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A b s t r a c t

Introduction: This study aims to evaluate the predictive value of color Dop-
pler ultrasound for the diagnosis of aberrant right subclavian artery (ARSA) 
with a co-occurring non-recurrent right laryngeal nerve (NRLN).
Material and methods: In the present study, 58 patients with ARSA (ARSA 
group) and 1,280 patients without ARSA (controls) were diagnosed by ultra-
sonography. In addition, 32 patients with ARSA (ARSA operation group) and 
controls underwent thyroidectomy with surgical exploration with or without 
NRLN. Then, the incidence of NRLN was analyzed. The right common carotid 
artery (RCCA) and right subclavian artery (RSA) trends were observed by 
ultrasound, and classified into two types: RCCA and RSA originating from 
the innominate artery (IA) (type I), and IA could not be detected (type II).
Results: A  total of  32 cases of  NRLN were found in the  ARSA operation 
group, but no case was found in controls, and the difference was statistically 
significant (p  =  0.0006). The  difference in the  constituent ratio of  type I 
and type II was statistically significant between the ARSA group and con-
trols (p = 0.0002). That is, the IA could not be detected in the ARSA group, 
which was accompanied by the RCCA that originated from the aortic arch, 
while the IA was detected in most patients in the control group at the level 
of the sternoclavicular joints.
Conclusions: Aberrant right subclavian artery can be rapidly detected by 
ultra sonography. Aberrant right subclavian artery occurs when the RCCA orig-
inates from the aortic arch during detection. Patients with ARSA sometimes 
have co-occurring NRLN. Hence, vigilance in protecting the NRLN is needed 
during an operation.

Key words: ultrasonography, aberrant right subclavian artery, nonrecurrent 
right laryngeal nerve.

Introduction

The aberrant subclavian artery (ASA) is a  rare anatomical variant, 
which can be divided into two types: aberrant right subclavian artery 
(ARSA), and aberrant left subclavian artery (ALSA). An  ARSA is more 
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common than ALSA, with a  reported incidence 
of 0.19–2.52% of the healthy population [1–3].

The non-recurrent laryngeal nerve is the nerve 
that does not loop around the right subclavian ar-
tery (RSA) on the right side or go around the aor-
tic arch on the  left side, but directly enters into 
the  laryngeal after branching off from the vagus 
nerve [3–6]. As a  result, the  anatomic variant 
of  the  non-recurrent laryngeal nerve may eas-
ily cause recurrent laryngeal nerve injury during 
an  operation, especially in the  absence of  intra-
operative monitoring and locating on the  recur-
rent laryngeal nerve, leading to a rate of recurrent 
laryngeal nerve injury as high as 16.8% [6–8]. Fur-
thermore, the patient would have a worse quality 
of  life, such as postoperative glottal obstruction, 
and coughing on intake of food and water, as a re-
sult of the recurrent laryngeal nerve injury. There-
fore, there is important clinical significance in pro-
tecting the  non-recurrent laryngeal nerve during 
thyroid or parathyroid surgery.

The recurrent laryngeal nerve is closely asso-
ciated with the  subclavian artery, common carot-
id artery (CCA) and aortic arch during embryonic 
development. Thus, the  developmental anomaly 
of the subclavian artery and CCA, such as ASA, sug-
gests a  great possibility of  an  ipsilateral non-re-
current laryngeal nerve. If an aberrant subclavian 
artery is identified by a preoperative ultrasound ex-
amination, it predicts the high possibility of an ipsi-
lateral non-recurrent laryngeal nerve [5, 9–14].

Therefore, we conducted this study to evaluate 
the  predictive value of  color Doppler ultrasound 
(CDU) for the diagnosis of ARSA with a co-occur-
ring NRLN.

Material and methods

Patients

This retrospective analysis included 16,180 pa-
tients who underwent CDU examinations of  the 
thyroid, cervical lymph node, bilateral common 
carotid arteries, bilateral subclavian arteries, as-
cending aorta and aortic arch at our department in 
the period from January 2010 to May 2018 (6,862 
males and 9,318 females). A total of 58 patients 
were diagnosed with ARSA based on the  ultra-
sound results, and 32 of  these patients under-
went thyroidectomy as a  result of  thyroid nod-
ules (ARSA operation group). Furthermore, 1,280 
patients without ARSA underwent thyroidectomy 
for thyroid nodules. Among them, 374 cases were 
diagnosed as benign thyroid nodules with larger 
size, and 906 cases were diagnosed as malignant 
thyroid nodules, by ultrasonography respectively. 
No right-sided aortic arch with ALSA was found, 
which was further confirmed by computed to-
mography (CT) (11697 cases) or magnetic reso-

nance angiography (MRA) (4,483 cases). The pres-
ent study was approved by the Ethics Committee 
of our hospital, and all patients provided signed 
informed consent.

