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OBJECTIVE

To develop and assess the feasibility, repeatability, and safety of an ultra-
sound-guided technique to stimulate the first cervical nerve (FCN) at the
level of the alar foramen of the atlas of horses.

ANIMALS
4 equine cadavers and 6 clinically normal Standardbreds.

PROCEDURES

In each cadaver, the FCN pathway was determined by dissection, and any
anastomosis between the first and second cervical nerves was identified.
Subsequently, each of 6 live horses underwent a bilateral ultrasound-guided
stimulation of the FCN at the alar foramen 3 times at 3-week intervals.
After each procedure, horses were examined daily for 5 days.

RESULTS

In each cadaver, the FCN passed through the alar foramen; a communicat-
ing branch between the FCN and the accessory nerve and anastomoses
between the ventral branches of the FCN and second cervical nerve were
identified. The anastomoses were located in the upper third of the FCN
pathway between the wing of the atlas and the nerve’s entry in the omo-
hyoideus muscle. Successful ultrasound-guided electrical stimulation was
confirmed by twitching of the ipsilateral omohyoideus muscle in all 6 live
horses; this finding was observed bilaterally during each of the 3 experimen-
tal sessions. No complications developed at the site of stimulation.

CONCLUSIONS AND CLINICAL RELEVANCE

Results indicated that ultrasound-guided stimulation of the FCN at the alar
foramen appears to be a safe and straightforward procedure in horses. The
procedure may have potential for use in horses with naturally occurring
recurrent laryngeal neuropathy to assess reinnervation after FCN trans-
plantation or nerve-muscle pedicle implantation in the cricoarytenoideus
dorsalis muscle. (Am J Vet Res 2016;77:1245—1251)

n horses, each wing of the atlas is perforated by 2

foramina: the caudal one is the transverse foramen
and the rostral one is the alar foramen (Figure 1).1-3
On the dorsal surface of each wing, the alar foramen
is connected with the intervertebral foramen by a
short groove. Emerging from the transverse foramen
of the axis, the vertebral artery enters the transverse
foramen of the atlas; after coursing through the atlan-
tal fossa and reception of an anastomotic branch from
the occipital artery (ramus anastomoticus cum a. oc-
cipitali), the vertebral artery runs dorsally through the
alar foramen and enters the vertebral canal through
the intervertebral foramen."3 The first cervical nerve
originates from the spinal cord and emerges from the
vertebral canal through the intervertebral foramen.
Its dorsal branch (n. suboccipitalis) passes dorso-
laterally and supplies branches to the rectus capitis
dorsalis, obliquus capitis cranialis, obliquus capitis
caudalis, semispinalis capitis, and splenius cervicis
muscles; a cutaneous branch innervates the area lo-

cated medially to the base of the ear."3* The ventral
branch of the first cervical nerve, which was of in-
terest in the study reported here, passes in the short
groove between the intervertebral and the alar foram-
ina.* The nerve then descends through the alar fora-
men in the atlantal fossa where it is connected by 1 or
more nerve branches to the cranial cervical ganglion
of the sympathetic trunk and also to the hypoglos-
sal nerve. The connection between the hypoglossal
nerve and ventral branches of the first and the second
cervical nerves is described as the cervical loop. The
ventral branch of the first cervical nerve crosses over
the longus capitis and rectus capitis ventralis muscles
and lies lateral to the common carotid artery deep to
the parotid gland, then divides into 2 branches.! The
cranial branch enters the omohyoideus muscle. The
caudal branch passes ventrally and caudally under
that muscle, unites with a branch of the ventral divi-
sion of the second cervical nerve, and continues its
course on the ventrolateral surface of the trachea to
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enter the sternohyoideus and sternothyroideus mus-
cles.! The omohyoideus, sternohyoideus, and sterno-
thyroideus muscles are accessory muscles of respira-
tion and are activated during forced inspiration.>~7

