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Recurrent laryngeal nerve paralysis represents a major complication in oesoph-
ageal cancer surgery. Nerve-muscle transplantation to the paraglottic space after
resection of the recurrent laryngeal nerve with the ansa cervicalis (AC) has recently
become the procedure of choice. The aim of this study was to investigate the
anatomical variations of AC in order to avoid iatrogenic injuries and facilitate sur-
gical procedures. We examined 100 adult human formalin-fixed cadavers. The
ansa cervicalis showed a great degree of variation regarding origin and distribu-
tion. The origin of the superior root of AC was found to be superior to the digas-
tric muscle in 92% of the cases. Its vertical descent was found to be superficial to
the external carotid artery in 72% and superficial to the internal carotid artery in
28% of the specimens. The inferior root of AC was derived from the primary rami
of C2 and C3 in 38%, from C2, C3 and C4 in 10%, from C3 in 40% and from C2
in 12% of the cases. The inferior root passed posterolaterally to the internal jugu-
lar vein in 74% and anteromedially in 26% of the cases. The roots of AC were long
(70%) or short (30%), and the union between the two roots was situated inferior
or superior to the omohyoid. Not only is knowledge of the anatomy of the ansa
cervicalis important for nerve grafting procedures, but surgeons should be aware
of AC and its relationships to the great vessels of the neck in order to avoid inad-
vertent injury during surgical procedures of the neck.
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INTRODUCTION

Recurrent laryngeal nerve paralysis (RLNP) represents
one of the most serious complications in oesophageal
cancer surgery [22]. The decrease in the quality of life
associated with eating and drinking may lead to post-
operative malnutrition; symptoms which compromise
communication, such as hoarseness and a shortening
of phonation, may result from unilateral vocal cord pa-
ralysis [3]; pneumonia caused by aspiration as a result
of RLNP is a potential cause of death among long-term
survivors of oesophageal cancer surgery [10-12].

Laryngeal reinnervation using the ansa cervicalis (AC)
for neurotisation of the recurrent laryngeal nerve (AR)
has become an important procedure for use in RLNP.
The ansa cervicalis is an ideal nerve for reconstruction of
the recurrent laryngeal nerve, since it is located in close
proximity to the larynx and is active during phonation,
and since sacrificing the nerve causes no serious func-
tional or cosmetic consequences. The laryngeal nerve
neurotisation is a minimally invasive procedure and re-
sults in excellent recovery of muscle tonus and symmet-
rical vocal cord mass and tension and phonation [8, 22,
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23, 25, 29, 31, 33]. In order to avoid iatrogenic injuries
and facilitate surgical procedures it is necessary to un-
derstand the clinical anatomy of AC.

It is important for the surgeon to identify the
course and morphological variations of AC during
surgical procedures because of the danger of inad-
vertent injury to the great vessels of the neck [7, 20,
30, 32, 34]. The aim of this study was to investigate
the anatomical variations of AC in order to avoid
iatrogenic injuries and to facilitate surgical proce-
dures such as AC.

MATERIAL AND METHODS

The anatomy of AC was examined in 50 human
cadavers during the gross anatomy course at Harvard
Medical School (2005) and in 50 cadavers during the
gross anatomy course at St. George's University School
of Medicine in Grenada (2005-2006). The specimens
examined, 44 female and 56 male with an age range
of 65-83 years and a mean of 70 years, were without
any grossly evident pathologies or surgical procedures
in the neck region. All the cadavers were routinely
fixed in formalin/phenol/alcohol solution.

Following preliminary examination, images from
all the dissected specimens were recorded with a Sony
digital camera (model: Sony Cyber-Shot DSC-f717) and
studied using a computer-assisted image analysis sys-
tem (Lucia software 5.0 [2000, edition for Windows
XP], made by Nikon [Laboratory Imaging Ltd.]). The
digital camera was connected to an image processor
(Nvidia GeForce 6800 GT) and linked to a computer.
Digitised images of AC, together with the surround-
ing structures, were stored in the Lucia program (2048
x 1536 pixels) and converted to intensity grey levels
from 0 (darkest) to 32 bit (lightest). After a standard
1 mm scale had been applied to all pictures, the soft-
ware was able to use this information to calculate
pixel differences between two selected points, such
as origin and termination of a given nerve, as previ-
ously described [19]. The purpose of the software was
to allow easy and accurate translation of pixel differ-
ences into metric measurements.

