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ABSTRACT
Face transplant (FT) has evolved enormously in the last 10 years since the successful completion 
of the first facial transplant. This procedure has become a new reconstructive option for complex 
facial deformities to restore the anatomy of patients with severely disfigured faces. The authors 
review the literature and discuss the main surgical, immunological, and ethical aspects as 
well as the results described in patients undergoing FT. To date there have been more than 
thirty FT worldwide. The main indication was post-traumatic deformity. In all cases a standard 
immunosuppression was performed with three drugs, although acute rejection episodes were 
observed, that could be controlled with conventional immunosuppressive regimen. Overall, 
functional and aesthetic results have been excellent at short-term and high satisfaction rate 
exceeded initial expectations, although long-term data are still scarce. Major complications were 
opportunistic infections. Five deaths that occurred have reopened the ethical debate about the 
potential complications and concerns of providing informed consent to recipients. Continuous 
progresses in microsurgical techniques and preoperative planning have promoted the evolution 
from partial to full FT. All these are on the basis of accurate and careful selection of well-
motivated candidates. The next challenge will be getting new immunosuppressive treatment 
strategies. Although clinical experience has demonstrated the FT viability, it is still considered 
an experimental procedure in which we have much to learn to define its true role in the current 
reconstructive surgery and resolve major technical, medical and ethical problems involved.
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INTRODUCTION

Face transplant (FT) has evolved enormously in the last 
10 years since the successful completion of the first facial 
transplant allograft (FAT) in November 2005 in Amiens 
(France).[1] However, scientific community must be cautious 
because there are scarcely few selected cases in clinical 
follow-up after a decade of clinical experience. In a literature 
search in English from the PubMed/Medline data base 
(http://www.ncbi.nlm.nih.gov/PubMed), with the following 
search terms: “face”, “facial”, “transplant”, “transplantation”, 
“composite allotransplant tissue” and “vascularized 
composite allotransplant”, there have been reported clinical 
data from 31 patients to date [Figures 1 and 2].[2,3] Although the 
comparative analysis of data reported in these early clinical 
cases shows that overall functional and aesthetic results in 
FT are encouraging, there are still many unresolved aspects 
of experimental research and clinical application to know 
the real extent and the true dimension of this procedure. 
This paper will review, point by point, major surgical, 
immunological, ethical, and clinical follow-up aspects on FAT 
published in the literature, from the analysis of the results 
reported by pioneer FT teams on patients operated to date.

SURGICAL CONSIDERATIONS

Preclinical models
The initial problem on the knowledge of FT is common 
to other body transplants: to provide a basis for the study 
of the surgical technique. That is why in recent years, 
worldwide FT transplant teams have developed different 
preclinical research in experimental surgery on animals and 
cadaveric models. The pioneer teams have emphasized the 
importance on this preclinical work prior for the completion 
of a successful clinical transplantation.[4,5] FAT is a new 
field in reconstructive surgery that is still considered as an 
experimental and exceptional procedure. Therefore, it is 
imperative to establish a protocol and a previous training 
to achieve excellence in this demanding procedure, to know 
perfectly the anatomy of the allograft needed in each case, 
and to handle the tissues that compound the allograft.

The non-human primate model is the best suited since it 
provides tissues of anatomical size and texture very similar 
to humans.[6-9] Other models used have been rats,[10-14] rabbits 
and dogs,[15,16] animals that are easy to use in a research 
center [Figure 3].[17,18]

Preclinical studies on cadavers have sought to find the best 
way to recover soft and hard tissues, muscles, nerves and 
vessels of donor face while reducing tissue ischemia to 
the minimum. Studies on cadavers have been performed 
with recovery simulations of lower, middle and/or upper 
third face for FAT preparation[19-23] and development either 
partial or total.[4,5,24-26] Preclinical planning studies for 
implementation and validation of tools for planning, design 
and adaptation of allograft into recipients are other key 

aspects for anatomical structures of donors and recipients 
are consistent in size and configuration to allow a reasonable 
accommodation. Anthropometric study of facial soft and 
hard tissues both the donor and the recipient must be as 
accurate as possible to ensure the viability of the procedure 
and the proper insertion of the allograft into the defect,[27-29] 
even including the preparation of preoperative surgical 
osteotomy guides.[30-32]

