Face Transplant Graft Procurement: A
Preclinical and Clinical Study

Jence Pl Ncotogaos, g:]'%’ - Background: Most articles on face composite tissue allotransplantation have

: . considered ethical and immunologic aspects. Few have dealt with the technical
Antome_ Paraske.vas, M.D. aspects of graft procurement. The authors report the technical difficulties
Fa‘bl'o Ingallina, M.D. ¢ 5, vo1ved in procuring a lower face graft for allotransplantation.
Eric Bouhana, M.D.  Meghods: After a preclinical study of 20 fresh cadavers, the authors carried out
Laurent Lantieri, M.D. © ap, allotransplantation of the lower two-thirds of the face on a patient in January
Créteil, France © of 2007. The graft included all the perioral muscles, the facial nerves (VII, V2,
~ and V3) and, for the first time, the parotid glands.

- Results: The preclinical study and clinical results confirm that complete revascu-
- larization of a graft consisting of the lower two-thirds of the face is possible from a
single facial pedicle. All dissections were completed within 3 hours. Graft procure-
- ment for the clinical study took 4 hours. The authors harvested the soft tissues of
- the face en bloc to save time and to prevent tissue injury. They restored the donor’s
. face within approximately 4 hours, using a resin mask colored to resemble the
- donor’s skin tone. All nerves were easily reattached. Voluntary activity was detected
- on clinical examination 5 months postoperatively, and electromyography con-
~ firmed nerve regrowth, with activity predominantly on the left side. The patient

. requested local anesthesia for biopsies performed in month 4.
. Conclusions: Partial facial composite tissue allotransplantation of the lower two-
. thirds of the face is technically feasible, with a good cosmetic and functional
- outcome in selected clinical cases. Flaps of this type establish vascular and neuro-
- logic connections in a reliable manner and can be procured with a rapid, stan-

dardized procedure.

W ace composite tissue allotransplantation has
“ been the subject of heated debate between

surgeons and ethics specialists over the past
5 years.! Most scientific publications on this pro-
cedure have considered ethical,>® immunologic,*
or other aspects relating to the recipient.>® Very
few have dealt with the technical problems in-
volved in graft procurement.” Most plastic sur-
geons trained in microsurgery have a perfect un-
derstanding of facial anatomy and can perform
the vascular and nervous anastomoses required
for such flaps. However, they are not accustomed
to being involved in activity related to allotrans-
plantation. Facial transplants differ from hand
transplants in that very few cases of facial replan-
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tation have been described, whereas finger and
hand replantation is common. As in heart and
liver transplantation, specific surgical techniques
and training are required before the procedure
can be incorporated into clinical practice.
Several important questions must be ad-
dressed concerning the procurement of grafts for
facial allotransplantation. For example, what type
of graft is most reliable in terms of the subseg-
uent establishment of vascular connections? How
should muscles, nerves, and salivary glands be
transferred to ensure correct function? How can
the graft be procured reliably under the time con-
straints required to preserve the other organs of a
hemodynamically unstable donor? How can the
donor’s face be restored in a manner acceptable
to his or her family? We report here the technical
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difficulties involved in the procurement of a lower
facial graft for allotransplantation.

Anatomical Observations on Cadavers

We studied 20 fresh cadavers in a two-step
preclinical study. In the first step, we used 10 ca-
davers to investigate the possibilities for harvesting
various facial units. These dissections were carried
out to evaluate the various anatomical structures
of the face, their relationships, and different sur-
gical planes. In the second step, we used the other
10 cadavers to develop methods for reconstructing
the lower two-thirds of the face.

For all dissections, we attempted to simulate
real transplantation procedures as closely as pos-
sible. A pair of cadavers was used for each dissec-
tion. The facial flap removed from the first cadaver
was used to restore the defect created by procure-
ment of the facial flap from the second cadaver
and vice versa. This made it possible to evaluate
the adaptation of the procured facial flap to a
different skeletal structure and, thus, to estimate
the possible final aesthetic result. Photographs
were taken before and after every “facial switch”
and compared.

The vascular anatomy within the free facial
flap was studied both by simple transillumination
and by the intraarterial injection of radiopaque
material (lead oxide gel) in three cadavers. All of
these flaps were photographed (Fig. 1). We re-
corded the time from the start of the dissection to
the end of the restoration process.