Given the anatomic location of the ventral branch
of the first cervical nerve close to the larynx and its ac-
tivation during forced inspiration, it is an ideal candi-
date for reinnervation procedures to treat progressive
atrophy of the left cricoarytenoideus dorsalis muscle
in horses with left recurrent laryngeal neuropathy.8®
Reinnervation of the paralyzed cricoarytenoideus
dorsalis muscle was proposed by Smith in 1894 and
Tagg in 1935.1° The first implantations of the second
cervical nerve transplants and nerve-muscle pedicles
in horses were reported by Ducharme et al>!! in 1989.
The nerve-muscle pedicle graft technique involving
the first cervical nerve has been established by Fulton
et al.>!2 More than 350 clinical cases have since been
treated with a success rate similar to that associated
with prosthetic laryngoplasty.!2-15

The interval after surgery at which reinnervation
occurs in horses has not been precisely determined
partly because of the difficulty in identifying endo-
scopic signs of reinnervation. Currently, time to rein-
nervation after nerve transplant or nerve pedicle graft
in horses is largely based on personal experience®
and has been thought to occur 4 to 5 months after
surgery, with 12 weeks being the shortest interval
to return of function."* Compared with humans and
dogs, wherein the first signs of reinnervation are evi-
dent at 2 to 6 weeks after surgery,'>!¢ the estimated
reinnervation time in horses is surprisingly long.

In horses, the first cervical nerve is a purely
motor nerve activated during forced inspiration,
which makes a proof of successful reinnervation
difficult.>!" After surgery, 2 reflex tests can be per-
formed in resting horses to determine whether the
cricoarytenoideus dorsalis muscle has been reinner-
vated.'>!7 One test involves stretching the head of the
horse as high as possible, which should result in a
flicker of the left arytenoid cartilage if reinnervation
has been successful. The other test involves pulling
back rapidly on the commissure of the lip junction
with a hooked finger or the bit, which often results
in a sudden abduction of the left arytenoid cartilage
if reinnervation has been successful. In our experi-
ence, these test results are difficult to interpret be-
cause of movements of the endoscope in relation to
the larynx during those manipulations, and findings
are highly dependent on the character of the horse.

Nerve stimulation with or without ultrasound
guidance is used in human and veterinary surgery
to locate nerves for perineural anesthesia.'8-22 After
a reinnervation procedure, stimulation of the first
cervical nerve with a nerve stimulator should induce
abduction of the left arytenoid cartilage if the rein-
nervation of the ipsilateral cricoarytenoideus dorsalis
muscle has occurred. Therefore, postoperative rein-
nervation could be verified earlier, and the degree of
abduction could be quantified via stimulation above

the fusion frequency. This could reduce the time to
resumption of training and the overall duration of
convalescence.

Because the first cervical nerve is reported to exit
the alar foramen of the atlas, the location of which is
close to the skin, we hypothesized that this anatomic
location would allow easy, repeatable, and safe access
to the first cervical nerve for stimulation under ultra-
sound guidance. The purpose of the study reported
here was to develop and assess the feasibility, repeat-
ability, and safety of an ultrasound-guided technique
to stimulate the ventral branch of the first cervical
nerve at the level of the alar foramen of the atlas of
clinically normal horses. The intent was to determine
whether that procedure would lead to a stimulation
of the omohyoideus muscle and evaluate any nerve
or vascular damage associated with needle insertion
and nerve stimulation.

Materials and Methods

Anatomic dissection of equine cadavers

Four horses were euthanized by means of IV injec-
tion of a barbiturate solution for reasons unrelated to
the study. Immediately after euthanasia, each head-neck
segment was removed at the level of the C4-C6 verte-
brae and cooled for 12 to 24 hours. An experienced
anatomist (CR) supervised the dissections on the left
side of each head-neck segment. First, the skin of the
neck up to the mandible was removed. Then, the alar
foramen was approached dorsally. The wing of the atlas
was palpated dorsal to the common tendon of the sple-
nius cervicis and longissimus atlantis muscles and dor-
sal to the tendon of the longissimus capitis muscle. The
splenius cervicis muscle was bluntly dissected along the
ventral border of the atlas and retracted. The underly-
ing semispinalis capitis muscle was bluntly dissected
on its ventral border and reflected dorsally to reveal
the junction between the cranial and the caudal parts
of the oblique muscle of the head. The insertion of the
obliquus capitis caudalis muscle on the wing of the atlas
was cut, and the muscle was removed, revealing the alar
foramen on the atlas.