Overall aspects on surgery
In FAT, microsurgical procedures are similar to those other 
complex reconstructive surgical procedures of the face.[33,34] The 
crux here is based on the exact surgical planning and surgical 
execution considering to ensure the adequate perfusion 
and blood supply allograft, knowledge of angiosomes, and 
vascularity of facial tissues. Allografts are recovered from the 
donor in monobloc containing the facial osteomiocutaneous 
tissues with mimic muscles, vessels and motor and sensory 

Figure 1: Countries in which a face transplant had been made in the last 
decade

Figure 2: Evolution of the number of face transplant in the last decade

Figure 3: Design of a facial transplant allograft in a Wistar rat. (a) Allograft 
pedicled in the external jugular vein and common carotid artery; (b) 
external view of the allograft before anastomosis
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nerves. This has ensured the full allograft vascularization by 
preserving muscle-cutaneous perforating vessels between 
facial muscles and skin component [Figure 4].[35]

FAT design has varied depending on tissue components 
involved, which determines the extent of each surgical 
procedure.[36] Most allografts included cheeks, nose, eyelids 
and lips, and in some cases the tongue and parotid glands 
have been transferred. At least half of them contained bone 
(maxilla and/or mandible, including teeth), which requires 
open osteosynthesis.[37,38]

Despite the complexity of the procedure, surgical primary 
failure has not been documented, which can be explained by 
head and neck rich vascularisation and the capability of the 
teams involved in the procedures.[39-41] A significant blood 
loss has been described during the procedure requiring 
transfusions.[42]

The restoration of the circulation allograft is achieved with 
relatively few vascular anastomoses. Most anastomosis was 
performed in large diameter vessels to minimize the risk 
of thrombosis. Complete revascularization of the face has 
proved to be possible from the anastomosis of one vascular 
pedicle,[43] and vascular viability of the maxilla, palate and 
mandible.[34] Most teams opted for a bilateral connection 
of the external carotid or facial arteries. The venous 
drainage was mainly channeled through the connection 
of the external jugular, facial or thyrolinguofacial trunk 

veins [Figure 5].[44] Almost all anastomoses were performed 
using conventional end-to-end or end-to-side microsurgical 
techniques.

Regarding facial nerve neurorrhaphy, some teams have 
accessed to nerve via parotidectomy, performing the nerve 
connection at recipient main trunk also including the parotid 
glands in the allograft.[21] Other teams have performed the 
anastomosis at peripheral facial nerve branches doing an 
intra-parotid nerve dissection[45,46] connecting only distal 
branches to the parotid gland.[1,47] Regarding sensory nerves, 
most teams connected infraorbital and mental nerves[48-51] 
while the supraorbital nerve neurorrhaphy is preferably 
carried out in full FT.[35,36,52,53]

PRE-TRANSPLANT CONSIDERATIONS

In all cases a brain death donor is required besides the 
consent of the family. Donors and recipients are matched on 
the basis of race, sex, blood type, human leukocyte antigen 
and skin color.[54,55] A full psychological evaluation before 
including the recipient as a candidate on a FT program is 
essential.[56] Evident contraindications are psychological 
disorders that impair the ability of the recipient to follow 
the immunosuppressive protocol. Informed consent prior 
to the FT requires a clear understanding of the risks of 
surgery, immunosuppressive therapy and potential allograft 
rejection.

Recovery strategy of allograft
The cold ischemia period since vascular disconnection of 
allograft from donor until reperfusion is one of the most 
important aspects as the rapid removal and transference 
into recipient is required. In the context of a multi-organ 
donation, most FT teams have removed “the face in the 
first place” after cardiac arrest and before organ removal. 
In worldwide experience to date, most of allografts have 
been removed from beating heart donors in brain dead. 
In order to reduce cold ischemia period if multiple organ 
donations, surgical teams prepared the removal procedure 
by dissecting most of allografts under maintenance of 
circulation before clamping.[1,39,57-59] If recovery and insertion 
of allograft are performed in different hospitals, allograft 
transport should be done in a secure manner in an organ 
preservation solution, and as quickly as possible to limit the 
time of ischemia tissues.[60,61]