Donor Mask Production

French law requires the appearance of the
donor’s body to be respected, and conformity with

b ol B S
Fig.1. Apartialfacetransplant,including the lowertwo-thirds of
the face, in the preclinical study.
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this regulation is carefully checked by the French
Transplantation Agency. In the case of facial al-
lotransplantation, a molded mask must be made
during graft procurement to ensure that this ob-
ligation is respected. During the cadaver study, we
compared two different methods of mask manu-
facture based on two different materials: silicone
and acrylic resin. The evaluation criteria were the
speed with which the mask could be produced and
resemblance to the original face.

Graft Procurement Protocol and the
Clinical Case

The facial graft was procured from a brain-
dead donor in January of 2007. Donors were
screened based solely on ABO compatibility, skin
phototype, and gender. Tracheotomy was the first
step in the procedure. A mold was then made of
the donor’s face for the subsequent manufacture
of a mask to restore the appearance of the donor
after graft procurement (Fig. 2). A layer of algi-
nates was placed over the face, followed by bands
of plaster to prevent distortion during unmolding
and to reinforce the mold. Once set, the mold was
removed and used to produce a resin mask during
the procurement procedure.

The face was harvested from a donor with a
beating heart, before the removal of the other
organs. The head and neck region was in the
operative field; the anesthesiologists had access to
only the lower part of the donor. This arrange-
ment made it impossible to remove other organs

Fig. 2. Mold of the donor’s face, produced from alginates and

* plaster before graft procurement.
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simultaneously, even if all the transplant teams
could, in theory, operate at the same time. The
drawing of the flap began in the glabella and fol-
lowed the lateral limit of the nose and the infraor-
bital rim to the root of the helix. It then continued
downward in the preauricular area to a location 5
cm below the mandibular angle, and continued
forward to join the opposite side in the anterior
cervical area above the tracheotomy site (Fig. 3).
The dissection started on the right side. The tem-
poral vessels were ligated. The facial nerve was
approached by means of a parotidectomy access
route (Fig. 4, above, left). It was dissected until its
bifurcation and transected at its exit from the
stylomastoid foramen. The flap was raised toward
the front, following the masseter plane (beneath its
aponeurosis) to the oral mucosa, along with the
facial nerve, the parotid gland—including Stensen’s
duct, the superficial portion, and part of the deep
portion—the mental nerve, the orbicularis oris, and
most of the smile muscles (including both the zy-
gomaticus and levators). At the anterior edge of
the masseter muscle, the dissection plane was sub-
periosteal at the level of the horizontal branch of
the mandible. The mental nerve was identified at
its exit from the mental foramen and communi-
cated with the oral cavity at the level of the cheek.
The entire cheek mucosa was harvested along the
parotid ostium. The buccal fat pad was left behind.
On the dental part of the maxilla and mandible,
the mucosa was cut at the gingiva.

from a cadaver (legal restrictions prevent us from showing a
drawing of the donor for the clinical case).

The upper incision ran along the zygomatic
arch, followed the infraorbital margin, and ended
on the nasofrontal suture. The dissection was sub-
periosteal to the malar bone (Fig. 4, above, right).
The infraorbital nerve was isolated and transected
at its foramen. The insertions of the zygomatic
muscles were divided and the muscles were in-
cluded in the flap. The nose was removed, along
with the skin, cartilage (alar, triangular, and most
of the septum), nasal bones, and mucosa. A low-
to-low lateral osteotomy was performed, as for rhi-
noplasty. This dissection of the nose as an intact
unit was carried out to save time. A similar se-
quence was performed on the left side. In our
protocol, simple stitches were used for nasal bone
fixation on the recipient, with no mucosal sutur-
ing or splinting.

A cervical flap (skin and the platysma muscle)
was then generated by undermining. The anterior
border of the sternocleidomastoid muscle was re-
tracted laterally and both facial arteries and veins
were isolated. The vessels were dissected from
their origin by means of a cervical approach, leav-
ing a graft attached by both external carotid ar-
teries and thyrolinguofacial trunks (Fig. 4, center,
left). The submandibular glands were included in
the flap, in a sort of en bloc dissection, minimizing
the risk of dissecting the marginal branch of the
facial nerve and the facial vessels at this level (Fig.
4, center, right). The graft (Fig. 4, below, left) was
washed with heparin-containing saline and trans-
ported in a standard icebox in preservation solu-
tion (Solution de Conservation des Organes et des
Tissus; MacoPharma, Mouvaux, France). Once all
the organs had been harvested and a painted resin
mask, prepared during the operation, had been
fitted to the donor’s face (Fig. 4, below right), the
cadaver was returned to the family. Simulta-
neously, a different team prepared the recipient,
namely, by debulking a massive plexiform neuro-
fibroma of the face.