Specifically, the distance of AC was measured.
Additionally, at the midpoint of AC the nerve was
transected, the lumen photographed and the diam-
eter measured. The distances of the ascending and
descending roots of AC were also measured.

RESULTS
The ansa cervicalis was identified in all the
specimens and demonstrated a great degree of
variation with regard to origin and distribution.

The origin of the superior root of AC was found to
be superior to the digastric muscle in 92% of the
cases. Its vertical descent was found to be superfi-
cial to the external carotid artery in 72% (Fig. 1)
and superficial to the internal carotid artery in 28%
of specimens (Fig. 2).
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Figure 1. A case of an ansa cervicalis in which both roots are
passing around the external carotid artery. The ansa cervicalis is
located anterior to the internal jugular vein.

Figure 2. A specimen with an ansa cervicalis that is located an-
terior to the internal jugular vein and the common carotid artery.
Other important landmarks such as the common carotid artery
and the superior thyroid artery are evident.
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The inferior root of AC was derived from the pri-
mary rami of C2 and C3 in 38%, from C2, C3 and C4
in 10%, from C3 in 40% and from C2 in 12%, of the
cases. The inferior root passed posterolaterally to the
internal jugular vein in 74% (Fig. 3) and anteromedi-
ally in 26% of the cases (Figs. 4, 5). The roots of AC
were long (70%) or short (30%), and the union be-
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Figure 3. An ansa cervicalis located posterolateraly to the inter-
nal jugular vein.

Figure 4. An ansa cervicalis located anterior to the common
carotid artery and medial to internal jugular vein.

tween the two roots was situated inferior (long) (Fig. 6)
or superior to the omohyoid (short).

The ansa cervicalis morphologically was classi-
fied according to the Caliot and Dumont classifica-
tion patterns [6]: 35% of specimens as had a double
classic form (Type 1); 20% had a simple classic form
(Type I1); 20% were double with two separate roots

Figure 5. A case of an ansa cervicalis which is located anterior
to the internal jugular vein. Other important landmarks such as
the common carotid artery, the superior thyroid artery and the

internal laryngeal nerve are evident.
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Figure 6. The ansa cervicalis is located inferior to the omohyoid
muscle.
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(Type I11); 10% exhibited a triple form (Type IV); 8%
were the double short form (Type V); 4% exhibited
the quadruple from (Type VI); 3% of specimens ex-
hibited a single short form (Type VII).

The results of the morphometric analysis were as
follows: the mean length of AC was 3.44 cm with
arange of 1.1 cm to 5.6 cm; the mean length of the
ascending root was 7.6 cm with a range of 5.5 cm
to 12.5 cm; the mean length of the descending root
was 7 cm with a range of 5.1 cm to 11.6 cm. The
mean diameter of AC was 1.3 mm with a range of
0.8 mm to 2.2 mm.

DISCUSSION

According to a literature review by Chhetri and
Berke [7], three main components contribute to the
morphological variations of AC. The first is the mor-
phological variations of the inferior root, result-
ing from various cervical root combinations, although
itis agreed that C2 and C3 contribute most frequently
and C1 and C4 less frequently [5]. The second varia-
tion of AC is the length of the loop in relation to the
omohyoid muscle. Along AC is described when the
loop is located inferior to the omohyoid muscle, and
a short AC is described when the loop is located su-
perior to the omohyoid muscle [9, 13]. The ansa loop
can be located overlying the carotid sheath where
the omohyoid muscle crosses over the internal jugu-
lar vein [27]. However, if the inferior root courses
medial to the internal jugular vein, the ansa loop
may occur between the internal jugular vein and the
common carotid artery. In this case it may be neces-
sary to dissect the carotid sheath to find AC. The
third variation consists of the various patterns of in-
nervation to the infrahyoid muscles [5]. Interesting-
ly enough, a report by Abu-Hijleh [1] described ab-
sence of AC, creating a potential rare fourth variation.

