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Objective. Partial face composite tissue allotrans-
plantation was recently achieved in a human subject.
However, the side effects of long-term immunosup-
pression and chronic rejection area still need concern-
ing. This preliminary study investigated the reproduc-
ibility of swine hemi-facial transplantation for
preclinical studies.

Materials and methods. Eleven out-bred miniature
swine underwent hemi-facial transplant. The hemi-
facial orthotopic transplant consisted of ear cartilage,
auricular nerve, parotid gland and lymphoid tissue,
muscle with surrounding hemi-facial skin paddle sup-
plied by the carotid artery, and external jugular vein
transplanted to recipient swine. Three different ex-
perimental designs were studied, as follows: group I
(n � 4): autologous hemi-facial transplantation as a
normal control; group II (n � 4): hemi-facial allotrans-
plantation without treatment; group III (n � 3): hemi-
facial allotransplantation with cyclosporine-A treat-
ment for 4 wk. The transplanted face was observed
daily for signs of rejection. Biopsy of donor skin, gland
lymphoid tissue, and cartilage were obtained at spec-
ified predetermined time (d 7, 14, 28), or at the time of
clinically evident rejection.

Results. The results indicated the survival of group I
following autologous hemi-facial transplant was 100%
and indefinite until sacrifice. Group II without treat-
ment as the controls revealed allograft rejection by d 7 to
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28. The allograft with short-term cyclosporine-A treat-
ment revealed delayed rejection by d 38 to 49 postoper-
atively. The histological examination in group I revealed
abundant lymphocyte infiltration, especially in lym-
phoid gland and alloskin at 1 wk and sacrifice. In con-
trast, the cyclosporine treatment group showed no sig-
nificant rejection signs in 4 wk posttransplants. These
results demonstrated that lymphoid tissue and alloskin
are both susceptible to early rejection.

Conclusion. The experimental results revealed this
model is suitable to investigate the new strategies for
preclinical facial allotransplantation studies. Monitor-
ing and modulation of early rejection in alloskin and
gland lymphoid tissue is a useful strategy to evaluate
composite tissue allotransplantation survival. © 2009

Elsevier Inc. All rights reserved.
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INTRODUCTION

Composite tissue allotransplantation (CTA) has
many applications in reconstructive microsurgery [1].
Advances in reconstructive microsurgery, increased
experience with organ transplantation, and recent de-
velopments in immunosuppressive therapy have in-
creased interest in CTA research and its clinical appli-
cation [2]. The CTA presents an alternative to
conventional reconstructive methods for repairing tis-
sue damage caused by trauma, burn injury, cancer
ablation, and congenital defects. In patients lacking
their own “autologous” tissue for reconstruction, this
surgical procedure enables reconstruction with tissue

structurally similar to their own.
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The first human hand transplantation was per-
formed in 1998 in Lyon, France [3]. Since that time
numerous hand transplantations have been performed
with varying reports of success and failure [1]. The first
partial face allotransplantation performed in a human
subject in November, 2005, demonstrated the technical
feasibility of this procedure [4]. Although not quite
routine yet, the practice of CTA is not rare. Among
many others such as donor source, ethics, psychology of
recipient, and so on, immune rejection and its treat-
ment are continuously one of many big issues. As a
matter of fact, application of immune suppress therapy
is required. Despite its promising applications, the side
effects of long-term immunosuppressive therapy and
chronic rejection are still concerning [3, 5, 6]. Unlike
many lifespan-prolonging solid organ transplants,
CTA is an elective procedure for improving quality of
life. Therefore, preclinical trials are needed to evaluate
the long-term efficacy of new immunosuppressive
strategies.