FT indications
The most common indication was to restore the lower two 
thirds of the face, especially the perioral and periorbital 
central zone, including in some cases the forehead, eyelids 
and scalp, as well as maxilla, mandible and teeth.[62] Inclusion 
criteria of patients in FT programs vary from one center to 
another. To date only those patients with extensive tissue 
damage in which conventional reconstruction procedures 
previously failed have been included.[49,63,64]

Most frequent indications were severe burns (including 

Figure 4: Experimental model of a full face transplant in cadaver. (a) 
External and (b) internal view of the allograft

Figure 5: Experimental model of a partial face transplant in cadaver
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chemical and electrical burns), gunshot trauma, animal 
bites, plexiform neurofibromas of the trigeminal nerve in 
the context of neurofibromatosis type I, tumoral sequelae, 
severe side effects of radiotherapy, vascular tumors, and 
occupational traumas. However, it must be highlighted that 
since the first full FT performed in 2010,[43] the spectrum 
of possible candidates has expanded. In general, patients 
with significant medical comorbidity, lack of guarantee for 
post-transplant monitoring, high risk of recurrent cancer 
under immunosuppression, and pregnancy are excluded.[49] 
Protocols considered only stable psychological and 
immunologically patients as potential recipients.[50,56]

Patients with plexiform neurofibromas associated with 
neurofibromatosis type 1 are possible candidates in the 
absence of viable reconstructive options. To date, 4 patients 
with neurofibromatosis have undergone FAT.[40,51,55] However, 
this procedure should still be considered as an experimental 
option and consequently these patients as well as cancer 
patients must be carefully selected.

Evolution from partial to full FT
All FT had been partial before the first full FT which 
included different aesthetic units of the face (Barcelona, 
Spain, 2010).[43,65] After the first full FT there was a change 
in the reconstructive paradigm because of adherence to 
the classical concepts of facial aesthetic to a FT. From that 
moment, most FT was complete. This full FT approach has 
proven effective and safe, and most teams have reported 
excellent anatomical and functional results.[66-68] Moreover, 
the restoration of a full new anatomy of the face allowed 
conventional cosmetic procedures of refinement.

INMUNOLOGY

The skin is the most important and largest component of 
FAT, and it is well known that the skin (and the mucosa) 
has a high immunogenicity, so it is inevitable that rejection 
episodes are triggered at different times:[33,69] in the early 
period (hyper-acute rejection), within days or months after 
transplantation (acute rejection) or chronic rejection.[55,70]

Hyper-acute graft rejection has not been reported so far. 
However, most recipients had acute rejection episodes in 
the first year, revealed as skin redness, swelling and nodules 
and papules.[54,71,72] In FAT, episodes of mild rejection may 
be easier to treat than in solid organ transplantation due 
to immediate visibility of the skin and easy inspection. 
Episodes of acute rejection were usually reversible with 
corticosteroids (bolus treatment), supplemented in some 
cases by topical drugs (steroids and tacrolimus).[1,55] Other 
treatments included the increased tacrolimus levels and 
topical drugs.[39,50,51,73]

For monitoring rejection episodes after transplantation, 
clinical systematic follow up is required performing skin 
and/or oral mucosa biopsies.[69,74] In some cases, a sentinel 
free flap has been transplanted into donor for carrying out 

multiple biopsies and monitoring of clinical and pathological 
signs of graft rejection.[1,48]

Prevention and treatment of rejection
Immunosuppressive therapy in patients with FT has been 
similar to the scheme used in solid organ transplantati
on.[43,52,54,66,75] It consisted of an “induction” phase, which 
starts at an early stage of surgery, followed a “maintenance” 
phase. Most teams employed an induction therapy with 
polyclonal anti-thymocyte globulins, monoclonal antibody 
anti-interleukin-2 receptor as daclizumab and basiliximab, 
anti-CD3 monoclonal antibodies, mycophenolate mofetil, 
methylprednisolone, and tacrolimus (anti-calcineurin 
inhibitor).[76] Maintenance and preventing rejection of allograft 
is based today on the use of a global immunosuppression 
induction, non-specific, by postoperative triple therapy 
consisting of the administration of mycophenolate mofetil, 
tacrolimus and prednisolone.[77]

