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Background: Non-recurrent laryngeal nerve (NRLN) is a rare anatomical variant (0.3-6%) that is
associated with some arterial abnormalities (absence of the brachiocephalic trunk and presence of a right
aberrant subclavian lusorian artery). The availability of a preoperative diagnosis of NRLN may reduce the
risk of nerve injuries. Preoperative ultrasonography (US) has been suggested as a reliable diagnostic tool to
detect the arterial abnormalities associated with NRLN, but the literature is relatively scarce. This paper was
aimed to review the literature, in order to offer an up to-date on this technique and its results.

Methods: A web search, focusing on humans, was performed by PubMed database, including papers
published up to August 2016, using the key words “ultrasonography” AND “non-recurrent laryngeal nerve”
or “nonrecurrent laryngeal nerve”.

Results: Eight papers, including 3,740 patients who underwent neck US for the detection of NRLN were
selected. Only five studies focused on the preoperative use of US. The incidence of NRLN varied between
0.4% and 1.94%. The sensitivity and specificity varied between 99-100% and 41-100%, respectively.
Conclusions: US is a simple, non-invasive and cost-effective method to detect NRLN,; also if its accuracy
is not absolute. It may be used preoperatively and to prevent the intraoperative nerve damage, since the risk

of NRLN palsies is significantly reduced when a preoperative diagnosis is available.
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Introduction

The inferior laryngeal nerve is a branch of the vagus nerve
that supplies all the intrinsic muscles of the larynx with
the exception of the cricothyroid muscles; it includes also
sensitive fibers to the subglottal part of the larynx, cardiac
branches to the deep cardiac plexus, and branches to the
trachea, esophagus and the inferior constrictor muscles. For
this reason, it is fundamental in phonatory and respiratory
functions and swallowing.

It originates from the vagus nerve at the level of the

mediastinum to follow its recurrent route ascending to
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laryngeal entry point (Figures 1,2) (1). Rarely, it may arise
from the vagus nerve at the level of the neck to take a non-
recurrent course (Figure 3).

The non-recurrent laryngeal nerve (NRLN) is a rare
anatomical variant; it occurs rarely on the right side, while
it is exceptional on the left side (2); different types of
non-recurrent courses have been described (3). NRLN is
associated with vascular anomalies of the aortic arches due
to embryologic reasons. On the right side, it is associated to
the absence of the brachiocephalic trunk; in this condition,
the common carotid artery arises from the aortic arch and

the right subclavian artery has an aberrant course (lusorian
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Figure 1 Left recurrent laryngeal nerve with ascending course in

the tracheoesophageal groove.

artery) (2,4-7). This anomaly is reported with a widely
variable prevalence (0.3-6%) in literature (2,4-8).

Because of its anatomic position, NRLN represents an
important risk factor of injury and subsequent vocal cord
paralysis during neck surgery. Thus, its early recognition is
crucial (9-12).

The intraoperative identification and preservation of
NRLN is a challenging procedure: this nerve with an
unusual course may be misdiagnosed and damaged during
neck surgical procedures, even by experienced surgeons.
The availability of a preoperative diagnosis of NRLN may
reduce the risk of accidental nerve injuries (9-12).

Several imaging techniques have been proposed for
the preoperative identification of NRLN including chest
X-ray, barium swallowing test, Computed Tomography
(CT), Magnetic Resonance (MR), esophageal endoscopy,
and intraoperative neuromonitoring (IONM), but their
routine use is limited by the variable diagnostic accuracy,
invasiveness, and costs. Recently, ultrasonography (US) has
been suggested as a simple, effective, and reliable diagnostic
tool (9), since it may easily detect the associated arterial
abnormalities, i.e., the absence of the brachiocephalic trunk
and/or the presence of the lusorian artery.

Literature concerning the neck US, as a tool for
detection of NRLN is relatively scarce. The aim of this
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Figure 2 Right recurrent inferior laryngeal nerve (R) with
ascending course in the tracheoesophageal groove with anastomotic
braches to the esophagus and the sympathetic trunk (*). T; trachea;
P, superior parathyroid; A, inferior right thyroid artery.

Figure 3 Right non recurrent inferior laryngeal nerve (R) arising

with a transversal course by the vagus nerve (V1, V2).

paper is to review the literature, in order to offer an up to-
date on this technique and its results.

