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First human face allograft: early report

Bernard Devauchelle, Lionel Badet, Benoit Lengelé, Emmanuel Morelon, Sylvie Testelin, Mauricette Michallet, Cédric D'Hauthuille,
Jean-Michel Dubernard

Summary

Background Extended soft tissue defects of the face are difficult to reconstruct, and autologous tissue transfers
usually lead to poor cosmetic and functional outcomes. We judged that composite tissue transplantation could be
valuable in facial reconstructive surgery.

Methods We transplanted the central and lower face of a brain-dead woman onto a woman aged 38 years who had
suffered amputation of distal nose, both lips, chin, and adjacent parts of the cheeks. Transplantation consisted of
revascularisation of right and left facial arteries and veins (ischaemic time 4 h), mucosal repair of oral and nasal
vestibules, bilateral anastomoses of infraorbital and mental sensitive nerves, joining of mimic muscles with motor
nerve suture on mandibular branch of the left facial nerve, and skin closure. Immunosuppressive treatment was
with thymoglobulin, tacrolimus, mycophenolate mofetil, and prednisone. Two infusions of donor bone-marrow
cells were given. Follow-up included routine tests, biopsies, physiotherapy, and psychological support.

Findings The initial postoperative course was uneventful. No surgical complication occurred. Bone-marrow graft
and immunosuppression were well tolerated. Mild clinical signs of rejection were seen at day 20. Increased
corticoids initially did not reverse rejection, but signs of rejection disappeared after three boluses of prednisone.
Anatomical and psychological integration and recovery of sensation were excellent. At the end of the first
postoperative week, the patient could eat, and speech improved quickly. Passive transmission of muscle contractions

to the graft already exists; physiotherapy is being done to restore dynamic motions around the lips.

Interpretation The 4-month outcome demonstrates the feasibility of this procedure. The functional result will be
assessed in the future, but this graft can already be deemed successful with respect to appearance, sensitivity, and

acceptance by the patient.

Introduction

For several decades, plastic and maxillofacial surgeons
have tried to promote the transplantation of autologous
tissues to reconstruct patients who have been severely
disfigured by burns, ballistic trauma, tumours, or
congenital deformities. Despite their quest to find the
ideal method to restore simultaneously the aesthetic
appearance and expressive function of the face, all
conventional techniques—including skin grafts, local
flaps, free tissue transfers, and skin expansion—have
failed up to now to reach this goal.” Similarly, attempts
to prefabricate autologous tissue transfers had
disappointing results with poor motor function and
unsatisfactory cosmetic appearance, because of the
technical difficulty faced by the even most inventive
surgeon to restore inside a flap the structure complexity
that exists in each anatomical component of the face.**
However, sporadic reports of successful total face and
scalp implantations suggested that, because of their
dense anastomotic vascular network, the whole facial
tissues could overcome a relative ischaemia and survive
entirely after a single arterial repair.’® The idea that face
allotransplantation could be used in reconstructive
surgery was supported by some studies in rats’*
Furthermore, clinical experience with composite tissue
allografts, such as human hand allograft,” showed that
the immunological obstacle of composite tissue trans-
plantation could be overcome with usual immuno-
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suppressive regimens.” Consequently, the remaining
question in face transplantation was an ethical issue.
After reviewing this question, the French National
Consultation Ethics Committee allowed a partial
functional allotransplantation to reconstruct the central
part of the face, including the nose, both lips, and chin.
On Nov 27,2005, we undertook facial allotransplantation
on a young female patient with an extended soft tissue
defect corresponding exactly to these conditions. We
report the results of this face allograft for the first
4 months after surgery.

Methods

The patient

The patient, a 38-year-old woman, was admitted to the
maxillofacial surgery department of the University
hospital in Amiens, France, after a severe dog bite that
completely amputated her distal nose, upper and lower
lips, the whole chin, and adjacent parts of right and left
cheeks. The injury involved all soft tissues of the face,
down to the skeleton and teeth, and was largest in the
right buccal and zygomatic areas. Since conventional
autologous tissue reconstruction would have required
at least four or five operations to restore the four
missing anatomical units, and would probably have led
to poor aesthetic and functional outcomes, composite
tissue allotransplantation was chosen as the first
therapeutic option to reconstruct the patient’s face.
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Figure 1: Patient (A) after injury (June, 2005) and (B) 4 months after surgery
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After debridement, the facial wound was left in
secondary healing. While the patient was waiting for
the graft, intensive physiotherapy was done to reduce
scar contraction of the surrounding skin and to prevent
atrophy of the remaining muscles responsible for facial
expressions.

