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Abstract The non-recurrent inferior laryngeal nerve (NRLN)
represents a risk factor for nerve injury during thyroid surgery.
The aim of this study is to investigate the traveling patterns of
NRLNs and its relationships to inferior thyroid arteries (ITAs).
We had 11 patients showing NRLNs on the right side who
underwent thyroidectomies. The NRLNs were classified into
four different types, according to the traveling patterns. We
evaluated the anatomical position of the ITA as follows: (1)
three types according to the joint location with the thyroid
gland; and (2) three types according to the level of the retro-
esophageal subclavian artery (RSA). The traveling patterns of
NRLN could be classified into four types, descending, verti-
cal, ascending, and V-shaped. ITA was joined variably with
the thyroid gland on the superior, middle, and inferior posi-
tions. The levels of the RSA were also located at different
positions, the first thoracic vertebra, the second vertebra, and
the third vertebra. During thyroid surgery, the surgeonmust be
aware of the existence of anatomical variations of NRLNs and
ITAs. The anatomy of the NRLN and the ITA are frequently
irregular, and there is no correlation between the traveling
pattern of NRLN and the level of the RSA.
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Introduction

It is very important to understand the relationship between the
inferior thyroid arteries (ITA) around the thyroid gland and the
recurrent laryngeal nerve (RLN) during neck surgery, espe-
cially thyroid surgery. A paralysis of the RLN is one of the
major complications of thyroid surgery and results in voice
and swallowing problems. To decrease these complications,
meticulous surgical technique is necessary and the ITA and
RLN should always be identified during a thyroidectomy
[1–3]. Nonetheless, vocal fold paralysis occurs unintentional-
ly because of their anatomical variation. A major variation is a
non-recurrent laryngeal nerve (NRLN). The right RLN
branches off from the vagus nerve at the right subclavian
artery and rises up along the tracheoesophageal groove. The
right subclavian artery infrequently arises directly from the
aortic arch and the inferior laryngeal nerve enters into the
larynx directly, not recurrently. Dysphagia and foreign body
sensations during swallowing may be noticed in patients with
NRLN. However, patients do not display symptoms in most
cases.

The ITA supplies the thyroid gland and typically arises
from the thyrocervical trunk. Occasionally, ITA can arise from
the aortic arch and subclavian arteries. The thyrocervical trunk
arises from the upper border of the subclavian artery and di-
vides into three branches: the inferior thyroid, suprascapular,
and transverse cervical arteries. The ITA passes upward in
front of the longus colli muscle, then turns medially behind
the carotid sheath and vagus nerve. Afterward, it was divided
into two branches, which supply the pharynx, esophagus, tra-
chea, and thyroid glands. The ITA has various relationships
with the RLN. The RLN passes anterior to the ITA on the right
side and posterior to the ITA on the left side, in most cases.
Occasionally, the RLN lies in between the branches of the ITA
[4, 5].
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The NRLN has various traveling patterns. Two types of
NRLN, which are based on the inferior thyroid artery (ITA),
have been described by Cagnol et al. [6] and Hong et al. [7].
and are classified into four different types, according to their
traveling patterns. (1) Descending type: the nerve is descend-
ing from the vagus nerve trunk. (2) Vertical type: the nerve
runs vertically to the cricothyroid joint. (3) Ascending type:
the nerve runs upward to the cricothyroid joint. (4) V-shaped
type: the nerve is made downward and runs upward to the
cricothyroid joint.

In our study, we evaluated the relationship between the
traveling pattern of NRLN and ITA courses. We report 11

cases of NRLNs and discuss the traveling patterns of
NRLNs and their relationships to ITAs.

Materials and Methods

A retrospective review of 16NRLN cases in thyroidectomized
patients was performed over a 16-year period from January
1997 to August 2014. The NRLNs were classified into four
different types according to the traveling patterns observed.
(Fig. 1) Among 11 cases of 16 patients, we have investigated
the traveling patterns of the NRLN and its relationship to ITA
and retro-esophageal right subclavian arteries (RSAs). RSAs
were identified in preoperation CT results. The course of ITAs
was identified using the operative photos or drawings.

