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Background: Nonrecurrent laryngeal nerve (NRLN) is a risk factor for nerve injury during thyroidectomy or parathyroidecto-
my. It is usually associated with abnormal vasculature that can be identified by several imaging methods. The
aim of this study was to retrospectively analyze the preoperative diagnosis and intraoperative protection of
NRLN.

Material/Methods: Of the 7169 patients who underwent thyroid surgery at our hospital between August 2008 and January 2013,
5 patients with NRLN were identified. Preoperative chest X-rays, neck ultrasonography (US), and computed to-
mography (CT) findings were reviewed. NRLNs were carefully and systematically searched for in surgery.

Results: Preoperative CT predicted NRLN in all 5 cases (100% accuracy). The detection rate of NRLN by CT was 0.4%
(5/1170). NRLNs were confirmed in surgery. All of them were right-sided NRLN with type IIA variant. The CT
scans clearly revealed the vascular anomalies. The review of US images suggested that vascular anomalies
could be identified on the images in 1 patient. No postoperative complications occurred in any patient.

Conclusions: The preoperative CT scan was a reliable and effective method for identifying abnormal vasculature to indirect-
ly predict NRLN. Combining the CT and US findings with adequate surgical technique may help to reduce the
risk of nerve damage, in addition to preventing nerve palsy.

MeSH Keywords: Abnormal Vascular ¢ Computed Tomography ¢ Parathyroidectomy ¢ Thyroidectomy e
Recurrent Laryngeal Nerve Injuries

Full-text PDF: http://www.medscimonit.com/download/index/idArt/889942

%1630 Eﬂl MEIS %20

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]




CLINICAL RESEARCH

Background

Recurrent laryngeal nerve (RLN) palsy is one of the most com-
mon complications after thyroid surgery. Therefore, reducing
the rate of temporary and, especially, permanent nerve pal-
sy is essential. Although an important anatomic landmark,
Zuckerkandl’s’ tubercles, could help us to locate and dissect
the RLN during thyroid surgery, anatomic variations such as
nonrecurrent laryngeal nerve (NRLN) might increase the rate
of RLN damage [1].

NRLN is a rare anomaly that represents a major risk factor for
injury during neck surgery. Because of its special anatomical
position, it may be misdiagnosed and damaged, with subse-
quent vocal cord paralysis that can decrease the overall phys-
ical and psychological quality of life [2,3].

Vascular anomaly of the aortic arches during early embryonic
development results in the formation of NRLN, which was first
reported by Stedman in 1823 [4]. The absence of brachioce-
phalic artery and the presence of an aberrant right subclavi-
an artery (arteria lusoria) is the feature used to identify NRLN.
Surgeons seek ways to make a preoperative diagnosis of NRLN
to reduce the risk of inadvertent nerve injury.

The aim of this study was to retrospectively analyze the
methods of preoperative judgment and intraoperative iden-
tification and protection of NRLN during thyroidectomy or
parathyroidectomy.

Material and Methods
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We retrospective reviewed the medical records and intraopera-
tive findings in identifying the NRLN. Preoperative chest X-rays,
neck ultrasonography (US), and CT findings were reviewed. Due
to the cost, CT scans were mainly performed for the patients
with suspected malignancy and lymph node metastasis. We
also performed CT scans to evaluate massive and intrathoracic
goiters. CT examination was performed for 1170 patients. The
study was approved by the Ethics Committee at our hospital.

Due to embryologic reasons, NRLN is always associated with
vascular anomalies of the aortic arch. On the right side, the
absence of brachiocephalic artery and the presence of an “ar-
teria lusoria” is the feature used to identify NRLN. In CT scan
images, the “arteria lusoria” was identified as an aberrant right
subclavian artery that originated from the left part of the aor-
tic arch, crossed the mediastinum behind the esophagus, and
entered the right base of the neck. The diagnosis of “arteria lu-
soria” was rejected when the brachiocephalic artery was found
[5]. In the US scans, the division of the brachiocephalic artery
into the right common carotid artery and the right subclavi-
an artery has been described as the “Y sign” (Figure 1A) [6].

