional and national
tissue and organ transplantation legal bodies.
All donors are evaluated as potential multiorgan
donors and all inclusion and exclusion criteria
apply.

In addition to that, there are specific exclusion
criteria for face donation:
* Sepsis and septic shock
« HIV
* Hepatitis B and/or C
* Viral encephalitis
e Malignant neoplasms
* Active intravenous drug abuse
* Tattoos performed in the last 6 months
¢ Face paralysis
¢ Peripheral hereditary neuropathy

¢ Infectious or inflammatory peripheral
neuropathies

e Systemic infections  with  associated
neuropathies

* Toxic neuropathies
* Neurological neoplasms
¢ Rheumatoid arthritis
¢ Autoimmune diseases
* Diseases of collagen
* Acute face trauma
* Presence of face deformity
¢ Positive MRSA and other multiple resistance
microorganisms
The former list is extensive but does not
exclude any other significant disease or condition
that may be encountered during the evaluation
process. The face transplant team evaluates the
donor after all the information has been gathered
and takes into consideration any deformity,
disease, condition to accept or decline the donor
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based on all the information available and the
condition, urgency and match with the recipient.

Clinical Evaluation
and Coordination
with Transplant Donation

7.2

Transplantation of vascularised face composite
tissues has relevant implications in the donation
(Fig. 7.3) and in the transplantation process
(Table 7.2). Composite allotransplantation pro-
grammes emerge in the transplantation world
and have to adapt to a well-designed and organ-
ised model of multiorgan procurement and
transplantation. Coordinators need to imple-
ment the donation of visible vascularised tissues
in the donation model. Tissue donation is much
more complicated than the rest of the organs;
society understands the necessity of vital organs
for the survival of people with failure of vital
organs. However, the knowledge of the neces-
sity for donation of tissues is poor although it

Implications in the donation process:

Tissue donation much more complicated then
rest of organs

FCTA not invisible
Cadaver presentation not possible
Important psychosocial impact on relatives

Possibility of a negative effect on the overall
organ donation process

Non-vital therapy

[ W ] Hospital Universitari Vall d'Hebron

Fig. 7.3 The implications of face donation are very
relevant and could have negative effects in the overall
donation process. Vital solid organs always have priority

Table 7.2 Implications in the donation process

Multiple organ donation expected

Important impact on the rest of transplantation teams
Thoracic, heart, multivisceral surgeons

Exhaustive coordination involved

Longer overall donation time

Ethics in the treatment of the donor

serves for the improvement of quality of life in
some patients and for the survival after severe
diseases. Moreover, there is a fear for the visi-
bility of tissue donation, and an intensive inter-
view is necessary to obtain the donation of
tissues. Face and limbs have also an emotional
impact; thus, donation is extremely difficult.
The impact that donation of the face and limbs
may have on relatives has to be taken into
account, and extreme care has to be imple-
mented during the donation interview. VCA is
in general terms a nonvital therapy; it aims at
improvements in quality of life. Consequently,
during the donation process, all team members
must remember that the first priority is suc-
cessful internal vital solid organ donation.
When team members implement a programme
of VCA, they have to make sure that this pro-
cess is maintained and that face and limb allo-
transplantation does not have a negative impact
on the overall donation process. The initial
experiences throughout the world have been
extremely positive. The process has not had any
negative effect, and all programmes have
received a positive feedback from society.

In order to optimise face VCA, donation and
to overcome all possible negative effects of face
donation, the VCA team and the coordination of
donation and transplantation at the Vall
d’Hebron University Hospital developed a spe-
cific protocol for this type of transplantation.
The request for face donation (or other VCA
donations: hands, legs, etc.) may have an impor-
tant emotional impact on relatives. This type of
request is ordinarily performed at a time of
intense psychosocial stress: a sudden event in
the health biography of a close relative (spouse,
parents, or children) has had the outcome of
death (brain death) and the request for donation
of internal organs. Relatives are very fragile
during this period and all efforts must be made
to make the transition as smooth as possible
with full psychosocial support. The request for
face donation in all donors that were compatible
in biological terms could harm relatives and the
overall donation process. Therefore, since many
of the possible donors may be discarded by the
transplant team due to skin tone, morphometric
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Implication in the transplantation process:

Multiple organ donation expected
Important impact in the rest of transplant
teams

Thoracic, heart, multivisceral transplant surgeons

Exhaustive coordinaton required
Longer overall donation time
Ethics in the treatment of the donor

| N | Hospital Universitari Vall d'Hebron

Fig. 7.4 Multiple organ donations in young patients are
expected. A team approach is mandatory

measurements, skin quality or many other
issues, a specific protocol for face donation was
developed to limit the number of face donation
requests (Fig. 7.4). Transplant coordinators fol-
low the clinical course and hospital course of
any patient that present with a rapid and pro-
found deterioration of Glasgow Coma Score
(GSC). They are not involved in the clinical
treatment of patients whatsoever. Patients that
continue to deteriorate and have initial signs or
symptoms of irreversible cerebral damage enter
the initial laboratory evaluation and medical
history evaluation to rule out any contraindica-
tions. All clinical efforts continue to improve
the clinical picture of the patient and treat him/
her accordingly to have a good final outcome.
However, despite all clinical efforts, some
patients continue to deteriorate and a diagnosis
of brain death is finally reached. The face trans-
plant team is contacted if a patient is deemed to
be compatible to any of the recipients in the
waiting list for face transplantation. The sur-
geon evaluates the patients and determines
whether the donor is a good match for the recip-
ient. If a match is reached, the coordinators start
the donation protocol with the request for solid
organs and VCA donations. If the VCA team
refuses the donor, coordinators request donation
for solid organs and tissues without face or other
VCA request for donation. This protocol has
proved to be extremely effective to obtain a
good positive return of donations, both for VCA
and solid organs, limiting the emotional stress

UHVH — Donation protocol:

Patient compatible (biological and
anthropomorphic compatibility)

\

Coordinator contact Plastic Surgery Team

Y
PLT evaluates donor (before relatives are contacted)
-«
Donor accepted  Donor rejection

Y Y

Face and organs Only organs requested
requested

[ W ] Hospital Universitari Vall d'Hebron

Fig. 7.5 The UHVH donation protocol intends to mini-
mise the psychological impact of face VCA donation
request

and possible negative effect of the VCA request
for donation (Fig. 7.5).

The implications of VCA programmes are
no less cumbersome than the donation process.
A multiple organ donation is expected. The best
candidate donors are selected for face VCA
donation; thus, all solid organs and tissues are
considered for transplantation. A longer opera-
tive time during procurement is expected and
an exhaustive and intense preparation and coordi-
nation among all transplant teams is mandatory.
Thoracic organ procurement shall be involved,
and liver, lungs and heart optimal procurement is
a must. It is highly advised that during the prepa-
ration for a VCA programme, the face VCA
team get to know all the issues involved in
multiple organ donation and be involved in
different procurements to get used to the timing
and procedures that are normally performed. It is
also imperative that some important parts of the
procedure are planned together with the rest of
the teams, such as the need for tracheotomy (in
case of a double lung transplantation) and the
timing of face procurement. This may vary
among VCA teams. Some have performed pro-
curement at the beginning of the operation, some
others together with the rest of teams and some
others at the end of the procurement without
active circulation. The latter has the risk of a longer
ischaemia time and risk of massive haemorrhage
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during reperfusion. We advise the procurement in
a heart-beating donor. It makes the overall organ-
isation much more difficult but follows all the
tenets of optimal organ procurement: in situ dis-
section, correct haemostasis and short ischaemia
time. In our hands, simultaneous procurement of
the face tissues together with in situ dissection of
abdominal organs proved to be safe, shortens the
operative time and allows for a team approach.
Before the procedure, a face impression should
be obtained (see Fig. 7.2). Face impression can
be obtained in the ITU when the donor has been
accepted and is being prepared for the procure-
ment. Conversely, the impression can be obtained
in the operative theatre before the operation
starts. During the procurement, a face mask (resin
or silicone custom-made face prosthesis) is fash-
ioned, and it is applied to the head in order to
preserve dignity and follow ethics during the pro-
curement. This issue is mandatory in all VCA
protocols, and it must be stated so in the ethics
submission. The mask is trimmed and fixated
during the closure of all incisions (thoracic and
abdominal incisions).

7.3  Appendix 7.1:Informed
Consent for the Donation

of Face Allograft

Information that family and relatives of the donor

must receive and understand:

1. You are being asked to donate the face struc-
tures of your relative (listed in section 3) for
the transplantation of the face or parts of the
face to reconstruct the face structures of a
recipient (patient with severe face defor-
mity). The recipient has been evaluated in a
comprehensive manner by the face transplan-
tation team and all reconstructive options
have been taken into account. The transplan-
tation of a full or partial face has remained
the last and only option to reconstruct the
face of the recipient. The face transplant
team has proposed to utilise...(/ist the parts
of the face)...of the face of another person
(the donor).

2. The goals of this surgical intervention (the
face transplantation) are:

(a) Obtain a cosmetically acceptable face
appearance.

(b) Improve his/her quality of life.

(c) Reassume a normal personal and social
life interaction.

3. Apart from the internal organs (your trans-
plant coordinator has informed you about
solid organ donation separately), the follow-
ing structures of the face will be obtained:

(a) List all that apply.
®) (...)

4. The face appearance of the donor will not be
maintained in the recipient after face trans-
plantation. The aesthetics and face appearance
depend on the face skeleton or part of it if
bones are also transplanted. A new identity
will be created, not resembling at all
whatsoever the appearance of the donor.

5. Following the donation and procurement of
the donor’s face or part of it, the face trans-
plant team shall make every effort to restore
the appearance of the donor by means of a
custom-made face prosthesis, in order to pre-
serve the dignity of the donor. You should
anticipate, though, that the presentation of the
cadaver will no longer be possible.

6. The face transplant team and all health work-
ers involved in the donation and transplanta-
tion will preserve the intimacy of the donor’s
and recipient’s family and shall make every
effort to maintain their anonymous identity.

7. The medical team will publicly announce the
face transplantation few days after the trans-
plant has been completed in order to stimu-
late donations, to improve the knowledge of
face deformity in society and to help future
recipients and relatives for  future
transplantations.

8. The medical team involved in face transplan-
tation does not receive any economic compen-
sation by this type of reconstruction:

Signed,

Name and surname:

Relationship with donor:

Date:
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7.4 Appendix 7.2:Legal
Diligence for VCA Donation

Deceased personal details (name, date of birth,
address):

Details of the person(s) giving informed con-
sent (list all that apply):

Name in full:

Personal relationship with the deceased person:
Address:

Telephone number:

Declare:

e The absence of express opposition of the

deceased person to donate the face after his/
her death to be transplanted to another person
that may need it

That I/we have been informed that the medical
team that will carry out the face transplanta-
tion will make a custom-made mask and that
they will apply this prosthesis on the deceased
head and that they have informed me/us that
donor’s appearance will not be recognisable in
the recipient’s new face.

Signature of the person(s) making the declaration
Date
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Abstract

Postoperative care of composite tissue allotransplantation patients has sig-
nificant differences when compared to other solid organ transplantation
procedures. In general terms, the management of these types of patients is
less complex than solid organ transplantation; however, some specific
issues complicate it, including immunological barriers, antigen load of
composite tissues, surgical stress, and bleeding and fluid management.

Postoperative care of composite tissue allotrans-
plantation patients has significant differences
when compared to other solid organ transplanta-
tion procedures. In general terms, the manage-
ment of these types of patients is less complex
than solid organ transplantation; however, some
specific issues complicate it:
1. Immunological barriers
2. Antigen load of composite tissues
3. Surgical stress
4. Bleeding and fluid management

As in any other transplant discipline, VCA is
performed across the major histocompatibility
complex. Still, antigenicity of composite tissues
and skin is considered to be much higher than
any other solid organ. Shortage of compatible
donors (both biological and morphological)
makes tissue type matching almost impossible.
HLA mismatch is common among recipients,
and immunosuppression regimens need to be
intense. Patients will require a multidisciplinary
support to obtain the desired outcome, and sig-

nificant surveillance is necessary to avoid side
effects and complications.

Face transplantation is an aggressive and long
surgical intervention. Duration varies, and recipi-
ent’s operative time has been reported between
15 and 30 h. During the procedure different
techniques are combined (soft tissues resections,
craniomaxillofacial and microsurgical tech-
niques); the operation begins with the resection
of deformed and scarred tissues, preparation of
blood vessels and nerves, trimming of bony seg-
ments and osteotomies for correct skeletal align-
ment. It is followed by the reconstruction of the
defect with a composite tissue allotransplantation
(the face allograft). Revascularisation has been
performed in different time sequences, although
it is recommended to perform revascularisation
at the early stages of VCA, in order to minimise
ischaemia—reperfusion injury. The combination
of different techniques in this complex recon-
struction makes massive blood loss a common
scenario. The surgical team should be prepared to
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prevent and treat appropriately important haem-
orrhages. Fluid management should be titrated to
response, and all necessary preparations for the
early postoperative period are prepared in order
to avoid complications.

Still, composite tissue allotransplantation is
an elective surgery procedure, which can be
prepared ahead on time; recipients are nor-
mally healthy patients that do not present with
organ or system dysfunctions or failure. Hence,
it is considered to be a safe transplant surgery
discipline that provides good outcomes pro-
vided a robust team approach is implemented.
Patients are admitted to the surgical intensive
care unit for postoperative management. Fluid
management, enteral nutrition, immunosup-
pression, respiratory support, wound care and
microsurgical  postoperative control are
necessary.

During the early postoperative period, patients
may develop problems and complications caused
by different conditionings, which include:

(a) Organ and system deterioration/dysfunction
(b) Intensive/aggressive critical-care support
(c) Immunosuppression

Operative time has a direct impact on morbid-
ity and complications. Long operations, massive
blood transfusions, aggressive fluid replacement
and respiratory infections impact systems and
organ function. A critical-care holistic approach
to minimise the impact of surgical stress and
organ support must be implemented in order to
obtain a good transition and excellent outcomes.
One should not obviate that aggressive respiratory
support, broad-spectrum antibiotics, immunosup-
pression and other interventions may produce side
effects and complications. They require judicious
and rigorous management and state-of-the-art
nursing to prevent complications. Patients may
also present with infections and acute rejection
episodes, although they may be not as frequent as
in other type of solid organ transplantation. In
addition, acute rejection episodes do not affect the
function of any vital transplanted organ (like liver,
kidney, lung or heart allograft) and allow for eval-
uation and for a careful decision-making process
(avoiding important side or toxic effects of immu-
nosuppressive agents).

8.1 General Postoperative

Support

Patients are normally admitted to the surgical
intensive care unit for immediate postoperative
care. In our scenario, patients are admitted to the
burn intensive care unit, where they are provided
with a protected environment with positive lami-
nar flow, a robust team with physicians well
versed in critical medicine support, control of
microsurgical free flaps and nursing for complex
plastic surgery operations (Fig. 8.1). Each team
should review the positive and negative key ele-
ments for postoperative stay in different units and
choose the process that best suits for a good out-
come in terms of excellence in critical support,
infection control and nursing (see Appendix 8.1
for specific information).

Patients are admitted to the intensive care
intubated and ventilated. Our clinical protocol
includes an elective tracheotomy (if not already
present) for correct and safe management of the
airway and quick respiratory weaning. Patients

Fig.8.1 Good postoperative nursing and critical care are
key issues for correct outcomes in face VCA
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are waken up and wean off the ventilator as soon
as the patient is haemodynamically stable, recov-
ers a good core temperature and does not show
any sign of respiratory failure or any other organ/
system dysfunction. We recommend to keep the
patient sedated overnight if surgery is completed
after hours, although every effort should be made
to wean off the patient as soon as possible to
avoid any respiratory complication.

Patients are fed through an enteral route either
after weaning or with an early enteral feeding
protocol if patients are not awake right after the
operation. Depending on the type of deformity
and the functional impact of the missing anat-
omy, patients will have a gastrostomy tube in
place. All other patients receive enteral nutrition
via an NG or NJ tube. The team should evaluate
the type of transplant that is being proposed and
the expected initial functional impact on swal-
lowing and oral competence. If surgeons expect a
longer postoperative time to start oral feeding,
one should consider a percutaneous gastrostomy
tube placement. Extreme care should be imple-
mented in patients that are fed through a nasal
tube. The transplanted nose is insensate, protective
sensation may not be present until the second to
third months post transplant and it will improve
overtime. Therefore, patients are at risk for the
development of a pressure sore on the nose (simi-
larly to those seen in paediatric/neonatal ulcer-
ations). Padding and protection is mandatory if
the nasal route is utilised, and it should be discon-
tinued as soon as the patient can reassume oral
feeding. Invasive monitoring is maintained for as
long as the patient requires haemodynamic drugs;
it should be discontinued thereafter to avoid com-
plications and infections. Central lines are nursed
with extreme care to avoid line sepsis and/or
phlebitis. Every effort should be made for an
early removal, mandated by intravenous (IV)
medication (in special systemic antibiotic pro-
phylaxis and immunosuppression).

An aggressive rehabilitation protocol is imple-
mented, with early passive and active range of
motion, active aerobic exercise and walking. All
patients should be actively encouraged to walk
and exercise in order to maintain muscle tone and
function. Specific rehabilitation professionals

include face paralysis physiotherapists and
speech pathology specialists. They start the phys-
iotherapy protocol in the early phase, and it is
continued over time for as long as the expected
final functional outcome is achieved.

8.1.1 Nutritional Support

Composite tissue allotransplantation patients are
healthy individuals that do not present organ fail-
ures or dysfunction before the transplant. Most of
the patients are fed orally with a normal diet
unless the deformity prevents so. Still, nutritional
status in the pre-transplant phase should be con-
sidered normal.

Surgical stress, immunosuppression, medica-
tions and acute rejections significantly affect
nutritional status and trigger a catabolic hyper-
metabolic response. It is necessary to maintain a
well-balanced nutritional status and body weight.
Acute rejections and other complications and
side effects may have a relevant impact on all
systems; thus, a strong physiological reserve will
help to overcome these events and prolong long-
term survival.

Immediately after surgery the patients are kept
nil by mouth for 24 h with the exception of oral
medications. In the second postoperative day,
enteral nutrition via a nasojejunal tube or gastros-
tomy is started. Enteral nutrition is prolonged for
10 days; patients start then an oral intake for liq-
uids and progress to a soft diet and normal diet in
the following days unless dictated otherwise by
the postoperative progress of patients. As soon as
the patient can maintain his/her caloric require-
ments, enteral nutrition is discontinued com-
pletely. General principles of nutritional support
are listed in Table 8.1. A re-evaluation of nutri-
tional status after admission is mandatory; the
patient’s nutritional background is determined
and chronic conditions, recent weight changes
and nutritional preferences noted (Table 8.2).
Intolerance to enteral nutrition, including diar-
rhoea, may be produced by many causes, although
a team member should remember that one of the
most common aetiologies for intolerance and
diarrhoea is infection and sepsis. VCA patients
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Table 8.1 General principles of nutritional support in
VCA

All transplant patients must receive an adequate
nutrition as soon as possible

Parenteral nutrition should be used only when enteral
nutrition fails

Caloric requirements are determined by indirect
calorimetry (enteral formulas may be used as an
alternative)

Limit protein intake in renal impairment

Prevent weight loss; it is very difficult to regain body
composition

List all intake in nutritional sheet

Adopt an early enteral feeding protocol

Offer milk and juices

Maintain oral nutritional supplements during hospital
admission

Do not use opioids during meals

Perform a nutritional background evaluation on
admission and control nutritional status twice a week

are immunosuppressed, and as such patients may
not exhibit the full spectrum of signs and symp-
toms of impending sepsis. Infection may follow a
more insidious initial phase; hence, suspicion
and prompt treatment is necessary.

8.1.2 Infection Control

There are few significant differences between

VCA and solid organ transplantation (SOT) that

make infection both extremely relevant and a

challenging venture:

1. VCA requires initial doses of immunosup-
pression significantly higher than SOT.

2. VCA are non-sterile grafts (the skin is exposed
to the environment, different amounts of
mucosa are involved, sinuses and teeth are
included in the graft), although the lymphoid
load of the grafts is not very high.

3. There is limited experience in infection con-
trol protocols and long-term outcomes of
VCA.

In general terms, bacterial infection prophy-
laxis should contemplate prevention of infections
in the oral and maxillofacial area. Therefore, pro-
phylaxis includes oral bacterial flora for donors
with an intensive care unit stay of more than 48 h.

Table 8.2 Initial nutritional control

Weight and height

Lymphocyte count

Total leukocyte count

Haemoglobin and haematocrit
Erythrocyte mean corpuscular volume

Albumin, pre-albumin, magnesium, phosphate, calcium
(ion), copper, zinc, protoporphyrin/haemoglobin,
vitamin D, folic acid

24 h nitrogen
Indirect calorimetry

Incidence of viral infections, such as cytomega-
lovirus (CMV) and Epstein—Barr virus (EPV),
should be similar to that observed in low-risk
SOT (kidney transplantation). Prevention of
infection against CMV and EPV and
Pneumocystis jirovecii is delivered following the
renal transplantation protocol (see Chap. 9).

8.1.3 Immunosuppression

The main objectives of immunosuppressive treat-
ments include maintenance of correct graft func-
tion, absence of acute and chronic rejection,
achievement of graft tolerance and the avoidance
or minimisation of potential toxic or side effects
of medications. Strategies for the modulation of
the immune response in transplantation medicine
can be divided into two main phases or stages:
the induction and the maintenance immunosup-
pression. The whole face transplantation team
must be well versed in all types of immunosup-
pression, timing for treatment and potential risks
and side effects. Induction therapy begins in the
preoperative period, and it is continued during
revascularisation and immediate postoperative
care.

8.1.3.1 Induction Therapy

The objective of the initial phase is to achieve an
intense immunosuppression during the first week
post transplant in order to reduce the probability
of early acute rejection. In general terms, induc-
tion therapy is performed by the intravenous
infusion of a monoclonal or polyclonal antibody,
which tends to reduce the severity of any rejection
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episode and favours the development of long-term
tolerance. During this induction period, mainte-
nance therapy is started and monitored to adjust
the doses of drugs to the serum target and the
clinical response.

8.1.3.2 Maintenance Therapy

The scope of this immunosuppression protocol
consists in a strategy to suppress the recipient’s
immunological response against the allograft,
inhibiting their ability to recognise the foreign
tissues and to organise an orchestrated response.
The drug regimen is adapted on an individual
basis to reach the minimal doses of medications
that allows for a correct immunomodulation with
minimal toxicity. Immune adaptation allows for
decreasing doses of medications over time while
maintaining the same effect. A treatment regimen
that employs multiple drugs produces a synergis-
tic and adjunctive effect of immunosuppression
minimising toxicities.

Our current immunosuppression protocol at
the University Hospital Vall d’Hebron is based
on a three-drug regime and induction with
Thymoglobulin and prednisone.

Induction Therapy

1. Preoperative infusion of Thymoglobulin (atg)
as soon as the patient arrives to the hospital, at
a dose of 2 mg/kg. Premedicate with 1 g of
methylprednisolone IV, Benadryl 50 mg IV
and acetaminophen 650 mg PO.

2. Revascularisation: Administer 1 g of methyl-
prednisolone 1V, 30 min before
revascularisation.

3. Thymoglobulin (atg) 2 mg/kg/day for 5 days
(start preoperatively)

4. Methylprednisolone:

e Days 1-14: Administer a dose of 2 mg/kg/
day.

e Taper down the dose of methylpredniso-
lone over time to 10 mg/day.

5. Tacrolimus 0.15 mg/kg/day divided in two
doses. Start treatment preoperatively.

6. Mycophenolate mofetil. Initial dose of 1 g two
times a day (total dose of 2 g). Start preopera-
tively. Adjust to leukocyte count and stop 1
year after the transplant.

Maintenance Therapy

1. Tacrolimus: Serum target levels of 10—15 ng/
ml during the first 6 months (months 1-6 post
transplant) and target levels of 5-10 ng/ml
after month 6 post transplant.