Preclinical animal models are essential for advanc-
ing CTA to clinical application. Investigations involv-
ing small animal models have comprehensively evalu-
ated CTA rejection [7, 8]. Although rat models have
shown predictable patterns of rejection, there exist
fundamental differences between the human and rat
immune systems [9, 10]. Therefore, rodent models may
not be applicable in humans. The experimental find-
ings are an important step toward assessing in hu-
mans. Large animal models, especially swine and pri-
mate, offer better characterization of the major
histocompatibility complex (MHC), which is similar to
that seen in humans, as compared to rodents [11, 12].
Although large animal models are still different than
humans, however, a large animal is necessary to be
applied toward human clinical trial for surgeon’s train-
ing and new immunosuppression protocol. Facial CTA,
including total and hemi-facial, has been performed
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previously in rodent models [13, 14]. However, rare
facial allotransplantation has not been reported in a
preclinical large animal study [15, 16]. Therefore, this
study investigated the reproducibility of swine hemi-
facial transplantation for preclinical immune rejection
studies.

MATERIALS AND METHODS

Animals

Eleven out-bred domestic miniature swine (Lan-Yu strain and
Hwa-Ban strain; age, 3 mo; size, 12-20 kg) were studied. The study
was conducted in accordance with Guide for the Care and Use of
Laboratory Animals published by the National Institutes of Health
(Bethesda, MD). Animals were obtained from Tai-Tung Veterinary
Research Institute, Taiwan. Experiments were conducted under the
Institutional Animal Care and Use Committee protocol approved by
the Chang Gung Memorial Hospital in Kaohsiung, Taiwan. The
miniature swine were divided into 2 experimental groups. Group I (n
� 4) received autologous hemi-facial transplantation (Lan-Yu strain
to Lan-Yu strain) as a normal control. Group II (n � 4) received
hemi-facial allotransplantation (Hwa-Ban strain to Lan-Yu strain)
without treatment. Group III (n � 3) received cyclosporine-A (CsA; d
0 to �28; 10 mg/kg for 2 wk then 5 mg/kg for 2 wk). Preliminary
studies had actually been performed before we applied this model to
immunological studies. First, anatomical dissection of swine face and
clarification of the blood supply by angiography were done. After
that, more than 10 cases have been performed to test whether or not
this model is reproducible. During these practices, no graft loss due
to vessel-compromised problems was found.

Surgical Anatomical Dissection for Harvesting
Hemi-Facial Flap

The animals were premedicated with ketamine (10 mg/kg) and
xylazine (1.5 mg/kg) intramuscular injection and then placed in a
supine position on the operating table and intubated. Anesthesia
was maintained with pentobarbital (50 mg/kg) and oxygen inhala-
tion. The head and neck were shaved and painted with antiseptic
iodine solution. The hemi-facial flap was schematically marked on
each animal (Fig. 1A). Upper and lower eyelids were not included in
the flap. To design the hemi-facial composite flap containing skin,
muscle, ear cartilage, nerve, parotid gland, and surrounding tissue,

site tissue transplant model. The hemi-facial flap contained vascu-
cle, auricular nerve, and surrounding soft tissue. (B) Angiography
lied by the superficial temporal artery (arrow) and its branches
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the vascular territories of the composite flap supplied by the super-
ficial temporal artery and its branches originating from the carotid
artery were defined by angiography in preliminary anatomical stud-
ies (Fig. 1B). The skin was incised to the depth of the brachio-
cephalicus muscle in the anterior and posterior neck, to the depth of
facial muscles in the facial region, and above the periosteal plane in
the nasal and fronto-parietal region. In the neck, dissection was
continued superiorly above the sternomastoideus muscle to the level
of angle of mandible, preserving the external jugular vein. The
submandibular gland was excised after ligation of the glandular
branches of facial artery and vein. Facial artery and facial nerve
were identified and excluded from the flap. Dissection was performed
above the masseter muscle toward the ear. To preserve pre-auricular
vascular structures, the parotid gland was included in the flap. In
the retro-auricular region, the internal maxillary vein and the main
trunk draining the pterygoid plexus were ligated and transected.
The auricular nerve was preserved and included in the flap. At the
back of the neck, after transaction of platysma and levator auris
longus muscles, the flap was elevated above the trapezius up to the
posterior wall of the cartilaginous area of the external ear canal. The
sternomastoideus muscle was detached, and bony ostectomy of jug-
ular process in cervical spine was performed to expose the common
carotid artery and its main branches, the external and internal
carotid arteries. The internal carotid artery, cranial thyroid artery,
ascending pharyngeal artery, and lingual artery were ligated and
transected. The external ear canal was detached at the osteo-
cartilaginous junction, and the external ear was kept within the flap.
The common carotid artery and external jugular vein were dissected
as the vascular pedicle of the flap. The flap revealed good circulation
after harvest (Fig. 2A).

