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Hemifacial Transplantation Model in Rats

Jong Woo Lim,
Seok Chan Eun

Department of Plastic and Reconstructive
Surgery, Seoul National University Bundang
Hospital, Seoul National University College of
Medicine, Korea

No potential conflict of interest relevant to
this article was reported.

Background: To refine facial transplantation techniques and achieve sound results,
it is essential to develop a suitable animal model. Rat is a small animal and has many
advantages over other animals that have been used as transplantation models. The
purpose of this study was to describe a rat hemifacial transplantation model and to
verify its convenience and reproducibility.

Methods: Animals used in this study were Lewis rats (recipients) and Lewis-Brown
Norway rats (donors). Nine transplantations were performed, requiring 18 animals. The
hemifacial flap that included the ipsilateral ear was harvested based on the unilateral
common carotid artery and external jugular vein and was transferred as a single unit.
Cyclosporine A therapy was initiated 24 hours after transplantation and lasted for 2
weeks. Signs of rejection responses were evaluated daily.

Results: The mean transplantation time was 1 hour 20 minutes. The anatomy of com-
mon carotid artery and external jugular vein was consistent, and the vessel size was
appropriate for anastomosis. Six of nine allografts remained good viable without vas-
cular problems at the conclusion of study (postoperative 2 weeks).

Conclusion: The rat hemifacial transplantation model is suitable as a standard trans-
plantation training model.
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INTRODUCTION

Composite tissue allotransplantation (CTA) has a significant po-
tential for application in the field of reconstructive surgery, with
successful transplantation examples including the hand, abdomi-
nal wall, knee, flexor tendon apparatus, nerve, larynx, skeletal
muscle, tongue, trachea, scalp, penis, and partial face transplants
[1]. In the craniofacial reconstruction field, CTA could become an
alternative to free autologous tissue transfer in patients severely
disfigured as a result of trauma, such as burns, traffic accidents,

animal bites, and gunshot wounds, as well as massive tumor re-
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sections. In practice, however, such transplantation faces various
medical, administrative, social, ethical, and regulatory challenges
2]. Although many problems remain to be resolved, reconstruc-
tive surgeons should be prepared for a future in which CTA is the
final option in the reconstruction ladder.

Availability of suitable animal models is essential for develop-
ing and improving surgical techniques and achieving successful
transplantation in humans. Several animal facial transplantation
models have been reported in the literature, including the rat, rab-
bit, dog, and primates [3-6]. The ideal facial transplantation ex-
perimental model should meet some important criteria, such as
adequate animal size, anatomic variance, vessel pedicle consisten-
cy, reasonable cost and operation time, and ease of animal care
[3,4]. The most critical two factors for success of CTA are revascu-
larization of the donor flap by microanastomosis and prevention
of rejection response with immunosuppressive therapy [2]. In this

regard, a rat model is advantageous at initial stages of training be-
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cause the anatomy of common carotid artery and external jugular
vein is consistent and the immune tolerance is well established [7].
The purpose of this study was to describe an experimental rat
hemifacial transplantation model and to verify its convenience

and reproducibility.

METHODS
Experimental animals

Animals used in this study were 6- to 10-week-old male Lewis
and Lewis-Brown Norway rats weighing 180-220 g. Eighteen ani-
mals required for 9 transplantations were purchased from our lo-
cal Laboratory Animal Breeding and Research Center. Lewis and
Lewis-Brown Norway rats were used recipients and donors, re-
spectively. All animals used in this study received humane care.
They were kept warm with a light source and a heating pad and
were maintained under specific pathogen-free conditions. All
surgical procedures were performed under sterile conditions. An-
esthesia was induced with sodium pentobarbital (50 mg/kg, ad-
ministered intraperitoneally). Follow-up doses of 10 mg/kg were
administered to maintain anesthesia after 1 hour. Head and neck
were shaved, and the skin was thoroughly cleansed with 10% pov-
idone-iodine solution. A prophylactic antibiotic (intramuscular
potassium penicillin, 100,000 international units/kg) was admin-
istered before each operation. Lactated Ringer’s solution was ad-
ministered as a fluid supplement during the operation and on
postoperative days 0 and 1. After operation, all the recipients were
caged individually under standard environmental conditions
with a 12 hour light-dark cycle. Water and standard laboratory
food were provided ad libitum. Postoperative analgesia was pro-
vided with buprenorphine (0.5 mg/kg, administered subcutane-
ously every 12 hours) for the first 2 days.