Meanwhile, surgical exploration was performed 
for patients with or without NRLN during the thy-
roidectomy. All procedures were reviewed by the 
Institutional Ethics Committee and approved by 
the patients.

Instruments and methods

All patients were evaluated by experienced ob-
servers using a high-frequency probe (7.5–14 MHz), 
transabdominal probe (3.5–5.0 MHz), intracavitary 
probe (5.0–7.5 MHz), or cardiac probe (2–5 MHz) 
through an  ultrasound instrument (Toshiba 500, 
Acuson Sequia 512, Supersonic Aixplorer), as ap-
propriate.

Then, the echogenicity of the thyroid and cer-
vical lymph node metastasis or nodes without 
metastasis was evaluated. Meanwhile, the arteri-
al trends of  the  bilateral common carotid arter-
ies, bilateral subclavian arteries, ascending aorta, 
and aortic arch were observed with the probes, as 
appropriate. The  diameter of  the  right common 
carotid artery (RCCA) was measured by CDU with 
a high frequency probe at the level of the sterno-
clavicular joints for all groups. Then, the RCCA and 
RSA trends were observed by dynamic ultrasound. 
According to the arterial trend, and as detected by 
CDU using a high frequency probe, these patients 
were divided into two groups: the RCCA and RSA 
originated from the innominate artery (IA) (type I); 
the IA could not be detected and the RCCA orig-
inated directly from the  aortic arch or common 
stem with the left common carotid artery (LCCA) 
originating from the aortic arch (type II). The type 
I and type II ratio and RCCA diameter were com-
pared between the ARSA group and control group.

Statistical analysis

The software program SPSS 13.0 was used to 
perform the  statistical analysis. Continuous vari-
ables were expressed as mean ± standard devia-
tion (SD). Discontinuous variables were expressed 
as percentage (%). For two-sample comparisons, 
groups were compared by t-test when each data 
set conformed to the  normal distribution, while 
non-normally distributed continuous data were 
compared using non-parametric tests. P  <  0.05 
was considered statistically significant.

Results

General information

A total of  58 patients were diagnosed with 
ARSA based on the ultrasound results, and 32 of 
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these patients underwent thyroidectomy as result 
of  thyroid nodules (ARSA operation group). Fur-
thermore, 1,280 cases without ARSA underwent 
thyroidectomy for thyroid nodules. No right-sided 
aortic arch with ALSA was found, which was fur-
ther confirmed by CT (11,697 cases) or MRA (4,483 
cases).

Ultrasound findings for the control group

After scanning with a high-frequency probe at 
the level of  sternoclavicular joints, it was found 
that the RCCA and RSA routes were closer to each 
other, gradually converging on the  same plane  
(Figure 1). Meanwhile, the  RCCA and RSA that 
originated directly from the IA were found above 
the level of the sternoclavicular joints in 157 cases, 
and at the level or below the level of the sterno-
clavicular joints in 872 cases. However, the RCCA  
and RSA that originated from the  IA could not 
be detected in 251 cases due to the limitation of 
the scanning scope of  the high-frequency probe. 
Hence, there were 1,029 cases of type I and 251 
cases of type II (Table I).

After scanning with the transabdominal probe, 
intracavitary probe, or cardiac probe at the  level 
of  the  sternoclavicular joints, a  wider range was 
detected. This allowed the  vessels to be clearly 
identified in 251 cases, in which the RCCA and RSA 
that originated from the IA could not be detected 
with a high-frequency probe. In addition, this clear-

ly revealed that the RCCA and RSA originated from 
the IA near the aortic arch, as a result of the shorter 
IA. The shortest IA identified was 1.3 cm.