Preparation of the Donor Hemi-Facial Flap

After standard sterile preparation of the donor swine, the hemi-
facial composite flap was harvested as described above. The common
carotid artery and external jugular vein were divided to create the
vascular pedicle of the flap. After dividing the vascular pedicle,
heparinized normal saline solution was flushed into the allograft
through the carotid artery until the venous outflow was clear. The
donor animal was euthanized with an overdose of pentobarbital upon
completion of the allograft harvest.

Preparation of the Recipient

The recipient animal was prepared in a similar fashion. Intrave-
nous catheter was placed for intraoperative fluid management. This
catheter was subsequently used for drawing blood samples and ad-
ministering medicine postoperatively. A single lumen Hickman cath-
eter was inserted on the contralateral side of the external jugular

A

FIG. 2. (A) Intraoperative photo of hemi-facial flap harvesting. The

used as the vascular pedicle of the flap. (B) Postoperative photograph of h
vein under direct vision and tunneled in a posterior direction to exit
high on the dorsal neck. The incisions were closed in layers using
absorbable and nonabsorbable sutures.

On the ipsilateral side of the recipient the full thickness of skin
and subcutaneous tissue was removed, sparing the peri-orbital and
peri-oral skin to avoid disturbing vital functions of the recipient after
transplantation. The external jugular vein was isolated anteriorly to
the sternomastoideus muscle and prepared for venous anastomosis.
Next, the sternomastoideus muscle was freed to expose the common
carotid artery. Special attention was paid to keep vagus and phrenic
nerves intact. The inferior half of the sternomastoideus muscle was
resected to facilitate arterial end-to-side anastomosis and to prevent
exertion of pressure to the anastomotic site after surgery. After
preparation, the hemi-facial flap was secured and sutured in the
recipient. Next, venous anastomosis was performed using standard
end-to-end microsurgical technique between the external jugular
vein of the donor and recipient. Next, end-to-side anastomosis be-
tween common carotid artery of the recipient and donor was per-
formed under operating microscope magnification using 9-O nylon
sutures. The external ear canal and flap skin was closed using 3-O
Vicryl and 3-O nylon (Fig. 2B).

Postoperative Care

The experimental animal recovered fully with uneventful postop-
erative course. After the animal revived and was comfortably breath-
ing, it was returned to its pen. No anticoagulant drug was given
postoperatively. Intravenous systemic antibiotics (ampicillin) was
given for 5 d. The intravenous catheter was flushed by heparin (2000
units heparin in 1000 mL 0.9% normal saline) once a day. The
transplant was monitored on a daily basis for signs of rejection. The
animal was also monitored for signs of distress, sepsis, or wound
complications.

Histological Evaluation of Graft Rejection

The transplanted face was observed daily for signs of rejection
occurring in a reproducible sequence of epidermilysis, desquamation,
eschar formation, and necrosis. Biopsy of donor skin, gland lymphoid
tissue, and cartilage were obtained at specified predetermined times
(d 7, 14, 28), or at the time of clinically evident rejection. Tissues
were harvested, fixed in 10% neutral buffered formalin, sectioned,
and stained with hematoxylin and eosin. At the clinically defined
endpoint, animals were sacrificed.