Anatomical Observations on Cadavers

The preclinical cadaver study showed that,
for a partial face transplant including the lower
two-thirds of the face, it was possible to obtain
complete revascularization from a single facial
pedicle. Investigations of vascular anatomy
within the flap, by both transillumination and
radiography, showed there to be a sufficient and
rich anastomotic network in facial flaps. The
facial vessels of the donor must be dissected and
harvested at their origin with part of the exter-
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Fig.4. (Above, left) Exposure of the facial nerve trunk. (Above, righ

t) Subperiosteal dissection. (Center, left) The transplant attached

by pedicles to both external carotid arteries and the thyrolinguofacial trunk. (Center, right) Deep view of the harvested nasolabial
complex. (Below, left) Superficial view of the harvested nasolabial complex. (Below, right) The resin mask, after coloration (legal
restrictions prevent us from showing the mask placed on the face of the donor for the clinical case).

nal carotid artery and internal jugular vein. In
this way, we were able to achieve a good match,
in terms of size and length, with the recipient
during anastomosis.

The facial nerves were easily dissected from
their exit from the stylomastoid foramen to their
bifurcation. The facial nerve was easily reattached
in every case. The dissection plane on the man-
dible and the upper maxillary bone was subperi-
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osteal and allowed easy identification of the in-
fraorbital and mental sensory nerves at their exit
from the bone.

All dissections were achieved within 3 hours.
During the cadaver study, it became clear that it
was possible to remove the full thickness of the soft
tissues of the face en bloc to ensure the rapid
procurement of a “free facial flap” with minimal
tissue damage. The procured flap could then be



Volume 122, Number 5 e Face Transplant Graft Procurement

adapted to the particular clinical situation of the
recipient by removing the extra skin. When soft-
tissue facial flaps were “switched” between differ-
ent bony structures, intermediate facial features
not matching the initial characteristics of either
donor or recipient were obtained.

Donor Mask Production

Silicone gave excellent results, but mask gen-
eration by this method required at least 10 hours.
The silicone mask had a more natural texture on
palpation but took too long to produce for use in
clinical practice. Resin masks gave a less satisfac-
tory result but could be produced in approxi-
mately 3 hours. A further 60 minutes was required
for coloration of the mask to match the donor’s
skin. In the in vivo study, it was necessary to take
postmortem pallor into account.

Clinical Case

Complete revascularization from a single fa-
cial pedicle was confirmed during the clinical
study: the first end-to-end arterial anastomosis to
the left external carotid artery was sufficient for
full perioperative revascularization of the flap and
the immediate reestablishment of venous flow on
both sides. Nevertheless, anastomosis was also car-
ried out on the right side, in case of compression
caused by hematoma or inappropriate head rota-
tion. End-to-end anastomoses to the thyrolinguo-
facial trunks were performed.

Anastomosis of the facial and infraorbital
nerves was challenging in this case, because of
major incongruence resulting from the neurofi-
bromatosis. Effective nerve anastomoses should
follow a strict sequence, from one side to the
other, like a gradually closing book. After the first
vascular anastomosis, the facial nerve on the same
side was sutured, followed by the branches of the
trigeminal nerve on the same side. The nasal
bones were set and the trigeminal nerve was su-
tured on the contralateral side. Contralateral vas-
cular anastomoses were then carried out and the
facial nerve was sutured. This method ensured
effective coaptation between nerves. Truncal anas-
tomosis was performed on the right side in this
patient, who already had a paralyzed eyelid, with
anastomosis of the lower branch after the bifur-
cation on the left side. Another difference be-
tween the cadaver study and our clinical case was
the swelling observed at the end, indicating slight
tension in our last nerve suture. Neurologic tests
performed 45 days after surgery (clinical testing
and electromyograms) detected no nerve re-

growth, despite the presence of spontaneous mus-
cle activity. As expected, voluntary activity was de-
tected on clinical examination 5 months after
surgery and was confirmed by electromyography,
with activity predominantly on the left side. Sen-
sory improvement was also noted, with the patient
requesting local anesthesia for biopsies performed
at month 4.

Graft procurement for use in this clinical case
took 4 hours. The total clinical procedure lasted
15 hours and involved two senior surgeons, three
fellows, and four residents. A two-team approach
was used to minimize ischemia time, with one
team for the donor and another for the recipient.