Although the literature reports a multitude of
topographical and morphological variations for AC,
the main nerve roots and branches are found in rel-
atively conventional locations. The superior root
emerges from the medial portion of the arc of the
hypoglossal nerve as it turns around the occipital
artery to assume a horizontal course toward the
tongue and descends along the anterolateral aspect
of the internal jugular vein, often embedded within
the carotid sheath [17]. Our results indicate that the
superior root of AC most often originates superior
to the digastric muscle, demonstrated in 92% of the
cases, and descends vertically superficial to the ex-
ternal carotid artery (72%) or the internal carotid
artery (28%).
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The inferior root most commonly arises from the
junction of C2 and C3, although C1 and C4 of the
ventral cervical rami may also contribute [26]. Ac-
cording to the results published by Caliot and Du-
mont [6], C3 was the most frequent contributor to
the inferior root. Similarly, our results demonstrated
that C3 most often contributed to the inferior root,
in 40% of the cases, and C2 and C3 together con-
tributed to the inferior root in 38% of the cases.

The descending course of the inferior root oc-
curs in two main patterns that both relate to the
internal jugular vein: the root may pass first pos-
terior, then lateral and then anterior to the inter-
nal jugular vein, or it may pass medial to the inter-
nal jugular vein and continue anteriorly between
the internal jugular vein and the common carotid
artery [35]. Our results indicated that the inferior
root passed posterolaterally to the internal jugu-
lar vein in 74% of the cases and anteromedially in
26% of the cases.

The superior and inferior roots form a loop at the
location of their anastomosis, determined by the
length of the loop and its association with the inter-
nal jugular vein. Caliot and Dumont [6] report that
the most frequent position of the loop is just deep to
the site where the superior belly of the omohyoid
muscle crosses the great vessels of the neck. In con-
trast, our results determined that the union of the
two roots was inferior to the omohyoid muscle in 70%
of the cases, described as a long AC. Only 30% of the
cases exhibited a short AC, where the two roots unit-
ed superior to the omohyoid muscle.

The nerves to the sternohyoid and sternothyroid
are terminal nerves that arise from a common nerve
trunk of AC[6, 16, 17]. The nerve to the inferior bel-
ly of the omohyoid usually arises from the loop of
AC and follows a position adjacent to the intermedi-
ate tendon of the muscle [8].

The sternohyoid and sternothyroid muscles are
frequently cut in surgery exposing the thyroid gland,
often severing nerve branches of AC that enter the
superior portions of the muscle at the level of the
thyroid cartilage [7, 18, 24]. In patients with thyroid
cancer the vocal cords may be paralysed at the time
of presentation, or the recurrent laryngeal nerve may
need to be sacrificed because of the invasion of can-
cer, even if the vocal cords had functioned properly
before surgery [21]. Recurrent laryngeal nerve pa-
ralysis is also commonly seen in patients with oe-
sophageal cancer following lymphadenectomy along
the recurrent laryngeal nerve. Additionally, hypoglo-
ssal nerve injuries, AC resection and injuries to the
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sternocleidomastoid vessels are common complica-
tions of carotid endarterectomy [4]. The intimate
association of AC to the common carotid artery and
the internal jugular vein necessitate an appreciation
of the clinical anatomy of AC in order to avoid injury
to these vessels during AR neurotisation procedures.
In addition to this surgical manoeuvre, other surgi-
cal procedures such as thyroplasty [14], arytenoid
adduction [15], Teflon injection [2] and nerve-mus-
cle pedicle implantation [28] have been reported to
cause iatrogenic injuries to AC.

CONCLUSION

The formation of AC is complex and its anatom-
ical course and location along the great vessels of
the neck vary. In order to avoid iatrogenic injuries
and facilitate surgical procedures that use AC neu-
rotisation procedures in repairing RLNP, the course
and morphological variations of AC must be appre-
ciated. We hope that the results of our study will
assist surgeons in avoiding inadvertent injury to the
great vessels of the neck, namely the internal jugular
vein and the common carotid artery, by establishing
the clinical anatomy and complex variations of AC.
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