We have evaluated the anatomical position of the ITA.
Firstly, ITAs were classified into three types, according to their
location in the tracheoesophageal groove. Three types are
those in the superior 1/3, middle 1/3, or the inferior 1/3 of
the thyroid gland (Fig. 2). Secondly, from preoperative CT
results, the levels of RSAwere classified as levels of the first,
second, or third thoracic vertebral body (Fig. 3) because the
level of RSA may affect the level of ITAs.

Results

Among the patients who underwent total thyroidectomy or
right hemithyroidectomy over a 16-year period, we identified
16 cases of NRLNs. They are all right-side cases. There were
14 women and 2 men, with a mean age of 52.4 years (range,
34–76 years). Nine patients received a total thyroidectomy
with central neck dissection, and seven patients received a
right hemithyroidectomy. Histologically, 13 cases were

Fig. 1 Four patterns of non-recurrent laryngeal nerves (arrows) arising
directly from the vagus nerve and entering the larynx; descending (a),
vertical (b), ascending (c), and V-shaped (d) patterns

Fig. 2 Three patterns of inferior
thyroid arteries according to a
joint location with the thyroid
gland (thick arrows); superior (a),
middle (b), and inferior (c). Non-
recurrent laryngeal nerves RLNs
are all ascending types (thin
arrow)
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papillary carcinoma and three cases goiter and follicular
adenoma (Table 1). Upon retrospective chart review, four pa-
tients (25%) complained of mild dysphagia, but there were no
other clinical symptoms observed, such as dysphonia. NRLNs
were identified and classified as descending, vertical, ascend-
ing, and descending-ascending (V-shaped) types (Fig.1). We
have identified ITA using operation pictures or drawings.
RRSA was identified upon preoperation CT findings in all
cases.

In terms of the course of ITAs, they were joined with the
thyroid gland in the superior one third in four cases (36%),
middle one third in five cases (45%), and the inferior one third
in two cases (18%). There was no consistency between the
traveling pattern of the NRLN and the level at which the ITA
joined with the thyroid gland. The level of RRSA, which is

represented by the level of the ITA, was the first thoracic
vertebra in four cases (36%), the second vertebra in four cases
(36%), and third vertebra in three cases (27%). There was also
no correlation observed between the traveling pattern of the
NRLN and the level of the RRSA.

Discussion

Embryologically, both RLNs supply the sixth brachial arches.
These nerves pass beneath the sixth aortic arch and ascend to
the larynx with the descent of the heart. On the right side, the
distal portion of the sixth aortic arch and the fifth aortic arch
disappears, and the RLN moves up to lie beneath the fourth
arch. However, the right fourth aortic arch and proximal right
dorsal aorta are occasionally obliterated, and the origin of the
subclavian artery becomes anomalous. This subclavian artery
reaches the right side by crossing the midline behind the
esophagus and locates between the esophagus and the trachea
[1, 2, 8]. This anomalous subclavian artery allows the inferior
laryngeal nerve to form in a non-recurrent pattern. As such, we
can say that the NRLN originates from abnormal embryolog-
ical development.

AnNRLNwas first described by Stedman [9] in 1823, who
noted a right inferior laryngeal nerve in a non-recurrent situa-
tion accompanying the right subclavian artery arising from the
aortic arch to the left of the left subclavian artery. The overall
reported incidence of NRLN is around 0.6 to 0.8% on the right
side, and 0.04% on the left side [1, 8, 10]. The incidence of
surgically identified NRLNs in this study is 0.86%, similar to
that of other studies. All 16 cases of NRLN were right sided.
NRLN increases the risk of injury during thyroid surgery and
patients acquired persistent vocal cord palsy after surgery in
12.9% of all thyroidectomized patients with NRLN, high
compared to the 0.2–2% incidence rate observed with normal
recurrent nerve anatomy [9, 11, 12]. NRLN is not only at risk
of being damaged during thyroidectomy but also other

