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Georgeta Magdalena Balaci'?, Zoltan Zsigmond Major**,
Oana Maria Radu'~’, Raul Salagean?, loan Stefan Florian'~

Abstract

Background and aims. To emphasize the importance of laboratory dissections in
perfecting surgical techniques. In this paper, we describe the technical details on
rabbit dissection for practical applications.

Methods. Four New Zealand rabbits were distributed into two groups and
underwent anastomosis between the Facial Nerve and Ansa Cervicalis (group 1) and
between the Facial Nerve and Hypoglossal Nerve (group 2). They were clinically
and neurophysiologically evaluated after ten weeks. Electroneurography with skin
electrodes were used to identify the motor activity of the involved muscles and
nerves. Facial and ipsilateral tongue reinnervation was analyzed 40 weeks after
anastomosis. Evoked electromyographic muscle tension was used to evaluate facial
and tongue reinnervation.

Results. Facial and ipsilateral tongue reinnervation was analyzed 40 weeks
after anastomosis. Recorded evoked potentials showed improvement in facial
reinnervation in all four rabbits. Rabbits undergoing FN-HN anastomosis still
showed ipsilateral lingual paresis, based on EMG tests. The survival rate was 100%.

Conclusions. The laboratory dissection plays a crucial role in training surgical
specialists to achieve favorable patient outcomes. Both types of anastomosis can be
used to achieve facial reinnervation; however, it is imperative to prevent ipsilateral
lingual paralysis that may arise from using the hypoglossal nerve.
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Background and aims

Damage to the seventh cranial
nerve can cause facial paralysis. Many
skull base surgical procedures may lead
to cranial nerve deficits among which
facial nerve paresis or outright paralysis
are the most common and severe. Facial
paralysis results in difficulty with basic
facial function, such as smiling, closing
eyelids, eating, and speaking, leading
to facial asymmetry and potential
irreversible damage. Early treatment
is crucial to prevent complications, in

particular ocular ones, and minimize the
severe psychological impact on patients.
Facial symmetry is conclusive

for aesthetic appeal, but achieving it
can be challenging for surgeons due to
the various causes of facial asymmetry,
including neuromuscular changes, soft
tissue, bone fractures, or mixed origin.

The main treatment method for
severe facial paralysis is anastomosis of
its peripheral branches with a neighboring
proximal nerve section usually from
another cranial nerve.
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Anastomosis between the facial nerve (FN) and
accessory nerve (AN) was first attempted by Dr. Faure of the
Hopital Laénnec in Paris (1898) [1], which then led to the
inception of new surgical approaches for facial asymmetry.
Over the past 70 years, authors including Coomes [2],
Sultanekh [3], Beutner [4], and their colleagues have made
significant contributions in the field of peripheral facial
palsy recovery.

The axonal structure of ansa cervicalis has an
effective role in achieving facial reinnervation [5], as other
techniques also have, such as cross-face nerve grafting [6],
masseter to facial cranial nerve anastomosis [7], and free
muscle transfer for dynamic reconstruction [8]. Although
the end-to-end anastomosis between FN and hypoglossal
nerve (HN) has been used for facial muscle reinnervation
since Korte proposed it in 1903, its ipsilateral tongue
atrophy complication remains a controversial topic [9].

The surgical technique’s development requires
precise knowledge of nerves anatomy and their relationships
with nearby vascular structures, obtained through animal
models. Compared to rodents, rabbits have numerous
phylogenetic components closer to human beings and
possess a remarkable topographical resemblance to humans
in the latero-cervical area, thus establishing them as a
highly viable experimental model.

Several genetic examinations have paved the way
in support of utilizing rabbits as opposed to smaller or
larger-sized species. Additional advantages are given by
the availability of rabbits in the research laboratory: their
affordability (compared to other larger species), short time
of reproduction, and brief period of life, and they may also
be used in simultaneous studies (as long as they do not
block the anticipated outcomes) [10].

Providing anatomic fidelity compared to humans,
rabbit dissections imply the development of technical skills
with no risk to patients. Despite the fact that it provides
a deep and narrow operative field, knowledge of the
anatomical components is precisely related to the success
of the anastomosis. This technical report describes the
practical steps for performing anastomosis between the FN
and ansa cervicalis (AC) and anastomosis between the FN
and HN in rabbits.

Methods

This research was approved by the Ethical
Committee of Iuliu Hatieganu University of Medicine
and Pharmacy, Cluj-Napoca, 1n0.132/15.03.2018 and the
experiments were conducted with respect to the 3Rs
Principles [11] of Laboratory Animals.

Animals

Four (4) New Zealand adult rabbits, male and
female, weighing 2 to 3 kg, were kept in a quarantine room
(warm temperature, no stress condition) three hours prior
to surgery. It is imperative to maintain room temperature
within the range of 23°C to 25°C at all times.