The conclusions of our cadaver study concern-
ing the appearance of the face after transplanta-
tion were confirmed by our clinical case. Clearly,
the patient no longer had his original highly dis-
figured appearance. However, this patient has an
unusual bone structure, largely attributable to
neurofibromatosis, and he therefore did not re-
semble the donor after transplantation. The facial
appearance of the recipient improved gradually,
together with nerve regrowth, with the develop-
ment of changes in expression and the appear-
ance of nasolabial folds (Fig. 5). The transplanted
parotid glands were entirely functional in the clin-
ical case, with extensive salivary flow on both sides
and normal sialography and ultrasound results.

Our results show that partial facial composite
tissue allotransplantation of the lower two-thirds
of the face is technically feasible, with a good cos-
metic and functional outcome, in selected clinical
cases. The flap used gave reliable vascular®-'? and
neurologic results and could be obtained rapidly,
in a standardized way. The flap contained all the
perioral muscles, the facial nerves (VII, V2, and
V3), and the major salivary glands.

Unlike others,” we advocate a procurement
technique involving removal of the full thickness
of soft tissues, as this method limits tissue damage,
maximizing the changes of rapid functional re-
covery after motor nerve anastomosis, even in
challenging cases of type 1 neurofibromatosis.!!
The flap used here provides the muscles together
with the cutaneous attachments essential for facial
expression. The preservation of the muscles in a
full-thickness transplant is also beneficial in terms
of vascularization, because the musculocutaneous
perforators are preserved. Potential candidates for
face transplantation may present ballistic trauma,
severe burns, or genetically induced disfigure-
ment (e.g., xeroderma pigmentosum, neurofibro-
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with a massive plexiform neurofibroma.

matosis), but will probably always be patients with
deep tissue damage that has abolished or severely
impeded function. We suggest that face trans-
plants should be offered to patients with destruc-
tion of the circular muscles of the face (orbicularis
oculi or orbicularis oris) in isolation (partial trans-
plant) or combination (total transplant). Other-
wise, there is no indication for face transplanta-
tion and classic plastic surgery should be used.
Furthermore, because much of the dissection is
subperiosteal (avascular) and far from the noble
structures, this technique ensures that graft pro-
curement can be achieved rapidly.

This need for rapidity may appear strange to
plastic surgeons unused to the procurement of
grafts for allotransplantation. Indeed, the pro-
curement of a facial graft takes a long time and
must be performed first in donors with beating
hearts, before removal of the kidney, liver and,
obviously, the heart. The donor is hemodynami-
cally unstable so, if it takes too long to obtain the
facial graft, the collection of other organs may be
jeopardized, endangering the life of potential re-
cipients, which is ethically unacceptable. Ideally,
graft procurement should take the same amount
of time as preparation of the recipient and fabri-
cation of the prosthetic mask.

Another key element is the restoration of the
donor’s appearance. This has been straightfor-
ward for other types of transplantation, because
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organs are internal and hands can be replaced by
standard prostheses. It is much more difficult for
the face, which must be restored for the benefit of
the donor’s family, particularly given its potential
importance for the mourning process. Our tech-
nique, based on the production of a resin mask
from an alginate mold, yields rapid (within 4
hours) and acceptable reconstruction. Knowing
that the corpse’s appearance will be restored
helps the family to accept this type of donation
and may make this procedure more acceptable
to society. The care taken with the restoration
procedure has also helped other transplant sur-
geons to accept this procedure, allowing us to be
the first to operate.

The flap, once transplanted, no longer has the
physical attributes of the donor’s face, because of
differences in the underlying bony structures. In
addition, it is widely accepted that the expressions
of the face, including mimicry in particular, are
under cerebral control and are not registered in
the tissue. As the face is usually left uncovered and
is the principal means of identifying an individual,
fears about possible identity problems have been
raised in the media. There is no scientific evidence
to support the existence of such problems.

We experienced some mismatch in the repair
of donor and recipient infraorbital nerves. Neu-
rofibromatosis aside, this may remain a problem,
as the infraorbital nerve may branch immediately
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after its exit from the infraorbital foramen. As  Mondor, and the Anatomy Department of Paris V Uni-

shown by Siemionow et al.,’® proximal nerve dis-
section by orbital rim osteotomy may resolve this
technical problem.

ANTE

Compassion for the candidates for face trans-
plantation is not enough to justify this procedure.
Face allotransplantation carries high risks and
must still be considered in the framework of clin-
ical research. Several cases are required to evalu-
ate the risk-to-benefit ratio. Immunologic aspects,
psychological impact, and long-term functional
outcome must also be assessed and the findings
published. This work will undoubtedly be ex-
tended to the procurement of a total face trans-
plant, but further preclinical work on cadavers is
required, as the upper face is very different from
the lower face.
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