Authorisation to harvest a partial face transplant on a
dead, beating-heart donor and to transfer it to our
patient were requested according to the guidelines of
the French National Ethics Committee. Final approvals
certifying that the protocol fulfilled all ethical, medical,

FTaha (CHU-Amiens)

Figure 2: Anatomy of partial allograft with muscles, facial vessels, and motor
and sensitive nerves that were repaired microsurgically

and scientific rules were obtained from the French
Agency for Health Safety (AFFSAPS), from the French
Biomedical Agency (ABM) in charge of organ
procurement for transplantation in France, and from
the local Protection Consultative Committee in
Biomedical Research (CCPPRB, Amiens).

During this time, the patient underwent thorough
psychological  assessment by three different
psychiatrists—one in Amiens and two in Lyon—who
agreed with a fourth independent expert that the patient
was fully able to cope with the procedure. Furthermore,
in coordination with a lawyer, we drew up a detailed
informed consent form (available on request from the
authors) and a legal contract. This contract mentioned
all possible complications related to this potentially life-
threatening and non-life-saving procedure, especially
well-known or foreseeable drug-related complications.
This approach ensured that the patient’s consent was
given while she was fully aware of the latest available
information.

Physical examination of the patient before operation
showed that she retained the full integrity of the
proximal stumps of her zygomatic and levator anguli
oris muscles, on both sides of the injury. Clinically, all
these muscles remained functional, indicating that they
retained their intrinsic motor nerve supply. No
depressor muscle remnants were found in the lower
part of the face. Maxillary and mandibular bones were
intact, and the patient kept complete healthy dentition,
surrounded by undamaged gingival mucosa (figure 1, A).
Despite intensive physiotherapy, scar contracture
progressed and finally involved the masseter muscles,
reducing mouth opening to 19 mm. The soft tissues
injury also involved the distal nose; the columella, both
nostrils, and the anterior part of the nasal septum were
completely absent. Preoperative MRI was done to
corroborate the clinical findings, and functional MRI
tests were also done after the trauma, to allow study and
comparison of cortical brain behaviour in the face
frontoparietal areas before and after transplantation.

Procedures

The donor was a brain-dead woman aged 46 years who
died from severe, irreversible cerebral ischaemia. Her
skin complexion was similar to that of the patient. The
transplant coordinators asked for the family’s consent
to harvest and transplant a part of the donor’s face. The
donor and the recipient had the same blood group (O+)
and shared five HLA antigens (recipient: HLA A2-3 ,
B8-44, DR 3-7; donor: HLA A2-3, B8-44, DR 15-3). Before
procurement of the face, bone marrow was harvested
from the donor’s iliac crests and cryopreserved in liquid
nitrogen.

The face transplant was thereafter pedicled on both
right and left facial vessels, first exposed on the basilar
border of the mandible. The contour of the skin flap
was designed very precisely in accord with a rigid

www.thelancet.com Vol 368 July 15, 2006



Articles

metallic pattern manufactured on the recipient to
match exactly with the dimensions and shape of the
injury. Deep dissection was made on the surface of the
masseteric fascia and cheek fat pad laterally, then
carried out in a subperiosteal plane medially in order to
include in the graft, skin, subcutaneous tissue, all
perioral muscles with their intact nerve supply arising
from the zygomatic, buccal, and mandibular branches
of the facial nerve, and the mucosa of the oral and nasal
vestibules. The composite tissue transplant also
contained alar and triangular cartilages of the nose, in
continuity with the anterior part of the septum, and the
right and left infraorbital and mental sensitive nerves
(figure 2). At the same time, a conventional radial
forearm flap was harvested from the donor’s left upper
limb to be transferred as a vascularised sentinel graft
on the recipient’s left axillary vessels.

After harvest, both facial graft and sentinel flap were
irrigated with 500 mL of Institut Georges Lopez (ILG-1)
organ preservation solution at 4°C, then placed in double
plastic bags, in a standard ice box. The donor’s nose-
lips-chin triangle was reconstructed with a coloured
silicone mask, custom-made inside a plaster cast
moulded on her face at the beginning of the procedure.