Studies [12] strictly uphold the policy of only fasting
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rabbits for a maximum of 4 to 6 hours. The rabbits were
given access to water until 1 to 2 hours before the induction
process to ensure their optimal health and well-being.

Anesthesia

Intubation was achieved by injectable induction
through intravenous routes. A catheter was placed in the
lateral ear vein for injectable induction. Our team utilizes
the non-rebreathing system to ensure optimal surgical
conditions, maintaining a 500 mL oxygen flow rate. With
a non-rebreathing system, the depth of anesthesia can be
rapidly altered. As part of our commitment to safety, we
carefully monitored the inhalant anesthetic, ensuring that it
remained at 1% or lower during surgical preparation.

If respiratory rates decreased, we promptly adjusted
the vaporizer setting and intermittently compressed the bag
to prevent overinflation [13]. In our experience, we have
found that isoflurane is the preferred inhalant anesthetic for
rabbits.

A mix was used for mild anesthesia: Midazolam, at 1
to 2 mg/kg for muscle relaxation, and Butorphanol, at 0.4 mg/
kg for analgesia, given intramuscularly. For deep anesthesia a
combination of ketamine (20 mg/kg) and midazolam 0.5 mg/
kg was used. Rabbits were intubated in the lateral position
through a direct visualization technique using a single-use
pediatric endotracheal tube; afterward, they were connected
to a rebreathing anesthetic circuit. Deep anesthesia was
obtained with inhalant anesthetic (sevoflurane) and the
concentration was adjusted for surgical needs. Sterile 0.9%
saline solution was intravenously administered (20 ml/h)
during surgery [14]. The anesthesiologist carefully monitored
the respiratory rate and heart rate during anesthesia. The
heart rate of a conscious rabbit can vary significantly, ranging
from 125 to 325 beats per minute, depending on the animal’s
size and level of stress.

When anesthetized, the heart rate may fluctuate due
to the administered medication. If the heart rate drops, it
may indicate that the animal is under too deep an anesthesia,
which can cause a decrease in respiratory rate. A conscious
rabbit typically takes 30 to 60 breaths per minute, and it is
crucial to monitor their breathing closely to ensure proper
functioning. Any increase in the effort the rabbit is putting
in to breathe or a decrease in rebreathing bag movements
may be a sign of an obstructed endotracheal tube [15].

Surgical technique (Figures 1 a-c, 2 d-f)

After being given the anesthetic, the rabbit was
positioned on its side with its head slightly extended
to provide better access to the cervical region. Muscle
activations were recorded using the neuromonitoring
system. The electrodes were inserted in the masseter muscle
(for the facial nerve), the sternothyroid and sternohyoid
(for ansa cervicalis), and in the tongue (for the hypoglossal
nerve). At the lateral cervical area, a portion of the fur, 5/3
cm, was shaved, starting from the ear toward the anterior
region of the neck, at 1 cm inferior to the mandible. The
area was disinfected using a povidone-iodine solution and
enclosed by sterile surgical fields to ensure proper isolation.
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Anastomosis between FN-AC

Using the intraoperative microscope, a linear incision
was made starting from the level of the ear. The stylomastoid
foramen was identified in the upper portion of the incision,
and the FN was carefully dissected from the surrounding
tissues up to the level of its zygomatic and mandibular
branches. Special attention was given to the parotid gland,
which can be easily sectioned. To locate the AC, deep planes
were dissected, starting with the removal of the cervical
fascia and continuing with the dissection of the anterior edge
of the cleidomastoid muscle. This highlights the anterior
edge of the sternocephalic muscle and the vascular-nerve
bundle, which includes the internal jugular vein (IJV),
common carotid artery (CCA), and superior branch of the
AC. The neuromonitoring system was used to accurately
identify the FN and AC. The FN was sectioned at the level
of the stylomastoid foramen, while the AC was cut at the

level of its branching within the sternothyroid muscle. The
FN was retracted inferiorly to the AC, and neurorrhaphy was
performed using two 9-0 nylon sutures.

Anastomosis between FN-HN

The technique for dissecting and sectioning the FN
was similar to the previous method. The HN was identified
at the mandibular angle and immediately sectioned after
the division of the descending branch of the AC from the
main trunk of the HN. It is crucial to section the HN before
it passes under the facial artery toward the geniohyoid
muscle due to the risk of facial artery injury. The FN was
retracted inferiorly to the HN for the neurorhaphy in the
same way.

The wounds were sutured using 4-0 Vicryl for
the subcutaneous layers and 3-0 absorbable intradermal
sutures. The wounds were covered with pads and held in
place using adhesive tape.

Figure 1. a) The FN at the exit point of the stylomastoid foramen (blue arrow); b) Identifying FN can be accomplished using a
neuromonitoring system; ¢) Before dividing into the two branches (zygomatic and mandibular), it is necessary to section the FN.
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Figure 2. d) The AC (green arrow) must have a sufficient length - up to 2 centimeters for a tension-free anastomosis; e) Anastomosis
between the FN and AC; f) Anastomosis between the FN and HN (orange arrow).