2. Mycophenolate mofetil: Adjust levels to leu-
kocyte count.

3. Methylprednisolone: Taper down levels to
10 mg/day. Consider lower levels or alternate
levels if good response.

4. Topical tacrolimus 0.1 % 2 times/day during 2
months (start on day 10 post transplant).
Patients are monitored on a daily basis for side

effects of the treatment and blood levels in order
to adjust the immunosuppression regime and
achieve the minimal dosage that maintains good
function and graft tolerance without signs of
rejection.

8.2 Management

of Complications in Face VCA

Face transplantation is one of the most complex
operations that exist to date. It combines the risks
and complexity of solid organ transplantation,
reconstructive microsurgery, major tissue resec-
tion and reconstruction and craniomaxillofacial
techniques. However, excellent outcomes have
been obtained so far, with a low mortality rate
(0 % intraoperative, 4 % immediate postopera-
tive, 8 % long-term mortality rate, approxi-
mately), which supports the beneficial effects of
a robust team approach. There have been few
experiences worldwide in face VCA; thus, the
real long-term outcome and survival rate are still
to be defined.

The most frequent complication can be
divided, as in any other surgical discipline, into
twWo main groups:

(a) Surgical complications
(b) Medical or nonsurgical complications

Complications of surgery may be encountered
directly during the operative procedure or more
commonly in the immediate postoperative period,
being less common in the chronic long-term
phase of VCA. Medical complications can occur
anytime from the induction phase of immunosup-
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pression to the whole process of convalescence
and chronic long-term phase. The prevalence of
the latter complication increases as time elapses.

8.2.1 Surgical Complications
These types of complications do not differ much
from other problems that are commonly encoun-
tered during reconstructive surgery that includes
microsurgical tissue transfer and craniomaxillo-
facial techniques. The most common surgical
complications are normally managed with good
outcomes by the plastic surgery team involved in
face transplantation. As mentioned before, they
do not differ much from similar complications
encountered in other plastic surgery patients, and
they include:
¢ Arterial or venous thrombosis (microvascular
pedicle)
*  Wound dehiscence
 Partial necrosis (skin or skin/adipose tissue)
* Bleeding, haemorrhage/haematoma
e Failure of VCA caused by non-salvage
thrombosis
» Soft tissue infections/abscesses
Management of surgical complications do not
differ much from medical and surgical manage-
ment of complications encountered in reconstruc-
tive microsurgery. Surgical techniques include
revision of microanastomosis, correct wound care
and correction of wound dehiscence, utilisation of
grafts and flaps, abscess and other collection
drainage and correct haemostasis. One must bear
in mind, though, that any surgical intervention
during the postoperative period has to follow
strict protocol guidelines regarding infection con-
trol, management of tissues and maintenance of
immunosuppression. Antibiotic prophylaxis is a
must. Infection control team members should be
consulted and systemic antibiotics be adminis-
tered to prevent surgical site infection and sys-
temic dissemination. Immunosuppression has to
be continued and close monitored during the post-
operative period to adjust the drug dose if neces-
sary. Fasting periods and IV fluids may alter the
homeostasis and the medication levels.
Medications are titrated to response, allowing a
quick and rejection free recovery.

Similarly to any plastic surgery reoperation,
good care of tissues is mandatory. Skin and soft
tissue necrosis and/or wound dehiscence would
compromise patient recovery and increase the
risk for progressive graft failure and invasive
infection.

8.2.2 Maedical Complications

Nonsurgical complications and adverse events in
the VCA patient are diverse and may be divided
into acute medical complications and adverse
events of general care and immunosuppression.
The latter are similar to the transplantation
population.

8.2.2.1 Acute Medical Complications
Preservation Injury

This is the first histopathological finding in any
solid organ transplantation. Prolonged ischaemia
time and ischaemia—reperfusion injury play a prin-
cipal role in this situation. This is a minor problem
in face VCA. All transplanted tissues in VCA have
low metabolic rate and may sustain a prolonged
ischaemia time. Cumulative experience in recon-
structive microsurgery and hand and limb reim-
plantation sustains this clinical evidence. However,
as in any other transplant discipline, reperfusion
should be started as soon as possible in order to
prevent any preservation injury.

Rejection Episodes

This is the most frequent acute medical compli-
cation in face VCA. Data extracted from the
international hand registry indicate that approxi-
mately 85 % of all VCA recipients (including the
face, hand, limbs and others) develop at least one
acute rejection episode. Face tissues do not carry
with a high amount of lymphoid tissues. The
skin, mucosa and soft tissues, though, may pro-
duce a strong immune response, and it is not
uncommon to suffer two or even three rejection
episodes in face allograft recipients (Figs. 8.2 and
8.3). During the immediate postoperative period,
the induction immunosuppression therapy is con-
tinued with decreasing doses of corticoids, aim-
ing to achieve maintenance therapy in a short
course of time. Tacrolimus is started on day 1 and
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Fig.8.2 Typical appearance of a full-face transplantation
recipient at 3 weeks after the transplant

blood levels are monitored on a daily basis with
target through levels of 1015 ug/ml for the first
6 months after the face transplantation. The
patient is inspected every day to detect any
changes in face appearance and any signs of
rejection. We strongly advise daily photographic
evaluation that allows for retrospective analysis
of the physical exploration since rejection signs
develop slowly.

The diagnosis of any acute rejection episode is
reached by a combination of clinical inspection
and histopathological confirmation in skin and
mucosal biopsies. A positive biopsy for acute
rejection without clinical signs and symptoms is
only informative. The clinical scenario should
always confirm the diagnosis. Close follow-up is
advised in case of histopathological signs of
rejection in an asymptomatic patient. Excessive
immunosuppression carries with a high risk for
infectious and non-infectious complications.

The most frequent signs of acute rejection
consist of oedema, erythema, macular reaction
(mild rejection episode), maculopapular reaction

Fig.8.3 Same patient 7 days afterwards; note the intense
oedema and erythematous appearance during an acute
rejection episode (grade II-11T)

(moderate rejection) or indurated plaques with
or without ulceration and necrosis (severe
rejection).

The confirmation of the acute rejection episode
is performed by skin/mucosa biopsy. It is graded
from 0 to 4 according to the BANFF classification.
The absence of biochemical markers (such as
those encountered in hepatic and renal transplanta-
tion) makes tissue biopsies (skin and mucosal
biopsies) necessary for the confirmation of sus-
pected acute rejections. The presence of perivascu-
lar mononuclear infiltrations or any other alteration
in keratinocytes or tissue structures is not a sole
indication for acute rejection. In the absence of
pathological confirmation, other causes for clini-
cal findings should be investigated.

Histopathological signs for acute rejection
include:

* Mononuclear infiltration of the skin, mucosa
or both

* Immunoglobulin or complement deposition

e Oedema

¢ Cellular necrosis

* Intimal hyperplasia

» Fibrosis
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Table 8.3 Banff classification of composite tissue allo-
transplantation rejection

Grade 0 Non specific changes
No or only mild lymphocytic
infiltration without involvement of
the superficial dermal structures or
epidermis

Grade I (mild Superficial perivascular

rejection) inflammation with involvement of
superficial vessels and without
involvement of overlying
epidermis

Grade 11 Features of grade I with

(moderate involvement of the epithelium and

rejection) adnexal structures

Grade III (severe ~ Band-like superficial dermal

rejection) infiltrates with more continuous
involvement of the epidermis and
middle and deep perivascular
infiltrates

Grade IV Features of grade III along with

(necrotising frank necrosis of the epidermis and

rejection) other tissues

Indiscriminate utilisation of tissue biopsies
should be avoided. They may compromise the
final aesthetic result of the face graft (multiple
scars). During the Banff meeting in A Coruiia,
Spain (Banff CTA-07), experts reached a consen-
sus for the grading of pathological tissue rejection
in VCA, incorporating five classifications grading
the severity of acute rejection (Table 8.3). Tissue
biopsies should be obtained from a specimen of a
minimal diameter of 4 mm including the skin,
dermal annexes, dermis, subcutaneous tissues and
blood vessels. In case of a suspected acute rejec-
tion, biopsies should be obtained from erythema-
tous indurated cutaneous areas. Recommended
laboratory process includes haematoxylin and
eosin (H&E) and periodic acid—Schiff (PAS).
Depending on results and other experimental pro-
tocols, immunohistochemistry assays may include
(but not limited) CD3, CD4, CD19, CD20, CD68,
HLA-DR, CMV and C4d.20 and immunoglobu-
lin deposition. Unless the clinical situation man-
dates otherwise (necrotising rejection, ulcers,
severe functional impairment), the treatment for
acute rejection is halted until a definitive diagno-
sis is obtained. In contrast to other solid organ
transplantation, functional impairment does not
affect vital functions; thus, definitive treatment

can be temporised. On the other hand, intense
over-immunosuppression may alter or have a sig-
nificant impact on other organs and systems and
produce toxic levels or chronic side effects.

First line of acute rejection therapy in VCA
consists of high doses of glucocorticoids (they
are normally steroid sensitive) and an optimisa-
tion of the immunosuppression regime. In some
cases, though, monoclonal or polyclonal antibod-
ies may be necessary when no responses or a par-
tial response is obtained with intravenous boluses
of corticoids. When the rejection episode is lim-
ited to the skin, topical steroids or topical tacroli-
mus creams may be indicated. Extracorporeal
phototherapy has also been proposed to diminish
sensitisation in selected cases. The treatment of
acute rejection episodes requires the utilisation of
high doses of medications that affect the immune
system and have profound implications in infec-
tion control and side effects. Severe acute rejec-
tions require hospital admission and prompt
treatment.

All rejection episodes are commonly treated
with boluses of prednisone, an increase in the
daily prednisone dosage and optimisation of
treatment:

1. Increase the dose of tacrolimus if serum blood
level <15 ng/ml.

2. Methylprednisolone 1 g/day/IV for 3 days.

3. If severe rejection, methylprednisolone 5 mg/
kg IV in 4 doses with quick taper over 5 days.

4. Consider topical tacrolimus and steroids.

5. Steroid-resistant rejection:

(a) OKT3 5 mg/day/iv for 7 days or

(b) Thymoglobulin (atg) 2 mg/kg/day for 3

days

In repeated severe acute rejections, consider
extracorporeal photophoresis.

Infection

There is limited information and experience
regarding the incidence of infection in face VCA
recipients. Acute bacterial and fungal infections
are uncommon, and most patients have a good
postoperative recovery without infection epi-
sodes. During the subacute (up to 6 months) and
chronic phase, some viral infections may occur,
such as CMV reactivation (especially in CMV
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Table 8.4 Common herpetic and varicella infections in
transplant recipients
1. Herpes simplex:
Noncomplicated mucocutaneous infection
Severe mucocutaneous and visceral infection
Meningoencephalitis
2. Varicella zoster:
Localised in the dermatome
Disseminated varicella or zoster infection

negative recipients) and Epstein—Barr virus
(EBV). Pneumonia may occur, although current
experience shows a low incidence. In any case,
patients must be monitored and inspected for
signs and symptoms for infectious episodes
routinely.

During the acute phase, especially in the
intensive care stay, patients are at risk for devel-
oping bacterial infection of the face graft and
common post-transplant infections such as line
sepsis, pneumonia and urinary infections.
Opportunistic infection (fundamentally CMV
and EPV) incidence is similar to that encountered
in renal transplantation (low-risk solid organ
transplantation), which requires similar type of
immunosuppression.

Bacterial Infections

Empirical treatment should be started as soon as
there is the clinical suspicion of a serious bacte-
rial infection. We may differentiate graft infec-
tion and distant infections in other organs and/or
systems. Infection of the face graft must be indi-
vidualised. Each recipient receives different type
of tissues and face structures, either intraoral,
extraoral or both; the infection can be community
or hospital acquired, and there may be deep
abscesses. Treatment is normally dictated on a
case-by-case basis; surgical debridement may be
necessary in serious cases and in the presence of
purulent collections. In severe cases or septic
shock, empiric treatment should be initiated as
soon as possible with broad-spectrum antibiotics
(daptomycin and meropenem IV).

Other common bacterial infections in the
transplant population include intraabdominal
infections, pneumonia, IV-line sepsis and acute
pyelonephritis. In all these situations, team members

Table 8.5 Common CMYV infections in VCA

Viral syndrome and hepatitis
Gastrointestinal disease
Pneumonitis

need to differentiate between hospital- and
community-acquired infections and infections
with high severity scores or sepsis. One should
always refer to the current local or institution’s
treatment guidelines for specific treatment.

Viral Infections

The presence of any viral infection in a VCA
patient may be the consequence of high levels/
toxic levels of immunosuppression. This situa-
tion should always be explored and immunosup-
pression medications reduced if possible. The
most common viruses encountered in VCA are
herpes  simplex, varicella  zoster and
CMV. Table 8.4 lists the most common herpes
simplex and varicella zoster infections. Oral
treatment is indicated to limited and benign con-
ditions (oral acyclovir, famciclovir, valacyclo-
vir), whereas endovenous treatment is indicated
in severe cases (acyclovir). CMV infection is a
common complication in the transplant popula-
tion. Severe infections may trigger acute rejec-
tion episodes, have a significant impact in
systems and organs and affect graft survival.
Common infections in the transplant population
are listed in Table 8.5. The decision-making pro-
cess for CMV infection therapy is directed by
viral load and the previous immunisation status
of recipients. We must make a distinction between
negative recipients (R—) and positive recipients
(R+) who receive an organ from either a negative
(D-) or a positive (D+) donor. In a mismatched
recipient (D+/R-), all infections must be treated
regardless of viral load. In all other cases (D+/R+
and D-/R+), the current advice is to treat infec-
tions with a viral antigen load >25 or more than
2,500 copies in real-time PCR. Ganciclovir and
valganciclovir are the treatment of choice. The
response to treatment is monitored with viral
antigen load in blood samples. Treatment should
be continued until a negative viral antigen load is
achieved in peripheral blood.
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Table 8.6 Common Candida spp. infections in transplant
recipients

Mucosal candidiasis

Oesophageal candidiasis

Candidemia

Peritonitis

Urinary infection

Asymptomatic candiduria

Fungal Infections

Candida and Aspergillus infections are the most
common pathogens encountered in the trans-
plant population (Table 8.6). Face VCA may
include different amounts of mucosa, tongue,
face bones and sinuses. Special attention must be
directed to these areas to detect initial stages of
mucosal mycosis. Mucormycosis may also
develop in sinuses; hence, X-ray examination
and biopsies may be necessary in some circum-
stances. Treatment for Candida spp. depends on
the stadium (initial, recurrent or therapeutic fail-
ure) and location. Initial phases are commonly
treated orally with azoles (co-trimoxazole, fluco-
nazole) or nystatin. Complicated cases, candi-
demia, peritonitis and fungal infections are
treated intravenously (i.e. anidulafungin, ampho-
tericin B).

Graft-Versus-Host Disease

Transplantation of immunocompetent donor
lymph cells into an immunocompromised host
may trigger a reaction of such cells against
recipient’s tissues, the so-called graft-versus-
host disease (GVHD). This reaction occurs after
the activation of specific donor cells against cer-
tain antigens of recipient’s tissues. Among all
organs and systems, the most commonly
involved organs and tissues in GVHD are skin
cells, bowel and liver. However, skin and soft
tissues carry with few immunocompetent lymph
cells, and the expected incidence should be
extremely low. To date, no GVHD has been
reported in face transplant recipients, even in
those that have received donor bones as part of
their transplants.

Table 8.7 Side effects of immunosuppressive agents

Agent Key adverse effects

Cyclosporine Nephrotoxicity, neurotoxicity,
hyperglycaemia,
hyperlipidaemia, gingival
hyperplasia, hirsutism,
hypertension, malignancy

Tacrolimus Nephrotoxicity, neurotoxicity,
hyperglycaemia, gastrointestinal
disturbances, hypertension,

malignancy, alopecia
Corticosteroids Hypertension, hyperglycaemia,
osteoporosis, growth retardation,
cataract, gastrointestinal
ulceration, poor wound healing
Azathioprine Myelosuppression,
hepatotoxicity
Mycophenolic
acid

Myelosuppression,
gastrointestinal disturbances,
malignancy

Sirolimus Hyperlipidaemia,
thrombocytopenia, anaemia,
poor wound healing,
pneumonitis, mucosal ulceration
Cytokine release phenomenon,
viral activation, immune
complex syndrome

Anti-lymphocyte
Ab

Immunosuppression Side Effects
and Adverse Reactions
Immunosuppressive therapy is not risk free.
Aside from the increased risk for infections, each
agent can produce different adverse effects,
which may be strengthened by other concomitant
medications (Table 8.7). Mild to moderate side
effects include negative effects on the central and
peripheral nervous system (tremor, headache,
insomnia, paraesthesias, uncoordinated move-
ments, confusion, convulsions, vertigo); adverse
metabolic effects (glucose intolerance, hyperka-
laemia, hypomagnesaemia); gastrointestinal
effects; and leucopoenia, thrombocytopenia and
anaemia. Dose adjustments in these mild and
moderate side effects must be evaluated on a
case-by-case basis assessing the risks of serious
side or toxic effects and acute rejection
development.

An overall holistic approach must be imple-
mented in the postoperative period and during the
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chronic phase. Patients must be reviewed not
only for the assessment of rejection of the trans-
planted graft and the development of opportunis-
tic infections but also in regard to the maintenance
of homeostasis and proper function of organs and
systems. Apart from the ordinary analytical
workup during each postoperative control and
clinic visit, a good anamnesis of all organs and
systems should proceed.
The most common alterations include:
e Renal disturbances (increased creatinine
clearance and renal failure)
* Hypertension
* Hyperglycaemia and diabetes
* Osteoporosis and hip necrosis
* Hyperlipidaemia
* Pneumonitis
* Mucosal ulceration
* Poor wound healing
e Malignancies
Patients may present, though, different types
of postoperative complications and side effects
depending on the immunosuppression regime. It
is imperative that surgeons caring for VCA
patients are well informed about the potential
risks and side effects of such drugs and work
within a multidisciplinary team.

Graft Failure

Failure of transplanted tissues and organs may
occur as a result of a non-reversible surgical com-
plication (thrombosis of the vascular pedicles not
amenable for revascularisation), non-reversible
grade IV acute rejection (necrotising rejection),
invasive necrotising infection or immunosup-
pression problems (alterations or noncompliance
with the protocol). Any explanting of trans-
planted tissues should proceed only after formal
informed consent has been obtained, including its
consequences and alternative options.

In theory, explanting a face allograft should
return patients to their pre-transplant morbid con-
dition. However, during transplantation the
ablation of the deformed/destroyed anatomic
units and other tissues can create a defect that
may make impossible to return the patient to the

same condition. Functional impairment may be
worse than the premorbid condition, even though
all plastic surgery techniques are employed to
correct it. The aim of any face transplantation
protocol is to return patients with graft failure to
a situation that mimics or is identical to the pre-
transplant condition. Multidisciplinary team sup-
port is necessary to help patients to go through
this catastrophic complication, especially psy-
chosocial services. All team members must bear
in mind that the only solution to this complica-
tion, despite excellent and complex reconstruc-
tive plastic surgery interventions, is a new face
transplantation.

Malignancies

Similarly to any other SOT recipient, face trans-
plantation patients may develop tumour malignan-
cies as a side effect of the immunosuppression.
Among other malignancies (skin tumours, de novo
neoplasms) patients should be screened on a regu-
lar basis for the development of EBV-induced
lymphoma. It is a well-known complication of
immunosuppression in transplant patients that
deserve special attention. Specific treatment must
be implemented to treat this disease. There are sig-
nificant differences between SOT and VCA recipi-
ents. In the event of a non-responding patient or in
patients with severe risks for side effects of the
cancer treatment, it may be necessary to decrease
or stop the immunosuppression to achieve a cor-
rect immunological response against the malig-
nancy. During this treatment, patients may show
acute rejection episodes and even graft failure.
Therefore, full informed consent must be obtained
before this protocol is started.

8.3 Appendix 8.1:

Postoperative Orders

Diagnosis.

Check vital signs according to ICU protocol.
Check fluid balance every hour.
Tracheotomy care as per ICU protocol.

. Central line management as per ICU protocol.

AREEE S A
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6. Nihil by mouth (exception, oral medications).  18. Trimethoprim/sulfamethoxazole IV every
7. NG tube to gravity. 24 h until good oral tolerance; start then
8. Urinary catheter and control of hourly urine 80 mg PO 3 times per week.

output. 19. Ganciclovir 5 mg/kg bid until good oral
9. Check drains every 2 h. tolerance (if recipient— and donor+)
10. Chest X-ray on admission to ICU. 20. Tacrolimus 0.15 mg/kg/24 h IV in perfusion
11. Control of anastomosis with hand-held 24 h; switch to PO when good oral intake
Doppler every hour for the first 24 h and then and correct IV levels
every 2 h for 6 days. 21. Thymoglobulin 2 mg/kg IV in IV perfusion
12. Blood test on admission to ICU: (over 12 h). Premedicate patients 30 min
(a) Blood gas analysis with lactate and cal- before administration with prednisone 2 mg/
cium (ion) kg, Benadryl 1 mg/kg, and acetaminophen
(b) Complete blood cell count, platelets, 10 mg/kg.
prothrombin and partial thromboplastin  22. Prednisone 2 mg/kg/day.
ratios, fibrinogen, AST, ALT, bilirubin, 23. Topical tacrolimus 0.1 % 2 times per day for
GGTP, calcium/magnesium/phosphate, 2 months (start 10 days postoperative).
sodium/potassium/chlorine, total pro- 24. Mycostatin oral rinses every 8 h.
teins, BUN, creatinine and glucose 25. Omeprazole 40 mg/24 h.

13. Daily blood test: 26. AAS 100 mg PO every 24 h (3 weeks).

(a) Complete blood cell count, platelets, pro- 27. Low molecular heparin s.c. when platelet
thrombin and partial thromboplastin ratios, count >100,000.
fibrinogen, AST, ALT, bilirubin, GGTP, cal- 28. Check capillary glucose every 6 h.
cium/magnesium/phosphate, sodium/potas- 29. Insulin in sliding scale.
sium/chlorine, total proteins, albumin, BUN, 30. In case of rejection, start protocol (boluses of
creatinine, glucose and tacrolimus level methylprednisolone) followed by daily quick

14. Cross-match on first day post transplant. taper:

15. IV fluids as per protocol ICU and patient (a) First day, 5 mg/kg/day= mg IV

response. Q 6 h (divided in 4 doses)

16. IV broad-spectrum antibiotics according to (b) Second day, 4 mg/kg/day = mg

institution guidelines (cover Gram+ cocci IV Q 6 h (divided in 4 doses)
and Gram-— bacteria): (c) Third day, 3 mg/kg/day= mg
(a) Continue 3-5 days. IV Q 6 h (divided in 4 doses)
(b) Change to appropriate antibiotics when (d) Fourth day, 2 mg/kg/day= mg
surveillance  microbiological results IV Q 6 h (divided in 4 doses)
from donor and recipients are available (e) Fifth day, 2 mg/kg/day= mg
(or PCRs). IV Q 12 h (divided in 2 doses); contin-
17. Antifungal prophylaxis (liposome ampho- ued overtime mandated by clinical

tericin 1 mg/kg IV).

course



Infection Control

Abstract

As in any other transplant discipline, prevention of infection begins before
the surgical intervention (the face transplantation). The most relevant
issues during this phase are an adequate selection of donors and a com-
plete workup in any recipient included in the face transplant programme.
This evaluation is aimed to investigate and treat, if indicated and feasible,
any infections present in recipients.

9.1 Infection Control Prevention

9.1.1 Pre-transplant Phase

As in any other transplant discipline, prevention
of infection begins before the surgical interven-
tion (the face transplantation). The most relevant
issues during this phase are an adequate selection
of donors and a complete workup in any recipient
included in the face transplant programme. This
evaluation is aimed to investigate and treat, if
indicated and feasible, any infections present in
recipients.