The recipient’s face was prepared to receive the graft
under anaesthesia and after a tracheotomy. Extended
facial dissection was done to remove all scar tissue and
to isolate each anatomical structure to be joined to those
dissected and individually tagged on the graft. Skin
incision followed a regular curved line along the borders
of the original injury. Superficial muscle dissection
exposed individual stumps of the elevator bellies, with
their intact motor nerve supply entering their deep
surface. Terminal sensitive branches of the maxillary
and mandibular nerves were exposed at the point where
they left the infraorbital or mental foramina and were
prepared for further microsurgical anastomoses. Blood
vessels selected to revascularise the transplant included
right and left facial veins, which were quite large, and
right and left facial arteries, which were quite small. On
the right side, a complementary submandibular
approach was therefore needed to expose the proximal
part of the artery.

Concomitant bench work was done on the processed
allograft on a bed of iced sponges. When all vascular
and nervous structures were ready for anastomoses
after a complementary microsurgical preparation, the
graft was transferred on the recipient’s face. The right
facial arteries were then anastomosed under microscopy,
end-to-end, with 10/0 prolene sutures. When the clamp
was released, the whole composite transplant rapidly
achieved a normal colour and volume. Due to the right-
left arterial anastomoses running in the labial networks,
active bleeding was quickly observed on the free end of
the left facial artery, attesting that the entire graft was
adequately perfused. Total ischaemic time was 230 min.
Further repair included the microvascular anastomosis
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of the right facial veins, sutured end-to-end with 9/0
prolene, then the circumferential closure of the oral
vestibule with separate 4/0 vicryl sutures and the
clockwise termino-terminal repair of right and left
mental and infra-orbital sensitive nerves using 9/0
prolene sutures. Although the graft perfusion was fully
achieved through the right arterial and venous
anastomoses, left facial arteries and veins were also
repaired under microscope, end-to-end, with 10/0
prolene sutures.

Facial mimic muscles were sutured in layers, with
attempts to join them individually whenever possible.
On each side of the midface, repaired muscles included
the buccinator, zygomaticus major and minor, levator
angulae oris and levator labii superioris, risorius, and
platysma. On the lower face, depressor muscles of the
lower lip were reinserted on the periosteum of the
mandibular border. Since all proximal stumps of the
midfacial muscles had kept their original motor nerve
supply, the decision was made not to sacrifice the
zygomatic and buccal rami of the facial nerves to suture
them on the homologous branches dissected on the
transplant. To reanimate the lower face, however, a
nerve termino-terminal coaptation was done on the left
mandibular branch of the facial nerve. On the right
side, unfortunately, this thin nerve was not found in the
graft (figure 2).

Final attachment of the transplant included the
ascending repair of both nasal vestibules, closure of the
nasal superficial musculo aponeurotic system layer, and
finally subcutaneous and skin suture. The latter was
done with 6/0 sutures after moderate adaptation of the
upper cutaneous edges of the recipient’s injury.
Silkworm guts were used to drain the subcutaneous
space, and wounds were lightly dressed with short
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Figure 4: (A) Intraoral mucosa showing oedema and erythrosis at time of first rejection reaction (day 24), and
(B) mucosal biopsy sample, day 24, witha | densi i
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steristrips only. The whole graft was left uncovered for
postoperative monitoring.

During revascularisation of the transplant, the donor
sentinel flap was transferred in the left submammary
fold and sutured end-to-end to the recipient’s

thoracodorsal vessels with 9/0 prolene sutures. This
vascularised composite tissue flap, hidden under the
breast, was used to monitor indirectly the immunological
behaviour of the graft, aiming to avoid damage to the
reconstructed face by repeated skin biopsies.

The induction immunosuppressive protocol (figure 3)
was intravenous antithymocyte globulins (Thymo-
globulin, Genzyme, Lyon, France, 1-25 mg/kg per day
for 10 days), oral tacrolimus adjusted to maintain
concentration in the blood at 10-15 ng/mL during the
first month, mycophenolate mofetil (2 g per day), and
prednisone (250 mg on day 1, 100 mg on day 2, followed
by 60 mg per day for 10 days, then progressively reduced
to 5 mg per day). Prophylaxis for cytomegalovirus
infection was intravenous gancyclovir (5 mg/kg twice a
day) for 5 days, followed by Valgancyclovir
(900 mg per day for 5 months). For the prevention of
Pneumocystis jerovici pneumonia, the patient received
trimethoprim sulfamethoxazole (400 mg per day) for
4 months after transplantation. Amoxicillin-clavulanate
prophylaxis (3 g per day) was given for 10 days to prevent
postoperative infection. Antithrombotic prophylaxis
was with aspirin and subcutaneous heparin.