Fig. 3 Axial preoperation CT images. Thoracic vertebral level according
to the level of the retro-esophageal right subclavian artery; first (a), sec-
ond (b), third (c)

Table 1 Summary of patients
with non-recurrent laryngeal
nerves

Age/sex Op. name Pathology Types TG level of ITA Vertebral level of SA

1. 51/F Rt. lobectomy Goiter Ascending Upper T2

2. 53/F TT + CND PTC Descending Middle T3

3. 40/M Rt. lobectomy PTC Vertical Middle T1

4. 57/F TT + CND PTC Descending Upper T1

5. 70/F TT + CND PTC V-shaped Lower T2

6. 53/F TT + CND PTC Vertical Middle T3

7. 64/F Rt. lobectomy Adenoma Ascending Middle T1

8. 76/F Rt. lobectomy PTC Ascending Upper T2

9. 52/F TT + CND PTC V-shaped Middle T2

10. 47/F TT + CND PTC Vertical Upper T1

11. 48/F Rt. lobectomy PTC Ascending Lower T3
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surgical procedures, such as neck dissection, parathyroidecto-
my, and carotid endarterectomy [11]. Postoperative vocal pa-
ralysis is increased more than tenfold if NRLN evaluation is
not adequately performed.

If a surgeon identifies NRLN preoperation, the surgeon can
approach NRLN with the appropriate method. Preoperation
neck CT is a very effective tool for identifying RSA associated
with such NRLN. A neck CT can be performed as part of the
preoperative evaluation in patients with thyroid surgery and
parathyroid surgery for identifying the extent of disease and
the state of the surrounding structures. Sometimes, radiology
reports can miss vascular anomalies because of overlooking
mediastinum evaluation [13]. Therefore, surgeons should be
particularly thorough with their evaluation of the mediastinum
in preoperation neck CTs. The NRLN has various traveling
patterns. Two types of NRLN, which are based on the inferior
thyroid artery (ITA), have been described by Cagnol et al. [6]
as follows. The high type of NRLNs (type I) arises perpendic-
ularly from the vagal nerve trunk to join the laryngotracheal
junction transversally via a short route, and the low type of
NRLNs (type II) originates from the vagal nerve trunk and
follows a supero-external concavity before accompanying
the ITA. However, Hong et al. [7] reported four types of
NRLN because the anatomy of the NRLN and the ITA are
frequently irregular. The four types include the descending,
vertical, ascending, and V-shaped types.

Normally, RLN originates from the vagus nerve and, on the
right, surrounds the right subclavian artery, and on the left,
surrounds the aortic arch. Before reaching its point of pene-
tration in the larynx, the RLN ascends in the neck in the
tracheoesophageal groove in most cases. During this ascend-
ing passage, the RLN will cross the ITA. The ITA supplies
blood to the thyroid gland and is located near the recurrent
nerve, which controls the larynx. The inferior laryngeal nerve
is highly susceptible to damage, especially during thyroid or
spine surgery around the ITA. On the right side, in most cases,
the recurrent laryngeal nerve (RLN) is found between the
branches of the ITA, followed by, in decreasing order of fre-
quency, positions anterior and posterior to the artery. On the
left, the RLN was also placed more frequently between the
branches of the ITA, followed by, in decreasing order of fre-
quency, positions posterior and anterior to the ITA [14]. Injury
to the RLN is one of the most frequent and important causes of
morbidity in thyroidectomies. The knowledge of its passage
and of its anatomical relationships is therefore essential to best
avoid such injury.

In this study, we have evaluated the relationship between
the traveling pattern of the NRLN and ITA courses. As shown
above, ITA is not useful for landmark for the accurate identi-
fication of the NRLN due to its various anatomical positions.
Therefore, classification of NRLN, which is based on the ITA,
is not of assistance during surgery.

In conclusion, prior to surgery, surgeons should investigate
the existence of NRLNs by CTscan. During surgery, surgeons
must be aware of the existence of anatomical variations of
NRLNs and ITAs. Meticulous dissection of the thyroid gland
and thorough identification of the NRLN should always be
made to prevent vocal paralysis.
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