Nerve and vascular structures passing through
the alar foramen were dissected. The vertebral artery
was identified just cranial to the nerve in the groove.
The descending branch emerging dorsally from the
artery just after its passage through the alar foramen,
which supplies the overlying muscles, was also vi-
sualized (Figure 1). The vein originating from the
muscles of the dorsal aspect of the wing of the atlas
and passing through the alar foramen was dissected
as well. Then, the ventral branch of the first cervi-
cal nerve was dissected in the atlantal fossa to iden-
tify the first and second cervical nerve anastomosis.
The parotid gland was carefully retracted with blunt
dissection. The first cervical nerve was identified at
its entry into the omohyoideus muscle and dissected
along its entire length up to the atlas. Any branches
anastomosing with other nerves were preserved; the
corresponding nerve was identified and noted.
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Figure 1—Annotated photographic image of the atlas of an
equine cadaver. The first cervical nerve (FCN) passes through
the intervertebral and alar foramina. The passage of the cor-
responding part of the vertebral artery is indicated, as it is an
anatomic landmark for ultrasonographic examinations. The
descending branch of the vertebral artery emerges between
the intervertebral and alar foramina. The left transverse fora-
men is also shown more caudally.

ses/ENVA/UPEC, N°14-058, November 18, 2014) was
obtained, 6 university-owned research horses were
tested bilaterally in 3 experiments. Breed, age, and
sex of the horses were recorded. Gross palpation
of the omohyoideus muscle and the regions of the
wings of the atlas did not reveal any abnormality in
any horse. Each horse was positioned in stocks and
administered detomidine hydrochloride (0.01 mg/
kg, IV) and butorphanol tartrate (0.01 mg/kg, IV).
The headpiece of the halter was advanced and placed
cranial to the ears, then fixed on the forehead of the
horse with tape. An area (10 X 10cm) of skin over
each wing of the atlas was clipped and prepared asep-
tically. Sterile surgical gloves were worn during the
procedure. The head of the horse was rested on a
height-adjustable head support to generate slight ex-
tension of the neck. The examination and stimulation
were performed by the same investigators for all pro-
cedures. Ultrasonography was performed with a por-
table ultrasound machine® that was placed in front of
the horse. An 8- to 5-MHz, 11-mm, broadband, curved
array transducer® was used in a sterile sleeve.

One investigator (OB) handled the ultrasound
transducer and approached the horse from the side of
the stimulation. The second investigator (CM) stood
on a 30-cm-high foot stool on the contralateral side of
the site of the stimulation. An assistant manipulated
the stimulation device? that was also placed on the
contralateral side of the site of stimu-
lation. First, detection of the alar fora-
men and the lateral vertebral foramen
was attempted in a plane perpendicu-
lar to the skin and at an angle of 60°
to 80° to the sagittal plane in a cranio-
lateral-to-caudomedial direction on the
cranial aspect of the wing of the atlas.
The probe was moved in this position
rostrally and caudally as well as medi-
ally and laterally until the characteris-
tic picture of the lateral vertebral and
alar foramen was obtained (Figure
2). Care was taken not to confuse the
alar foramen with the more caudally
situated and larger transverse foramen,
which has a different ultrasonographic
appearance. To locate the first cervi-
cal nerve, the vertebral artery and its
descending branch emerging dorsally
just after its passage through the alar

Figure 2—Photograph (A) and ultrasonographic images (B and C) of the atlas foramen were first visualized. These ar-
of an equine cadaver and a live horse, respectively. A—The position of the ultra- teries were viewed longitudinally with

sound probe over the alar foramen from which the ultrasonographic images were
obtained is illustrated. B—Characteristic ultrasonographic image of the inter-
vertebral (medial) and alar (lateral) foramina in a live horse. C—Characteristic

the ultrasound probe. Once the char-
acteristic image was obtained (Figure

ultrasonographic image of the transverse foramen in a live horse. In panels Band 3), the probe was moved slightly cau-

C, the scale markings denote 0.5-cm intervals, and medial is to the left.

Stimulation of the first cervical nerve
in clinically normal horses
After approval of the local ethics committee (An-

dally to visualize the hyperechoic first
cervical nerve as it crossed the groove
and entered the alar foramen.