9.1.1.1 Donor Selection

Donor evaluation follows similar criteria and
pathways as in the selection of donors for multi-
ple-solid-organ donation. The transplant team
addressed any general and formal legal issues
and protocols in place for any given country. It is
very important to remind that when the evalua-
tion is performed in any immigrant donor, a very

careful evaluation is mandatory, since there is the
possibility to import certain exotic infectious
diseases in recipients. Under this circumstance,
any exotic viral and bacterial infections should
be ruled out, and any vector for encephalitis
discarded. When a donor becomes available and
is considered for multiple organ donation, a full
panel in blood test is run, including tissue typing,
ABO and rhesus typing, serology for common
infections and hepatitis, CMV and Epstein—Barr.
Special attention must be paid in VCA donors to
multiple resistant microorganisms; thus microbial
culture of the nasal fossa and nasopharynx is
mandatory. Current PCR tests provide results few
hours after full evaluation.

9.1.1.2 Evaluation of Candidates

The transplant infectious disease specialist is a
key team member of the transplant team. His/her
full evaluation and recommendation before,
during and after the transplant is extremely rele-
vant to avoid significant complications and
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medication side effects during the whole lifespan
of the transplant recipient.

Infectious disease specialists interview and
evaluate patients during the whole initial evalua-
tion of candidates and deliver their advice/pre-
vention/treatments. During this evaluation,
special attention is focused on current or past
immunosuppression treatments, known allergies
to antimicrobials and a thorough anamnesis of
infectious diseases (Table 9.1). Apart from the
past medical history regarding exposure to infec-
tious disease vectors and diseases, the team
focuses on other social issues such as travel to
endemic locations for certain diseases (endemic
parasitic and mycosis diseases), exposure to
tuberculosis and past results of skin tests or chest
X-ray alterations, risk factors for transmission of
diseases in blood transfusions and current and
future contact to children. Domestic issues are
also explored. They include pets, nutritional hab-
its (raw meat, seafood, no pasteurised milk and
milk products, etc.) and type and origin of tap
water.

A complete physical examination focuses on
similar issues. It should uncover any current or
past medical history/exposure to any microbial
vector that may have implications in the trans-
plant population. The physical examination is
completed with a dental exploration and urologi-
cal/gynaecological examinations.

Special explorations during this phase from an
infectious disease perspective include tuberculosis

Table 9.1 Infectious disease anamnesis in VCA
Mouth: caries, sinusitis, pharyngitis, herpes virus
infections
Respiratory tract: previous pneumonias, tuberculosis
Cardiovascular system: cardiac valve diseases
Gastrointestinal system: diverticulitis, diarrhoea,
hepatitis (A, B or C), parasitic infections
Genitourinary system: urinary tract infections,
prostatitis, vaginitis, genital herpetic diseases, other
sexually transmitted diseases, condylomas

Skin: cutaneous or nail infections, varicella zoster
Osteoarticular: osteomyelitis, joint prosthesis
Childhood infections

Other infectious diseases: Epstein—Barr, HIV,
Brucella, etc.

Previous exposures to infectious vectors

assay, chest X-ray and face sinus X-ray explora-
tion. Face CT scan performed during the general
face transplantation candidate evaluation should
focus on active sinus disease and teeth exploration
in order to rule out any active problems. They
should be treated before the patient enters active
search for donors. Multiple resistant bacteria
deserve special attention. Patients that have had
multiple hospital admissions and operations and
stay in intensive care units are possible vectors for
these bacteria. Nasal, pharyngeal and tracheotomy
cultures are mandatory to explore the possibility
for reservoirs.

Blood tests are drawn to check common
serology of relevance for posttransplant immuno-
suppression; they include the following:
¢ Cytomegalovirus
* Varicella zoster
* Herpes simplex virus (1, 2, 6)

* Epstein—Barr virus

* Hepatitis panel (A, B, C)

e Human immunodeficiency virus (HIV)
e HTLVI, HTLVII

¢ Toxoplasmosis

* Syphilis

More than ever, in a global world, patients that
are referred or have migrated from countries with
known exotic infectious diseases must be
explored for endemic infections that may develop
during or after the transplant. They may include
the following:

* Regional mycosis (histoplasmosis,
coccidioidomycosis)
e Malaria

e Chagas disease
* Strongyloidiasis
* Amoebiasis
* Trypanosomiasis

Any positive finding should be individually
investigated and treated if indicated. Patients that
are reservoirs for multiple resistant bacteria are
treated accordingly to eradicate the colonisation.

9.1.1.3 Vaccinations/Preventive

Medicine
Preventive medicine professionals are impor-
tant partners of the transplant infectious dis-
ease team. As in any other medical discipline,
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Table 9.2 Current advice for vaccinations in face transplantation

Priority order Type of vaccine Pre-transplant Posttranspant Revaccine
1 Varicella Last dose before Contraindicated
2 Rubella, parotiditis, | month to transplant
measles
3 Pneumococcus Last dose before Minimum 6 months 1 dose at 5 years
4 Hib 2 weeks to transplant after the transplant
5 MCC
6 Flu Yearly
7 Hepatitis B Depends on titres
8 Hepatitis A 1 dose if no response
9 dT Every 10 years

the ideal scenario is to prevent any infections
or disease in order to avoid complications and
the necessity to start medications, treatments
and hospital admissions. Infections and meta-
bolic alterations may lead to rejection epi-
sodes, end organ failure and hospital
readmissions and transplant failure. Table 9.2
lists the current vaccination protocol active in
our institution.

Likewise to the psychosocial evaluation,
infection control and preventive medicine focuses
also on friends, social circle and family members
of recipients. Physicians review and evaluate
with the patient any person that will continue to
have a close relationship; they may serve as vec-
tors for viral and specific bacterial infections.
Maintenance of a good immunisation in this
close social environment is a must. Table 9.3
shows relevant vaccines in face transplant recipi-
ent contacts.

Table 9.3 Recommended vaccines in face transplant
recipient’s contacts

Vaccine Recommendation

Parotiditis, rubella, Close contacts (not in children

measles under 12 months) and health

Varicella personnel

Flu Long-term contacts (more than
6 months) and health
personnel. Annual vaccine

Hepatitis A Long-term contacts (more than

12 months)

9.1.2 Transplant Day

During the active search for donors (active
transplant waiting list), patients are followed at
regular intervals to check health status and note
any new events or the appearance of any
symptoms. Transplant procedures require an
intensive and aggressive induction of immuno-
suppression and long-term immunosuppression
treatment. Patients are immediately at risk for
developing bacterial and viral infections. As
soon as there is a compatible donor, the patient
is admitted to the hospital and a complete
anamnesis and physical exploration follows
to rule out any active infection. If the patient
is CMV negative, serology is checked at this
moment. The exploration is completed with a
chest X-ray and tracheotomy and nasal swabs
to determine the presence of any multiple
resistant bacteria. Active acute infection
contraindicates face transplantation at this
moment.

Prophylactic antibiotics are administered to
the donor during procurement. A broad-spectrum
antibiotic active against gram-positive cocci and
gram-negative bacteria (in special Pseudomonas
aeruginosa) is indicated.

If microbiology results are available or any
PCR is positive for specific bacteria, prophylactic
antibiotics are adapted. It is mandatory to obtain
blood for microbiology cultures and serum to run
a complete serology test for common viral
infections. During donor evaluation all these
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explorations are performed. However, patients are
at risk for developing any serious bacterial and
viral infections during the stay in the intensive
care unit.

Face transplantation follows similar guide-
lines and protocols in recipients. The same type
of antibiotic is utilised in the recipient unless spe-
cific isolates are present and known at this
moment from the donor or recipient. Patients are
immunosuppressed (they have received an
intense immunosuppression induction) though;
thus, antifungal drugs are administered during
the transplantation to protect recipients against
these types of infections.

9.1.3 Posttransplant Prophylaxis

Available literature on infection control and treat-
ment in composite tissue transplantation is
scarce. However, aside from immunosuppression
complications, acute infections, especially dur-
ing the postoperative period, are some of the
most serious complications that a face transplan-
tation patient may suffer in this stage. Table 9.4
lists the most important issues in posttransplant
microbiological prophylaxis.

Antibiotic prophylaxis is commonly stopped
between day 3 and 5 posttransplant. Special
situations may force to prolong or change the
administration of antibiotics. They include
donor’s positive blood culture (during procure-
ment) and graft infection. Antibiotics should be
adapted to the sensitivities and prolonged for a
period of 10-15 days.

Antifungal prophylaxis is directed against
Candida spp. and Aspergillus spp. Intravenous
prophylaxis for Candida lasts for 3 days.
Increased risks include patients that require
dialysis, those who present with a creatinine

Table 9.4 Posttransplant prophylaxis tenets
Antibiotics (duration depending on donor’s and
recipient’s results)

Antifungals (consider longer duration in intense
immunosuppression)

Pneumocystis
CMV

clearance of less than 50 ml Kg/h or those who
have more than 2 positive microbiology results
(colonisation). In these situations, it is advised
to prolong the treatment for a minimum of
15 days or as long as the risk is present.
Aspergillus prophylaxis is performed with aero-
solized antifungals, initially three times a week
and then once a week. It is considered when the
patient has received an intense immunosuppres-
sion: anti-lymphocyte serum antibodies or
dialysis.

Composite tissue allotransplantation recipi-
ents commonly receive steroids as part of their
immunosuppression regime. They are also the
basis for the treatment of rejection episodes.
They increase the risk for fungal infections
and pneumocystis pneumonia. Prophylaxis
treatment is based on the administration of
co-trimoxazole for as long as the steroid ther-
apy is continued. There are different oral pre-
sentations that allow for different treatment
regimens. Some patients develop allergy or
bone marrow toxicity. Leukocyte count has to
be monitored during the acute phase (several
medications have bone marrow toxicity).
Nebulised pentamidine is an alternative in these
situations.

Prevention of cytomegalovirus infection
(CMYV) is another pillar of infection prophy-
laxis in VCA. Prophylaxis is normally indi-
cated in recipients that are CMV negative
(never have had an infection of CMV) who
receive an organ of a CMV-positive donor (the
organ may serve as a vector for CMV and trans-
mit the infection to the recipient; R—/D+). CMV
infection in the immunocompromised host may
be serious and life threatening; hence some
VCA teams do not accept a CMV mismatch
(R-/D+) to avoid serious complications.
Moreover, it has been postulated that CMV rep-
lication may be a trigger for acute rejection.
Prophylaxis is normally started with ganciclo-
vir IV until it can be switched to valganciclovir
PO. The treatment prophylaxis is continued
until day 100 posttransplant and discontinued.
Viral replication is monitored with real-time
PCR or blood antigen levels at each clinic visit.
Indications for treatment are listed in Table 9.5.
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Table 9.5 Indications for CMV treatment during the first
year posttransplant

1. Antigen blood levels >1/10° PMN-ml

2.>400 copies DNA/mL of blood

3. Acute rejection

4. Concurrent OKT3 treatment

Serum levels are necessary in children and in
any patient receiving valganciclovir.

Treatment of Infections
in VCA

9.2

Transplantation recipients are chronic patients
that receive different type of medications that
affect organs and systems and may produce
important side effects. Some of the drug regi-
mens present with potential side effects and tox-
icity. Antimicrobial therapy may produce adverse
effects in transplant recipients; thus, a team
approach is necessary to treat infectious compli-
cations in transplant recipients. Adverse effects
may be produced by direct pharmacological
interaction or by added toxic effect on organs.

9.2.1 Bacterial Infections
Empirical treatment should be started as soon as
there is the clinical suspicion of a serious bacte-
rial infection. We may differentiate graft infec-
tion and distant infections in other organs and/or
systems. Infection of the face graft must be indi-
vidualised. Each recipient receives different type
of tissues and face structures, either intraoral,
extraoral or both; the infection can be community
or hospital acquired, and there may be deep
abscesses. Treatment is normally dictated on a
case-by-case basis; surgical debridement may be
necessary in serious cases and in the presence of
purulent collections. In severe cases or septic
shock, empiric treatment should be initiated as
soon as possible with broad-spectrum antibiotics
(daptomycin and meropenem IV).

Other common bacterial infections in the
transplant population include intraabdominal

infections, pneumonia, IV-line sepsis and acute
pyelonephritis. In all these situations, team mem-
bers need to differentiate between hospital- and
community-acquired infections and infections
with high severity scores or sepsis. One should
always refer to the current local or institution’s
treatment guidelines for specific treatment.

9.2.2 Viral Infections

The presence of any viral infection in a VCA
patient may be the consequence of high levels/
toxic levels of immunosuppression. This situa-
tion should always be explored and immunosup-
pression medications reduced if possible. The
most common viruses encountered in VCA are
herpes  simplex, varicella  zoster and
CMV. Table 9.6 lists the most common herpes
simplex and varicella-zoster infections. Oral
treatment is indicated to limited and benign con-
ditions (oral acyclovir, famciclovir, valacyclo-
vir), whereas endovenous treatment is indicated
in severe cases (acyclovir).

CMYV infection is a common complication in
the transplant population. Severe infections may
trigger acute rejection episodes, have a signifi-
cant impact in systems and organs and affect
graft survival. Common infections in the trans-
plant population are listed in Table 9.7. The
decision-making process for VCA infection ther-
apy is directed by viral load and the previous
immunisation status of recipients. We must make
a distinction between negative recipients (R-)
and positive recipients (R+) who receive an organ
from either a negative (D-) or a positive (D+)
donor. In a mismatched recipient (D+/R-), all
infections must be treated regardless of viral

Table 9.6 Common herpetic and varicella infections in
transplant recipients
1. Herpes simplex:
Noncomplicated mucocutaneous infection
Severe mucocutaneous and visceral infection
Meningoencephalitis
2. Varicella zoster:
Localised in dermatome
Disseminated varicella-zoster infection
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Table 9.7 Common CMYV infections in VCA

Viral syndrome and hepatitis
Gastrointestinal disease
Pneumonitis

load. In all other cases (D+/R+ and D—/R+), cur-
rent advice is to treat infections with a viral anti-
gen load >25 or more than 2,500 copies in
real-time PCR. Ganciclovir and valganciclovir
are the treatment of choice. The response to treat-
ment is monitored with viral antigen load in
blood samples. Treatment should be continued
until a negative viral antigen load is achieved in
peripheral blood.

9.2.3 Fungal Infections

Candida and Aspergillus infections are the most
common pathogens encountered in the transplant
population (Table 9.8). Face VCA may include
different amounts of mucosa, tongue, face bones

Table 9.8 Common Candida spp. infections in trans-
plant recipients

Mucosal candidiasis

Oesophageal candidiasis

Candidemia

Peritonitis

Urinary infection

Asymptomatic candiduria

and sinuses. Special attention must be directed to
these areas to detect initial stages of mucosal
mycosis. Mucormycosis may also develop in
sinuses; hence X-ray examination and biopsies
may be necessary in some circumstances.
Treatment for Candida spp. depends on the sta-
dium (initial, recurrent or therapeutic failure) and
location. Initial phases are commonly treated
orally with azoles (co-trimoxazole, fluconazole)
or nystatin. Complicated cases, candidemia, peri-
tonitis and fungal infections are treated intrave-
nously (i.e. anidulafungin, amphotericin B)
(Table 9.8).
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Abstract

The psychological and psychiatric evaluation of all candidates for face
transplantation focuses on the identification of any risk factors that may
have a direct impact in the development of postoperative complications or
problems with self-adaptation and treatment compliance. Strong medical
evidence demonstrates that the adaptation to posttransplant life, treatment
adhesion and morbidity are directly related to specific psychosocial fac-
tors. In general terms, a detailed psychosocial evaluation of all patients is
necessary before they are included in a transplant waiting list. Given the
experimental nature of vascularised composite tissue allotransplantation,
the psychosocial evaluation is mandatory. This is a formal requirement of
the face transplant protocol and ethics committee. A negative psychosocial
evaluation contraindicates VCA.

The psychological and psychiatric evaluation of
all candidates for face transplantation focuses on
the identification of any risk factors that may
have a direct impact in the development of post-
operative complications or problems with self-
adaptation and treatment compliance. Strong
medical evidence demonstrates that the adapta-
tion to posttransplant life, treatment adhesion and
morbidity are directly related to specific psycho-
social factors. In general terms, a detailed psy-
chosocial evaluation of all patients is necessary
before they are included in a transplant waiting
list. Given the experimental nature of vascular-
ised composite tissue allotransplantation, the
psychosocial evaluation is mandatory. This is a
formal requirement of the face transplant proto-

col and ethics committee. A negative psychoso-
cial evaluation contraindicates VCA.

The evaluation and support by psychosocial
services may be divided in three different stages:

I. Candidate for face transplantation
II. Immediate posttransplant period (up to
6 months posttransplant)
III. Chronic posttransplant period (6 months
posttransplant onwards)

There are certain disease characteristics that the
patient has to face and adapt to. Some patients will
present with a disease that may be present from
birth or may have appeared during growth; such is
the case of benign neoplasms (neurofibromatosis)
and vascular malformations. Others may have a
traumatic aetiology; hence the patients had to
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adapt to a sudden change in face appearance and
quality of life. Patients included in the latter group
present with special needs that differ from patients
that had a prolonged period of adaptation to face
disfigurement and change of quality of life. The
motivation of the patient is crucial for the determi-
nation of a good indication for a face transplanta-
tion. The overall goal of face VCA is improvement
of function and quality of life. Those patients that
are well adapted may not benefit much from a face
transplantation. Risks and side effects, hospital
readmissions and change of life to a chronic condi-
tion (regular visit to clinic, biopsies and immuno-
suppression) are not uncommon, and the patients
may not obtain a complete psychosocial improve-
ment. Personal circumstances, social and family
support, individual expectations and overall
impact of the deformity need to be evaluated and
explored to assess the potential benefit of the pro-
posed treatment. The process does not only affect
the postoperative adaptation to the new situation.
Patients have to undergo a long evaluation process
that includes hospital stay, procedures and tech-
niques that may also induce psychological disad-
aptation, through an impact on their family, social
and ethical environment. Psychological support
has to be directed also to this initial phase. Some
individuals may be well adapted to their situation
before the possibility of a new treatment for
improvement has arisen. During or following full
evaluation, they can show high levels of anxiety
and psychosocial problems. Therefore, the support
has to be implemented and maintained for all
patients, regardless of the final outcome of the can-
didacy evaluation.

The intervention of psychosocial health pro-
fessionals, through a multidisciplinary approach
within the face transplant team, is directed to:

(a) Allow the adaptation of patients to the pro-
cess of evaluation and transplantation.

(b) Avoid or treat any psychological or psychi-
atric symptoms that may appear during the
whole process.

(c) Provide continuous and permanent support
to candidates and recipients and their fami-
lies during the process of evaluation, search
for donors and transplantation.

Candidate for Face
Transplantation

10.1

10.1.1 The Evaluation Process

The overall goals during the evaluation phase
include:

1. Detect the predictive risk factors that could
interfere in the efficacy of the treatment.

2. Determine, through psychosocial explora-
tion, the adaptation capacity and the patient’s
adhesion to the proposed treatment.

The psychological, psychiatric and social
evaluation should focus in any past psychiatric
history, drug or toxic abuse and any other factors
that may prevent good confrontation with social
and daily living events. The evaluation includes
the three main spheres:

* Personality
* Social and family support
e Current quality of life

Common tests that are employed during the
evaluation of the psychosocial status include the
global psychiatric evaluation status (MINI), gen-
eral humour and anxiety (HAD) and cognitive
status (mini mental state exam [MMSE)]).
Table 10.1 lists common tests utilised in the psy-
chological evaluation of transplant candidates.

During the different interviews with the psy-
chosocial team, all levels of patient’s interaction
with his/her premorbid, morbid and projected
post-morbid status are explored. A full history
and exploration of the face deformity, family and
personal psychiatric history and previous treat-
ments, current psychiatric and psychological dis-
orders and current treatment are explored and
noted. It is very relevant to comprehend how the

Table 10.1 Common administered tests in transplant
psychological evaluation
1. TCI-67-R: personality test
2. HAD: anxiety and depression
3. LOT: coping skills
4. DUKE: social support
5. SMAQ: compliance
6. SF-36: quality of life
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patient understands, accepts and behaves in front
of his/her deformity, not only in terms of his/her
personal ability to cope with but also his/her
interaction with family relationships and society
in general. The family response to the current
deformity and the response to other relatives’ dis-
eases have to be explored; they will signal how
the family response and support could be
expected after a face transplantation.

The patient is also questioned regarding the
proposed treatment: fantasies about face trans-
plantation, current expectations, level of knowl-
edge of current scientific events and outcomes.
An ambivalence attitude and curiosities and
questions regarding the donor are also evaluated.
The patient’s sense of vulnerability is another
issue of attention. Moral values and the way the
patient copes with the current disease and any
other previous health problems are important
issues to determine his/her psychological status
and determine future risks during the posttrans-
plant period.

Another important component of this evalua-
tion is the determination of patient’s compliance
with past visits, admissions and adhesion to treat-
ments. It cannot be overstated that this is a very
relevant issue. The success of any transplantation
procedure is the compliance with medications,
protocols, admissions, clinic visits and any other
technique or procedure that may be necessary dur-
ing the posttransplant period. Failure to take the
medication regime and adhere to protocols may
provoke transplant failure, side effects, infections,
rejection episodes and death. The psychosocial
team evaluates the relation of patients with their
doctors and the compliance with any clinic visits,
medications and diets. The former aids in the eval-
uation of the predisposition of patients to chronic
treatments and the way they cope with anxiety and
patience. Bad adherence to posttransplant treat-
ments causes 21 % of all posttransplant complica-
tions, and itis the cause of 26 % of all posttransplant
deaths (in the overall solid organ transplant series).
Unexplained failure to attend clinic visits and bad
communication of new symptoms are red flags of
poor compliance. Another evidence is unjustified
decreased level in serum of medications.

Table 10.2 General
transplantation

psychosocial indications for
Favourable psychiatric/psychological evaluation

Understand the face transplantation
technique/treatment

Understand all obligations of face transplantation
Social stability
Absence of drug abuse during the last 2 years

Alcohol, benzodiazepines, cannabis abstinence of more
than 6 months

The psychological and social factors that cor-
relate with the abandon of treatment include:
1. Low educational level
Inappropriate social support
Marital status: single or divorced
Age below 40
Altered personality
Depression symptoms or anxiety in the post-
transplant period
. Bad communication skills
Opposition
9. Failure to recognise the disease process

The evaluation finalises with a complete
exploration with all relevant tests of the current
psychopathological symptoms, cognitive status
and psychopathological diagnosis.

The final step of the psychosocial evaluation
constitutes the development of the indication’s
document. This is a formal requirement during
the whole evaluation process and relevant infor-
mation for the Ethics Committee deliberation. As
a matter of fact, there must exist an indication
from the psychological and psychiatric stand-
point in order to be able to proceed with the trans-
plantation process. Some relative contraindication
may be treated or a final decision postponed until
more active fieldwork has been performed.
General psychosocial indications and contraindi-
cations are listed in Tables 10.2 and 10.3.

During the psychological and psychiatric eval-
uation, social services are involved in order to
explore the social support and the domestic situa-
tion of the candidate. The social network, type of
relationships, close emotional relationships, eco-
nomic status and type of home are fully evaluated.
Any alteration that has occurred is deemed to have
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Table 10.3 Psychosocial contraindications for solid organ
transplantation (Strouse 1996)
Absolute contraindications:
Active drug abuse

Active mental illness/psychosis that limits
significantly either:

Informed consent
Treatment adhesion
Active suicide ideation
Patient’s absence for transplant consent
Factitious disease
Relative contraindications:
Inadequate social support

Dementia or permanent cerebral dysfunction in case
of bad psychosocial support for good treatment
adherence or progression to major neuropsychiatric
disorder

Unable to cooperate with the transplant team;
including psychiatric disorder with bad treatment
response, humour alteration, schizophrenia, eating
disorders and personality disorders

an impact on the patient and on the final outcome
of any transplant. Some social situations provide
full support for face VCA; others need some inter-
vention before the transplant is ever indicated. The
report of social services is included and evaluated
in full by the psychosocial team to make a final
report on the suitability of the candidate.

