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Introduction

Unlike allo-head and body reconstruction (AHBR), head trans-
plantation is a procedure that places a donor head onto the intact
body of the recipient [1,2]. The first successful human hand trans-
plantation was performed at the Christine M. Kleinert Institute for
Hand and Microsurgery at the University of Louisville in 1999 [3—
8]. Tremendous progress in the field of CTA was made throughout
the 1990s, and since then, there have been over 100 successtul
CTA cases, mainly involving the transplantation of hand and facial
tissue [9-12]. The practice of CTA has become the standard of care
for patients suffering from large tissue defects, and it is revolution-
izing the fields of transplant and reconstructive surgery. But for
patients suffering from fatal diseases, such as organ failure, mus-
cular dystrophy etc., or bodily trauma, yet whose mind is unaf-
fected, there is an unmet need for a surgical strategy to transplant
their head or replace their body. Will AHBR ultimately become as
widely accepted as organ transplantation and CTA?

In fact, scientists and physicians began to conceive of the idea of
transplanting the human head, the most complex and important
organ of the body, in the early 20th century. As early as 1908, Dr.
Guthrie reported the transplantation of the head in a dog model
[13]. Subsequently, Demikhov [14] and Zhao [15] successfully
carried out related research in the Soviet Union and China in the
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SUMMARY

Aims: The mouse model of allo-head and body reconstruction (AHBR) has recently been
established to further the clinical development of this strategy for patients who are suffering
from mortal bodily trauma or disease, yet whose mind remains healthy. Animal model stud-
ies are indispensable for developing such novel surgical practices. The goal of this work was
to establish head transplant mouse model, then the next step through the feasible biological
model to investigate immune rejection and brain function in next step, thereby promoting
the goal of translation of AHBR to the clinic in the future. Methods and Results: Our
approach involves retaining adequate blood perfusion in the transplanted head throughout
the surgical procedure by establishing donor-to-recipient cross-circulation by cannulating
and anastomosing the carotid artery on one side of the body and the jugular vein on the
other side. Neurological function was preserved by this strategy as indicated by electroen-
cephalogram and intact cranial nerve reflexes. Conclusions: The results of this study sup-
port the feasibility of this method for avoiding brain ischemia during transplantation,
thereby allowing for the possibility of long-term studies of head transplantation.

1950s, respectively. Dr. White et al. [16] carried out the first brain
and head transplants [17-19] in a dog and primate model in the
late 1960s and early 1970s, which represented important progress
in the field. However, these pioneering experiments, limited by
technical conditions and requirements, did not achieve long-term
survival and missed the opportunity to study immune rejection
and posttransplant CNS functional recovery strategies. Until
recently, there had been few advances since that time [1,2].

Allo-head and body reconstruction has continued to progress
from a theoretical possibility toward becoming a clinical reality
[20,21]. An important step in developing AHBR is to explore the
process of head transplantation in animal models, which will
enable long-term survival and thus the investigation of drugs to
prevent immune rejection, as well as brain function in the trans-
planted head. Based on experience derived from CTA-related
research, our team proposed a head transplantation procedure
that avoids brain ischemia not only through mild hypothermia
(31°C) but also by maintaining adequate blood circulation
between the grafted head and the recipient body during the proce-
dure. This was accomplished through creating an anastomosis of
the carotid arteries and jugular veins. This study describes how to
implement and test the head transplant model in mice. Compared
with the previous models, we hope this technology will greatly
promote the study of AHBR.
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Methods
Animals

The experiments were approved by The Animal Care and Use
Committee of The Second Affiliated Hospital of Harbin Medical
University. Forty Kunming mice and forty C57 wild-type mice, all
male, aged 10-15 weeks, weight 30 + 5 g, were obtained from
the animal center of Harbin Medical University.

Experimental Drugs and Equipment

The following drugs were employed: 3% sodium pentobarbital
(90 mg/kg), heparin sodium injection (1.0 mL/100 mg), and nor-
epinephrine (5 mg/kg) to maintain blood pressure. During sur-
gery, respiration was maintained using the Minivent Mouse
Ventilator Type 845 (Hugo Sachs Elektronik Harvard Apparatus
Gmbh D-79232 March, Germany). Electroencephalographic
(EEG) and electrocardiographic (ECG) recordings were monitored
using the data acquisition & analysis system, type BL-4203, from
Chengdu Technology & Market CO., Ltd. (Chengdu, China).

An operating microscope (SXP-1C) from Shanghai Medical
Optical Instruments CO, Ltd., (Shanghai, China), was used.
Micro- and neurosurgical instruments and surgical supplies were
purchased from the Shanghai Instrument Company (Shanghai,
China).

Preparation of the Recipient Body

A ventral transverse incision was made at cervical level C4-C5.
The skin and subcutaneous tissue were incised, and tracheal intu-
bation was performed. Next, the carotid artery on one side and the
contralateral jugular vein were ligated and cut, and the proximal
ends of the vessels were catheterized using a 0.30 mm
(I.D.) x 0.64 mm (O.D.) silicone tube to create an anastomosis
with the carotid and jugular vessels of the transplanted head. The
catheterized ends were flushed with heparin sodium injection
(1.0 mL: 100 mg) mixed with sodium chloride injection. The other
carotid and jugular vessels were left intact. Thus, the blood perfu-
sion of the recipient body’s brain tissue is uninterrupted, which is
a key to avoid cerebral hypoxia. According to White’s animal
model studies, maintaining a blood pressure of at least 40 mmHg
within the brain is sufficient to meet its metabolic needs [19].
Next, a transverse incision was made on the dorsal aspect of the
recipient mouse at cervical level C3-C4. The skin and subcutane-
ous tissue were incised, and the silicone tubes were passed dorsally
through the muscles of the neck. The placement of the incision
must be such that the vascular anastomosis that is created will
remain patent once the donor head is in place, so that blood flow
is uninterrupted. All surgical procedures were completed under
the microscope and bleeding was stopped by bipolar coagulation.