Operative technique

The donor hemifacial flap is designed on the left side (Fig. 1). Ellip-
tical incisions were made around the eyes, leaving 1 mm of intact

skin around the upper and lower eyelids. An additional incision
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Fig. 1. Preoperative design of the donor hemifacial flap. The hemifa-
cial flap was harvested from the left side of the Lewis-Brown Norway
rats. The design landmarks are the mentum, suprasternal notch, oral
commissure, nasal tip, and vertex.

was made 5 mm lateral to the nasal tip and extended periorally 3
mm apart from the oral commissure and the lower lip until the
mentum. Next, a midline vertical incision from the mentum to
the suprasternal notch was performed, extending deep to the plat-
ysmal layer. From the lower end of vertical incision, horizontal in-
cisions were extended posteriorly until reaching the neck midline
at the scalp hairline. Finally, a vertical incision from the vertex to
the neck midline was made to complete the skin incision. In the
neck, dissection was performed superiorly above the sternocleido-
mastoid muscle toward the angle of mandible, preserving the ex-
ternal jugular vein. Dissection was continued above the masseter
muscle to the ear. Along the back of neck, the flap was elevated
above the trapezius to the cartilaginous part of the external ear
canal. The external ear was included in the flap after separation of
the external ear canal. The sternocleidomastoid muscle was de-
tached from its insertion and excised to expose the common ca-
rotid artery. Finally, the common carotid artery and external jug-
ular vein were divided proximally to obtain adequately-long
vascular pedicle to the flap (Fig. 2). The harvested hemifacial flap
was perfused with heparinized lactated Ringer’s solution until the
venous outflow was clear.

The recipient site and vessels were prepared using a similar sur-
gical method. The skin on the left side was removed with the ex-
ception of periorbital and perioral regions, which were left intact

to preserve vital functions of the recipient after transplantation.
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The facial nerve and muscles were kept intact to avoid functional
deformities that could interfere with feeding and breathing. Peri-
auricular incisions were performed as described for the donor.
The external jugular vein was isolated and prepared for anasto-
mosis. The sternocleidomastoid muscle was retracted to expose
the common carotid artery. The inferior half of the sternocleido-
mastoid muscle was excised for arterial end-to-side anastomosis
(Fig. 3).

The harvested facial-scalp flap was transferred from the donor
to recipient. The flap was sutured to the zygomaticus and masseter
muscle fascia with absorbable sutures, which are 2 firmest regions
of the facial flap that provides adequate tissue fixation to with-
stand postoperative gravitational and shearing forces. The vascu-

lar pedicles including common carotid arteries and external jugu-

lar veins were approximated to their respective recipient vessels.
Arterial end-to-end anastomosis was performed in the deeper tis-
sue plane, and vein end-to-side anastomosis was performed in the
superficial plane under an operative microscope (Zeiss OP-MI 6
SD, Carl Zeiss, Goettingen, Germany) using 10-0 nylon sutures.
After skin closure, recipients received subcutaneous lactated Ring-
er’s solution to compensate for perioperative fluid loss (Fig. 4). To
facilitate recovery, animals were closely monitored during the
postoperative period, with special attention paid to oral intake
and adequate fluid supplementation. To prevent acute and chronic
allograft rejection, cyclosporine A (Cipol, Chongkundang, Seoul,
Korea) therapy was initiated 24 hours after transplantation and

lasted for 2 weeks (16 mg/kg per day). Transplanted facial flaps

were evaluated for signs of rejection on a daily basis.

Fig. 2. An intraoperative photograph during harvesting of the donor composite tissue allograft. (A) Forceps indicate the left common carotid
artery. 1, the masseter muscle; 2, the mandible angle. (B) The hemifacial composite tissue flap consists of skin, subcutaneous tissue, and ear with
cartilage. 1, the common carotid artery; 2, the external jugular vein. (C) The donor after completion of the flap harvesting.

Fig. 3. A recipient after preparation for the flap transfer. Note that the
periorbital and perioral skin of the Lewis rat is preserved. 1, the com-
mon carotid artery; 2, the external jugular vein; 3, the sternocleido-
mastoid muscle.
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Fig. 4. An immediate postoperative photograph.
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RESULTS

The mean time required to accomplish the hemifacial transplan-
tation procedure was 1 hour 20 minutes, and the mean warm
ischemia time was 15 minutes. A successful outcome was
achieved by using the distal part of the common carotid artery as
recipient artery and the external jugular vein as recipient vein. The
mean arterial diameter was 1.0 mm (range, 0.8-1.2 mm), and the
mean vein diameter was 2.1 mm (range, 1.8-2.4 mm).