10.1.2 Patients on Active Waiting List

All recipients that have gone through the evalua-
tion process and are considered candidates for
face transplantation must be followed up and
controlled by the psychosocial team for as long
as the search for donors is active. Patients are fol-
lowed up periodically at clinic visits with the
psychologist, psychiatrist and social worker.
Visits may be individual, joined by the family or
in therapy groups that include family members
and/or transplanted patients. The main goals of
therapy groups include:
» Exchange of information. It will help patients
to better understand the disease or deformity.
* Verbalising wrong feelings or cognitive errors
regarding the operation and donors.
¢ Informing about the treatment, side effects
and benefits of the face transplant.

Patients in the waiting list should have easy
access to the psychosocial and the whole trans-
plant team. It is not uncommon to follow a long
period of time in the waiting list until a donor
becomes available. Periods of stress and anxiety
are not uncommon; they should be detected and
treated promptly. The patient must be reinforced
on a regular basis to maintain the positive expec-
tations of the face transplantation.

10.2 Immediate Posttransplant

Period (Less Than 6 Months)

This is an intensive period of particular relevance.
The patient needs to adapt to his/her new appear-
ance and a new reality that includes an intensive
medical interaction, tests and procedures.
Recipients learn their new situation, in particular
new social relationships and their new medical
environment: medications, tests, clinic visits,
monitoring side effects and signs of rejection,
etc. During the initial period, psychosocial inter-
vention limits to adapt the patient to this new sit-
uvation and modulate any alteration on the
previous status.

In the months to follow, the psychosocial team
focuses its attention to detect the appearance of
mental and behaviour alterations of multifacto-
rial aetiology: surgical interventions, anaesthetic
effects, drug side effects, sensorial and personal
isolation, intense re-elaboration of personal
image, etc.

A special focus should be paid to relevant
signs and symptoms that may interfere with a
correct postoperative course and outcome:

* Acute and subacute episodes of confusion and
dreamlike feelings

¢ Depression and depression symptoms

e Other humour alterations

¢ Cognitive alterations

» Sensorial and perception alterations

The treatment should be directed to make any
preventive actions to avoid any psychological signs
and symptoms that could affect the correct recov-
ery and treatment adhesion. Other measurements
are focused on psychopharmacological and psy-
chotherapy treatments to modulate any psychoso-
cial alterations during this phase of treatment.
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10.3 Late Posttransplant Period
(More Than 6 Months
Posttransplant)

There is a significant difference between VCA
recipients and any other solid organ recipients.
Face VCA recipients have a significant change in
their quality of life after face transplantation.
Previous conditions do not affect directly health
status. Patients are stable; their condition signifi-
cantly affects quality of life but does not have an
impact on organs and systems. There exist sig-
nificant deformities, but in general terms, there is
no need for any medical treatment. Patients may
have been operated on several occasions, but this
is a sole consequence of their deformity, not a
question of disease. Life after VCA changes in
many relevant levels. Quality of life is signifi-
cantly improved in terms of social, family and
work-related relationships. However, their health
status changes to that of a chronic medical condi-
tion (not existing before the transplant). Patients
are obliged to adhere to medical treatments,
clinic visits, monitoring of rejection and side
effects and hospital readmissions. Moreover,
patients are normally in an excellent health status;
thus long-term survival after the transplant is

expected (all organs and systems have good
physiological reserve to sustain medication side
effects). The former makes multidisciplinary
team follow-up mandatory. The psychosocial
team must visit the patient regularly, most com-
monly during the same transplant team visit,
when medications, rejections and health status
not only are reviewed but also psychological
well-being is monitored. All recipients should
reach an excellent relationship with the psycho-
social team and be provided with a direct line
should any problem may arise.

Psychologists, psychiatrists and social work-
ers favour active participation of recipients in
individual and group interviews in order to
achieve and maintain
* Independence
* Responsibility in treatment adhesion
* The rehabilitation process
* Social and work-related reintegration

The patient is the centre of the whole pro-
cess, although special care is paid to involve the
family and any carers. The whole process may
have an important impact in both recipients and
their families/carers. Hence any changes of
alterations in the latter should be monitored and
treated.
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Abstract

Vascularised composite tissue allotransplantation (VCA) is a new transplant
discipline of reconstructive plastic surgery that relies on the restoration of
deformity and/or amputation by the allotransplantation of different tissues
and organs from another person (the donor). As in any other solid organ
transplant discipline, graft survival depends on the acceptance of trans-
planted tissues and organs on the recipient and the absence or control of
rejection episodes. In 1997, the Louisville team proved that long-term sur-
vival of transplanted limbs could be achieved in an experimental model with
a triple-drug therapy (steroid, tacrolimus and mycophenolate mofetil). Soon
afterwards, the first human hand transplants were a reality in 1998. The first
experiences received the same immunosuppression regime, with excellent
long-term results (both functional and immunological) to date. The current
success of VCA is a promising field in plastic and reconstructive surgery.
Intense research is currently being undertaken to improve the immune toler-
ance of composite tissues, since long-term results and face or limb accep-
tance depend on immune regulation and the control of side effects.

Introduction

achieved in an experimental model with a triple-drug
therapy (steroid, tacrolimus and mycophenolate

Vascularised composite tissue allotransplantation
(VCA) is a new transplant discipline of reconstruc-
tive plastic surgery that relies on the restoration of
deformity and/or amputation by the allotransplan-
tation of different tissues and organs from another
person (the donor). As in any other solid organ
transplant discipline, graft survival depends on the
acceptance of transplanted tissues and organs on
the recipient and the absence or control of rejection
episodes. In 1997, the Louisville team proved that
long-term survival of transplanted limbs could be

mofetil). Soon afterwards, the first human hand
transplants were a reality in 1998. The first experi-
ences received the same immunosuppression
regime, with excellent long-term results (both
functional and immunological) to date. The current
success of VCA is a promising field in plastic and
reconstructive surgery. Intense research is currently
being undertaken to improve the immune tolerance
of composite tissues, since long-term results and
face or limb acceptance depend on immune regula-
tion and the control of side effects.

J.P. Barret, V. Tomasello, Face Transplantation: Principles, Techniques and Artistry, 91
DOI 10.1007/978-3-662-45444-2_11, © Springer-Verlag Berlin Heidelberg 2015
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Face VCA implies the transplantation of
diverse tissues, such as skin, muscles, bones,
lymph nodes, nerves, blood vessels, cartilage,
soft tissues, salivary glands and mucosa. Given
the nature of all these tissues, it is very difficult
to parallel the immunological results of face
VCA to that of solid organ transplantation.
Face VCA is composed of different tissues
with diverse types of immunogenicity and
immune response. There is some consensus on
the general type of immunosuppression regime
that is necessary in VCA, although the perfect
drug combination is still to be defined.
However, functional outcome depends much
on tissue survival and the immunological
response; thus immunomodulation during
induction, immediate postoperative period and
long-term follow-up is very relevant for the
final outcome and the improvement in quality
of life.

11.2 Immunological Aspects

of VCA Tissues
11.2.1 Skin

The cutaneous component of face VCA is an
important part of the face graft. It is what we see,
how we feel, the interaction with society and the
basis for expression. Its colour, quality, structure
and texture indicate to others our emotions, age,
temper and health.

The skin is a highly immunogenic tissue with
active immunological functions. Apart from the
structural layers (epidermis and dermis), the skin
has resident cellular elements and cells in transit
with immunological and pro-inflammatory prop-
erties. This particular immunological microenvi-
ronment is termed skin-associated lymphoid
tissues (SALT). Cells that participate in this sys-
tem are diverse (Table 11.1); the most important
part of it includes antigen-presenting cells (APC).
This microenvironment is responsible to drain to
the regional lymph nodes and report its status. It
is very relevant in transplant physiology for up
and down immunological regulation and for the
development of short- and long-term tolerance.

Table 11.1 Skin-associated lymphoid tissues (SALT)

1. Antigen-presenting cells (APCs):
Langerhans cells
Dendritic cells

2. Lymphocytes

3. Keratinocytes

4. Fibroblasts

5. Endothelial cells

6. Local/regional lymph nodes

The functions of cutaneous antigen-presenting

cells include:

* Expression of high levels of class I and II
antigens of the major histocompatibility com-
plex (MHC)

* Expression of CD80 and CD86 (molecules for
co-stimulation)

* Internalisation and process of antigens

* High capacity of migration (allows for antigen
transportation)

» Stimulation of allogenic T cells
Cutaneous APCs (Langerhans cells and den-

dritic cells) are normally inactive in a stationary
status; however, a few numbers of cells migrate
to regional lymph nodes to present antigens on a
regular basis, which allows for a status of toler-
ance. Under certain circumstances (i.e. inflam-
matory stimulus), APCs respond in an intense
manner; this response allows for a correct
reaction against the insult, whereas the slow-rate
migration maintains the tolerance against self
antigens.

Other immunological skin resident cells
include T cells, which are normally present
within the dermis. They are represented by CD4
cells (T-helper subpopulation) and CDS8
(T-suppressor and cytotoxic). T-helper cells may
be subdivided into Th1l, memory cells responsi-
ble for the initiation of the cell-mediated response
(they secrete pro-inflammatory cytokines IL-2,
IL-12 and IFN-y) and Th2 (they produce IL-4,
IL-5, IL-6, IL-10 and IL-13) responsible for
B-cell response.

The immunological response can also be
started by keratinocytes. They are a source of
pro-inflammatory cytokines IL-1, IL-6, IL-8 and
TNF-o; they have a systemic effect on the
immune system, modulate the proliferation of
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keratinocytes and attract inflammatory cells. IL-7
and IL-15 contribute to the circulation of T cells;
and IL-10, IL-12 and IL-18 are responsible for
the systemic response. The stimulation of kerati-
nocytes with IFN-g produces the expression of
MHC class II proteins and intracellular adhesion
molecule I (ICAM-I), which explains that kerati-
nocytes play a role both as APC and in the induc-
tion of functional immune reaction.

11.2.2 Regional Lymph Nodes

Transplantation of composite tissues carries with
it a certain amount of lymphatic tissue, mainly in
the regional drainage lymph nodes and in the
bone marrow should the VCA include bone.
Nodes are a source of immunocompetent T cells,
B cells and follicular dendritic cells. They
contribute to the immunological response of the
transplant on the recipient. Competent recipient’s
T cells migrate to the regional lymph node of the
transplant and they proliferate. When immuno-
suppression drug levels are inadequate, they may
trigger an acute rejection episode. On the other
hand, cutaneous dendritic cells may migrate into
the regional lymph node and trigger a secondary
immunological response when in contact with
the recipient’s T cells.

11.2.3 Muscle

Face transplantation is intended not only as a
restorative operation but also a quality
improvement therapy. Face muscles play an
important role in quality improvement, especially
face sphincters (oral and orbital), which restore
important functions. An absent inflammatory and
immune response in the muscular layer is neces-
sary to maintain a good functional outcome.
Under physiological conditions, muscle cells do
not express MHC class I or IT molecules (they do
express class II molecules in in vitro culture of
muscles cells stimulated with IFN-a, IFN-g and
IL-1b). Hence, we may hypothesise that muscle
cells may express class II molecules in certain
viral and bacterial infections, present antigens

and produce autoantigens. On the other hand,
skeletal muscle expresses HLA-G, a MHC class |
molecule that is involved in immune tolerance.

11.2.4 Peripheral Nerves

Correct reinnervation of the transplanted face is
responsible for an adequate sensation and motor
function of face muscles. Peripheral nerves
include different cell types and tissues: neuronal
axons, Schwann cells and connective tissue.
Connective tissues and cellular elements of the
immune system are present in the epineurium
and perineurium. Schwann cells may produce
different pro-inflammatory cytokines (IL-1, IL-6,
TNF-a), other mediators (prostaglandin E,
thromboxane A, leukotriene C) and immune
modulators (TGF-f). Schwann cells express
MHC class I antigens in normal circumstances.
Following nerve injury, they express class II anti-
gens and IFN-g in the presence of activated T
cells. This suggests that Schwann cells may func-
tion as APC (antigen-presenting cells) and play a
roleinlocalimmuneresponse. Immunomodulation
is mediated through the production of erythropoi-
etin. It prevents axonal degeneration, reduces the
production of TNF-a, prevents Wallerian degen-
eration and diminishes neuropathic pain.
Transient activated T cells and B cells can be
located in peripheral nerves, independently from
antigen specificity. APCs are normally repre-
sented by local macrophages, expressing MHC
class II antigens and co-stimulating molecules
B7-1 and B7-2, which are essential in T cells for
antigen presentation and local immune response.

11.2.5 Bone and Bone Marrow

Face bones are an integral part of face transplan-
tation when the mandible and/or the maxilla are
reconstructed. Immune bone antigenicity is con-
sidered to be low. However, limb and face VCA
may include bone marrow, which carries with it a
significant amount of haematolymphoid cells. In
adequate conditions, the transplantation of bone
marrow cells in non-myeloablative immunosup-
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pression creates a status of immunomodulation
and downregulation of the recipient’s immune
system and can be involved in the induction of
tolerance. Following limb or face VCA that
includes bone marrow (or in research protocols
for tolerance induction with infusion of donor’s
bone marrow), haematopoietic and donor’s
lymph cells migrate (including dendritic cells
and APCs) from transplant tissues and colonise
lymphoid and non-lymphoid recipient’s organs
(chimerism). When these migrating cells colo-
nise and react against the recipient’s tissues,
graft-versus-host disease may develop, which
may be fatal.

11.2.6 Blood Vessels

Face transplantation follows the same principles
of reconstructive microsurgery. In general terms,
the face graft can be conceived as a free flap pre-
fabricated by nature and harvested from another
human being. Correct circulation with enough
inflow and adequate outflow is necessary for flap
survival. Endothelial cells play a multifactorial
function: regulation of haemostasis, cell adhe-
sion, vasomotor tone regulation and immune
regulation. The latter is mediated by leucocyte
and other immune cells’ adhesion and migration
across the endothelium. In inflammatory condi-
tions, endothelial cells produce IL-1, IL-6 and
IL-8 and activate the expression of P selectin, E
selectin and cellular adhesion molecules ICAM-
1, ICAM-2 and VCAM-1), which facilitate leu-
cocyte migration. They also facilitate the
proliferation and differentiation of activated T
cells and Th memory cells through APC, MHC
class II molecules and CD40 co-stimulating
molecule.

11.2.7 Salivary Glands and Oral
Mucosa

Salivary gland immune function is mediated
through the mucosal cells and the associated
lymphoid system. Acinar and ductal cells excrete
glycoproteins for IgA and IgM. Lymphoid sys-

tem is located in a diffuse manner within the
glands and in regional lymph nodes. This tissue is
an important effector site for the immune reac-
tions of the oral mucosa and regulates the cellular
and antibody immune reactions. Flow cytometry
differentiates mononuclear cells of T, B and NK
origin.

Oral mucosa is an integral part of most face
transplants. Its physiologic function includes the
recognition and elimination of pathogens and tol-
erance of commensal bacteria necessary for
immune homeostasis. The most important cells
of mucosal immune reactions are dendritic cells.
They express CD1a molecules for the presenta-
tion, activation and maturation. Other identified
cells in oral mucosa include dermal and plasma-
cytoid dendritic cells which contribute to the pool
of CD83+ dendritic cells of the basal lamina and
to viral antigen presentation. Other immune ele-
ments of oral mucosa include lymphoid and
myeloid cells, such as basal lamina cells, den-
dritic cells and CD4+ T cells with expression of
CD45RA and CD45RO.

11.3 Immunological Monitoring

11.3.1 Pre-transplant Evaluation

The monitoring and immunological outcome of
face transplants depend on risk factors that
should be evaluated in the overall candidate
evaluation such as the determination of donor-
specific preformed antibodies (DSA). During
the overall evaluation in the pre-transplant
phase, tissue typing (HLA), anti-HLA screening
and compatibility tests are performed. The
experience in other solid organ transplantation
indicates that high levels of DSA should be
avoided to reduce the risk of hyperacute
rejection.

HLA typing has been traditionally per-
formed by serological methodology. However,
recent work indicates that most laboratories are
currently utilising molecular tests for tissue
typing, including primer-specific PCR sequenc-
ing (sequence-specific primer [SSP]), specific
sequencing of oligonucleotide primer (SSOP)
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and direct DNA sequencing. Typification of
donor and receptor HLA allows:
» Evaluation of correspondence in HLA
* Excluding donors with HLA antigens in recip-

ient’s preformed DSA

HLA matching is not a formal requirement in
face transplantation. The paucity of donors
would make face transplantation almost impos-
sible, although the real implication of mismatch-
ing is still to be evaluated. Renal transplantation
literature indicates that HLA-DRB1 matching is
a priority. In general terms HLA or tissue typing
is essential in transplantation medicine. Good
compatibility shall indicate a correct or optimal
outcome, whereas a low match or complete mis-
match may increase the rejection episodes in
VCA recipients. In renal transplantation, the bet-
ter the tissue compatibility, the longer the renal
graft functions and survives in the long term.
Previous transfusions, transplants and pregnan-
cies may increase the risk for sensitisation and
production of donor-specific antibodies and
HLA antibodies. Cross tests between donor’s
and recipient’s lymphocytes depict the lympho-
toxicity in the presence of complement. A posi-
tive cross-match test shows the presence of
antibodies in the recipient’s serum against class I
molecules and should be considered a contrain-
dication for transplantation.

11.3.2 Posttransplant Monitoring

The main objective of posttransplant control and
monitoring is to make an early detection of acute
and/or chronic rejection and side effects of
immunosuppression protocols. It does include
anamnesis, clinical inspection, complete physical
examination, laboratory tests and skin/mucosa
biopsies:
1. HLA monitoring
This type of monitoring is very relevant to
determine the potential for acute and chronic
graft injury. There exists strong evidence that
the presence of donor-specific antibodies
highly correlates with acute and chronic
rejection. It is mandatory to monitor antibod-
ies for HLA-A, -B, —Cw, —DR and -DQ

donor antigens, since they predict graft
failure.

. Non-HLA antibodies

They may be both allo- and autoantibodies.
They also signal tissue injury and the
possibility for chronic and progressive graft
failure, although they are not as specific as
anti-HLA immunoglobulins. They correlate
to non-HLA antigens of the major histocom-
patibility complex class I coded in A chain
(MICA), other endothelial antigens, minor
histocompatibility antigens, vascular recep-
tors, adhesion molecules and intermediate
filaments.

. T-cell function

T-cell subpopulations are closely moni-
tored during the immediate posttransplant
period (following induction therapy) in order
to check for an adequate immunosuppression
and profound deletion of lymphoid cells.
They are then checked at regular intervals to
assess the efficacy of immunosuppression
drugs and avoid over-immunosuppression.

. Transplant tolerance

This is a field of intense research in solid
organ and VCA allotransplantation. One of
the main focuses of novel immunomodula-
tion therapies is the induction and mainte-
nance of antigen-specific tolerance. It is
defined as the maintenance of a functional
graft with long-term survival in the absence
of active immunosuppression. Achieving
long-term tolerance in the clinical scenario of
VCA is extremely difficult given the complex
heterogenicity of composite tissues and the
donor-recipient immune environment. There
have been clinical experiences of immune
tolerance induction through mechanisms of
downregulation and immune anergy with
minimal or no immunosuppression. The for-
mer may be produced by partial clonal dele-
tion, clonal anergy, changing the cytokine
expression panel and the stimulation of
immunoregulatory cells. In general terms,
one should consider the status of immune tol-
erance as a temporal or permanent downregu-
lation status regardless of the mechanism of
action according to Sachs. In many clinical
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situations, it is achieved by means of the
maintenance of minimal non-toxic doses of
immunosuppressive drugs, which may be
completely irrelevant. Calne has termed this
manoeuvre a status of ‘“quasi-tolerance”,
aiming for long-term survival of a function-
ing transplanted organ and absence of acute
or chronic rejection, significantly reducing
the side effects of immunosuppression thera-
pies. A similar type of action of tolerance
with minimal immunosuppression has been
proposed by the stimulation of immunoregu-
latory cells. Tolerance development may be
obtained in peripheral lymphoid tissues
(peripheral tolerance) or centrally through a
thymus mechanism of action. Other proposed
experimental methods for tolerance induction
in VCA include donor’s bone marrow infu-
sion, monoclonal antibodies and the stimula-
tion of gamma-—delta T cells.

Anamnesis, clinical inspection and labora-
tory tests

Daily inspection and search for signs and
symptoms of rejections is necessary immedi-
ately posttransplant and thereafter for the rest
of the life. Both patients and clinicians should
monitor possible side effects and medication
toxicity. Signs and symptoms for systemic
hypertension, infections, hypercholesterolae-
mia, lung toxicity, skeletal abnormalities and
renal failure must be included. Patients are
carefully reviewed at each visit and a com-
plete laboratory analysis is performed. They
should include haematological markers, gen-
eral biochemistry, lipid metabolism, lympho-
cyte subpopulations, hepatic and renal
function, viral real-time PCR in the first year
posttransplant and drug serum levels. Overall
clinical impression and laboratory tests man-
date immunosuppression dug adjustment if
needed.

During the immediate postoperative
period, graft vascularisation is monitored
with direct periodical clinical inspection and
hand-held echo Doppler.

Duplex-Doppler or  angio-computed
tomography (CT) scans are helpful to diag-
nose any flow alterations. During this phase

and for the rest of the postoperative period,
the graft is closely monitored for signs of
acute rejection. The patient is subsequently
trained to perform his/her own daily inspec-
tion and to detect any early signs and symp-
toms of acute rejection.

There does not exist a biochemical
marker for acute or chronic rejection in
VCA. Therefore, rejection is controlled by
clinical inspection and tissue biopsies when
indicated by the daily evaluation.
Immunological monitoring includes:
Inspection of the transplanted graft
Skin and muscle biopsies as mandated by
clinical inspection
Serum levels of immunosuppression drugs
Study of lymphocyte subpopulations
Tissue biopsies

The absence of biochemical markers (such
as those encountered in hepatic and renal
transplantation) makes tissue biopsies (skin
and mucosal biopsies) necessary for the con-
firmation of suspected acute rejections. It
must be noted that these biopsies should be
taken into consideration together with the
clinical picture. The presence of perivascular
mononuclear infiltrations or any other altera-
tion in keratinocytes or tissue structures is not
a sole indication for acute rejection.
Pathological findings should be evaluated
with the clinical inspection and sign and
symptoms to reach a formal diagnosis. On the
other hand, clinical signs of rejection must be
confirmed by tissue biopsy. In the absence of
pathological confirmation, other causes for
clinical findings should be investigated.
Histopathological signs for acute rejection

include:

Mononuclear infiltration of skin, mucosa or
both

Immunoglobulin or complement deposition
Oedema

Cellular necrosis

Intimal hyperplasia

Fibrosis

Indiscriminate utilisation of tissue biopsies

should be avoided. They may compromise the
final aesthetic result of the face graft (multiple
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Table 11.2 UHVH skin/mucosal biopsy protocol
1. Biopsy on day 0:
Donor’s biopsy pre-procurement
Biopsy after revascularisation
. Biopsy on day 7
. Biopsy on day 14
. Biopsy on day 30
. Biopsy every month during first year posttransplant

A L A W N

. Ad hoc biopsies in case of clinical signs and
symptoms of rejection

scars). Transplanting extra tissue in the neck or
lateral area of the transplant and the utilisation of
a sentinel flap are approaches that different teams
have proposed to minimise the impact of multiple
skin biopsies on the final outcome of the face
allograft transplantation. However, gravity and
congestion in the cervical region may alter some
results by deposition of cells in this area. Sentinel
flaps, on the other hand, may show also different
results than those observed in the face transplan-
tation (the tissue characteristics may differ).
Signs of rejection in one location and absence of
such episode in another have been observed;
hence results should be carefully evaluated. Our
current protocol for skin/mucosal biopsies is
depicted in Table 11.2.