Frozen bone marrow was thawed immediately before
infusions, which were done on days 4 and 11 post-
transplant. The total numbers of nucleated haemato-
poietic cells infused were 1-6x108 per kg on day 4, and
1-8x108 per kg on day 11. The graft contained 2x10+ per
kg and 4x104 per kg colony-forming-unit granulo-
macrophage cells, 0-12x106 per kg and 0-12x106 per kg
CD34+ cells, and 2-7x106 per kg and 4-1x106 per kg
CD3+ cells on days 4 and 11, respectively.

Mucosa and skin biopsies were scheduled every week
in the cheek mucosa and sentinel skin graft for 1 month,
then monthly for 4 months. Physiotherapy was started
48 h after surgery and was offered twice daily for the
entire follow-up period. The rehabilitation programme
consisted of supervised controlled-motion passive and
active exercises, and an early sensory re-education and
cortical reintegration protocol. Psychological support
was offered once daily during the first 4 weeks, then
twice weekly.

Results

The initial postoperative course was uneventful. No
microsurgical complications occurred and no ischaemic
or congestive area was observed on the graft, or on the
sentinel flap. Wound healing occurred normally. Minor
oedema of both grafts was observed in the early
postoperative period, but quickly disappeared and did
not delay the immediate start of the rehabilitation
programme. The patient’s general condition remained
excellent. During the second postoperative week, she
developed a transient and unexplained thrombocytosis
(maximum platelet count 800000 per mm3) that was
treated by increasing the doses of heparin to prevent
microthrombosis.
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On day 18, diffuse erythema and oedema were
observed on the grafted mucosa (figure 4, A). They were
treated as a candida stomatitis because of the
demonstrated presence of Candida albicans on the
patient’s oral mucosa. From day 20, mild and diffuse
erythema and oedema progressively developed on the
facial skin and on the sentinel skin flap (figure 5, A).
On day 24, biopsy samples of the mucosa showed dense
mononuclear cells infiltrate, some vacuolisation of
basal cells, and occasional apoptotic keratinocytes
(figure 4, B). At the same time, skin biopsy samples
showed a moderate perivascular mononuclear cells
infiltrate in the grafted derma (figure 5, B). The lesions
were graded I and II according to the classification
established for composite tissue acute rejection.” Based
on the treatment of rejection used in patients with hand
allograft (figure 6), prednisone doses were increased
from 25 to 60 mg/kg per day. Tacrolimus and clobetazol
ointments and steroid mouth rinses were alternately
applied twice daily. Because clinical and pathological
improvement was very slow, 1 g prednisone was given
on days 34, 36, and 38. Tacrolimus doses were increased
from 10 to 15 mg per day to maintain the blood
concentration between 10 and 15 ng/mL. Mycophenolate
mofetil doses were increased from 2 to 3 g per day from
day 39. With this regimen, the mucosa rapidly returned
to normal. Simultaneously, the redness of the graft and
of the sentinel flap progressively faded. Subsequent
mucosa and skin biopsies showed a substantial decrease
of the cellular infiltrate, with return to normal at day 45.
Chimerism was assessed once a week by use of
microsatellites and quantitative PCR on total blood and
CD3 and CD56 cells, and monthly on bone marrow
total cells and CD34 positive cells. All results until
day 90 showed a complete recipient profile in blood and
marrow.

Physiotherapy started at day 1, the tracheotomy was
removed at day 3, and the patient was able to eat and
drink almost normally at the end of the first postoperative
week. Rehabilitation training took place twice a day, and
included static and dynamic facial exercises, mainly
focused on the restoration of lips suspension and
mouth occlusion. Sensation recovered quite quickly.
Assessed by repeated Semmes-Weinstein testing, it
reached the lateral part of the upper lip and the lateral
mental area on both sides after 10 weeks, and thereafter
involved the whole skin surface of the face transplant,
including the tip of the nose at the 14th postoperative
week. Oral mucosa of the graft also became sensate in
the same period, so that from the end of the second
postoperative month, mucosal routine biopsies needed
to be done under local anaesthesia.