This immunosuppressive regimen should continue during 
the life of the patient, which carries risks of toxicity and 
complications like infections (opportunistic infections 
by cytomegalovirus, herpes, etc.), metabolic (diabetes), 
nephrotoxicity, hypertension and malignancies.[54] Although 
theoretically there is a risk of chronic rejection, most 
teams have not reported evidence of chronic rejection over 
time.[72,78,79] Recently there is a report of chronic rejection in 
a patient who left immunosuppression due to a malignant 
process.[3]

New strategies of immunosuppression
Current research is focused on finding new 
immunosuppressive molecules that allow adjustment of 
known drugs and avoid the problems associated with 
allograft rejection. Research are mainly directed on 
antibodies anticell-T, the development of more selective 
molecules with less toxicity to organs (kidney, liver) and 
creating a state of hematopoietic chimerism. In addition, 
new immunosuppressant associations are being studied to 
reduce the doses of each. Some researchers have used bone 
marrow infusion, thymoglobulin, anti-IL-2 receptor antibody 
and irradiation of X-rays. Since the skin is the more antigenic 
portion of allograft, topical treatment with tacrolimus 
ointment and phototherapy has also been used.[34,80]

RESULTS AND COMPLICACIONS

Functional and aesthetic results
FT aims to re-establish the functions of speaking, swallowing 
and mimic muscle mobility as well as to provide aesthetic 
improvements that allow patients to live a normal social 
life. Although a systematic analysis of all cases cannot 
be performed due to the unique characteristics of each 
patient, the results of the earliest FT, as a whole, are very 
convincing.[81]

Unlike solid organ transplants, in which a metabolic 
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function after revascularization of the organ is immediately 
detected, the FAT is initially viable after reperfusion in the 
operating room, but facial motor activity and sensitivity are 
absent. Therefore, in the first months of follow up, nerve 
regeneration and muscle rehabilitation becomes a challenge 
as well as patient’s ability to reintegrate allograft in sensory 
and motor cortex in the central nervous system. Between 
6-9 months, patients recovered discriminative sensitivity of 
the face. The recovery of active and passive movements of 
the lips was obtained between 6 and 12 months, but results 
differed between full or partial FT.[45,48,54,57] The functional 
improvements have been proportional to motor recovery, 
reaching even in some cases to restoration of near normal 
functional capacity.[72]

The long-term results are yet to be assessed and reported by 
different FT teams and therefore a final assessment of the 
results cannot be offered now.[82] Almost all patients have 
been able to breathing through the nose, smelling, chewing, 
swallowing, eating and speech and phonation recovering to 
a greater or lesser extent.[50,55,63,82-84]

Psycho-social outcomes
Psychological long-term results are not known with accuracy 
because the novel nature of the procedure, although 
preliminary results have reported positive outcomes. In 
general, patients experienced an acceptable improvement 
of quality of life with social reintegration and meaningful 
changes for having recovered their body image, without 
psychological disorders.[40,63] All patients have accepted their 
new face and some patients returned to work.[45,53,72] The 
favorable outcome is probably a consequence of the strict 
preoperative selection with a psychiatric and psychological 
evaluation of motivated and compliant patients.[85-87]

After the inset of the donor face on the recipient, no problems 
were detected with regard to identity transfer or change in 
body image in FT recipients. What is obtained is a mixture 
of both subjects, and due to differences in the characteristics 
of each facial bony structures, a new face is formed. 
Therefore, the initial concerns about appearance of feelings 
of depersonalization to the new face and the transfer or 
separation of the donor’s identity have not been substantiated. 
According to donor families, recipients and transplant teams, 
the recipients do not resemble the donor.[72,88,89]

Post-transplant revisions and refinements
To the extent that the number of FT has increased, various 
surgical refinements have been planned to optimize 
the aesthetic and functional results.[30,90] The functional 
and aesthetic improvement can be supported in various 
secondary procedures as such as the re-alignment of the 
jaws, restoration of teeth, re-suspension of the soft tissues, 
fat injections and dermabrasion.[91-95] These revisions did not 
seem to have caused major complications or affected in any 
way the immunological rejection.[40]