During the Banff meeting in A Corufa, Spain
(Banff CTA-07), experts reached a consensus for
the grading of pathological tissue rejection in
VCA, incorporating classifications grading the
severity of acute rejection (Table 11.3). Tissue
biopsies should be obtained from a specimen of
a minimal diameter of 4 mm including skin,
dermal annexes, dermis, subcutaneous tissues
and blood vessels. In case of a suspected acute
rejection, biopsies should be obtained from
erythematous indurated cutaneous areas.
Recommended laboratory process includes hae-
matoxylin and eosin (H&E) and periodic acid—
Schiff (PAS). Depending on results and other
experimental protocols, immunohistochemistry
assays may include (but not limited) CD3, CD4,
CD19, CD20, CD68, HLA-DR, CMV and
C4d.20 and immunoglobulin deposition. Unless
the clinical situation mandates otherwise (necro-
tising rejection, ulcers, severe functional impair-
ment), the treatment for acute rejection is halted

Table 11.3 Banff classification of composite tissue
allotransplantation rejection

Grade 0 Nonspecific changes
No or only mild lymphocytic
infiltration without involvement of
the superficial dermal structures or
epidermis

Grade I (mild Superficial perivascular

rejection) inflammation with involvement of
superficial vessels and without
involvement of overlying
epidermis

Grade 11 Features of grade I with

(moderate involvement of the epithelium and

rejection) adnexal structures

Grade III (severe ~ Band-like superficial dermal

rejection) infiltrates with more continuous
involvement of the epidermis and
middle and deep perivascular
infiltrates

Grade IV Features of grade III along with

(necrotising frank necrosis of the epidermis and

rejection) other tissues

until a definitive diagnosis is obtained. In contrast
to other solid organ transplantation, functional
impairment does not affect vital functions; thus
definitive treatment can be temporised. On the
other hand, intense over-immunosuppression
may alter or have a significant impact on other
organs and systems and produce toxic levels or
chronic side effects.

11.4 Immunosuppression in Face
Transplantation: The Clinical

Experience

Few reports in medical literature are currently
available for the immunosuppression in compos-
ite tissue allotransplantation, mainly from clinical
experience in the first cases of face transplanta-
tion and the cumulative experience in hand trans-
plantation. More relevant information may also
be obtained from the international registry on
hand and composite tissue allotransplantation
(IRHCTT), which can be accessed online at the
international registry website.

In general terms, all protocols base the
immunomodulation of VCA on an induction
therapy with lymphocyte-depleting agents and a
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triple-drug therapy of tacrolimus, mycophenolate
mofetil and steroids (prednisone or methylpred-
nisolone). Acute rejection episodes are normally
steroid sensitive. In some cases lymphocyte-
depleting agents are utilised with a tapering of
high doses of steroids; others use boluses of ste-
roids with a quick taper. Chronic immunosup-
pression is based mainly on three-drug therapy,
although changes from calcineurin inhibitors to
sirolimus or other drugs, steroid-sparing thera-
pies and others have been implemented in some
cases. Current experience indicated that the
induction therapy with lymphocyte-depleting
agents may induce a cross-reaction with up- and
downregulation of allo-T cells. The activation
and regulation of both auto- and allo-
lymphocytes after transplantation and induction
therapy may influence and promote peripheral
graft tolerance.

The utilisation of different immunosuppres-
sive drugs affects different immunological path-
ways with distinct infectious disease implications.
The involvement of infectious disease specialists
is mandatory to couple immunosuppression with
the specific infection prophylaxis.

11.5 General Overview
of Inmunosuppressive
Treatments

Correct and efficacious induction and mainte-
nance of immunosuppression is crucial for excel-
lent outcome, longevity of grafts and overall
survival. Moreover, tapering drugs to achieve the
minimal dose—effect ratio is important to avoid or
minimise side effects and complications.

Current immunosuppressive drugs that are cur-
rently available for clinical use can be classified
either as pharmacological or biological agents
(Table 11.4). Other new agents include molecules
that co-stimulate inhibitor proteins currently in
research studies in autoimmune diseases and solid
organ transplantation. All listed agents and drugs
may be used during the induction therapy and
maintenance therapy and for the treatment of acute
rejection. Patients receive multiple pharmacologi-
cal therapies for infection prophylaxis, intensive

Table 11.4 Types of immunosuppressive agents

Pharmacological 1. Corticosteroids: i.e.
agents hydrocortisone,
methylprednisolone,
dexamethasone
2. Calcineurin inhibitors (CNIS):
inhibitors of cytokine production;
tacrolimus (Tac), cyclosporine
(CsA)
3. Antiproliferative agents:

Inhibitors of cell cycle:

mycophenolic acid (MPA),

mycophenolate mofetil (MMF),
azathioprine (AZA)

mTOR inhibitors: rapamycin

(RAPA) and everolimus (RAD)

Monoclonal antibodies:

Anti-CD3 (OKT3)

Anti-CD20 (rituximab)

Anti-CD52 (alemtuzumab)

Anti-CD25

Anti-IL-2 (basiliximab and
daclizumab)

2. Polyclonal antibodies
anti-lymphocyte:
Antithymocytic globulin from
rabbits (r-ATG)

Equine anti-lymphocyte globulin
(ATGAM)

Biological 1.
agents

care support, treatment of other concomitant dis-
eases and side effects or other conditions. These
drugs may be introduced in the long term to treat
any new medical problem related or non-related to
the face transplantation. Physicians should be well
trained in immunosuppressive treatment and
maintenance in order to avoid interactions between
medications that may alter the efficacy or blood
levels of immunosuppressive agents.

11.5.1 Immunosuppressive Therapy

The main objective of immunosuppressive treat-
ments includes maintenance of correct graft
function, absence of acute and chronic rejection,
achieving graft tolerance and the avoidance or
minimisation of potential toxic or side effects of
medications.

Strategies for the modulation of the immune
response in transplantation medicine can be divided
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into two main phases or stages: the induction and and have profound implications in infection
the maintenance immunosuppression. control and side effects. Severe acute rejec-
1. Induction therapy: tions require hospital admission and prompt

The objective of the initial phase is to
achieve an intense immunosuppression during
the first week posttransplant in order to reduce
the probability of early acute rejection. In
general terms, induction therapy is performed
by the intravenous infusion of a monoclonal
or polyclonal antibody, which tends to reduce
the severity of any rejection episode and
favours the development of long-term toler-
ance. During this induction period, mainte-
nance therapy is started and monitored to
adjust the doses of drugs to the serum target
and the clinical response.

. Maintenance therapy:

The scope of this immunosuppression pro-
tocol consists of a strategy to suppress the
recipient’s immunological response against
the allograft, inhibiting their ability to recog-
nise the foreign tissues and to organise an
orchestrated response. The drug regimen is
adapted on an individual basis to reach the
minimal doses of medications that allows for
a correct immunomodulation with minimal
toxicity. Immune adaptation allows for
decreasing doses of medications over time
while maintaining the same effect. A treat-
ment regimen that employs multiple drugs
produces a synergistic and adjunctive effect of
immunosuppression minimising toxicities.

. Acute rejection therapy:

First line of acute rejection therapy in VCA
consists in high doses of glucocorticoids (they
are normally steroid sensitive) and an optimi-
sation of the immunosuppression regime. In
some cases, though, monoclonal or polyclonal
antibodies may be necessary when no
responses or a partial response is obtained with
intravenous boluses of corticoids. When the
rejection episode is limited to the skin, topical
steroids or topical tacrolimus creams may be
indicated. Extracorporeal phototherapy has
also been proposed to diminish sensitisation in
selected cases. The treatment of acute rejection
episodes requires the utilisation of high doses
of medications that affect the immune system

treatment.

11.5.2 Dose Adjustment for Side
Effects

Immunosuppressive therapy is not risk free.
Aside from the increased risk for infections,
each agent can produce different adverse effects,
which may be strengthened by other concomi-
tant medications (Table 11.5). Mild to moderate
side effects include negative effects on the cen-
tral and peripheral nervous system (tremor,
headache, insomnia, paraesthesias, uncoordi-
nated movements, confusion, convulsions and
vertigo), adverse metabolic effects (glucose
intolerance, hyperkalaemia and hypomagnesae-
mia), gastrointestinal effects and leucopenia,
thrombocytopenia and anaemia. Dose adjust-
ments in these mild and moderate side effects

Table 11.5 Side effects of immunosuppressive agents

Agent Key adverse effects
Cyclosporine Nephrotoxicity, neurotoxicity,
hyperglycaemia,

hyperlipidaemia, gingival
hyperplasia, hirsutism,
hypertension, malignancy

Tacrolimus Nephrotoxicity, neurotoxicity,
hyperglycaemia, gastrointestinal
disturbances, hypertension,
malignancy, alopecia

Corticosteroids Hypertension, hyperglycaemia,
osteoporosis, growth retardation,
cataract, gastrointestinal
ulceration, poor wound healing

Azathioprine Myelosuppression,
hepatotoxicity

Mycophenolic acid Myelosuppression,
gastrointestinal disturbances,
malignancy

Sirolimus Hyperlipidaemia,
thrombocytopenia, anaemia,
poor wound healing,
pneumonitis, mucosal ulceration

Anti-lymphocyte Ab Cytokine release phenomenon,
viral activation, immune
complex syndrome



100

11 Immunological Aspects and Immunomodulation

must be evaluated on a case-by-case basis
assessing the risks of serious side or toxic effects
and acute rejection development.

11.6 Immunology of Acute

Rejection

Composite tissue allotransplantation grafts may
be rejected through a cellular-mediated or
humoral-based response of recipient’s immune
system against membrane antigens of donor’s
cells. The most potent antigens to promote this
immune response are group A antigens of the
human leucocyte antigen (HLA) system and ABO
antigens of red blood cells. It is possible to check
beforehand or after the transplant the functional
status of the immune system in vitro, thus typify-
ing tissues and tissue compatibility.

The principal mechanism for allograft rejec-
tion (host-versus-graft reaction, HVGR) is the
lymphocyte immune reaction (cellular-mediated)
against the antigens of donor’s tissues. HVGR is
aretarded hyper-sensibility reaction (very similar
to that of tuberculosis skin test). This reaction
causes the destruction of grafted tissues in few
days, and it is characterised by a mononuclear
infiltrate with different degrees of haemorrhage
and oedema. Vascular network seems to be
spared, although the endothelial cells are also pri-
mary targets for this immune reaction. This
immune cell-mediated rejection may be con-
trolled by the intensification of immunosuppres-
sion; the areas that have been injured by the
rejection episode heal with fibrosis, whereas the
rest of the transplanted tissue has a normal
appearance. If acute rejections are controlled and
long-term survival of the grafted tissues is
achieved, good long-term outcomes can be
observed even with low doses of immunosup-
pression medications. This long-term adaptation/
tolerance is probably mediated by the loss of
highly immunogenic leucocytes (including den-
dritic cells) and the appearance of a donor-
specific suppressive immunological response in
the recipient.

Chronic rejection often develops in solid
organ transplantation. It is seldom observed in

VCA, although the longest follow-up comprises
the initial experience in hand transplantation (up
to 16 years). This type of rejection develops in an
insidious manner and progresses regardless of
immunosuppression levels. The true effector
mechanism is still unknown, although current
research indicates that a humoral response medi-
ated by systemic antibodies may be relevant. The
pathological picture differs from that observed in
acute rejection. Endothelial damage and intima
proliferation, which commonly progresses to
complete vessel lumen obliteration, is observed.
It gradually occludes vessels, causing tissue isch-
aemia and fibrosis of the transplanted organ. The
role of a humoral response (systemic antibodies)
is evident when the recipient has been sensitised
against donor’s antigens (pregnancies, blood
transfusions, previous transplantations). If these
preformed antibodies do exist, they commonly
lead to a hyperacute rejection episode with com-
plete organ destruction few minutes after trans-
plant revascularisation. It is characterised by
thrombosis of small-calibre blood vessels and
micro- or macro-infarcts in the transplanted tissue
(regardless of the type and intensity of immuno-
suppression induction). Similar responses are
observed if a noncompatible ABO group organ is
transplanted to the recipient. There currently does
not exist any immunosuppression that can control
or treat these types of hyperacute rejections.

11.7 Appendix 11.1: HUVH
Immunosuppression
Protocol

11.7.1 Induction Therapy

1. Preoperative infusion of Thymoglobulin (atg)
as soon as the patient arrives at the hospital, at
a dose of 2 mg/kg. Premedicate with 1 g of
methylprednisolone IV, Benadryl 50 mg IV
and acetaminophen 650 mg PO.

2. Revascularisation: Administer 1 g of
methylprednisolone IV, 30 min before
revascularisation.

3. Thymoglobulin (atg), 2 mg/kg/day for 5 days
(start preoperatively).
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Methylprednisolone:

— Days 1-14: Administer a dose of 2 mg/kg/
day.

— Taper down the dose of methylpredniso-
lone over time to 10 mg/day.

Tacrolimus 0.15 mg/kg/day divided into two

doses. Start treatment preoperatively.

. Mycophenolate mofetil: Initial dose of 1 g

two times a day (total dose of 2 g). Start pre-
operatively. Adjust according to leucocyte
count and stop 1 year after the transplant.

11.7.2 Maintenance Therapy

1.

Tacrolimus: Serum target levels of 10-15 ng/
ml during the first 6 months (months 1-6
posttransplant) and target levels of 5—-10 ng/ml
after 6 months posttransplant.

Mycophenolate mofetil: Adjust levels accord-
ing to leucocyte count.

Methylprednisolone: Taper down levels to
10 mg/day. Consider lower levels or alternate
levels if good response.

Topical tacrolimus 0.1 % 2 times/day for
2 months (start on day 10 posttransplant).

11.7.3 Treatment of Acute Rejection

1.

Increase the dose of tacrolimus if serum blood

level is <15 ng/ml.

Methylprednisolone, 1 g/day/IV for 3 days.

If severe rejection: Methylprednisolone 5 mg/

kg IV in 4 doses with quick taper over 5 days.

Consider topical tacrolimus and steroids.

Steroid-resistant rejection:

(a) OKT3 5 mg/day/IV for 7 days

(b) Thymoglobulin (atg) 2 mg/kg/day for
3 days

In repeated severe acute rejections, consider

extracorporeal photopheresis.
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Abstract

Face transplantation is a novel experimental treatment that aims to recon-
struct face deformity by the replacement of face anatomy with donor tis-
sues. However, the anaesthetic act does not differ much from common
surgical interventions in plastic and reconstructive surgery. In general
terms, massive bleeding (burns, head and neck tumours, neurofibroma-
tosis, etc.) is common to some operations, and autotransplantation
(free flaps, microsurgery) is performed on a daily basis.

Face transplantation is a novel experimental
treatment that aims to reconstruct face deformity
by the replacement of face anatomy with donor
tissues. However, the anaesthetic act does not dif-
fer much from common surgical interventions in
plastic and reconstructive surgery. In general
terms, massive bleeding (burns, head and neck
tumours, neurofibromatosis, etc.) is common to
some operations, and autotransplantation (free
flaps, microsurgery) is performed on a daily
basis.

Preoperative and intraoperative anaesthetic
management and postoperative care of face trans-
plant patient mandate a thorough knowledge of
plastic surgery techniques and transplantation
medicine. Face transplantation should only be
contemplated in tertiary university hospitals that
have a tradition in transplantation and can pro-
vide assistance of all clinical and basic services
anytime during the entire year. A multidisci-
plinary approach should be contemplated, which

warrants a robust team discipline and good con-
trol and prompt treatment of side effects and pos-
sible complications. The implication of the
anaesthesiology department and the development
of a thorough anaesthetic protocol are necessary
for excellent outcomes.

12.1 Preoperative Assessment

It is part of the general evaluation of candidates
and it allows risk assessment and planning of
the operation and preparation for individual
necessities. A general consensus does exist
among all transplant disciplines, transplant
coordination and the transplant unit in order to
proceed with  multiple-heart-beating-organ
donation that suits different surgical speciali-
ties. Anaesthesiology assessment is an integral
part of the candidate’s evaluation; the overall
risk, his/her classification in one of the ASA
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system and the indication or contraindication
from an anaesthetic perspective are a part of the
decision-making process in an indication for
face VCA. The implication of an anaesthesiolo-
gist well experienced in both transplant surgery
and plastic surgery microvascular free flap sur-
gery is essential for the success of the proce-
dure, and we highly advice this approach.

Preoperative assessment includes a broad
anamnesis, history of the face deformity (causes
and consequences), co-morbidities and a battery
of preoperative tests/explorations.

12.1.1 The Face Deformity

Airway assessment is a must. Patients that require
a face transplantation to reconstruct the face
deformity are expected to have an important
alteration of normal anatomy. The maintenance
of a patent airway before, during and after the
surgical intervention is crucial to achieve an
uncomplicated hospital course and good tissue
oxygenation and pulmonary function. Some
patients will have a permanent tracheotomy as
part of their deformity. It is recommended that it
be maintained until the VCA has been performed
and a correct airway has been achieved after the
transplantation. For the rest of the patients, the
risk for an oral intubation is evaluated. If orotra-
cheal intubation is feasible, it will be carried out
and converted to a tracheotomy after induction.
Some other patients may have a high risk for
orotracheal intubation. In this population, it is
advised to perform a tracheotomy under local
anaesthetics and sedation.

12.1.2 Cardiac Assessment

A complete 12-lead electrocardiogram and chest
X-ray are obtained. Past medical history regard-
ing operations, arrhythmia, exercise tolerance
and stress response is explored. Other special
explorations, depending on past medical history
and other findings, may include echocardiogram
and treadmill exercise.

12.1.3 Central Line Evaluation

During face VCA an important amount of blood
loss may occur. Good venous access with large
calibre lines is essential for correct and prompt
fluid replacement (Fig. 12.1a, b). During the
physical examination, common sites for central
line insertion are inspected. It is recommended to
obtain a minimum of 2 accesses, one multiple-
line central line access for the administration of
medications and fluid and one large-bore access
for fluid replacement.

12.1.4 Lung Function Evaluation

It follows the same tenets of cardiac evaluation.
A broad anamnesis and physical exploration are
first, together with a chest X-ray. Next, depend-
ing on findings and past medical history, function
tests, exercise tolerance and CT scan may be nec-
essary to assess the overall function of the pul-
monary system. Any pathological finding or
alteration should be treated and corrected before
the operation.

12.1.5 Renal Function

The response of the renal function during past
operations is evaluated. History of past and cur-
rent medications and their effect in kidney func-
tion is checked and noted. Important analytical
studies include creatinine, urea, blood and urinary
osmolality, potassium, chlorine, calcium, phos-
phate and magnesium.

12.1.6 Hepatic Evaluation

In general terms, an analytical evaluation of
hepatic function suffices. It includes ALT, AST,
GGT, bilirubin, alkaline phosphatase, albumin
and total protein count. Past medical history that
involves hepatic function alteration, glucose
intolerance or hypoglycaemia during the stress
response should be investigated.
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Fig. 12.1 (a, b) Massive blood loss may occur during VCA surgical operations. Good calibre central line access is

essential for the success of the operation

12.1.7 Haematological Evaluation

A correct and successful outcome of any opera-
tion depends on a good oxygen delivery and
correct red cell count to prevent any major
unexpected haemorrhage. Good cardiac func-
tion is essential for a good cardiac output and
oxygen delivery. Still, good tissue oxygenation
depends also on a correct haemoglobin level.

General analytical workup includes haemoglobin,
haematocrit and platelet count, prothrombin
time, TTPA and fibrinogen. Patients that had
previous bleeding complication or unexplained
thrombosis or coagulation alterations require a
special coagulation study. The haematological
study is finished by a serology test for hep B
and C, HIV, herpes viruses, CMV and
Epstein—Barr.
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12.2 Anaesthesiain Face VCA
12.2.1 Preoperative Orders

As soon as the patient arrives to the hospital, an
urgent preoperative evaluation is carried out as in
any other urgent plastic surgery patient and trans-
plant recipient candidate. The preoperative anam-
nesis is discussed with the patient and any new
medical event noted. An urgent blood test is
obtained, including haematology, coagulation
parameters and general biochemistry. The evalu-
ation is completed with a chest X-ray and an
electrocardiogram. A blood sample is also
obtained for cross-match; a total of 10 units of
packed red cells and 10 units of fresh frozen
plasma are ordered. The operation should not
start until the packed red cells and plasma are not
physically in theatre (similarly to major burn
wound surgery).

12.2.2 Anaesthetic Preparation

An important part of safe surgery protocols is a
complete preoperative checklist. The anaesthesi-
ologist must check the following together with
the anaesthetist nurse:

1. Monitors, ventilator, material and theatre

(Table 12.1)
. Medications (Table 12.2)
. Emergency set (Table 12.3)
Haemodynamic medications (Table 12.4)
. Antibiotic prophylaxis
. Immunosuppression

Material for difficult airway manoeuvres,
tracheotomy and cricotomy sets, different
types of lines, IV access, etc. should be pres-
ent in the operating room. A ventilator with
positive end-expiratory pressure (PEEP) mode
that may work in both volume and pressure
modes is advised. It must be noted that all sets
of medications, emergency medications, etc.
should be adapted to every institution’s stan-
dards. In general terms, the VCA theatre must
be prepared as a high-risk procedure similarly
to open-heart or complicated major burn

surgery.

Table 12.1 Common checklist in anaesthetic preparation

Ventilator (volume/pressure modes)
Desflurane vaporiser

Capnography and pulse oximeter
ECG monitor

PICCO monitor

BIS monitor

4 infusion pumps (minimum)
Invasive arterial pressure and cardiac pressure modules
Echograph for central line placement
2 Hotlines (minimum)

Rapid infusion line set

Foleys

NG tubes

Core temperature probes

Table 12.2 Common medication list

1. Anaesthetic induction
Midazolam
Propofol
Atropine
Atracurium
Succinylcholine
Fentanil
2. Continuous perfusion pumps
Atracurium
Fentanil

Table 12.3 Emergency set
Atropine
Calcium chloride
Adrenaline
Lidocaine
Calcium bicarbonate
Furosemide

Table 12.4 Haemodynamic drugs

Noradrenaline
Dopamine
Dobutamine

Antibiotic prophylaxis is delivered according
to the transplant protocol and the first dose started
before the surgical incision as usual guidelines
for clean surgery. Immunosuppression induction
therapy is another feature of this initial anaesthetic
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Fig.12.2 Large and spacious operating rooms are necessary for correct VCA procedure management

phase. It is infused preoperatively, either after
admission in the ITU room or in the operating
room under strict control and monitoring. One
gram of prednisone IV is advised 30 min before
revascularisation. Ischaemia reperfusion of trans-
planted grafts may release an acute source of
inflammatory cytokines; the whole transplant
team must be aware of this issue and be prepared
for a profound systemic response with a hypody-
namic phase and shock.

12.2.3 Intraoperative Monitoring

There are two main stages that should be differ-
entiated and that reflect the complexity of each
phase. The first phase includes the induction of
the anaesthesia, and it does not differ much from
other plastic surgery operation. Monitoring is
based on ECG monitor, non-invasive blood pres-
sure and pulse oximeter. After anaesthetic induc-
tion and airway control, the maintenance
anaesthetic phase is monitored through ECG
monitor, pulse oximeter, capnography, direct
blood pressure monitoring, pulmonary artery
pressure, pulmonary capillary pressure, central
venous pressure and extravascular lung water.

The monitoring is completed with BIS (level of
sedation), urinary output (Foley) and core tem-
perature monitoring.

12.2.4 Anaesthetic Management

Large operating rooms (50 or more square
metres) that allow for good circulation of person-
nel and correct placement of all necessary mate-
rial are advised to attempt face VCA (Fig. 12.2).
It is not uncommon to join together during cer-
tain parts of the operation many surgeons, scrub
nurses and anaesthesiologist, operating micro-
scopes, hotlines and different operating side
tables and other monitors that are normally in use
during face VCA thus, enough space is necessary
for a good outcome.

Patients are normally premedicated with mid-
azolam, and an induction with a quick sequence
is utilised, which prevents and avoids bronchial
aspiration (it should be remembered that trans-
plantation procedures are nonelective operations,
and patients are not fasting). Anaesthetic mainte-
nance is performed with desflurane, fentanil and
atracurium or cisatracurium. Fluid replacement is
advised by mixing normal saline and Ringer’s
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lactate; blood replacement is dictated by clinical
and laboratory response. During the operation,
apart from continuous monitor control of vital
signs, patients are routinely assessed every hour
and before and after allograft revascularisation
with specific laboratory and clinical signs
(Table 12.5). Fluid balance is monitored with
insensible fluid losses, operating field fluid/blood
loss, urine output and overall blood loss, which
are continuously assessed; special attention is
paid during important bleeding phases of the
operation and before the end of the operation.