Methods

A web search, focusing on humans, was performed by
PubMed database, including papers published up to 20
August 2016, using the key words “ultrasonography” AND
“non-recurrent laryngeal nerve” or “nonrecurrent laryngeal
nerve”. A total of 13 papers were found. The bibliographic
search evaluated also the related references cited by the
above-mentioned papers; in case of multiple publications
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Table 1 Characteristic of the studies focusing on ultrasonography and detection of non-recurrent inferior laryngeal nerve

Author Year Patients included (n) NRLN incidence (%) Preoperative ultrasonography Ultrasonography (n)
Devéze (9) 2003 Not available 0.52 No 12

Huang (13) 2010 2,330 0.47 Yes 2,330
Tartaglia (14) 2011 2,713 0.6 No 15

Yetisir (15) 2012 332 1.94 Yes 332

Satoh (16) 2013 1,561 0.71 Yes 140

Wang (17) 2014 7,169 0.4 Yes 5

Yang (18) 2014 2,251 1.24 No 28
lacobone (19) 2015 1,477 1.42 Yes 878

NRLN, non-recurrent laryngeal nerve.

from the same authors or institutions, only the latest
and largest series were considered, in order to avoid the
duplication of cases.

Results

After the review process and exclusion of inappropriate or
duplicated papers, eight papers were selected (9,13-19).
They included more than 17,873 patients; among them,
3,740 patients underwent neck US for the detection of
NRLN. At surgery, the incidence of NRLN varied between
0.4% and 1.94%. Five studies focused on the preoperative
use of US (13,15-17,19). The sensitivity and specificity of
US varied between 99-100% and 41-100%, respectively.
The results are summarized in the 7izble 1.

The first study was published in 2003 by Deveze ez al. (9),
who postulated that cervical duplex scanning of the
brachiocephalic artery could identify patients at risk of a
NRLN. Twelve patients with an operative diagnosis of
a right NRLN underwent postoperative US. They used
transducers of 3.5 or 7.5 MHz, according to the thickness
of the patient’s subcutaneous tissue. The examination
consisted in following the right common carotid artery
from the neck to the aortic arch, searching the division of
the brachiocephalic artery into the right common carotid
artery and the right subclavian artery. The average time of
the assessment was 5 min (range, 3-10 min); the Authors
concluded that duplex scanning could be a reliable and
noninvasive tool to identify arterial abnormalities, with a
positive predictive value of the presence on NRLN of 100%.

In 2010 Huang and Wu (13) proposed a preoperative
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neck US using both 3.5 and 10 MHz probes, in 2,330
patients undergoing thyroidectomy to check the absence
of brachiocephalic artery, defined as predictive of right
NRLN. Thirteen positive patients were found by 10-MHz
probe; of those 11 were also identified by 3.5-MHz probe,
and proved to be carrier of a right NRLN at surgery. The
two false-positive patients found by 10-MHz probe were
due to short and tortuous innominate artery, respectively.
The neck US sensitivity and specificity for predicting
NRLN was 100% when a 3.5-MHz probe was used, while
it was 100% and 99%, respectively, when a 10 MHz probe
was used.

In 2011 an Italian group (14) reviewed 2,713 total
thyroidectomies and found a NRLN in 17 patients.
Postoperative US and MR were performed in 15 patients
and in two cases no abnormalities could be identified by
either imaging technique; the diagnostic sensitivity of US
was 84.6%.

The prospective study of Yetisir er /. (15) included
332 patients who underwent thyroidectomy or
parathyroidectomy. Preoperative US was performed in all
patients to identify vascular anomalies related to NRLN;
CT was performed only in patients with positive US. The
NRLN was identified in six patients on the right side and
preoperative US predicted NRLN in all cases (overall
accuracy 100%).

In 2013, a Japanese group (16) evaluated the usefulness
of CT and US for preoperative diagnosis of the NRLN.
They reviewed 1,561 patients who underwent thyroid
surgery and found 11 NRLN. The sensitivity and specificity
of CT for detection of the NRLN was 100% for both. On
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the other hand, preoperative US detected the bifurcation
of the brachiocephalic trunk in 116 of 140 patients; the
bifurcation in the remaining patients was not detectable,
but at surgery a NRLN was found only in one out of the 24
patients. Thus, the sensitivity and specificity of cervical US
in detecting the right-sided NRLN was 100% and 83.5%,
respectively.