Motor recovery was less fast and less effective.
Dynamic movements of the upper lip, due to contraction
transmission from the repaired levator and zygomatic
muscles, were obvious from the beginning of the 12th
postoperative week. Smile, however, remains at present
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incomplete and imperfect. Motions of the lower lip are
not yet present, causing a slight sagging of the central
inferior part of the graft (figure 1, B). Consequently,
complete lip closure has not yet been achieved, and
although highly improved, phonation still lacks labial
occlusive phonemes. At 4 months, it is obviously too
early to evaluate recovery of motion.

Psychologically, the transplant was well tolerated in
the immediate postoperative period and its quick
integration into the patient's new body image was
greatly helped by the fast sensate recovery of its skin
surface. At the end of the 12th postoperative week, the
patient became able to face the outside world and
returned progressively to a normal social life.

Discussion

The early outcome of this human face transplantation
confirms what was known from studies in animals**
and from the rétrospective multicentre clinical
experience with human hand transplantation.” The
technical feasibility of the procedure has been clearly
demonstrated, with no surgical complication. Compared
with conventional techniques using serial autologous
tissue transfers, face allografting is an advantageous
possibility for the reconstruction of severely disfigured
patients in a one-stage procedure, providing entire
restitution of the missing anatomical units, complete
sensate recovery, and promising results in terms of
appearance and motor function. Face composite tissues,
however, can trigger an allo-immune response that
needs to be controlled by a standard immunosuppressive
regimen. This immunosuppression should be obviously
a lifelong treatment, and the total agreement of the
patient is needed.

To monitor this immune response without damaging
the reconstructed face, we used a thin composite-tissue
free sentinel flap from the donor as a site for further
graft-skin biopsies. Although the skin of the forearm
and face does not have exactly the same thickness,
clinical and pathological changes appeared simul-
taneously on both during the rejection episode and
were similar in the forearm fasciocutaneous flap and in
the face allograft. Our observations also showed that
clinical and pathological patterns of rejection might
appear first on the transplanted oral mucosa, which is
easier than skin to biopsy, offering another way to
monitor rejection with a grading classification similar
to that described in hand transplantation.”

The decision to include infusions of donor bone-
marrow cells in the immunosuppressive protocol was
based on experimental and clinical data showing the
long-term efficacy of this approach. Such infusions
efficiently induce tolerance in animals.* Since the
pioneering work by Monaco,” donor bone-marrow cell
infusions have been used in kidney, kidney and
pancreas, liver, and heart transplantations.®” The
results of these infusions, combined with immuno-
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suppressive drugs including thymoglobulin as induc-
tion therapy, has been intensively studied in cadaveric
kidney transplantation.” In the long term, rates of
chronic rejection were decreased and graft survival was
improved, compared with controls who did not receive
infusions, even in the absence of proven micro-
chimerism. Patients did not develop infusion-related
complications, graft-versus-host disease, or an increased
rate of infection. Interestingly, the immunoregulatory
effect of donor bone-marrow cells on allogenic cellular
immune responses was shown in the same clinical
trials.”? Although, using the same number of nucleated
cells as in bone marrow transplantation, the risk of
graft-versus-host disease was reduced because of the
absence of myeloablative preparation in the recipient.
Bone-marrow chimerism increased progressively with
time after combined kidney and donor bone-marrow
cell transplantation. Whether microchimerism helps to
induce allograft acceptance or whether it is only an
epiphenomenon remains controversial. Allograft
rejection can occur in the presence of microchimerism,
and long-term graft survival can occur in the absence of
microchimerism, so microchimerism cannot be used
as a criterion for withdrawal of immunosuppression.”
Induction of microchimerism usually correlates with
the number of donor bone-marrow cells infused.
However, the minimum number of cells necessary to
induce tolerance is not known. Very few donor CD34+
cells or dendritic skin cells might have a beneficial
effect on the recipient’s lymphocyte population in the
absence of detectable microchimerism, leading to a so-
called cryptochimerism that might explain the
occurrence of T-regulatory cells in the skin of long-term
accepted hand allografts. To increase the presence and
persistence of a higher number of donor bone-marrow
cells, a non-myeloablative conditioning regimen, such
as those often used before haematopoietic stem-cell
allogenic transplantation, might be useful. Further
investigations are needed to assess, with longer follow-
up, the real benefit of the donor bone-marrow cell
infusion in this face transplant.
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