Statistical Analysis

Graft survival between groups or transplanted animals was com-
pared by Kaplan–Meier analysis and log-rank test. P value of �0.05
was considered to be statistically significant.

B
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RESULTS

Short-Term Immunosuppressant Prolonged Allograft Survival

The animal was monitored immediately after sur-
gery in the recovery cage. No special care was required.
Following recovery from surgery, the animal ambu-
lated freely in its cage with no difficulty. The mean
time to complete the hemi-facial transplant procedure
was 8 h, and mean time of warm ischemia was 105 min.

All hemi-facial flaps succeed reperfusion without
pedicle compromise complications immediately. How-
ever, all hemi-facial flaps remained swollen for 2 wk
due to postoperative saliva gland hypersecretion. The
autologous hemi-facial transplant achieved 100% sur-
vival indefinitely until sacrifice. In the control group,
the results showed a progressive rejection of the allo-
graft by d 7 to 28. The allograft with short-term CsA
treatment revealed delayed rejection between d 38 and
d 49 postoperatively. This demonstrated that short-
term immunosuppressant with CsA treatment could
significantly prolong allograft survival as compared to
the controls (Fig. 3).

Histological Analysis of Allograft Rejection

In the control group, the histological examination
revealed severe rejection signs and abundant mononu-
clear infiltrations in lymphoid gland tissue and allo-
skin, especially lymphoid tissue at 1 wk and sacrifice
as compared to that in normal autologous transplant
lymphoid tissue and skin. In contrast, the cyclosporine

FIG. 3. Short-term immunosuppressant prolonged allograft sur-
vival. The autologous transplant revealed 100% survival indefinitely
8 wk postoperatively. The alloskin paddle of allograft in control
group revealed progressive rejection of the allograft by d 7 to 28. The
short-term CsA treatment group showed only early mild rejection
sign from d 38 to 49 postoperatively. This demonstrated that short-
term CsA treatment significantly prolonged allograft survival as

compared to the controls (P � 0.0158).
treatment group showed mild lymphocyte infiltration
without significant rejection signs in 2 wk and 4 wk
posttransplants (Fig. 4). However, there were no ap-
parent differences in allo-cartilage between the control
and CsA treatment group. These analytical findings
indicated different antigenicities of the composite allo-
grafts tissues. Lymphoid gland tissue and alloskin are
both susceptible to early rejection.

DISCUSSION

CTA offers many advantages over autologous tissue
reconstructive procedures including superior func-
tional and esthetic outcome, no donor site morbidity,
and reduced necessity for subsequent surgical revision
[17]. CTA could provide an attractive strategy for re-
constituting facial defects including skin, muscle, bone,
or even the peripheral nervous system [18, 19].

Facial allotransplantation in experimental rodents
have been reported previously [13, 14]. However, these
models almost all involved small animals not applica-
ble to humans. Clinical evidence indicates that small
animal (rodent) model immunosuppression protocols
are not consistently applicable because rodents tend to
be more tolerant than humans to allograft transplan-
tation [9]. To assess new immunosuppressive protocols
and the possibility of tolerance induction, further large
animal model studies are needed prior to initiation of
human clinical trials.

Large animal studies for CTA transplantation are
superior to small animal models for many reasons.
From an immunological viewpoint, large animal mod-
els offer better characterization of the MHC complex,
especially miniature swine and primates [10–12]. Pre-
dictable rejection processes in solid organ studies in-
corporating animals with MHC disparities resemble
those of humans. The immunological system of swine
also resembles that of humans and has been used ex-
tensively for transplantation studies [20, 21].