In 2014, Wang et al. (17) reviewed preoperative chest
X-rays, US, and CT of 5 patients with NRLN. Preoperative
CT predicted NRLN in all 5 cases (100% accuracy). They
found no predictive features of NRLN at chest X-ray and
US before surgery. However, by reviewing the preoperative
US images they found that the brachiocephalic truck was
absent in all patients.

The same year, Yang et al. (18) tried to determine the
value of chest X-ray and cervical US in predicting the
presence of NRLN. Their study included 2,251 patients
that underwent surgery for various thyroid disease. Chest
X-ray found 49 patients with suspected NRLN, confirmed
during operation in 23 cases. In the 2,202 unsuspected
cases, five had NRLN during surgeries. Aberrant subclavian
arteries were found in postoperative US in all 28 cases of
NRLN confirmed during surgery.

In 2015, Iacobone et al. (19) examined 1,477 patients
undergoing thyroid and parathyroid surgery with right-
side inferior laryngeal nerve exploration. The results of
878 patients that underwent preoperative US (pUS group)
were compared with those from a control group of 599
patients that did not perform the exam before surgery. The
preoperative US was performed by a linear transducers of 5
to 10 MHz. The NRLN detection was significantly higher
in patients of pUS group than controls (1.9% wvs. 0.6%,
respectively, P<0.05). Moreover, pUS predicted NRLN
in all cases and the overall laryngeal nerves morbidity
was significantly lower in the pUS group than controls
(1.8% vs. 4.2%, respectively, P<0.05). The absence of
the brachiocephalic trunk (named “Y sign”) was highly
sensitive (sensitivity and negative predictive value, 100%)
in predicting the lack of the brachiocephalic trunk and the
presence of a NRLN; false positive results occurred in obese
patients and large mediastinal goiters. Conversely, the direct
origin of the common carotid artery from the aortic arch at
pUS had a specificity of 100% and a sensitivity of 41.1%.

Discussion

NRLN is a rare finding that occurs most often on the right
side (0.3-6% of cases), whereas it is exceptional on the left
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side (0.04%) (2,4-7). When a NRLN is misdiagnosed, it is
exposed to increased risk of injury during neck surgery. In
fact, a recent study (19) found a significantly increased rate
of nerve injuries in patients with right NRLN compared to
normal recurrent laryngeal nerve (14.3% vs. 1.75%) during
thyroid and parathyroid surgery.

The presence of a right NRLN is the consequence of
a vascular anomaly: the right subclavian artery does not
arise from the brachiocephalic artery, but directly from
the aortic arch in distal position respect of the origin of
the left subclavian artery. This anomaly was first described
by Bayford in 1789 in a patient with secondary dysphagia
linked to an intertracheo-esophageal course of the right
subclavian artery (20). Subsequently, in 1936, Arkin named
this artery placed in abnormal position “arteria lusoria” (21).

The NRLN, instead, was described for the first time
during a necropsy, by Stedman in 1823 (22). He found a
“right inferior laryngeal nerve in a non-recurrent situation”
associated with a right subclavian artery in an abnormal
position behind the esophagus, and proposed a relationship
between the findings.

Thus, the absence of the brachiocephalic artery, due to
an anomaly in embryologic development of the primitive
aortic arches, is connected to the nervous anomaly.

During early embryonic development, the recurrent
laryngeal nerve is dragged down into the mediastinum and
recurs around the sixth primitive aortic arch. On the left
side, it recurs around the arterial ligament, at its origin from
the aortic arch. On the right side, following the regression
of the fifth and sixth arch, it recurs around the fourth
primitive aortic arch (i.e., the origin of the subclavian artery
from the brachiocephalic trunk). In case of regression of the
fourth aortic arch, the NRLN is free to migrate upward.
Thus, it reaches the larynx directly from the vagus nerve
at a cervical level, with a transverse, non-recurrent course;
the brachiocephalic artery is absent and the common
carotid artery originates directly from the aortic arch; thus,
the right subclavian artery originates from the aortic arch
below the left subclavian artery and reaches the right axilla,
crossing the mediastinum with a retroesophageal course;
in some case it may have a pretracheal or intertracheo-
esophageal course (2,23). On the left side, a situs viscerum
inversus with dextrocardia, a right-positioned aortic arch,
the regression of the arterial ligament, and a left aberrant
subclavian artery with a lusorian course are necessary to
obtain a left NRLN; subsequently, the anomaly is expected
to be extremely rare.