Preparation of the Donor Head

Ventral and dorsal incisions were made at the cervical level C3-
C4. The skin and subcutaneous tissue were incised, and muscle,
nerves, blood vessels, trachea, and esophagus were dissociated.
The artery and vein around the spinal cord were ligated at level of
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C3-C4. Next, the carotid artery and contralateral jugular vein
were ligated and cut. The distal ends were catheterized as before,
connecting the corresponding silicone tube to the recipient’s caro-
tid artery and jugular vein. During this procedure, the intact con-
tralateral carotid artery and jugular vein provided a continuous
blood supply. Then, with the vertebrae exposed, the spinal cord
was cut sharply. The muscle, nerves, trachea, and esophagus were
ligated and then cut.

Transplantation

The silicone catheter was removed from the recipient mouse’s caro-
tid artery and jugular vein, and they were sequentially surgically
anastomosed to those of the donor head. The vessels were temporar-
ily clipped to avoid bleeding during this step. Finally, surgical stitch-
ing was used to appose the donor and recipient tissues (Figure 1).

Perioperative and Postoperative Monitoring of
Vital Signs

Electroencephalography (EEG) and ECG were performed periop-
eratively and postoperatively to monitor the brain’s electrical
activity and heart function, respectively. Blood pressure was con-
tinuously monitored by tail artery during and after the procedure.
Body temperature was monitored to evaluate the perioperative
and postoperative body’s metabolic condition and maintained at
31°C £ 2°C. Ventilation conditions used were as follows: respira-
tory rate = 110 £ 5/min and tidal volume = 2.2 mL. When spon-
taneous breathing resumed, the ventilator was disconnected.

Results

Forty Kunming mice and forty C57 wild-type mice underwent the
head transplant procedure. After allograft, 12 pairs of mice sur-

Donor head

Jugular v.
Carotid a.

Recipient

A schematic depicting the cross-circulation strategy

Figure 1 Schematic representation of the head transplantation strategy
in mouse model: Ipsilateral carotid artery and jugular vein in donor and
recipient mice were connected by the silicone tubes.
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Figure 2 Two pairs of mice pre- and postoperation: A and B, black and white mice, C and D, mice after transplantation (black head with white body;
white head with white body); E, the white arrow shows good circulation to the donor ear, with induced bleeding postoperation.
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Figure 3 Head transplantation mouse model ECG and EEG recording. A and C, the record of ECG and EEG pre-operation, and B and D, postoperation.
ECG, electrocardiographic; EEG, electroencephalographic.
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vived over 24 h. Blood pressure was maintained above 100/
60 mmHg during surgical procedure, which usually takes 4 h.
Within 1.5-2 h after transplantation, the both mice regained con-
sciousness, displaying activity function and responsiveness (Fig-
ure 2C,D). With unilateral carotid and jugular cross-circulation,
the cerebral blood supply to the brain during surgery was ade-
quate, and we also observed good peripheral revascularization in
the donor head (Figure 2E). EEG recordings made directly from
the donor and recipient heads both appeared normal (Figure 3C,
D). The finding further supported this that the cranial nerve
reflexes were activated, such as blinking and whiskers moving.
The ECG also showed normal electrophysiological activity (Fig-
ure 3A,B).

Discussion

The mouse model of heterotopic head transplantation described
herein is an important step in laying the groundwork for human
head transplantation. This work was undertaken to provide a
model in which immune rejection and brain function can be
assessed over time, by prolonging the survival period of the donor
and recipient for up to 6 months.

The transplantation procedure was designed to minimize
trauma to the recipient, in particular to avoid blood loss and cere-
bral ischemia, by leaving one carotid artery and one jugular vein
intact. Postoperative EEG results from the recipient and the donor
heads demonstrate normal and almost identical electrophysiologi-
cal activity, indicating that neither mouse experienced significant
ischemia and that brain function remained intact. After the sur-
gery, the body temperature and activity level of the recipient
returned to normal. Our short-term results so far indicate that the
resulting mouse with two heads can recover to a normal physio-
logical state and that the recipient body is capable of supporting
the transplanted head.

This study is an extension of AHBR, drawing on its feature of
implementing cannulae during the surgical procedure to establish
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a cross-circulation and avoid brain ischemia [22]. In turn, this pro-
cedure will provide the opportunity to determine the optimal
immunosuppressive regimen in the scenario of the head as a com-
posite tissue allograft, which will further advance the practice of
AHBR [6-8]. Histological methods will be used to evaluate signs of
immune rejection over time. Also to be considered is a strategy for
neurological recovery. Once this research has been completed, we
will be prepared for more in-depth research using a primate
model. These models will be vital to enable the translation of this
technique to the clinic [1,2].

We believe that another important ramification of this research
is that the technique of establishing donor-to-recipient cross-cir-
culation during transplantation could be widely applicable to
other transplantation scenarios than the head. For instance, dur-
ing transplantation of other types of composite tissue or even
other organs that are intolerant of ischemia, this technique could
provide an alternative or adjuvant to the beneficial effects of
hypothermia in preserving tissue viability.

In conclusion, our short-term results with this model are
inspiring. The experimental method that we have described
can allow for long-term survival, and thus assessment of trans-
plant rejection and CNS recovery, bringing us one step closer
to AHBR in man.
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