On post-transplantation day 1, the animals returned to a nor-
mal routine of eating, drinking, and playing. Mild soft tissue ede-
ma and hematomas under the flaps were observed, but no cases
required drainage. One allograft recipient died on day 2 under a
poor general condition. Two recipients showed acute rejection
signs on day 5 and were sacrificed by intravenous administration
of 100 mg/kg sodium pentobarbital on day 7. The 6 remaining re-
cipients showed no rejection response until the end of study peri-

od at 2 weeks after transplantation (Fig. 5).

DISCUSSION

Although composite face allotransplantation animal models have
been studied by many plastic surgeons, there is a lack of agree-
ment as to what species are the most suitable. The rat hemifacial
transplantation model has many advantages. First, it is convenient

in terms of performing the operation. Because the rat is a small

Fig. 5. A photograph on postoperative day 7. There were no acute
rejection signs on clinical evaluation.
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animal, harvesting and insetting of the flap do not take much
time, while the vessel size is still suitable for microanastomosis. In
our study, the mean time of transplantation was only 1 hour 20
minutes, far shorter than the usually required in transplantation
models that use larger animals such as rabbit, dog, and primates
[4-6]. Second, the anatomy of composite tissue and blood vessels
are consistent and comparable to those of the human. Third, pre-
operative preparation and anesthesia are simple. Fourth, the ex-
periments are cost-effective because of the low cost of rats, food,
and maintenance, when compared with transplantations per-
formed in larger animals. Finally, the operation does not require
advanced skills in microsurgery. As a result, this model can be
implemented in many laboratories which previously had not been
performing CTA.

Arterial and venous anastomosis are the most critical steps for
flap survival and overall success of transplantation. In the present
study, the common carotid arteries and external jugular veins of
the donors and recipients were anastomosed in end-to-side and
end-to-end manners, respectively. Initially introduced by Siemi-
onow et al. [8], the full-face transplantation model in the rat in-
volved the main vascular structures on both sides of the head and
neck, and was associated with a longer operation time and higher
perioperative mortality rates from brain ischemia and vascular
complications [3,7]. In contrast, we have harvested flaps based on
a unilateral common carotid artery and an external jugular vein,
which had minimized complications related to brain ischemia. In
fact, no such vascular complications were observed in our series
of transplantation.

The order of flap inset and microanastomosis is debatable [9].
Although the significance of early revascularization of the har-
vested flap cannot be underestimated, it is technically difhicult to
fix the flap safely after performing the venous and arterial anasto-
moses in small animals. Furthermore, the time required for flap
fixation is quite short in this model. Therefore, we anchored the
flap to the zygomaticus and masseter muscles of the recipient first,
and vessel anastomoses were performed subsequently.

We have not performed nerve repair in this rat model because
of the small size of nerves and difficulties in access. In fact, there

was no need for nerve repair because the composite flap was com-
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posed of skin, subcutaneous tissue, and ear with cartilage, without
any of muscles needed for facial animation. In humans, however,
the anatomic structures are more suitable for performing nerve
repair, and it is important to achieve facial muscle innervation for
optimal functional results [10].

Another critical factor for successful CTA is immunosuppres-
sive therapy. CTAs are considered highly immunogenic mainly
because of the skin component. Therefore, recipients require life-
long immunosuppression treatment with higher levels of immu-
nosuppressive agents than those in organ allograft patients [11].
However, continuous high-dose immunosuppressive therapy fre-
quently causes serious complications, such as nephrotoxicity and
hepatotoxicity [12]. In our model, a low-dose cyclosporine A
monotherapy protocol was used. Cyclosporine A is a calcineurin
inhibitor that acts via suppression of T-cell mediated interleukin-2
production [13]. Previous reports on low-dose cyclosporine A
therapy in CTA models did not confirm long-term survival of
composite tissue transplants [14]. Siemionow et al. modified this
approach by applying a high induction dose of cyclosporine A,
which was then reduced to a low maintenance dose. Under this
modified protocol, all the hemifacial allotransplantation recipi-
ents survived without any sign of toxicity for up to 240 days after
transplantation [7].

In summary, we described a rat hemifacial allograft transplan-
tation model and its benefits. Overall, the hemifacial transplanta-
tion model is a convenient, cost-eftective, and reproducible model,
which is suitable for training craniofacial reconstructive surgeons
who are not familiar with CTA procedures. This model has some
limitations. The rat is too small to resemble a human patient in
terms of anatomic and physiologic characteristics. In addition,
this model provides only simplified versions of flap harvesting
and transferring procedures that craniofacial reconstructive sur-
geons might face in the future, and does not require advanced mi-
crosurgery skills. Therefore, it is important to develop experimen-
tal CTA models resembling human and to improve operative

techniques.
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