Several anatomical classifications of NRLN have been
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Figure 4 False non-recurrent inferior laryngeal nerve (R). A
large anastomosis with a transversal course (*) simulating a non-
recurrent inferior laryngeal nerve running between the cervical
sympathetic trunk and the recurrent inferior laryngeal nerve.
PIII, inferior parathyroid gland; PIV, superior parathyroid gland.
Modified with permission from (19).

proposed. In 1972 Stewart et al. (24) described two types of
NRLN as horizontal (type I) and descending (type 1I).

Recently Hong et al. (25) proposed a classification of
NRLN based on its travelling pattern: descending (the
nerve descends from the vagus nerve trunk); vertical (the
nerve runs vertically to the cricothyroid joint); ascending
(the nerve runs upward to the cricothyroid joint); and
V-shaped (the nerve takes a downward course and runs
upward to the cricothyroid joint).

However, NRLN may be underestimated because it may
be missed or misdiagnosed (26,27). In fact, in the recent
study of Iacobone ez al. (19) the overall rate of unidentified
inferior laryngeal nerve during surgery was significantly
higher in patients that did not perform preoperative US
than those undergoing this search (2.67% vs. 1.14%,
respectively), suggesting that NRLN could be missed if
surgeons are not alerted to this possibility. Furthermore,
a false recurrent laryngeal nerve (i.e., nerve branch
ascending from the sympathetic stellate ganglion) may be
misinterpreted as true recurrent laryngeal nerve, whereas
the concomitant NRLN might be missed if there is no
preoperative suspicion. On the contrary, large transverse
anastomotic branches between the cervical sympathetic
trunk and the larynx may simulate a NRLN without arterial
abnormalities (Figure 4) (19,28,29).

Several techniques for preoperative identification of
this anomaly have been proposed (chest X-ray, barium
swallowing test, CT, MR, esophageal endoscopy, and
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Figure 5 Esophageal barium swallowing test: compression on

the left edge of the posterior esophagus notch is evident (bayonet
sign).

IONM) (7,11,14-18,23,30-32) but their routine use is
limited by the variable diagnostic accuracy, invasiveness,
and costs.

All these tests are aimed to detect not the NRLN, but
the associated abnormalities of the epiaortic vessels (absence
of the brachiocephalic trunk and present of a lusorian
artery), that are associated with the presence of NRLN in
almost 100% of cases.

In less than 20% of cases, chest X-ray can reveal an
oblique linear shadow on frontal view and a rounded image
from the aortic arch to right and upward (2,17-18,31).
Thus, because of the low accuracy, this examination cannot
be recommended to predict the presence of a NRLN.

The barium swallowing test may demonstrate a
compression on the left edge of the posterior esophagus
notch, below the aortic arch (the bayonet sign), caused by the
presence of the retroesophageal lusorian artery (Figure 5);
however, this sign can be missed if lateral or oblique views
are not performed (2,23). Otherwise, this technique is not
cost-effective and exposes the patient to X-rays to search an
indirect sign.

Esophagoscopy has been reported to detect an extrinsic
and pulsating compression of esophageal wall caused by
the presence of an aberrant right subclavian artery in 40%
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Figure 6 Computed tomography: (Left) bidimensional scan. The origin of the subclavian artery (arrow) is on the left part of the aortic arch (A)

and crosses the posterior wall of the esophagus (transversal section). (Right) Three-dimensional reconstruction. Reproduced with permission

from (19).

of patients with NRLN (23,32); endoscopic ultrasound can
demonstrate the presence of this artery in all cases, but its
use is limited by invasiveness and costs (23,32).

CT and MR can demonstrate directly the presence of the
lusorian artery and the absence of the brachiocephalic trunk
(Figure 6) (10,14-17). Furthermore, they can be performed
before thyroid and parathyroid surgery to evaluate
intrathoracic goiters, in staging cancers, or in other selected
cases. However, technical reasons can cause the missing of
brachiocephalic trunk in CT studies, in approximately 75%
of cases (33). Moreover, even if present, the final report
usually does not describe the vascular abnormalities in 80%
of cases, especially when the thorax and the mediastinum
are not the target of the study (7).