According to the intraoperative findings, the NRLN was clas-
sified into 3 types based on the traveling approaches. Type |
arises directly from the vagus nerve and running along with
the superior thyroid vessels; type IIA originates from the va-
gus on the level of the trunk of inferior thyroid artery; and
type IIB originate from the vagus and travels under the level
of the trunk of inferior thyroid artery or between the branches.

Results

Of the 7169 patients who underwent thyroidectomy or parathy-
roidectomy at our hospital between August 2008 and January
2013, 5 patients who had NRLN were included in this study.
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Five NRLN patients were identified in this period, and all
were female. The mean age was 38.6 years, with a range of
26-48 years. We retrospectively reviewed patient information,

Figure 1. Ultrasonographic image of normal arterial anatomy: the division of the brachiocephalic artery into the right common carotid
artery and the right subclavian artery has been described as the “Y sign” (A). Ultrasonographic image of the abnormal artery
anatomy: The right common carotid artery originated directly from the aortic arch and separated from the right subclavian

artery, the brachiocephalic truck was absence (B). RCCA, right common carotid artery; RSA, right subclavian artery; BCT,
brachiocephalic truck; AO, aortic arch.
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Table 1. Cases of nonrecurrent laryngeal nerve.

Patient Age (y)

Operation type
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NRLN side NRLN type

Figure 2. Contrast-enhanced CT scans of the neck and upper mediastinum in a patient with “arteria lusoria”. From image (A-E), the
right subclavian artery (white arrow) originates from the left part of the aortic arch, crossed the mediastinum behind the
esophagus, the brachiocephalic artery is absent. Image (F) shows the three-dimensional reconstruction CT scan of “arteria
lusoria” (white arrow).

including clinical presentation, physical examination, diag-
nostic investigations, therapeutic interventions, and pathol-
ogy results. The normal preoperative vocal cord function of
all patients were confirmed by fibrolaryngoscope, and none
of them presented symptoms related to recurrent laryngeal
nerve, such as hoarseness or bucking. In our group, near to-
tal thyroidectomy was performed in 2 patients, right lobecto-
my was performed in 2 patients, and subtotal thyroidectomy
was performed in 1 patient. Lymph node dissection was per-
formed in 4 patients. The postoperative histopathological di-
agnosis included 3 papillary carcinomas, 1 follicular carcino-
ma, and 1 nodular goiter (Table 1).

All of the 5 patients received preoperative chest X-ray, US, and
CT imaging. All of them were suspected of NRLN according to
the preoperative CT findings. We retrospectively reviewed the

chest X-ray, US, and CT results. In our study, patients with NRLN
had lacked the brachiocephalic trunk and had an “arteria lu-
soria” on CT images. The right subclavian artery originated di-
rectly from the left side of aortic arch, crossed the mediasti-
num behind the esophagus, and entered to the right side of
the neck (Figure 2). We found no features of chest X-ray and
US results to identify the NRLN before surgery. However, by
reviewing the US images, we found that the right common ca-
rotid artery originated directly from the aortic arch and sepa-
rated from the right subclavian artery, and the brachiocephal-
ic truck was absent (Figure 1B).

All surgical procedures of the 5 patients were performed by
experienced surgeons. When a preoperative “arteria lusoria”
diagnosis was given by CT findings, the surgical procedure of
NRLN identification was performed. After dissection of the
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Figure 3. Intraoperative image showed the anatomy structure
around the type [IA NRLN (white arrow).

upper pole, we gently mobilized the thyroid inherent capsule,
dissected the middle cervical vein and the inferior thyroid ves-
sels, isolated and mobilized the thyroid lobe, and pulled it to
the left. NRLN was found on the level of the inferior thyroid ar-
tery or cartilage and entered into the larynx at its usual loca-
tion (Figure 3). In searching for the normal recurrent laryngeal
nerve, blunt isolation was used to expose the tracheoesoph-
ageal groove. The absence of a normally recurrent laryngeal
nerve at its normal position was confirmed. Careful intraop-
erative dissection also allowed for detection of NRLN in cas-
es not detected by preoperative CT scan. The 5 patients with
NRLN all had the right-side type IIA variation.