Next, a 26-gauge, 3-inch stimulating needle®
was inserted 2 to 3 cm medial to the probe at ap-
proximately 30° to 45° to the horizontal plane and
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Figure 3—Ultrasonographic images of the alar and intervertebral foramina. In
panel A, the vertebral artery (asterisk) and its descending branch (DB) emerge
dorsally and are used as an anatomic landmark. In panel B, the probe has been
moved slightly caudally to allow visualization of the ventral branch of the FCN
as a hyperechoic horizontal structure entering the alar foramen. In panels A and
B, the scale markings denote |-cm intervals, and medial is to the left. AF = Alar
foramen. IF = Intervertebral foramen. See Figure | for remainder of key.

Figure 4—Photograph (A) and ultrasonographic image (B) of the atlas of an
equine cadaver and a live horse, respectively. A—The left alar foramen is shown,
with a stimulating needle passed from medial to lateral. The tip of the needle is
aiming at the ventral branch of the FCN, just as it enters the alar foramen. Medial
is to the left. B—The ultrasonographic image confirms successful placement of
the needle in a live horse. In panel B, the scale markings denote | cm. See Figure
| for remainder of key.

in a medial-to-lateral direction (Figure
4). The needle was advanced under
ultrasound guidance until its tip was
positioned just next to the nerve and
observed as an echogenic structure lo-
cated at the lateral limit of the alar fora-
men. Osseous contact ensured correct
needle placement. Attention was taken
not to penetrate the vessels in this area.
Once the needle was in place, stimula-
tion was initiated by the technician at
an inijtial amplitude of 0.02 mA, a fre-
quency of 1 Hz, and a pulse duration
of 0.3 milliseconds. The frequency and
pulse duration had been determined
during pilot examinations in 4 normal
horses (unpublished data) and are com-
parable with values routinely used for
peripheral nerve stimulations in hu-
mans and other animals.?3-?> The op-
erator who was holding the ultrasound
probe placed his free hand in the
Viborg triangle to detect muscle twitch-
ing of the omohyoideus muscle. If no
response of the omohyoideus muscle
or the sternohyoideus and sternothyroi-
deus muscles was palpable, the current
intensity was increased slowly in 0.02-
mA increments. Once the response of
the muscles was palpable, the resulting
current intensity was designated as the
threshold current intensity. If the cur-
rent intensity reached 1 mA without
palpable and visible muscle contrac-
tion, the needle was repositioned. To
complete the experiment, the proce-
dure was repeated for the contralateral
alar foramen. Time from the placement
of the ultrasound probe to the success-
ful stimulation of the omohyoideus
muscle and sternohyoideus as well as
the number of attempts on each side
was recorded. The contact of the nee-
dle with a vessel during the placement
was documented. The reaction of each
horse to the stimulation procedures
was noted.

For each horse, ultrasonographic
examinations of both alar foramina

= were obtained 24 hours after the stim-

Figure 5—Photograph of a dissected portion of the left side of the neck of
an equine cadaver after removal of the parotid gland, the jugular vein, and the
accessory nerve (cranial nerve Xl). A communicating branch (asterisk) between
the ventral branch of the FCN and the ventral branch of the second cervical
nerve (SCN) is visible. LC = Longissimus capitis muscle. OH = Omohyoideus
muscle. See Figure | for remainder of key.
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ulation experiment to assess the site
of stimulation and detect hematoma
formation. The horse was evaluated
clinically (assessments of rectal tem-
perature, heart rate, and appetite) and
the area of the stimulation on the neck
was checked for any swelling, heat,
and signs of pain by a veterinary nurse
once daily for 5 days after the stimula-
tion procedures. The stimulation proto-



col and follow-up were repeated twice for all horses
at 3-week intervals.

Results

Anatomic dissection of equine cadavers

For the dissection part of the study, the head
and neck of an 8-year-old Quarter Horse stallion, 2
French Warmblood geldings (6 years old and 16 years
old), and a 19-year-old Connemara Pony mare were
used. In all 4 cadavers, the first cervical nerve was
identified traversing from the intervertebral foramen
through the groove to the alar foramen.