Recovery

All four rabbits survived the experiment. If
ketamine was used intramuscularly, the effects of xylazine
sedation were not reversed. It is crucial to monitor pain
in rabbits; they do not vocalize when in pain. The opioid
buprenorphine was given by injection every 8 hours, at a
dosage of 0.01 to 0.03 mg/kg. This medication has long-
lasting pain-relieving effects and causes minimal sedation.
Providing a stress-free environment and adequate heat is
essential for a rabbit’s successful recovery. We ensured
that the rabbits were active and consuming food, as a top
priority.

Results

Four New Zealand rabbits underwent surgery,
with two receiving anastomosis between FN and AC,
ant the other two receiving anastomosis between FN and
HN. Immediately postoperatively, in all four rabbits total
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facial paresis was observed, while the rabbits that received
anastomosis between FN and HN also showed ipsilateral
lingual paresis.

There were no complications related to the wounds
that could affect facial reinnervation. Once every four
weeks clinical assessments were conducted to closely
observe the movement, tonicity, and the blinking reflex of
the affected side’s facial muscles in comparison to the
normal side.

Facial and ipsilateral tongue reinnervation
was analyzed 40 weeks after anastomosis. Surface
electromyography (EMG) electrodes were precisely placed
on both the masseter muscle and tongue. Anesthesia was
induced using ketamine and xylazine intramuscularly.
Evoked EMGs were recorded on a signal average.
Recorded evoked potentials showed improvement in
facial reinnervation in all four rabbits. Despite not being
the primary focus of this technical note, it is essential to
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note that rabbits undergoing FN-HN anastomosis still
showed ipsilateral lingual paresis, based on EMG test.
This demonstrates the superior effectiveness of FN-AC
anastomosis.

Discussion

Although there are various operative techniques for
peripheral facial paralysis recovery, anastomosis between
the facial nerve and ansa cervicalis as well as anastomosis
between the facial nerve and hypoglossal nerve, are
among the effective options. Patients with facial paralysis
grades IV-VI House & Brackmann may be candidates
for anastomosis to augment self-esteem and social
reintegration. Four New Zealand rabbits were studied for
these anastomoses, with two undergoing facial nerve-ansa
cervicalis anastomosis and the other two undergoing facial
nerve-hypoglossal nerve anastomosis.

The selection of this model was based on its effortless
assessment of nerve and muscular tissue functionality and
the uncomplicated surgical procedures entailed. Providing
anatomic fidelity compared to humans, rabbit dissections
allow for the development of technical skills with no risk to
patients. Despite the fact that it provides a deep and narrow
operative field, knowledge of the anatomical components is
precisely related to the success of the anastomosis.

Studies recommend sectioning the facial nerve
immediately after it exits the stylomastoid foramen, as
the proximal part has a higher rate of reinnervation than
the distal part [16]. Facial movements function signs were
unequivocally recorded within the first ten weeks of our
study, aligning with the findings of comparable studies
[17,18]. Although it represents a strong motor component,
sectioning the HN, known as the motor nerve of the tongue,
leads to the appearance of ipsilateral lingual paresis and
swallowing disorders. These complications exacerbate
existing symptoms. The rabbits that underwent anastomosis
between the FN and HN still showed ipsilateral lingual
paresis twelve weeks after the procedure.

Utilizing the AC is a preferable option to prevent
any potential complications despite the lower motor
capacity of the facial reinnervation compared to HN [19].
Two factors are essential to achieve a viable anastomosis:
the tension-free anastomosis and the neurorrhaphy should
be performed at two diametrically opposite points.

Understanding the macrostructure is an essential
factor for scientific advancement. The cervical region
of a rabbit bears striking similarities to that of a human,
rendering it highly valuable for medical research and real-
life medical scenarios.

Expanding the visualization of peripheral nerves
can provide significant clinical benefits in various surgical
fields, including neurosurgery and otolaryngology.
This technique should be considered a valuable tool for
enhancing surgical outcomes and improving patient care.

The benefits of using laboratory dissection in
surgical specialties are clear. Practicing technical skills in a
safe, controlled environment reduces patient risk and helps
healthcare professionals through the early stages of their
careers.

Conclusions

Facial reinnervation occurred after both
anastomoses, but ipsilateral lingual paresis is a complication
to be avoided. Utilizing the AC is a preferable option to
prevent any potential complications. Previous knowledge
influences how people approach new techniques. The
learning process, considered a lifelong continuing form of
education, improves with years of experience. The practice
gained by research laboratory dissection represents an
important stage of education through which people learn
to practice as future qualified healthcare professionals.
Early indications and optimal technical completion of the
surgical procedures are prerequisites for attaining excellent
outcomes.
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