Table 12.5 Hourly intraoperative control

1. Biochemistry:

Check sodium, potassium, chlorine, calcium (ion),
magnesium, lactic acid and blood gas analysis,
glucose, urea, creatinine, total protein count and
albumin

2. Haematology:
Haematocrit and Haemoglobin
3. Coagulation:
Prothrombin time, INR, TTPA, fibrinogen and
platelets
4. Haemodynamics:
Mean arterial pressure, pulmonary artery pressure,

pulmonary capillary pressure, cardiac index, CC,
heart rate

5. EtCO,, FiO,, SpO,
. Urinary output
7. Core temperature

(o)}
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Abstract

Face transplantation consists in the extirpation of face tissues of a donor
with the diagnosis of brain death (solid organ donor) and its transplanta-
tion to a patient to reconstruct his/her face defect. All deformed and
scarred recipient face tissues are removed and replaced by normal tissues,
which restore anatomy and function.

Face transplantation consists in the extirpation of
face tissues of a donor with the diagnosis of brain
death (solid organ donor) and its transplantation
to a patient to reconstruct his/her face defect. All
deformed and scarred recipient face tissues are
removed and replaced by normal tissues, which
restore anatomy and function.

The main difference between classical
microvascular autologous reconstruction and
vascularised composite tissue allotransplanta-
tion relies on the procurement of the required
tissues for reconstruction from a donor and the
mandatory immunosuppression. Face tissues
are obtained following allotransplantation con-
cepts. It may incorporate an important quantity
of composite tissues with arteries and veins that
support the vascularisation of the transplanted
face, similarly to that observed in autologous
transplantation. The overall process follows
similar tenets of autologous microsurgery
utilised in reconstructive surgery. However, the
participation of two patients in the whole
process (the donor and the recipient) makes

J.P. Barret, V. Tomasello, Face Transplantation: Principles, Techniques and Artistry,

necessary the participation of two surgical
teams and two operating rooms.

The donation of face tissues follows the same
directives of solid organ donation. Donors shall
be haemodynamically stable, although there is no
contraindication for the use of vasopressors (the
face is a highly vascularised organ). Donor rela-
tives shall be informed of the tissues that are to be
procured and they must provide informed con-
sent for such donation (Appendix 13.1). Inclusion
criteria for face donors are very selective because
it has to be individualised for each recipient. In
general terms, these criteria include:

1. Multiorgan donor with confirmed diagnosis of
brain death

2. Signed informed consent from relatives for
face donation

3. Compatibility of gender, skin tone, age, ABO
blood group and rhesus and morphometrics

Exclusion criteria are very selective. They fol-
low the same protocol existing for solid organ
donation, although certain specific criteria are
included (Table 13.1)
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Table 13.1 Exclusion criteria for face donation

—_

. Sepsis and septic shock
2. HIV

3. Hepatitis B and/or C (with the exception of hepatitis
B/C recipients)

. Viral encephalitis

. Cancer

. Active IV drug abuse

. Tattoos in the last 6 months

. Inherited peripheral neuropathies

O 0 3 N L B~

. Inflammatory of infectious neuropathies

10. Systemic infections with associated neuropathies
11. Toxic neuropathies

12. Neurological neoplasms

13. Rheumatoid arthritis

14. Autoimmune diseases

15. Diseases of the collagen

16. Acute face trauma

17. Severe face deformity

18. Face paralysis

As soon as a donor has been identified and the
recipient is confirmed (there may be more than
one possible recipient in active search), the
following steps must be performed:

* Confirm donation and recipient match.

* Activate preoperative protocol (Table 13.2).

e Call infectious diseases department to rule out
any active infection.

* Obtain IV lines.

e Prepare operating room and all necessary
equipment.

e Alert VCA multidisciplinary team.

e Start immunosuppression induction protocol

(Table 13.3).

In general terms, face VCA procedures uti-
lise a two-team technique approach—donor’s
and recipient’s teams—similarly to that
employed in SOT, especially in heart and lung
allotransplantation (these two organs are very
sensitive to ischaemia, and two-team approaches
are normally implemented, where they work
simultaneously to shorten the overall transplan-
tation time).

As soon as a donor has been confirmed, the
recipient is informed and he/she is admitted to
the hospital. All preparations for surgery are then
started. At the same time, the team in charge for

Table 13.2 Face VCA preoperative protocol

Complete blood count,
coagulation tests, general
biochemistry, liver
function tests, total

Blood test proteins, calcium

Inform infectious disease On arrival

specialist

CMYV and EPV serology If CMV-/EPV-

Blood typing and Reserve minimum of 10

cross-matching packed red blood cells,
10 units of FFP and 3

units of platelets

PRA Not necessary if
performed <3 months

Tissue typing All patients

Antibiotics According to institution’s
protocols

Chest X-ray On arrival

Blood, urine, pharynx,
tracheotomy microbiology

On arrival before surgery

cultures

Inform and consult On arrival
anaesthesiology

Induction Prepare and infuse
immunosuppression induction medication

according to institutional
protocol (see Table 13.3)
IV immunoglobulin
complex G 2 g/kg

If PRA >50 %

Table
protocol

13.3 HUVH induction immunosuppression

If VCA is imminent with positive donor, start induction
protocol with a minimum of 2 h before transplantation:

1. Thymoglobulin (ATG) 2 mg/kg on slow infusion
rate

2. Premedicate 30 min before infusion with:
(a) Prednisone 1 g IV
(b) Diphenhydramine (Benadryl®) 50 mg IV
(c) Acetaminophen 650 mg IV

face procurement is dispatched in order to obtain
the face VCA.. Tissue requirement varies, depend-
ing on the defect to reconstruct (partial or full
face transplant), and so does the approach for the
surgical procurement and the technique utilised
during donation. However, regardless of the type
of donation and technique utilised for the pro-
curement, the fabrication of a face prosthesis
must precede any VCA procedure (limbs, face,
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Fig.13.1 (a, b) Face mask impression is necessary to maintain bioethics during face transplantation. It is best obtained
in the ITU before the donor is transported to the operating room

etc.). Maintaining the dignity of the patient dur-
ing the whole donation process is mandatory, and
bioethics during procurement call for excellency
in the care of the donor.

It is recommended to obtain an impression of
the face in the intensive care unit well before the
patient is transported to the operating room
(Fig. 13.1a, b). Alternatively, the impression can
be obtained before the donor operation, although
logistics may be more cumbersome in this sce-
nario (timing, space, surgical teams’ pressure).
Obtaining the face impression in the ICU has
other positive points. It allows obtaining the
impression unhurried and provides plenty of time
for the prosthetics to manufacture a silicone or
resin-like mask ready to use at the end of the pro-
curement. The overall goal is not to produce a
replica of the donor’s face, but to provide dignity
and an aesthetic closure of the face remnants.
Relatives shall be informed that a close coffin
funeral will be necessary, regardless of the per-
fection of the face prosthetic mask provided for
the donor’s reconstruction.

Another important issue in the logistics and
the strategy for face VCA procurement is the
type and timing of the operation. In general
terms, similarly to many other face VCA teams,
we recommend a heart-beating donation. It short-
ens the ischaemia time, reduces the impact of

ischaemia—reperfusion injury and allows for cor-
rect haemostasis during the face procurement
operation. However, other teams have imple-
mented a non-heart-beating procurement (at the
end of the multiorgan procurement), although
experience has shown that it may produce a mas-
sive haemorrhage at the time of reperfusion and
will prolong ischaemia time.

If the VCA team contemplates a heart-beating
donation, good collaboration among all multidis-
ciplinary team members and the rest of SOT
teams is necessary. A multiple-organ donation in
a heart-beating donor can be organised with two
different approaches:

1. Face VCA procurement at the beginning of the
operation (before all other organs have been
procured—nonsynchronous procurement)

2. Simultaneous procurement of the face and
internal organs (synchronous procurement)

13.1 Nonsynchronous

Procurement

Under this strategy, face VCA procurement is per-
formed at the beginning of the operation. Plastic
surgeons obtain the face allograft in a similar
manner to that executed in reconstructive flap pro-
curement in autologous composite microvascular
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flap surgery. Face VCA retrieval is given priority
and the rest of the teams wait for completion of
the plastic part of the donation. At the end of the
face VCA procurement operation, the face is per-
fused in a side table with cold (4 °C) preservation
fluid, and it is transported to the recipient’s oper-
ating theatre. Closure of the defect is performed in
the usual manner by means of the application of a
face prosthesis. The rest of the multiple-organ
donation is then carried out. This approach has the
convenience of an unhurried, relaxed face pro-
curement, although it poses a significant risk for
the rest of the internal organs and raises signifi-
cant ethical questions. In fact, internal organ
(lungs, heart, and liver) donation is intended to
save lives, and as such it is the belief of transplan-
tation medicine that it should be given priority. It
is not uncommon to experience important blood
loss and haemodynamic instability during face
procurement, which could lead to cardiac arrest.

13.2 Synchronous Procurement

This is our technique of choice and it is our ordi-
nary approach for VCA procurement. During our
first face VCA (world’s first full face transplanta-
tion), we proved this technique to be safe, feasi-
ble and effective. We believe that this technique
follows bioethics guidelines and preserves the
whole philosophy of transplantation medicine.
Table 13.4 summarises the more important issues
of this synchronous procurement.

Table 13.4 Main steps in synchronous face VCA
procurement

Heart-beating donation

Consider tracheotomy

Preparation of face mask (consider fabrication in ITU)
Transplant teams evaluate internal organs
Catheterisation of major vessels without infusion

Face CTA procured in situ without osteotomies
synchronous with in situ procurement of internal
organs; face procurement halted

Preservation fluid infusion
Heart—lungs procured

Face (osteotomies), liver, pancreas, kidneys procured
simultaneously with running cold preservation fluid

End of extraction

The operation begins securing a patent and
safe airway. When face graft procurement is
scheduled during a multiple-organ donation in a
heart-beating donor, securing a patent and safe
airway during face graft procurement is a must.
Approaching the different anatomical parts that
need to be dissected in order to obtain a total or
partial face allograft requires several changes in
head orientation. During each of these manoeu-
vres, airway decannulation or even accidental
extubation may occur. In the event of such acci-
dental extubation, the donor may arrest and chal-
lenge the whole organ donation. Tracheostomy
may be performed in the ITU (surgical or percu-
taneous) or as a first step of multiple-organ pro-
curement. A high incision is advised (first rings
below cricoid cartilage) to allow for a long tra-
cheal segment in case double-lung transplanta-
tion is planned.

If a face impression for a prosthetic mask has
not been obtained in the ITU, it is then obtained
and fabricated before all surgical teams start the
procurement. It is advised to obtain it in the ITU,
in order to speed up the process and prevent oper-
ating room contamination (Fig. 13.1).

The first step during multiple-organ donation
including face VCA procurement is a median
laparotomy and thoracotomy. The multivisceral
transplant surgeons and cardiothoracic transplant
surgeon evaluate the organs. If organs are valid,
the recipient’s operations elsewhere are started
(ischaemia time tolerance for heart and lungs is
low). Major vessels are cannulated in the usual
manner and the procurement is halted.
Cannulation of major vessels may be performed
as follows:

(a) Cannulation of common carotid artery and
internal jugular vein in the lower third of the
neck (commonly used if there is no lung—
heart procurement).

(b) Cannulation of aortic arch including the heart
cannulation. The distal portion is clamped
during preservation fluid infusion to force
fluid into the cervical vessels. This is our
preference when heart-lung procurement is
planned.

Following major vessel cannulation (without
infusion), in situ dissection may proceed. All
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Fig. 13.2 Simultaneous in situ dissection of internal
organs and face grafts required excellent organisation of
teams in order to work in confined spaces. Experience sur-
geons should be included in the multidisciplinary team to
expedite the operation. Note that thoracic/abdominal and
face VCA teams work in close vicinity

infusion stations should be ready and all teams in
stand-by should any instability or arrest forced
immediate perfusion.

Synchronous in situ dissection is the next step
(Fig. 13.2). Abdominal surgeons and plastic
surgeons work together simultaneously to dissect
and prepare the organs for the final step (infusion
and final procurement). Ideally, this dissection is
carried out until all necessary steps of surgical
preparation have been performed. In the case of
face VCA procurement, dissection shall be car-
ried out until all attachments to the bony skeleton
have been severed and the face graft is pedicled
on major vessels. The second option involves
halting the dissection at the time of osteotomies
to avoid major haemorrhage from internal maxil-
lary arteries. However, common carotid arteries
may be clamped to avoid this complication.

When all internal and face grafts have been
dissected, the operation reaches its final step.

Cardioplegic and preservation fluids at 4 °C are
perfused and the donor is rapidly cooled. Major
vessels are sectioned and all organs are ready for
transportation. The organisation of the OR and
the position of infusion stations are depicted in
Fig. 13.3.

In the event of haemodynamic instability or
cardiac arrest, the dissection is stopped and the
infusion starts regardless of the status of the oper-
ation. Final steps of dissection are performed
under running preservation fluid to allow for hae-
mostasis or with extensive bank surgery before
transportation.

Face grafts are then packed in the usual man-
ner and dispatched to the recipient’s operating
room.

13.3 Human Resources in Face
VCA Transplantation
Procurement

An experienced team is necessary to perform a
rapid and safe procurement that does not inter-
fere with the rest of the donation process and
allows for an efficient and correct organisation of
face graft procurement. Experienced plastic
surgeons with good knowledge of flap recon-
structive surgery and craniofacial expertise
should be included in the procurement team.
Similarly, anaesthesiologists should be well
versed in plastic surgery procedures and in those
procedures that present with major haemorrhage
and instability, such as major burn surgery and
craniofacial surgery. In addition, we would
recommend to include in the team a senior multi-
visceral transplant surgeon who shall help and
assist during the whole process of donation, act
as a leader and director for all transplant teams
(shall assist in timing for cannula placement, dis-
section, infusion, etc.) and take care of liver
procurement.

The organisation of human resources differs,
though, and depends on the type of procurement:
1. Nonsynchronous: Face graft procurement

is obtained in a non-heart-beating donor.

Anaesthesiologist support is no longer neces-

sary, and the team should be organised internally
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Feet

Operating
table

Fig. 13.3 Organisation of infusion pump stations, surgical tables and anaesthesiologist station during synchronous
multiple-organ donation including face VCA

within the plastic surgery department. In general
terms, the team shall include three to four plas-
tic surgeons (including residents in training),
one scrub nurse, one circulating nurse and one
transplant coordinator. The operation is per-

formed under running preservation fluid, and it
is advised that one transplant nurse remains in
the operating room to take care of the pump and
the rest of the transplant requirement (normally
shared with renal surgeons).
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2. Synchronous: A heart-beating multiple-organ
donation including face VCA is one of the
most complex surgical scenarios. Besides the
usual human resources that are necessary to
perform a classical multiple-organ donation,
synchronous procurement of a face VCA graft
requires the addition of specific personnel.
One extra anaesthesiologist that is experi-
enced in craniofacial surgery and difficult
airway is necessary. This anaesthesiologist
assists and helps the transplant anaesthesiolo-
gist to maintain patient stability and patent
airway. One to two scrub nurses are necessary.
The final number of nurses depends on the
length of the operation, although the team
should be prepared for a long surgical inter-
vention. The plastic surgery table is normally
situated at one side of the head of the patient,
preferably on the right side. Three plastic sur-
geons (normally two faculty members and one
senior resident) are necessary to perform face
graft procurement in a safe and efficient man-
ner. In normal circumstances, and extra plastic
surgeon will be available for replacement of
assistance in long or complex operations. The
team includes also one circulating nurse, one
transplant nurse that shall take care of the
infusion pump station and one transplant
coordinator.

13.4 Surgical Technique

The following is a general summary of face graft
procurement. It may apply for different situations
and institutions. Although it may differ in some
technical points when we consider a heart-beating
vs. a non-heart-beating donor procurement, the
technique is explained as a whole.

13.4.1 Table Position and Airway
Management

On arrival to the operating room, the operating
table should be positioned in a standard craniofa-
cial procedure (anaesthesia station at the feet of
the patient), allowing for a complete freedom of

movements around the patient. Extension tubing
for airway management should be employed as
needed. Both arms are best positioned parallel to
the trunk. Again, extension lines should be used
as needed.

If a tracheotomy has not been performed in
the ITU, it is performed at this moment and
airway is properly secured. Surgeons must
remember to place a high tracheotomy incision to
allow for a long tracheal segment in preparation
for double-lung transplantation. Similarly, if a
prosthetic mask impression has not been obtained
previously, it is performed at this moment before
the whole surgical intervention begins.

13.4.2 First Stage: Evaluation
of Internal Organs
and Cannulation

The patient is then prepped and draped in the stan-
dard fashion. The surgical area includes a wide
area extending from the hypogastria and both
inguinal areas to the thorax, neck and face in a
single operative field. It is recommended that the
face transplant instrument table is placed at the
right side of the patient’s head, whereas all instru-
ment tables for thoracic surgeons and abdominal
surgeons are placed at the left side of the patient,
in order to allow for good circulation of personnel
and allow good exposure for surgeons.

The operation starts with a standard abdomi-
nal incision and a median sternotomy in continu-
ity. The type of incision is the surgeon’s choice.
As soon as haemostasis is achieved and good
exposure of solid organs is obtained, the multiv-
isceral and cardiothoracic surgeons evaluate the
internal organs. If the organs are considered
valid, transplant surgeons cannulate the major
abdominal and thoracic vessels and leave the
cannulas in situ. The infusion pumps are con-
nected and the operation is halted at this stage.
No infusion is started at this moment. During
cannulation, the thoracic cannulas may be
inserted in the aortic arch to allow for simultane-
ous infusion of the heart/lungs and face. An alter-
native to thoracic cannulation is common carotid
cannulation above the clavicles.
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In the event of an abdominal solid organ
donation without heart/lungs procurement, the
operation follows similar tenets with the excep-
tion of a median sternotomy. If this is the situa-
tion, the cannulation for face graft infusion is
performed in the neck through the common
carotid arteries.

13.4.3 Second Stage: Solid Organs
and Face Graft In Situ
Dissection

During this stage the dissection of the face graft
begins. It is performed with simultaneous in situ
dissection of solid organs; in special liver, pan-
creas and kidneys; and any intervention that may
be appropriate in the thoracic organs. All trans-
plant teams should stay in stand-by but ready for
activation in case there is a sudden instability/
arrest of the donor that mandate immediate
infusion and preservation of organs. In our
experience, this simultaneous in situ dissection is
safe and feasible. Good organisation of teams is
necessary since there is no extra room for all
transplant teams (Fig. 13.4).

Fig. 13.4 Good organisation and leadership are neces-
sary during simultaneous solid organs and face procure-
ment. Note that there is not much room left during in situ
dissection

The dissection proceeds until a final step is
reached when the face graft is left attached
either by the face skeleton and vessels or
only by the vessel pedicles in case of a type A
(no bone involved) face transplantation. During
the whole dissection, all vessels, nerves
and landmarks must be identified and
marked for correct recipient’s anastomosis
and reconstruction. Haemostasis is also per-
formed meticulously to minimise bleeding and
instability during the whole procurement. It
also prevents massive haemorrhage during
revascularisation and recipient’s reconstruc-
tion. At this moment, the dissection is stopped
and all teams make them ready for preservation
and final procurement of solid organs and
grafts.

13.4.4 Final Step: Infusion
and Procurement

Solid organ procurement with face VCA finalises
with the infusion of preservation fluid and cool-
ing. All teams are positioned either at the abdo-
men, thorax or cervicofacial area. Supporting
staff make infusion pumps ready for perfusion of
preservation and cardioplegic fluids. Lead trans-
plant surgeon (multivisceral transplant surgeon in
our institution) signals the start of cardioplegic
infusion and preservation fluid infusion at 4
degrees Celsius. The donor is rapidly cooled
down by direct application of sterile ice. We do
not advise to apply sterile ice on face tissues but
cooling them down with running infusion of
Wisconsin (or similar) solution at 4 degrees
Celsius. The operation finishes by section of
major vessels, osteotomies if appropriate and
indicated and section of any remaining attach-
ments. If necessary, bank dissection (dissection
with running solution on side sterile table in the
operating room) is performed in the donor’s the-
atre or adjacent operating room (in case of simul-
taneous bank dissection on different solid organs
and face graft). The graft is then packed and dis-
patched in the standard manner to the recipient’s
operating room.
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13.5 Face Graft Procurement:
Surgical Technique

One should differentiate the surgical procure-
ment of a face graft depending on the type of
transplant planned. When only one part of the
face is to be transplanted, the procurement dis-
section may be adapted to those anatomic land-
marks. It is advised to procure some extra
peripheral tissues in order to allow some room
for adjustment at the time of graft insetting.
However, in most face transplants (with plans for
subtotal or total transplantation) a full-face graft
shall be procured in order to make the final
adjustment and trimming at the time of the recipi-
ent’s insetting. During that part, a final decision
whether some areas on the recipient’s face should
be ablated is then taken.

The operation begins with identification of
major vessels in the neck (common carotid
arteries and internal jugular veins). They are
cannulated at this step if necessary. Care must
be taken to plan the neck incision. It should
match the incision in the recipient and allow for
some extra skin for the postoperative skin biop-
sies. Cervical skin is undermined and dissected
under the platysma muscle. The external carotid
artery is identified and dissected. Major external
carotid artery branches are identified and pre-
served if necessary for the type of face graft
planned. In general terms, only the face artery is
necessary for nearly all face transplants. Lingual
artery is to be preserved if the tongue is included
in the face transplant. Similarly, the hypoglossal
nerve is identified, dissected and included in the
transplant (face and tongue transplantation).
The attention is then turned to the upper portion
of the face graft to continue with the
dissection.

13.5.1 Face Transplant Without Bone
(Type A)

The operation follows in the upper portion of the
graft. A bicoronal incision is performed.
Dissection proceeds in the subperiosteal plane up

to the level of the orbit. The supraorbital nerve is
identified and dissected inside the orbit in order
to lengthen it and allow for a tension-free neuror-
rhaphy. If a foramen is encountered, it is freed
with chisel. Attention is directed to the lateral
aspect of the face next. An incision is made at the
appropriate level. If the ears are not included, a
rhytidectomy incision is chosen. When the ears
are transplanted, the incision is more posterior.
The soft tissues are lifted and undermined. A
deep dissection plane is employed, in order to
include all face muscles and nerves. A more
superficial plane is utilised when a type IV face
transplant (skin and fat) is considered. All five
face nerve branches are identified at the anterior
margin of the parotid gland, cut and included in
the graft. If the parotid gland is necessary for the
face graft, it is included in the dissection.
However, it increases the risk of postoperative
sialocele. Care must be taken to include the
Stensen’s duct in continuity. The dissection
approaches the infraorbital nerve and it is freed
of adhesions. In order to achieve a long nerve
stump, the floor of the orbit is opened and the
nerve is identified in this position and severed.
The nerve is then retracted with gentle traction.
The masseter muscle marks the transition
between the external layer and the full dissection
of the cheek. If necessary, the mucosa and sub-
mucosa layers of the cheek are included with a
full thickness dissection of the lips. Inferiorly, the
dissection connects with the cervical flap. The
dental nerve is identified at the mental foramen
and severed and included in the flap. The final
step during procurement consists of dissection
and inclusion of the soft tissues and cartilages of
the nose and section of the eyelids at the desired
level. Current evidence supports vascularisation
of full-face grafts through the face vessels that
suffice for the entire face and face skeleton.
Superficial temporal vessels may be included (at
the preauricular level). Another option for the
dissection of the vascular pedicle consists in the
complete dissection of temporal vessels in
continuity with the external carotid artery and the
face artery. It does increase the level of complexity
without evidence of improvement in vascularisa-



118

13 Face Graft Procurement

tion. The internal maxillary artery may be ligated
in all types of transplants. Venous drainage
includes the face, external jugular and anterior
jugular vein or major tributaries. They may be
dissected in continuity with the internal jugular if
required.