The main limits to the systematic use of all these
preoperative techniques for the detection of NRLN are
the variable accuracy, the invasiveness, and the costs.
Moreover, the NRLR is a very rare situation. Thus, to date,
the preoperative diagnosis of a NRLN is available only in a
percentage ranging between 6% and 24% (2,5). For these
reasons, the systematic search and careful dissection of the
inferior laryngeal nerve is still the main suggested method
to avoid nerve injuries (2).

In recent years, IONM is becoming a common practice
in thyroid and parathyroid surgery because, through vagal
stimulation, it makes easier to identify the recurrent and
non-recurrent laryngeal nerve and verify their functional
integrity. In fact, a positive electromyographic response
to the proximal stimulation of the vagus (at the superior
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border of thyroid cartilage) and the absence of response to
its distal stimulation (below the inferior border of the fourth
tracheal ring) reliably identify a NRLN and this is helpful
for the surgeon to optimize the dissection (30). However,
IONM is not ubiquitously available; it is still considered not
cost-effective in some surgical setting (1,8,30).

US can be considered a rapid, non-invasive and cost-
effective tool to detect a NRLN according to the presence
of epiaortic vascular abnormalities, with an overall accuracy
>98% (9,13,15-19,29). It may be used preoperatively and
may alert the surgeon about this occurrence; thus, a focused
strategy may be used during surgery to minimize any risk of
nerve injuries. It may represent a cost-effective strategy since
the neck vascular anatomy exploration can easily complete the
thyroid or parathyroid assessment, which is often performed
directly by the surgeon in the immediate preoperative period.

Preoperative US can be performed by high-resolution
linear array transducers of 5 to 10 MHz; some Authors use
transducer of 3.5 or 7.5 MHz (9); 3.5-MHz convex probe
and 10-MHz linear probe (13) or linear array transducers
3.6-13.1 and 1.8-6.2 MHz curved array, for infraclavicular
region (15). The technique has been extensively reported
by Iacobone (19,29), who proposed to place the patient in
a supine position with mild hyperextension and left extra
rotation of the neck. After the identification of the right
common carotid artery at neck level, the transducer can be
angled downward at the sternal notch to follow its course
from the neck to its origin. Usually, the right common
carotid and the right subclavian artery arise together from
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Figure 7 Neck ultrasonograph (Left) ultrasonographic view
of normal arterial anatomy (Y sign). The bifurcation of the
brachiocephalic trunk (B) into the right common carotid artery
(C) and the right subclavian artery (S) describes a Y. (Right)
Ultrasonographic view of the direct origin of the right common
carotid artery (C) from the aortic arch (A). The right subclavian
lusorian artery (L) has an independent course and arises separately
from the common carotid artery. Reproduced with permission
from (19).

the bifurcation of the brachiocephalic artery, describing
a Y, which has been named “Y sign” [Figure 7 (left)].
When the bifurcation is not recognized, the course of
the right common carotid artery can be traced to identify
its direct origin from the aortic arch, associated with a
right subclavian artery arising independently [Figure 7
(right)]. The Color Doppler tool can be used for a better
identification of the vessels.

The presence of a “Y sign” may predict a normal vascular
and nervous anatomy in virtually all patients (19,29). To
the contrary, the presence of a lusorian artery may predict
a NRLN in 100% of cases, but the direct US exploration
of the origin of an aberrant right subclavian artery can
be reported in a minority of cases, since it is technically
challenging, because of its deep location in the mediastinal
region (19,29). Moreover, the “Y sign” can be falsely absent
also in some patients without NRLN, since a normal
brachiocephalic trunk cannot be easily detected at US in
obese patients and large goiters. In fact, in these situations,
the mediastinal region cannot be exhaustively explored
by US; thus, CT and MR may be required to confirm
locoregional anatomy and plan the surgical strategy.

Conclusions

US is a simple, non-invasive and cost-effective method to
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detect NRLN (according to the absence of the “Y sign”),
since these abnormalities are associate in almost all cases.
This tool may be used preoperatively and may prevent the
intraoperative nerve damage, since the risk of NRLN palsies
is significantly reduced when a preoperative diagnosis is
available. However, the accuracy of this strategy is not
absolute, since some false positive and negative cases may
occur because of difficult US access to mediastinal vascular
anatomy.
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