Post-trasplant complicacions
Despite the complexity of the procedure, no cases of 
allograft loss by surgical failures, such as arterial or venous 
thrombosis or tissue damage by cold ischemia time, have 
been reported. The most important complications derived 
from immunosuppressive therapy and drug toxicity leading to 
metabolic disorders, opportunistic infections and increased 
incidence of malignancy. Tacrolimus, a potent calcineurin 
inhibitor, is well known for its severe nephrotoxicity.[63] 
The majority of patients have suffered from opportunistic 
infections such as cytomegalovirus, herpes simplex, herpes 
zoster, candida albicans and bacterial infections, most of 
them have been treated successfully.[55,75] Due to an increased 
risk of carcinogenesis in the context of a suppressed 
immune system, it was likely that a correlation between 
immunosuppressive medication and the appearance of 
tumors was established. In this sense, neurofibromatosis 
type 1 or post-oncological sequelae are indications that may 
be critically questioned. Finally, at least 5 deaths associated 
with the FT procedure have been collected so far caused by 
failure of the immunotherapeutic regime, sepsis, recurrent 
malignant tumor, multiple organ failure and suicide,[34,96] 
which for some researchers reopens the question of risk 
versus benefit in the FT.[3,97]

ETHICAL IMPLICATIONS

From the ethical point of view, a crucial issue widely 
discussed in the literature has been the obligation to subject 
individuals to immunosuppressive treatment during patient’s 
life, leading to increased risk of developing complications,[33] 
when it is not a procedure to “save lives”, unlike solid 
organ transplant that often have an urgent indication to 
save a person life. From that point of view, the risks of 
immunosuppressive therapy may outweigh the benefits of 
the procedure due to recipients are exposing to the risks 
of immunosuppression. However, all transplant teams 
have reported that the reestablishment of the functional 
capabilities and the restoration of the face “have changed 
the lives of patients”, and a significant improvement in 
patient’s quality of life has occurred.[45]

An ethical unsolved problem would arise if a total loss 
allograft occurs as a result of a surgical complication or 
irreversible rejection.[55] Confronted with this catastrophic 
situation, very few reconstructive options would remain 
for that patient[54] and hypothetically, patients would return 
to a starting situation much worse as consequence of the 
procedure FAT.

Informed consent is crucial before performing a FAT for 
the reasons discussed above. Moreover, the question 
has arisen whether consent can be truly informed if the 
candidate previously does not coexist with the facial 
disfigurement for some time. Something as outlined in 
breast reconstruction, where a period of post-mastectomy 
waiting gives the woman the opportunity to accept a 
complex reconstruction.[98] Pediatric age creates an ethical 
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dilemma since it is linked to the difficulty of obtaining 
informed children consent, psychological instability during 
the years of growth, risk of cancer and complications of 
immunosuppression throughout a long life ahead. Another 
aspect to consider is the high economic costs of FT,[54,99] 
both the procedure and the immunosuppressive lifetime 
therapy, preventing its widespread application and opens 
the discussion of opportunity-cost for countries with public 
health services.[54,99]

FUTURE DIRECTIONS

From the first FT performed a decade ago, more than 
thirty FAT have been performed worldwide with promising 
immunological, functional, psychological and aesthetic 
results that have clearly demonstrated the feasibility of 
this demanding process. Unlike solid organ transplant that 
“potentially saved a life”, what FAT provides is a “change 
of life” to recipients. This substantial difference has created 
ethical concerns in society about the exposure of individuals 
(young and otherwise healthy) to potential immunological 
complications and the ability to provide informed consent. 
On the other hand, the incessant advance in microsurgical 
techniques and the computer assisted surgical planning, 
have progressively allowed a broader clinical application 
of this procedure, and have promoted the evolution from 
the first partial FT to full procedures of FT. All these are on 
the basis of accurate and careful selection of well-motivated 
candidates. There is a firm belief in the scientific community 
that, at present, surgical innovations in the field of FT have 
overcome to some extent immune, medical and ethical 
aspects. However, FT is still an experimental procedure in 
which we have much to learn. Next challenge will be getting 
new strategies for more effective immunosuppressive 
therapy and improved donor-specific tolerance. There are 
still unresolved problems and crucial aspects to define the 
true role of the FAT in the current reconstructive surgery.
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