13.5.2 Face Transplant Including
Bone (Type B)

All general principles described in the previous
section do apply for type B face graft procure-
ment (see Figs. 13.5, 13.6, 13.7, 13.8, 13.9 and

Fig.13.5 Dissection of the superior part of the face pro-
ceeds in the subperiosteal plane to identify the supraor-
bital nerves

I'lll'u '\'lll '||.'|\",I'

Fig. 13.6 Lateral dissection may include temporal ves-
sels either in continuity or ligated at the parotid gland.
Face nerve and main branches are identified and prepared
for transplantation

Fig. 13.7 Inferior dissection is directed to identify and
prepare vessels and hypoglossal nerve if necessary. In
type B flaps, the inferior border of the mandible is
approached through a retromandibular route

Fig. 13.8 Osteotomies are either performed before or
after preservation fluid infusion. We recommend oscillat-
ing saws for good precision. Bone approaches depend on
the type of transplant

Fig. 13.9 Detachment of pterygoids and nasion (if neces-
sary) with the aid of a chisel
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Fig.13.10 (a, b) The final step of complete face degloving is posterior dissection (oropharynx or similar) dissection,

perfusion and pedicle section

13.10). It follows the same vascular principles,
although the retromandibular veins are also
included in the flap. Good craniofacial expertise
is necessary to perform a type B full-face trans-
plant. Le Fort I, IT or/and III osteotomies are nor-
mally planned, and so are mandibular osteotomies.
They are selected and executed depending on the
recipient’s requirements. A well-defined opera-
tive plan is necessary with preoperative 3D
angio-CT scans to prepare for a complex opera-
tion. Le Fort I, IT or IIT osteotomies are performed
with an oscillating saw and enter the orbit in a
posterior curvilinear fashion. The infraorbital
nerve is identified at this level and preserved. In
order to complete the nasal osteotomy, the frontal
flap is retracted inferiorly and the orbital perios-
teum elevated superiorly and medially. The
nasion and the internal canthal ligaments mark
the optimal level of osteotomy, which is con-
nected with the orbital line of bony section. Next,
the lateral flap is retracted medially, and osteot-
omy on the rest of the zygoma and the maxillary
bone is performed. The pterygoids are detached
with a chisel, and the whole mid-face is freed
from the rest of the head.

After completion of the mid-face osteotomies
and the soft tissue dissection, it allows for median
distraction of the face en bloc, making room for
medial mandibular dissection and identification
of the dental nerve and lingual nerves at their ori-
gin in the skull base. They are dissected and cut
in preparation for the recipient’s neurorrhaphy.

The mandible is freed and dissected and the oste-
otomy is performed at the desired level. It is rec-
ommended to include extra length to perform the
final adjustment in the recipient. Complete
detachment of the mandible with the temporo-
mandibular joint intact is also possible. The
insertion of the median and lateral pterygoids and
temporal muscles are severed and the final step
includes dissection of the oropharynx at the
desired level. At this step, the whole face, includ-
ing the face skeleton, is fully detached and pedi-
cled on the chosen blood vessels.

The procurement of face grafts can be tailored
to the desired elements required for any given
transplantation. Masseter muscles and nerves,
parotid glands, tongue, oropharynx, ears, scalp,
etc. may be included and the dissection protocol
adapted. It is also recommended to create a spe-
cific plan and dissection schedule for each face
transplant and to rehearse it in the anatomy dis-
section room. Similarly, each institution and
transplant team should become proficient with
different approaches and define their common
technique for different face transplants. In our
scenario, we do dissect and procure a full-face
graft for all subtotal and total face transplants and
only reserve partial approach when type III (eye-
lids) or type I (inferior) transplants are
considered.

The inclusion of the tongue during face pro-
curement calls for a specific approach during the
inferior and mid-face dissection. As mentioned in
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the former section, median mandibular dissection
shall identify a lingual nerve. During the cervical
portion of the operation, lingual arteries and
hypoglossal nerve are identified and freed to be
included en bloc in the flap. The posterior margin
of the dissection falls beyond the tongue base,
including the epiglottis and the hypopharynx. We
do advise to procure enough tissues that will
allow for a tension-free and watertight suture.

13.6 Appendix 13.1:Informed
Consent for the Donation
of Face Allograft

Information that family and relatives of the donor

must receive and understand:

1. You are being asked to donate the face struc-
tures of your relative (listed in section 3) for
the transplantation of the face or parts of the
face to reconstruct the face structures of a
recipient (patient with severe face defor-
mity). The recipient has been evaluated in a
comprehensive manner by the face transplan-
tation team and all reconstructive options
have been taken into account. The transplan-
tation of a full or partial face has remained
the last and only option to reconstruct the
face of the recipient. The face transplant
team has proposed to utilise...(list the parts
of the face)...of the face of another person
(the donor).

2. The goals of this surgical intervention (the
face transplantation) are:

(a) Obtain a cosmetically acceptable face
appearance.

(b) Improve his/her quality of life.

(c) Reassume a normal personal and social
life interaction.

3. Apart from the internal organs (your trans-
plant coordinator has informed you about
solid organ donation separately), the follow-
ing structures of the face will be obtained:

(a) List all that apply.

(®) (..)

4. The face appearance of the donor will not be

maintained in the recipient after face trans-
plantation. The aesthetics and face appearance
depend on the face skeleton or part of it if
bones are also transplanted. A new identity
will be created, not resembling at all whatso-
ever the appearance of the donor.

5. Following donation and procurement of the
donor’s face or part of it, the face transplant
team shall make every effort to restore the
appearance of the donor by means of a
custom-made face prosthesis, in order to pre-
serve the dignity of the donor. You should
anticipate, though, that the presentation of the
cadaver will no longer be possible.

6. The face transplant team and all health work-
ers involved in the donation and transplanta-
tion will preserve the intimacy of the donor’s
and recipient’s family and shall make every
effort to maintain their anonymous identity.

7. The medical team will publicly announce the
face transplantation few days after the trans-
plant has been completed in order to stimulate
donations, to improve the knowledge of face
deformity in society and to help future recipi-
ents and relatives for future transplantations.

8. The medical team involved in face transplan-
tation does not receive any economic compen-
sation by this type of reconstruction.

Signed,

Name and surname:
Relationship with donor:
Date:
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Abstract

Reconstructive allotransplantation has emerged as the ultimate restorative
technique for treating face deformity, hand amputations and others. With
the development of novel, more effective, immunosuppressant regimens,
which shall decrease the advent of toxic side effects, the indication for this
new technique may widen. In fact, the achievement of such a regimen that
minimised side effects and counterbalanced the ethical issues in recon-
structive allotransplantation would allow for the transplantation and resto-
ration of any anatomical and functional unit of the human body. Cell
therapy, tissue engineering and new synthetic polymers will help for the
development of a true restorative surgery in the future, combining the
knowledge and expertise of transplantation medicine with the advent and

development of biological and synthetic tissue engineering.

14.1 Introduction

Reconstructive allotransplantation has emerged
as the ultimate restorative technique for treating
face deformity, hand amputations and others.
With the development of novel, more effective,
immunosuppressant regimens, which shall
decrease the advent of toxic side effects, the
indication for this new technique may widen. In
fact, the achievement of such a regimen that
minimised side effects and counterbalanced the
ethical issues in reconstructive allotransplanta-
tion would allow for the transplantation and res-
toration of any anatomical and functional unit of
the human body. Cell therapy, tissue engineer-
ing and new synthetic polymers will help for the
development of a true restorative surgery in the

future, combining the knowledge and expertise
of transplantation medicine with the advent and
development of biological and synthetic tissue
engineering (Table 14.1).

The surgical treatment of face transplant
patients follows the same principles and tenets
observed in composite tissue transfer (free flaps)
and craniofacial/maxillofacial surgery. A thorough
study of the deformity and the health status of the
patient is essential to make a global plan of treat-
ment. All steps of the operation must be outlined,
taking into consideration all difficult phases and
creation of a strong multidisciplinary team. It is
recommended that the recipient’s operations be
prepared and performed beforehand in the
anatomy dissection room in order to avoid mis-
takes and unexpected errors during the operation.

J.P. Barret, V. Tomasello, Face Transplantation: Principles, Techniques and Artistry, 121
DOI 10.1007/978-3-662-45444-2_14, © Springer-Verlag Berlin Heidelberg 2015
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The surgical team should prepare all details in
order to be prepared for a continuous flow during
the transplantation procedure. All surgical team
members and anaesthesiologists must be well
versed and have a complete knowledge of the
whole procedure, since rotation of human
resources during the transplantation phase is
necessary to maintain safety during the surgical
intervention. The main principles of face trans-
plantation include the following:
* Organisation of the operating room and human
resources
» Patient’s preparation and induction therapy
» Extirpation of recipient’s tissues

Table 14.1 Common principles of modern regenerative/
restorative surgery

Cell therapy

Preservation and tissue modulation

Wound matrices and biomaterials

Immunological interaction

Engineered matrices and constructs

Transplantation medicine/immunomodulation
principles

* Revascularisation
* Face transplantation
¢ Closure and patient’s transfer

14.2 Organisation
of the Operating Room
and Human Resources

Large and spacious operating rooms are recom-
mended for reconstructive allotransplantation.
In general terms, rooms exceeding 40 square
metres are advised. During face transplantation, a
large number of transplantation teams are work-
ing together at the same time. It is not uncommon
to join together at any given time two anaesthesi-
ologist, two scrub nurses, four surgeons and two
circulating nurses. Enough working space is nec-
essary, to accommodate human resources and the
necessary equipment (microscope, anaesthesia
carts, instrumentarium, blood requirements, cra-
niomaxillary instruments, etc.; see Fig. 14.1).

As soon as the team is warned that the trans-
plant may be imminent, the head nurse should be
informed in order to make ready all surgical
instruments and blood products, prepare the OR

Fig.14.1 Large and spacious theatre operating rooms are
necessary for face transplantation. Microvascular instru-
ments, microscopes, craniomaxillofacial instruments and

others are common instruments during this type of
procedures
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nurse team and organise the shifts. It is advised to
organise the team with two scrub nurses per shift
and rotate them every 2-3 h. A total of 3—4 nurses
may be necessary to provide enough rest during
the procedure. In addition, the nursing team is
completed with enough circulating personnel to
provide external support.

Quick and thorough preparation of the anaes-
thesiology team is performed simultaneously.
The head anaesthesiologist is informed of the
proposed transplant procedure in order to make
the team and the necessary material available.
It is recommended that a minimum of two anaes-
thesiologists are present in the operating theatre
at any given time. Major bleeding and difficult
airway management is expected, and prompt
decisions and manoeuvres may be necessary.
In our experience, the anaesthesiology team
should be completed with a third anaesthesiolo-
gist (minimum) in order to provide the necessary
rest for the team. It is not uncommon for face
transplantation procedures to last between 18 and
30 h. Under these circumstances, it is mandatory
to rotate team members in order to maintain a
safe environment and provide a good progress of
the operation.

The surgical team should be formed by team
players that are readily available all year round.
Face transplantation is an urgent procedure that is
carried out any time when a compatible multiple-
organ donor is approached and informed consent
from relatives is obtained. In comparison to other
solid organ transplantation programmes, it is not
feasible to have an on-call team on a 24-h basis,
since donors are not commonly available and the
number of patients in the waiting list for VCA is
very low. Therefore, it is extremely important to
build a strong team of enthusiastic surgeons that
shall guarantee the successful development of a
VCA procedure. Once the operation is planned,
the team of surgeons should be organised in
shifts, similarly to anaesthesia and nursing teams.
Our approach consists of three to four plastic sur-
geons per shift (depending on the complexity of
the phase of the operation) that rotate every 2-3 h
(Table 14.2). The team leader takes the responsi-
bility to organise all rotations and it is his/her
responsibility to oversee the good progression of

Table 14.2 Recommended rotation of team members

Anaesthesia:
2 anaesthesiologists on site; rotate every 3—4 h
Minimum of 3 anaesthesiologists

Surgeons:
3—4 surgeons on site; rotate every 2-3 h
Minimum of 6-8 surgeons

Scrub nurses:
2 scrub nurses; rotate every 2-3 h
Minimum of 3—4 nurses

the operation. It is advisable to name an assistant
team leader in order to provide the necessary rest
for the team leader at any given time. The master
plan for the operation should be outlined before
the patient is taken to operation room and all dif-
ficult points revised.

The head anaesthesiologist, head nurse and
team leader must revise and make sure that all
necessary equipment, materials, blood products
and necessary support from other services are
ready and available before the recipient is taken
to the operating room. Other necessary and man-
datory team members include transplant coordi-
nators (at least one coordinator should be present
during the whole procedure), infectious diseases/
immunologists and transplant surgeons (these
team members shall help in infectious disease
prophylaxis, induction immunosuppressant ther-
apy and technical pitfalls during the transplanta-
tion). It is not absolutely necessary that they are
present in the operating room, although it is man-
datory that they can be reached within minutes.
Other support services include porters, house-
keeping, ward nurses, pharmacy, mass media
coordination and tissue/blood banking. The rest
of the team members (Table 14.3) should be
informed of an imminent transplant since their
assistance will be necessary from day 1.

The organisation of the operating room within
the hospital differs depending on the type of the
expected donation. If the donor is located in the
same hospital, our advice is to follow the Boston
approach if possible: the donor’s and recipient’s
operating rooms should be run in parallel. With
this approach, the graft is procured in the operat-
ing room next door, and it can be transported
within seconds to the recipient’s room (which is
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normally located a few metres on the room next
door). With this organisation, complex and
cumbersome packaging in a container with
preservation fluid is avoided and the graft is
manipulated as any other routine free flap. Once
the VCA graft is detached from the donor (after
preservation fluid infusion), the graft is trans-
ported to the recipient’s site in the standard
fashion. If this approach is selected, one must
remember, though, that a third parallel room (on
the other side of the donor’s theatre) may be
required to perform bank surgery on solid organs
(Fig. 14.2). This approach, when feasible, saves
time and helps with the organisation and coordi-
nation of both the donor’s and the recipient’s
transplant teams. On the other hand, if the donor

Table 14.3 Organisation of face VCA team

. Chief surgeon (team leader)
. Plastic surgeons

. Transplant surgeons

. Transplant coordinators

. Immunologist

. Infectious disease specialist
. Psychiatrist

. Psychologist

. Pathologist

10. Nephrologists
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11. Surgical critical-care specialist

12. Nurses

13. Mass media relations coordinators
14. Rehabilitation services

15. Speech pathologist

16. Dietician

17. Pharmacists

18. Support services

is not located in the same hospital or, given the
architecture of the hospital (commonly in health
science centres, when different hospitals form the
complex), the donation must be contemplated as
a distant donor, both the donor’s and recipient’s
theatres being distant and the transportation of
the VCA graft must be performed in a container
with preservation fluid and secured and trans-
ferred to the recipient’s operation room as in any
standard solid organ transplantation procedure.
When this approach has to be implemented, cold
ischaemia time should be kept to a minimum and
the organisation and coordination of both teams
is much more complicated. Direct communica-
tion between both theatres’ teams is essential to
couple both surgeries; as soon as the procurement
process is considered to progress in good condi-
tion, the recipient’s team should start the proce-
dure to induce the immunosuppressant protocol,
secure the airway and prepare the recipient’s
vessels.

14.3 Patient Preparation
and Induction Therapy

Following the activation of the face VCA team
and the thorough evaluation of the donor, with
confirmation of the compatibility of the patient’s
characteristics and full informed consent, the
donor is confirmed and the recipient is contacted.
As soon as the patient arrives to the hospital, a
complete preoperative check is carried out
(Table 14.4), including cross-match and blood
typing to order the necessary blood products.
Preoperative pictures are obtained and the

RECIPIENT’S OPERATING
ROOM

MULTIPLE ORGAN
DONATION

=

OPERATING ROOM
AVAILABLE FOR BANK
SURGERY
(Multiple side sterile tables
available)

Fig.14.2 Common organisation of parallel operating rooms for VCA procedures. Simultaneous operating rooms may
be added in case transplantation of solid organs is planned in the same institution
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Table 14.4 Preoperative checklist

. Complete blood test and coagulation panel
. Contact infectious disease specialist
. CMV and EPV serologies (if negative)

. Type and screen blood analysis and order blood
products

N O B N

5. PRA (not necessary if less than 3 months from
previous test)

6. Tissue typing

7. Prophylactic antibiotics (check with infectious
diseases)

8. Chest X-ray

9. Blood, urine, pharynx, tracheostomy microbiological
cultures

10. Contact anaesthesiology department
11. If PRA>50 %, IV IgG 2 g/kg

12. Thymoglobulin 2 mg/kg; premedicate 30 min
before infusion with 1 g prednisone, Benadryl
50 mg/IV, acetaminophen 650 mg

procedure is reviewed and outlined with the
patient. In our practice informed consent is
obtained during the general evaluation of patients.
It is one of the most important items in ethical
committee evaluation. Consequently, it cannot be
changed or modified at this stage without the
committee not being informed. Readers are
referred to their local regulatory body for coun-
selling. Surgeons are advised to update informed
consents if their regulatory body do accept this
practice. The patient is admitted and accommo-
dated in his/her room until the donor’s team
informs the recipient’s team whether the opera-
tion may proceed or not. In case the allograft can-
not be successfully transplanted, the patient is
discharged home and he/she returns to the exact
position in the waiting list. On the other hand if
the allograft can be transplanted, the patient is
then taken to the recipient’s operating theatre.
As soon as the patient arrives to the operating
room, the patient is positioned in the operating
table, and all comfort measures are implemented.
A long operation is expected; thus, all preventive
actions to prevent pressure sores and deep venous
thrombosis should be followed. Central lines,
large bore IV lines and arterial lines are advised.
We recommend placing them after the induction
of the anaesthesia. It is our practice to administer
the induction immunosuppressant drugs in the

Table 14.5 Induction immunosuppression regime
1. Thymoglobulin 2 mg/kg*
2. Premedicate 30 min before with
(a) Infusion with 1 g prednisone
(b) Benadryl 50 mg/IV
(c) Acetaminophen 650 mg

30ther anti-lymphocyte or anti-cytokine antibodies may
be used

operating room after the induction of the anaes-
thesia (Table 14.5). In this fashion, the patient is
well controlled and placed in a safe environment
should any adverse event of the medications
occur.

The final step of this phase consists in secur-
ing the patient’s airway. We advise to secure the
airway by means of a surgical tracheotomy.
It can be safely perform after the induction of
the anaesthesia. On the other hand, if the patient
has a tracheotomy in place, the cannula is
replaced by a wider diameter and affixed with
stitches. Similarly, if percutaneous gastric tube
feeding is contemplated (and the patient has no
PEG tube in place), it is introduced by the
endoscopy department during this phase of the
operation.

14.4 Extirpation of the Recipient’s
Tissues

The patient is prepped and dressed in the stan-
dard sterile fashion, following head and neck
principles. We recommend preparing both thighs
in case great saphenous vein grafts are
necessary.

An incision is made at the midpoint of the
neck as a standard bilateral neck dissection. The
main arteries and veins in the neck are dissected,
exposed and prepared. All main branches of the
external carotid artery should also be identified
and prepared for a possible anastomosis. We rec-
ommend an end-to-end anastomosis of the exter-
nal carotid artery in full-face allografts, although
they may also survive with a bilateral face artery
anastomosis and temporal anastomosis if neces-
sary. Depending on the recipient’s anastomosis
and deformity, vein grafts and/or loops may be
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required (in those cases when some vessels have
been destroyed by the accident/deformity or have
been used in previous reconstructions).

At this stage two approaches are possible:

1. Revascularisation, followed by recipient’s
face extirpation or

2. Recipient’s face extirpation and revasculari-
sation

One should remember that the resection of
the recipient’s face is a point of no return.
Following the extirpation of the face, the only
restorative option is a face transplantation.
Hence, our advice in all face transplantations is
to perform allograft revascularisation followed
by the recipient’s face extirpation. However,
both alternatives are possible and render excel-
lent outcomes. One must remember, though,
that if one opts to revascularise and extirpate the
recipient’s face afterwards, vein grafts may be
necessary and the operation may turn much
more complex.

The extirpation of the recipient’s face struc-
tures follows the same phases similar to the
procurement of face allografts. The same areas
that have been obtained in the donor are
resected, paying attention to detail and preserv-
ing nerves and vessels that will be necessary for
a successful transplantation. General principles
of head and neck surgery and craniomaxillary
surgery are necessary for a correct resection
(Fig. 14.3). The operation may start from an
inferior or superior approach. As soon as the
central portion of the face is reached, the opera-

tion is then turned to both lateral areas, until the
whole specimen is detached from the deep
structures and the face skeleton (Fig. 14.4).
Sensory and motor nerves are identified and
prepared for neurorrhaphy. The rest of the
structures that are necessary for correct restora-
tion of anatomy are tailored at this stage. All
necessary osteotomies are performed, leaving
the defect ready for transplantation. When this
step of the operation is reached, the whole
deformed anatomy of the recipient has been
resected and the resulting defect mimics the
donor’s final operation result. The rest of the
area is prepared for the reconstruction and all
nerves, vessels and other relevant structures
identified and tagged (Fig. 14.5).

Fig.14.3 Extirpation of recipient’s face tissues follows a
similar approach of the donor’s allograft procurement

Fig. 14.4 After careful homeostasis (a), the defect is trimmed (b) to match that in the donor operation to provide a

perfect reconstruction
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Fig.14.5 Osteotomies during full-face allotransplantation

14.5 Revascularisation

Timing of revascularisation depends on the
approach to face transplantation adopted by the
transplantation team. Revascularisation before
face extirpation is more complex (Fig. 14.6). The
recipient’s operation must proceed with the face
allograft in vicinity which forces for multiple
manoeuvres. In this situation haemostasis is
more difficult and vein grafts are normally nec-
essary. When revascularisation is performed
after face extirpation, allograft adaptation is less
complex and vein grafts are not necessary in
many instances since the allograft is inset after
revascularisation. However, ischaemia time is
prolonged which may pose some problems in
terms of ischaemia—reperfusion injury. General
advice calls for a rapid revascularisation to
shorten as much as possible ischaemia time.
However, other VCA experiences (limb trans-
plantation) have also proved that prolonged isch-
aemia time (at the end of the transplantation after
all bones, nerves and tendons have been recon-
structed) does not increase infection, tissue
necrosis or ischaemia—-reperfusion injury. The
team should evaluate the difficulty of the tissue
resection and adapt the time of revascularisation
to it. An alternative to limit ischaemia time that
allows a less complex face resection is revascu-
larisation at a distant site in the recipient as a
bridge to final anastomosis in the face. This tem-
poral anastomosis may be performed in the

Fig.14.6 Direct revascularisation with vein grafts of face
allograft in the neck

Fig. 14.7 Revascularisation of a face allograft in the
groin. The use of vein grafts facilitates this technique

inguinal area, between the femoral vessels and
the face recipient vessels by using vein grafts
(Fig. 14.7). Ischaemia time is shortened by this
temporal revascularisation, although it increases
the risk of ischaemia—reperfusion injury by per-
forming the anastomosis twice after a period of
intact circulation.

Regardless of the time and type of revasculari-
sation, it is necessary to infuse 1 g of prednisone
IV just before clamps are released and the tissues
perfused anew. It decreases the release of cyto-
kines, inflammation and any immune reactions
from HLA mismatches and other antigens and
the preservation fluid metabolic disturbances.
After revascularisation, new tissue biopsies are
obtained from skin and mucosa in order to have
background biopsies (Fig. 14.8).
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Fig.14.8 Following revascularisation, a complete hyper-
aemic appearance is expected. At this moment back-
ground skin and mucosa biopsies are obtained

14.6 Face Transplantation

The transplantation of face allografts should be
attempted in a step-by-step manner. As men-
tioned before, principles of head and neck recon-
struction and craniomaxillofacial surgery do
apply. Depending on the type of face transplant,
the course of the operation may vary, although a
general organisation of the operation (Table 14.6)
is indicated to all of them.