Anastomoses between the ventral branches of
the first and second cervical nerves, as described in
the veterinary medical literature,'3# were found in all
4 cadavers. The anastomoses were situated in the up-
per third of the first cervical nerve pathway between
the wing of the atlas and the nerve’s entry in the omo-
hyoideus muscle. A communicating branch between
the first cervical nerve and the accessory nerve was
evident in all 4 cadavers (Figure 5).

Stimulation of the first cervical nerve
in clinically normal horses

The 6 experimental horses were Standardbreds
(3 mares and 3 geldings, aged 5 to 18 years). Ultra-
sound-guided stimulation of the first cervical nerve
at the alar foramen was successful bilaterally in all
6 horses during all 3 stimulation experiments; data
from both sides were combined for each experiment.
To obtain a response to stimulation of the omohyoide-
us muscle, the mean number of attempts in the first
experiment was 1.2 (range, 1 to 2). In the second and
third experiments, the mean number of attempts to
achieve omohyoideus muscle response was slightly
higher (1.8 [range, 1 to 3] and 1.5 [range, 1 to 2], re-
spectively). In the first experiment, the mean interval
between placement of the ultrasound probe and suc-
cessful omohyoideus muscle response to stimulation
was 85 seconds (range, 12 to 220 seconds). In the
second experiment, the interval was longer (173 sec-
onds [range, 80 to 390 seconds]). In the third experi-
ment, the interval was shortest (60 seconds [range,
20 to 122 seconds]). The overall current-intensity
threshold for perceptible omohyoideus muscle re-
sponse to stimulation was 0.22 mA (range, 0.04 to
0.66 mA) in the first experiment, 0.18 mA (range, 0.02
to 0.26 mA) in the second experiment, and 0.11 mA
(range, 0.01 to 0.22 mA) in the third experiment.

All the horses tolerated the nerve stimulation
well. In approximately 25% of attempts, the insertion
through the skin of the needle led to a defensive reac-
tion of the horse. In those situations, another dose of
butorphanol tartrate (0.005 mg/kg, IV) was admin-
istered. A nose twitch was not used in any horse at
any time. On some occasions (n = 10), and especial-
ly in the first series of experiments, the stimulation
needle was placed too far medially and too close to
the intervertebral foramen, thereby allowing stimula-

tion of the dorsal branch of the first cervical nerve. In
those situations, a twitch of the upper neck muscles
was observed and the horses had signs of slight dis-
comfort. The stimulation was then stopped, and the
needle was replaced more laterally.

At 24 hours after any of the stimulation experi-
ments, no hematoma formation at the alar foramen
was detected ultrasonographically. None of the hors-
es developed clinical infection at the site of stimula-
tion. In 1 horse, a superficial skin vessel on the left
side was punctured during the second experiment
and again during the third experiment. On each occa-
sion, this puncture resulted in development of a small
(approx 5 X 5 X 3-cm) superficial hematoma, which
did not prevent the successful ultrasonographic visu-
alization of the first cervical nerve and its subsequent
stimulation. At both times, the swelling disappeared
without any treatment within 72 hours after the
stimulation.

In 1 horse, a deformation of the alar foramen on
the left side was identified. The first cervical nerve
could still be located, but the image of the alar fora-
men was not typical; the surface of the wing of the at-
las was irregular, and head-neck trauma at some time
in the past was suspected.

Discussion

In the 06 clinically normal horses used in the pres-
ent study, ultrasound-guided electrical stimulation
of the first cervical nerve at the alar foramen was re-
peatable and successful on both sides of the neck. De-
velopment of lesions in the tissues surrounding the
stimulation sites or in the ventral branches of the first
cervical nerves (eg, neuroma formation) was not de-
tected with ultrasonography or clinical examination
during a 6-week poststudy period. The stimulation of
all 12 nerves was successfully accomplished during
the first experiment and repeated twice thereafter at
3-week intervals. The findings of the present study
were in accordance with those of a study?® in humans
wherein nerve puncture and even intraneural injec-
tion did not lead to measurable neurologic injury (as
indicated by qualitative sensory and qualitative and
quantitative motor testing). The routine use of peri-
neural anesthesia during orthopedic examinations
in horses supports this finding. During this type of
diagnostic test, superficial nerves (eg, digital palmar
nerves) can be traumatized by the needle. Perineu-
ral anesthesia is a widely accepted procedure, and
there is, to our knowledge, no published report of
neurologic injury following such diagnostic testing
in horses. Results of the present study indicated that
ultrasound-guided electrical stimulation of the first
cervical nerve is a safe procedure and could be used
to evaluate reinnervation after a first cervical nerve
transplant or nerve-muscle pedicle implantation in
the cricoarytenoideus dorsalis muscle.