Discussion

NRLN results from abnormal embryological development of
the aortic arches. The nerve wraps around the sixth arch in
the normal embryo stage. On the right, the nerve moves up as
high as the fourth arch, which forms a portion of the subcla-
vian artery. In the absence of the fourth aortic arch, the right
recurrent laryngeal nerve goes directly into the larynx, form-
ing a right NRLN. The incidence of right NRILN is 0.3-1.6% in
the general population. Because the formation needs the co-
existence of situs inversus viscerum, left NRLN is extreme-
ly rare, with an incidence of 0.04% [7,8]. The detection rate
of arteria lusoria by CT for the prediction of NRLN was 0.4%
(5/1170) in our group.

NRLN protection without recognition before surgery is very
difficult for the surgeon. If the abnormal vasculature is iden-
tified, the risk of NRLN damage is reduced. In our group, al-
though the vascular anomaly was recognized in preoperative
neck CT findings, we also carefully explored the origin trunk
of NRLN after we identified it. The tissue between the thyroid
lobe and the carotid sheath was bluntly isolated, not dissected
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directly, to expose all the structure originating from the vagus
nerve up to the larynx. NRLN includes 3 types based on the
running course, of which type IIA is the most common [9]. In
the present study, no NRLN injury occurred.

Several imaging methods aimed at the preoperative identifica-
tion of NRLN have been recommended, including chest X-rays,
barium esophagogram, vagal neurostimulation, and US and CT
examinations. Each procedure has limitations because of the
variable diagnostic accuracy, cost, and invasiveness.

Chest X-rays may present a special linear shadow on the fron-
tal view and a rounded image travelling upward and right from
the top of the aortic arch, but these features exist in less than
20% of cases [8,10,11].

Barium esophagogram may present an extrinsic compression
on the left edge of the posterior esophagus notch at the third
thoracic vertebral level below the aortic arch, which is called
the “bayonet sign”. A few patients showed this esophagus
compression symptom caused by “arteria lusoria”. Because
the sign can be easily missed if the superior thoracic esopha-
gus is not carefully examined and the lateral or oblique views
are not obtained [8,12], we recommend barium esophagogram
only for dysphagic cases.

Brauckhoff et al. [13,14] reported that selective vagal neuro-
stimulation is an easy and reliable method to identify NRLN.
They showed that a latency threshold of 3.5 ms after ipsilat-
eral vagus nerve stimulation was able to distinguish between
NRLN and recurrent laryngeal nerve (RLN). However, the lack
of a standard with which to estimate variability and the high
false positive results limit the use of this method [7,15].

US is an easy to perform, cost-effective, and noninvasive tech-
nique for preoperative recognition of NRLN. Maurizio et al. [16]
reported that US can easily identify the absence of the brachio-
cephalic trunk and indirectly predicts NRLN with 100% accu-
racy. Its main limitation is that the results of US examinations
depend on the sonographer; if the US operator does not look
for the “Y sign”, NRLN cannot be predicted in routine preop-
erative US examination [9].

CT of the neck has become a common procedure before neck
surgery. They are often performed to evaluate thyroid cancers
with lymph node metastasis, intrathoracic goiters, or hyper-
parathyroidism [17,18]. For diagnosis of “arteria lusoria”, CT
scanning is reliable. NRLN can be accurately predicted before
surgery using CT by identifying the “arteria lusoria” and the
absence of the brachiocephalic trunk without additional ex-
amination [19,20]. Wang et al. [5] reported 6 of 9 patients with
NRLN had an “arteria lusoria” in CT images. In another study,
although only 5 of the 20 patients with NRLN were suspected
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before surgery, all patients had the “arteria lusoria” feature
found by reviewing the CT images in after the operation [9].

Conclusions

In our experience, preoperative CT scanning is a simple and
effective method for identifying abnormal vasculature to indi-
rectly predict NRLN. Combining CT and US findings with care-
ful and systematic dissection of the RLN area may help reduce
the risk of nerve damage and prevent nerve palsy.
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