Face allografts and recipients are sufficiently
trimmed and prepared for correct adaptation of
all tissues. Few temporal insets are performed
during this stage to prepare the allograft. At this
moment bones are also adapted and osteotomies
performed if indicated to allow for a correct bony
alignment at the time of bone synthesis
(Fig. 14.9). As soon as the allograft and the recip-
ient face tissues are fully prepared, the final inset
begins.

Face allograft inset starts with a water seal
suture of all intraoral structures, similarly to that
executed in head and neck reconstruction. If the
tongue is included in the transplant, it is also inset
and fixated to the remainder of the recipient’s
sutures. All muscles are sutured together to allow
for a correct functional outcome. Following this
initial step, attention is turned to the mandibular,
lingual and hypoglossal nerves, which lie deep in
the parapharyngeal area. These nerves must be

Table 14.6 General organisation of face transplantation
surgery involving bones (if applicable)

1. Trimming and preparation of recipient face

2. Temporary inset of the allograft

3. Suture of intraoral structures

4. Mandibular nerve neurorrhaphy

5. Infraorbital nerve neurorrhaphy

. Miniplate osteosynthesis and intermaxillary fixation

. Face nerve neurorrhaphy
. Hypoglossal nerve neurorrhaphy
10. Soft tissue suture and skin

6
7. Supraorbital nerve neurorrhaphy
8
9

Fig. 14.9 Trimming soft tissues and bone elements is
necessary for correct alignment of the face allograft

anastomosed before the face skeleton is affixed,
in order to get good access. If the bony skeleton
is aligned and fixated with miniplates, nerves
may lie in a deep and non-accessible position. A
similar action is necessary for the infraorbital
nerve. When the face bones are transplanted, the
nerve anastomosis is performed below the floor
of the orbit. This structure is only accessible
before osteosynthesis is performed, when the
whole allograft is mobile and may be reached on
both sides.

Face bone osteosynthesis are performed in the
standard fashion (Fig. 14.10a, b). The same tech-
niques and principles of maxillofacial surgery are
indicated and employed. The usual osteotomy lines
will follow standard Le Fort I, Le Fort IT and Le Fort
I fractures. In the mandibular area, the osteotomy
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Fig.14.10 (a, b) Miniplate osteosynthesis are performed in
the same manner utilised in craniomaxillofacial operations

lines lie following standard orthognathic surgery
bone cuts. Rigid titanium miniplates are utilised for
osteosynthesis, which are presented in different
widths and lengths and may be tailored for each
individual case. We advise to harvest and keep in
saline all resected bones from the recipient for their
utilisation as bone grafts, avoiding an extra donor
site in the recipient (Fig. 14.11). We do not advise to
use any biomaterial at this stage since this type of
materials may not be well integrated and promote
infection in an otherwise immunocompromised
patient. This part of the operation is completed with
intermaxillary fixation with occlusion screws and
elastic bands if necessary. We recommend to avoid
fixation unless absolutely necessary; oral hygiene
may be compromised and feeding complications
difficult to treat and prevent.

Eyelids, canthal ligaments and tendons, orbi-
cularis muscles, levator aponeurosis and con-

Fig. 14.11 Recipient’s bones resected during face trans-
plant preparation may serve as a source of bone grafts dur-
ing allograft inset

junctiva are restored next. These structures must
be sutured and restored before the supraorbital
nerve is anastomosed. If the nose, including the
nasal bones, is transplanted, the medial canthal
ligament and the lachrymal apparatus are intact
in the allograft, and there is no need to perform
any extra manoeuvre for their reconstruction.
However, if the bony skeleton is not transplanted
in the nasal area, the lachrymal apparatus must be
cannulated and restored, together with the medial
canthal ligament and tendon. The supraorbital
nerve neurorrhaphy is performed after all perior-
bital structures have been restored and recon-
structed. The rest of the deep structures in the
mid-face are sutured and restored (i.e. masseter
muscle, Stensen’s duct, etc.). As mentioned
before, every essential ligament, anatomic land-
mark, etc., in this area medial to the face branches
have to be sutured and reconstructed before the
final face nerve stage of the operation is reached.
Following these neurorrhaphies, they will be no
longer accessible.

Attention is then turned to the face nerve.
All nerves (identified and tagged previously,
see Fig. 14.12) are anastomosed in the standard
fashion. Nerve grafts are normally not neces-
sary (Fig. 14.13). The muscles are then approx-
imated and the rest of the face ligaments
restored to help with sphincter and soft tissue
retention.
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Fig. 14.13 Face nerve branches neurorrhaphies are one
of the few last steps of face transplantation. Many of the
Fig.14.12 All nerves and other structures are tagged in  structures of the face allograft will not be accessible after
preparation for correct and rapid anastomosis this neurorrhaphies

Fig.14.14 (a—c) Face skin and soft tissues excess are trimmed in order to obtain good allograft adaptation

14.7 Closure and Patient’s Transfer imated and any excess trimmed (Fig. 14.14a—c).

It is recommended to allow for some excess in
The final stages of face transplantation follow the most lateral or inferior aspect of the allograft
similar techniques and steps as any other face for tissue biopsies. In this manner, scars and
reconstructive operation. Soft tissues are approx- marks are concealed to hidden areas that may be
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extirpated at the end of the first year posttrans-
plant. Suction drains are introduced as needed
depending on the type of transplanted areas.
Surgeons may decide to use any fibrin sealant
available, which shall prevent seroma and other
complications. All sutures and transplanted areas
are left exposed for good postoperative control.
The patient is then ready for transfer to the inten-
sive care unit. The standard immunosuppressant
protocol is started, and the patient is controlled
following ICU protocols. We recommend wean-
ing off the ventilator during the following hours
and having a complete alert and awake patient
within 24 h after surgery. Feeding is started via
the enteral route immediately. Oral intake is
started as soon as the patient clinical situation
dictates to do so. The patient is inspected hourly
for vascularisation, colour, temperature and
Doppler signal. Superficial temperature probes
are also useful. The local allograft flap control
does not differ much from the usual microvascu-
lar flap monitoring. We recommend taking daily
photographs for postoperative control of
rejection. The patient is allowed to see his/her
new appearance as soon as he/she requests to
do so with the support of the psychology—
psychiatric team.

14.8 Appendix 14.1:
Postoperative Orders

1. Diagnosis.

2. Check vital signs according to ICU protocol.

3. Check fluid balance every hour.

4. Tracheotomy care as per ICU protocol.

5. Central line management as per ICU
protocol.

6. Nihl by mouth (exception, oral medications).

7. NG tube to gravity.

8. Urinary catheter and control of hourly urine
output.

9. Check drains every 2 h.

10. Chest X-ray on admission to ICU.

11. Control of anastomosis with hand-held
Doppler every hour for the first 24 h and then
every 2 h for 6 days.

12. Blood test on admission to ICU:

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.
23.

24.
25.
26.

(a) Blood gas analysis with lactate and cal-
cium (ion)

(b) Complete blood cell count, platelets,
prothrombin and partial thromboplastin
ratios, fibrinogen, AST, ALT, bilirubin,
GGTP, calcium/magnesium/phosphate,
sodium/potassium/chlorine, total pro-
teins, BUN, creatinine and glucose

Daily blood test:

(a) Complete blood cell count, platelets,
prothrombin and partial thromboplastin
ratios, fibrinogen, AST, ALT, bilirubin,
GGTP, calcium/magnesium/phosphate,
sodium/potassium/chlorine, total pro-
teins, albumin, BUN, creatinine, glucose
and tacrolimus level

Cross-match on first day posttransplant.

IV fluids as per protocol ICU and patient

response.

IV broad-spectrum antibiotics according to

institution guidelines (cover Gram+cocci

and Gram- bacteria):

(a) Continue 3-5 days.

(b) Change to appropriate antibiotics when
surveillance microbiological results
from donor and recipients are available
(or PCRs).

Antifungal prophylaxis (liposome ampho-

tericin, 1 mg/kg IV).

Trimethoprim/sulfamethoxazole IV every

24 h until good oral tolerance; start then

80 mg PO three times per week.

Ganciclovir 5 mg/kg bid until good oral

tolerance (if recipient— and donor+).

Tacrolimus 0.15 mg/kg/24 h IV in perfusion

24 h; switch to PO when good oral intake

and correct iv levels.

Thymoglobulin 2 mg/kg IV in IV perfusion

(over 12 h). Premedicate patients 30 min

before administration with prednisone 2 mg/

kg, Benadryl 1 mg/kg and acetaminophen

10 mg/kg.

Prednisone 2 mg/kg/day.

Topical tacrolimus 0.1 % 2 times per day for

2 months (start 10 days postoperative).

Mycostatin oral rinses every 8 h.

Omeprazole 40 mg/24 h.

AAS 100 mg PO every 24 h (3 weeks).
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27.

28.
29.
30.

Low molecular heparin s.c. when platelet
count >100,000.
Check capillary glucose every 6 h.
Insulin in sliding scale.
In case of rejection, start protocol (boluses of
methylprednisolone) followed by daily quick
taper:
(a) First day, 5 mg/kg/day=

Q 6 h (divided in 4 doses)

mg IV

(b) Second day, 4 mg/kg/day = mg
IV Q 6 h (divided in 4 doses)

(c) Third day, 3 mg/kg/day= mg
IV Q 6 h (divided in 4 doses)

(d) Fourth day, 2 mg/kg/day = mg

IV Q 6 h (divided in 4 doses)

(e) Fifth day, 2 mg/kg/day = mg IV
Q 12 h (divided in 2 doses); continued
overtime mandated by clinical course
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Abstract

Face transplantation is a new achievement of transplantation medicine and
microvascular reconstructive plastic surgery. However, the initial ethical
and technical debate was not less intense, which tried to balance advan-
tages and disadvantages of face transplantation. It was clear from the ini-
tial discussion at the beginning of the year 2000 that certain cases could
benefit for such an approach, although real functional outcomes lacked
support from ethical committees. More than ever, a continuous surveil-
lance and detailed outcomes are necessary to put into perspective the indi-
cations and contraindications of face transplantation.

The modern history of vascularised composite
tissue allotransplantation began in 1998, when
the first human hand transplantation became a
reality. Few years afterwards, in 2005, the first
human face transplantation was attempted with
success by Devauchelle and Dubernard in
France.

Face transplantation is a new achievement of
transplantation medicine and microvascular
reconstructive plastic surgery. However, the ini-
tial ethical and technical debate was not less
intense, which tried to balance advantages and
disadvantages of face transplantation. It was
clear from the initial discussion at the beginning
of the year 2000 that certain cases could benefit
for such an approach, although real functional
outcomes lacked support from ethical commit-
tees. More than ever a continuous surveillance

J.P. Barret, V. Tomasello, Face Transplantation: Principles, Techniques and Artistry,

and detailed outcomes are necessary to put into
perspective the indications and contraindications
of face transplantation.

To date, 28 face transplantations have been
performed worldwide. Medicine is an ever-
evolving science, and as such, at the time this
work comes to the public, it is certain that new
and novel face transplantations shall be attempted.
The reader is therefore advised to keep updated
with VCA literature and from reports from the
international society of hand and composite tis-
sue allotransplantation. Face VCA refers to
allografts that contain different tissues (bone,
muscle, skin, fat, mucosa, vessels); they are vas-
cularised by one or many vascular pedicles, and
in order to survive, the same principles that apply
to solid organ transplantation should be
followed.
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15.1 Worldwide Experience

on Face Transplantation

Twenty-eight face transplants have been per-
formed in seven countries (Table 15.1). The lon-
gest follow-up period accounts for 8 years
(Isabelle Dinoire, Amiens team) with a total pub-
lished survival rate of 89.3 %. Three patients
have died (1 patient in China, 1 patient in France-
Paris team, 1 patient in Spain-Valencia team).
Table 15.2 depicts transplant characteristics.
Fourteen different transplant teams have per-
formed in total 17 partial-face transplants and 11
full-face transplants for a variety of aetiologies
that include 10 postburn deformities, 8 gunshot
injuries, 3 animal attacks, 4 type 1 neurofibro-
matosis, 2 posttraumatic deformities and 1 post-
oncological/radiotherapy deformities. After the
transplantation of the first full-face transplant in
2010, the indications have expanded; however, a
robust team approach and specific face VCA
protocols are necessary to warrant correct out-
comes. The indications for face transplantation
vary among different VCA teams. In general
terms, destruction of face sphincters (orbital
and/or oral muscle sphincters) is a common indi-
cation for face transplantation (there currently
does not exist a traditional technique that repair
thefunctionofsuchsphincters). Contraindications
include significant medical co-morbidities, poor
adhesion to medical follow-up, medical risk for
immunosuppressant therapy (recurrent cancer,

Table 15.1 Worldwide experience of  face
transplantation
Number of Total number of face

Country centres VCAs per country

France 2 9

USA 3 7

Turkey 2 5

Spain 3 3

Poland 1 2

Belgium 1 1

China 1 1

medical co-morbidities regarding past medical
history) and psychological/psychiatric instabil-
ity. Most of the patients have undergone previ-
ous reconstruction by traditional techniques,
although there is intense debate whether face
transplantation should be performed early in the
hospital course to leave intact other traditional
techniques and donor sites should the trans-
planted graft failed. Most of the teams performed
procurement on a brain-dead heart-beating
donor. Some teams advocate to procure the face
before the rest of the solid organs are approached,
although synchronous procurement is feasible,
as it has been reported by our team. It is impera-
tive to reduce cold ischaemia time during
VCA. Some teams procured the face VCA at the
end of the procedure (i.e. Chinese, Valencia’s,
and Seville’s teams); this approach, though, may
lead to a massive haemorrhage after revasculari-
sation and increase the risk of ischaemia—reper-
fusion injury.

15.2 Type of Transplants

The composition of the different face VCA
graft varies and depends on the recipient’s
requirements (Table 15.2). In half of the cases,
the bone has been transplanted as part of the
face transplant graft, most of which included
the maxilla and mandible (especially in gunshot
injuries and trauma cases). Open rigid mini-
plate fixation, similarly to that utilised in cra-
niomaxillary surgery, has been employed with
excellent results. Survival of all tissues included
in the transplanted specimen has been observed.
There is no contraindication regarding the type
of transplanted tissues. The experience gath-
ered from all face transplants performed to date
warrants good perfusion and postoperative
results regardless of the type of transplant to be
performed. All teams advise, though, to make
some experimental dissection in the anatomy
lab to improve the efficiency of the transplant
process. It is imperative to perform a good
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Table 15.2 World’s experience on face VCA to date

Number Date Team Type Aetiology Outcome

1 11/2005 Amiens, France Partial Animal attack Alive

2 04/2006 Xian, China Partial + bone Animal attack Patient died
3 01/2007 Paris, France Partial Neurofibromatosis Alive

4 12/2008 Cleveland, USA Partial + bone Gunshot injury Alive

5 03/2009 Paris, France Partial + bone Gunshot injury Alive

6 04/2009 Paris, France Partial Burn Patient died
7 08/2009 Boston, USA Partial + bone Burn Alive

8 08/2009 Paris, France Partial + bone Gunshot injury Alive

9 08/2009 Valencia, Spain Partial + bone Postoncological + Patient died

radiotherapy

10 11/2009 Amiens, France Partial + bone Burn Alive

11 01/2010 Seville, Spain Partial Neurofibromatosis Alive

12 03/2010 Barcelona, Spain Full +bone Gunshot injury Alive

13 07/2010 Paris, France Full Neurofibromatosis Alive

14 03/2011 Boston, USA Full Burn Alive

15 04/2011 Paris, France Partial + bone Gunshot injury Alive

16 04/2011 Paris, France Partial + bone Gunshot injury Alive

17 04/2011 Boston, USA Full Burn Alive

18 05/2011 Boston, USA Full Animal attack Alive

19 01/2012 Antalya, Turkey Full + bone Burn Alive

20 01/2012 Gent, Belgium Partial + bone Trauma Alive

21 02/2012 Ankara, Turkey Full Burn Alive

22 03/2012 Ankara, Turkey Partial Burn Alive

23 03/2012 Baltimore, USA Full + bone Gunshot injury Alive

24 05/2012 Antalya, Turkey Full Burn Alive

25 01/2013 Boston, USA Full Burn Alive

26 05/2013 Antalya, Turkey Partial + bone Gunshot injury Alive

27 07/2013 Gliwice, Poland Partial + bone Trauma Alive

28 12/2013 Gliwice, Poland Full Neurofibromatosis Alive

preoperative inspection of intraoral structures
since any chronic infection (especially in the
dental area) may pose a significant risk for the
recipient.

15.3 Revascularisation

Good perfusion and face viability has been
observed in all cases. The whole face can be
successfully revascularised by one face artery
(including the maxilla and mandible through
network connections and periosteal feeders),

although all teams advocate for a bilateral arte-
rial anastomosis to ensure safety. In general
terms, large arterial vessels are employed
(external carotid artery). Some teams have per-
formed extensive anatomic clinical research
which shows that correct vascularisation do
occur through the face artery system. A consen-
sus does exist that temporal vessels may not be
necessary in most of the face transplants
and should be considered only in cases with
large portions of the scalp and external auricle.
The preferred method to study the recipient’s
vascular status includes angio-CT scan, which
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provides not only information of the arterial
and venous network but also a good exploration
of the face skeleton and the bone-soft tissue
relationship.

15.4 Nerve Recovery

The main objective of face transplantation is
improvement of function and quality of life
and reintegration into society as full individu-
als. Therefore, sensation and motor function
play a central role to achieve the main goal of
face VCA. Motor nerve reinnervation is neces-
sary to achieve correct function when face
transplantation is indicated for improvement
in function and face muscles, masticator mus-
cles or tongue is transplanted. End-to-end neu-
rorrhaphies are performed by all transplant
teams between face nerve branches, motor
branches of the trigeminal nerve and hypo-
glossal nerve. As soon as 3 months after sur-
gery patients may experience fasciculations
and a progressive improvement in muscle
tone, although it is not until 6-12 months after
transplantation that active movements are
apparent. Complete recovery of all face mus-
cle movement seldom does occur, and a pro-
gressive recovery of function is observed that
prolongs more than 24 months posttransplant.
Sensation appears earlier in the postoperative
course. As soon as 2—-3 months posttransplant,
patients may feel in their new faces, and com-
plete sensory recovery is apparent 12 months
after transplant. Surprisingly, even in those
recipients in which direct neurorrhaphy was
not possible, sensation recovery in all trigemi-
nal territories appears. Whenever feasible, it is
advocated by all teams to perform sensitive
nerve neurorrhaphy. However, some patients
present with complete destruction of recipi-
ent’s nerves making nerve reparation impossi-
ble. This patient population do recover
sensation, although a slower path of neurotisa-
tion is expected.

15.5 Survival and Complications

Current survival rate accounts for 89.3 %. Three
out of 28 recipients have died by direct complica-
tions from their face transplantation. Worth not-
ing, only one patient has died in the early
postoperative period. Patient number 4 (Paris,
France) died few days after a face transplant and
simultaneous double hand transplantation due to
sepsis and a cardiac arrest during a salvage opera-
tion. This experience depicts the difficulties that
teams may experience when major VCA procedures
are planned. Transplanting a large amount of
composite tissues augments the risks for infec-
tious and immunosuppression complications;
thus, transplant surgeons should consider on a
case-by-case scenario the indication for a simulta-
neous limb and face procedure. Furthermore, a
good preoperative check-up for multiple resistant
organisms that include real-time PCR is necessary
to rule out such infections that may complicate
the postoperative course with life-threatening
conditions. Furthermore, patient number 4 taught
surgeons another important lesson. Burn patients
may be colonised by different strains of microor-
ganisms, such as MRSA, and other multiple resis-
tant bacteria. This theoretical colonisation put
them at risk for the development of postoperative
infection and sepsis. Therefore, all burn patients
that are considered for VCA procedures should be
examined and protected against multiple resistant
bacteria infections. Burn patients have received
during their hospital course large amounts of
blood products and may have been treated with
skin homografts. Consequently, burn survivors
may have been sensitised against the HLA anti-
gens. Crossing the major histocompatibility com-
plex may induce acquired alloantibodies making
somehow difficult correct tissue typing. Severe
rejection episodes shall be expected in this
situation.

Deaths of patient number 2 (China) and patient
number 10 (Valencia) teach us another important
lesson: patient selection. Patient number 2 died
after stopping his immunosuppressant medication
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and implementation of alternative medicine.
Patient number 10 died approximately 4 years
after his face VCA by complications of his pre-
morbid conditions (postoncological and radiother-
apy deformity). Good selection and excellent team
approach are a must in VCA. The risks and possi-
ble complications that this type of transplantation
carries with in addition to the immunosuppression
complications and side effects common to trans-
plantation medicine make patient compliance and
psychological stability absolutely necessary.

Similarly to SOT, VCA recipients may experi-
ence different types of complications and side
effects from the immunosuppressant regime. So
far, complications include hip necrosis, lym-
phoma, endometrial dysplasia, opportunistic
viral infections, VCA reactivations or de novo
infections, hypertension, renal failure and hyper-
glycaemia. Nevertheless, despite the intense
immunosuppressant regimen that is commonly
used in this type of transplants, good outcomes
are observed with few complications. All but one
patient have returned to normal life.

15.5.1 Immunological Aspects

Allograft rejection is a serious issue in organ
transplantation. Skin and mucosa are well known
to have a high immunogenic capacity; thus, VCA
allograft rejection is always expected to be par-
ticularly intense and problematic. Acute rejection
is reported in the VCA population (hand, face
and other composite tissues) to be as high as
85 %, although most of the patients experience
only one rejection episode. Chronic rejection,
normally estimated somehow between 30 and
50 % at 5 years, has not been proven so far.
However, the longest survival in face VCA is 8
years, and patients should be still followed and
checked for signs of chronic rejection. All teams
follow similar immunosuppressant regime: an
induction therapy with corticoids and some type
of lymphocyte-depleting agent (polyclonal anti-
thymocyte globulin (ATG), anti-interleukin 2

receptor monoclonal antibodies such as dacli-
zumab and basiliximab) and a three-drug mainte-
nance regime (calcineurin inhibitor, steroids and
mycophenolate mofetil). Some groups have
developed programmes for immune tolerance
with bone marrow infusion and cell therapy with
diverse effects. Rejection episodes are corticoid
sensitive in the majority of cases. They normally
resolve with boluses of prednisone with quick
taper. Some teams have utilised lymphocyte-
depleting agents, but this type of treatment has
some important implications for the immune and
infectious disease homeostasis. Patients that
receive such treatments require good antifungal
and viral prophylaxis and surveillance.

15.6 Psychological Outcome

Despite the initial intense debate and the fears for
potential psychological distress and identity cri-
sis, the overall experience is extremely positive.

Several reports indicate that patients show
excellent psychological outcomes. Recipients
express a rapid acceptance of their new face
appearance accompanied by good and quick
social reintegration. Quantitative psychological
tests find improvement in quality of life and phys-
ical and mental health based on the MOS-SF 12.
Other tests such as SF-36 and DAS-59 produced
similar results, with patients returning to work-
related activities and correct social reintegration.

In fact, patients affected of severe face defor-
mities value the procedure and risks and benefits
in terms of function recovery and social reinte-
gration. When all these items are well regained
and patients may return to their premorbid life
condition, a significant improvement in quality of
life offsets the risks and side effects of immuno-
suppression and all possible complications.

Our first face transplant patient integrated
quickly his new appearance (as soon as day 7, the
patient was able to see and inspect his new appear-
ance) with good psychological effects (see
Figs. 15.1 and 15.2). During the first months after
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Fig.15.1 Pre- and postoperative appearance (at 3 years) of patient number 12, Barcelona team (full-face transplant)

Fig.15.2 Pre- (left) and postoperative (right) view of skeletal reconstruction (transplantation of upper and lower maxil-
lary bone, nasal bones, palate, zygomas and teeth)
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his transplant, the patient valued his experience as
a significant improvement in quality of life, being
worth accepting all risks and side effects. Long-
term outcome has provided with the strong evidence
that a robust team approach and good indication for
face transplantation produce excellent functional

results and correct social reintegration. Significant
improvement of quality of life may offset the risks
and side effects of immunosuppression, although
further and longer follow-up is still necessary to
define the real role of face transplantation in face
reconstructive surgery.
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