Stimulation of the first cervical nerve was easy to
perform but there was a distinct learning curve. The
number of attempts was higher and the time spent to
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stimulate the nerve was longer in the second experi-
ment, compared with findings during the first experi-
ment. During the first experiment, we discovered that
the nerve could be stimulated at a very low current
intensity. In the second experiment, we spent more
time to ensure accurate placement of the needle to
obtain a lower current-intensity threshold. The over-
all threshold was lower in the second experiment,
and in a few procedures, as much as 0.02 mA resulted
in a palpable response of the omohyoideus muscle.
During those procedures, the needle was contacting
the nerve, which was visible ultrasonographically. In
humans, direct contact with the nerve (epineurium)
can be associated with paresthesia or dysesthesia.?°
Some of the horses in the present study reacted
with a twitch of the head at a few occasions when
the needle touched or entered the nerve. Even if the
needle is not placed directly on the nerve but in the
perineural tissue, stimulation with higher amplitude
(0.5 to 1 mA) can still activate the nerve. Therefore,
our opinion is that actual penetration of the nerve is
unnecessary.

In the cadavers used in the present study, an
anastomosis between the first and second cervi-
cal nerves proximal to the standard site of trans-
plantation and grafting was consistently identified.
This anastomosis is described in the specialized
veterinary anatomic literature.'34 We believe that
because of the presence of this anastomosis, nerve
stimulation of the first cervical nerve could be used
to assess the reinnervation status in cases of sec-
ond cervical nerve transplant or nerve-muscle ped-
icle graft (that includes the first or second cervical
nerve) in the cricoarytenoideus dorsalis muscle.
The stimulation of the first cervical nerve at the
alar foramen should result in arytenoid cartilage
twitching because first and second cervical nerves
communicate through the anastomosis. Anecdot-
ally, 3 horses were tested with this method of first
cervical nerve stimulation at 4.5, 6, and 8 months,
respectively, after nerve-muscle pedicle graft sur-
gery, and twitching of the left arytenoid cartilage
was detected.?

In the present study, histologic examination of
the stimulated part of the first cervical nerve might
have revealed more information regarding whether
the nerve was harmed during stimulation. It would
be reassuring to know that no damage occurred to
the transplanted nerve when the stimulation proce-
dure was used to confirm the reinnervation of the cri-
coarytenoideus dorsalis muscle. However, this would
have required euthanasia of the experimental horses.
We observed the 6 horses for 3 months to ensure that
no visible atrophy of the omohyoideus muscle devel-
oped. Because contact of the needle with the nerve
can be avoided with accurate ultrasound guidance
and with higher stimulation amplitude, nerve trauma
should be a low risk with this procedure. Perineu-
ral anesthesia would have confirmed a correct place-
ment of the needle, as further stimulation would not

lead to omohyoideus muscle contraction. This test
was not performed because of the close proximity of
the alar foramen to the vertebral canal and because
the procedure was conducted in standing horses. The
placement of electromyographic needles in the omo-
hyoideus muscle would have provided information to
confirm that the correct muscle was stimulated. Ow-
ing to the superficial and ventrolateral position of the
omohyoideus muscle relative to the larynx, muscle
contraction was easily palpable and visible.

On the basis of the results of the present study,
ultrasound-guided stimulation of the first cervical
nerve at the alar foramen appears to be a reliable, re-
peatable, and straightforward technique and should
allow assessment of the functioning of a first or sec-
ond cervical nerve transplant or nerve-muscle ped-
icle graft in the cricoarytenoideus dorsalis muscle.
This procedure could allow more precise determi-
nation of time of reinnervation and possibly reduce
convalescence time after laryngeal reinnervation for
treatment of laryngeal hemiplegia in horses.
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