It is not trivial to establish a model for scientific
research. As a scientifically justified surgical model, it
has to be reproducible with a high success rate. It is
always expensive and a lot of work to use big animals
such as swine and primate as a model. Silverman and
colleagues recently developed a heterotopic nonhuman
primate facial CTA model including skin, masseter and
a portion of pterygoid muscle, and mandible bone [22].
The results indicated this primate allograft model
showed a big variation of allograft survival. In this
study, a swine hemi-facial allotransplantation model
including the skin, lymphoid gland tissue, parts of the
sternomastoideus and trapezius muscles, ear cartilage,
and sensory nerve was successfully developed. No graft
loss due to vessel-compromised problem was found
perioperatively. This demonstrated that this operative
technique is feasible. Although the graft survival of our

preliminary trials was 100%, the surgical procedure is
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not simple and needs experienced surgical teamwork
perioperatively. It still took 8 h to complete the allo-
transplantation model. Nevertheless, if well-trained
surgeons realize the anatomical dissection of swine, we
believe that it is not difficult for other surgeons to
dissect the hemi-facial flap and do microvascular anas-
tomosis in such big recipient vessels (carotid artery
and external jugular vein).

In clinical observation, the autologous hemi-facial
transplant was 100% survival until sacrifice. However,
autografts revealed swelling and saliva accumulation
in the first 2 wk postoperatively. The control group
revealed progressive rejection by 1 to 4 wk posttrans-
plants. The short-term CsA treatment group showed
only early mild rejection sign from 6 to 7 wk postoper-
atively. This demonstrated that short-term immuno-
suppressant could significantly prolong allograft sur-
vival compared to that in controls.

In marked contrast to the monitoring of solid-organ
transplants, measurement of graft function cannot
clearly determine allograft rejection. However, since
CTA are easily observed, rejection of the graft might be
easily detected and monitored by inspection of the skin.
In this study, the hemi-facial swine allograft model
revealed simple clinical visualization of the CTA skin
surface for detecting early rejection and the vascular

Skin

1 wk

Sac

2 wks

4 wks

CsA(10)
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FIG. 4. Histological analysis of allograft tissue by using hemato
revealed severe rejection signs and abundant mononuclear infiltrat
gland tissue, at 1 wk and sacrifice. In contrast, the CsA treatmen
rejection signs in 2 wk and 4 wk posttransplants. However, there wer
treatment group. Photo magnification, �100. Scale bar, 100 �m. (C
status of the allograft.
Different antigenicities of the various tissues found
within the CTA result in various rejections [23, 24]. In
this histopathological analysis, the control group re-
vealed abundant lymphocyte infiltration in lymphoid
gland tissue and alloskin at 1 wk and sacrifice. In
contrast, the cyclosporine treatment group revealed
less lymphocyte infiltration without significant rejec-
tion signs in 2–6 wk posttransplants. There were no
apparent differences in ear cartilage between the con-
trol and CsA treatment group. These results demon-
strated that modulation of early rejection in alloskin
and gland lymphoid tissue may be a key treatment
strategy in CTA survival.

This experimental result warrants further preclini-
cal studies of facial CTA in large animal models. How-
ever, some disadvantages were noted in this model.
First, parotid saliva-pooling caused transplant swell-
ing and wound infection. The symptoms persisted for
up to 2 wk. This complication could be prevented by
ligation of salivary gland duct intraoperatively, elon-
gation of i.v. antibiotics, or saliva drainage by untight-
ened suture over wound edge. Another shortcoming of
this model is that functional outcome of facial anima-
tion could not be evaluated following CTA. However,
assessment of innervation and sensation was beyond
the scope of this study, and further anatomical feasi-

Gland Cartilage
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greater auricular sensory nerve but not the facial
nerve and innervated muscle. An immunological in-
tervention protocol may evaluate functional sensory
outcomes by assessing withdrawal from both pain
and temperature.

In summary, this hemi-facial transplantation model
is reproducible and warrants further preclinical inves-
tigation of the new strategies in large animal models.
The limited experimental findings of this study are an
important step toward assessing the immunological
manipulation involved in facial allotransplantation in
humans.
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