Ultrasound findings for the aberrant right 
subclavian artery group

The ultrasound examinations revealed the  fol-
lowing: (1) 58 cases were diagnosed with ARSA 
(ARSA group) based on the ultrasound findings, and 
this was further confirmed by computed tomog-
raphy angiography (CTA) or MRA, and 32 of these  
58 cases underwent thyroidectomy as a  result of 
thyroid nodules (ARSA operation group); (2) 1,280 
cases without ARSA underwent thyroidectomy for 
thyroid nodules (control group); (3) no right-sided 
aortic arch with ALSA was found, and this was fur-
ther confirmed by CT (11,697 cases) or MRA (4,483 
cases) (Table II, Figure 2).

After scanning with a  high-frequency probe 
at the  level of  the  sternoclavicular joints, it was 
found that the  RCCA and RSA routes were not 

Figure 1. Control group. Scanning with high-frequency probe at the level of sternoclavicular joints; the right com-
mon carotid artery (RCCA) route and the right subclavian artery (RSA) route gradually get closer to each other in 
the same plane. INA – innominate artery

A B

Table I. Comparison of the ratio of category I and 
category II between the aberrant right subclavian 
artery group and control group (%)

Group Category I Category II

ARSA group 0 (0/58) 100 (58/58)

Control group 80.39 (1029/1280) 19.61 (251/1280)

ARSA – aberrant right subclavian artery.

Table II. Information on all groups 

Group Male Female Age – range [years] Age – mean [years] Age – SD [years]

ARSA group (n = 58) 15 43 21–66 36.4 9.8

ARSA operation group (n = 32) 9 23 21–55 35.1 8.5

Control group (n = 1280) 537 743 16–73 34.2 11.1

ARSA – aberrant right subclavian artery, SD – standard deviation.
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in the same plane, and gradually separated (Fig-
ure 3). Furthermore, these did not originate from 
the IA within the ultrasound scanning scope. That 
is, there were no cases of  type I and 58 cases 
of type II (Table I). The IA was found to be absent 
in 46 cases, and the RCCA originated directly from 
the aortic arch, while for the other 12 cases, this 
could not be detected due to the far field attenua-
tion of the high-frequency probe due to the short 
and thick neck of patients.

After scanning with the  transabdominal probe, 
intracavitary probe, or cardiac probe at the  level 
of  the  sternoclavicular joints, the  IA was found to 
be absent in all cases in the ARSA group (Figure 4). 
The  RCCA and RSA routes gradually separated 
below the level of the sternoclavicular joints. Fur-
thermore, 53 cases of RCCA that originated direct-
ly from the aortic arch were found, while the other 
5 cases had a common stem, with the LCCA origi-
nating from the aortic arch.

The type I and type II ratio exhibited a significant 
difference between the  ARSA group and control 
group (p = 0.0001, p < 0.01; Table I). After scanning 
with the ultrasound probe at the level of the ster-
noclavicular joints, in most cases, the  RCCA and 
RSA that originated from the IA could easily be de-
tected when the two arteries had no course varia-
tions. Furthermore, changing the ultrasound probe 
and enlarging the scanning scope, as appropriate, 
was necessary when the RCCA and RSA that origi-
nated from the IA could not be detected at the lev-
el of  the  sternoclavicular joints. If the  RCCA and 
RSA routes gradually separated below the  level 
of  the  sternoclavicular joints, a  minute examina-
tion to the RCCA and RSA is required. Hence, if the 
RCCA originating directly from aortic arch could be 
detected, the ARSA has occurred.

Relationship between non-recurrent 
right laryngeal nerve and aberrant right 
subclavian artery

Thirty-two cases of  NRLNs were confirmed in 
the ARSA operation group, while no case of NRLN 
found in the control group during the operative ex-
ploration. The prevalence of NRLN was statistical-
ly significantly different between the ARSA opera-
tion group and control group (p = 0.0006, p < 0.01; 
Table III, Figure 5).

Right common carotid artery and aberrant 
right subclavian artery diameter

The diameter of the RCCA in the ARSA group 
and control group was 7.66 ±0.38 and 7.56 ±0.36 
mm, respectively, and the  difference between 
the two groups was not statistically significant 
(p  =  0.682,  >  0.05). The  diameter of  the  ARSA 
in the ARSA group and RSA in the control group 

Figure 3. Aberrant right subclavian artery (ARSA) 
group. Scanning with high-frequency probe at the 
level of  sternoclavicular joints, the  right common 
carotid artery (RCCA) route and the  right subcla-
vian artery (RSA) route are not on the same plane 
throughout; moreover, they separate gradually. 
They do not originate from the IA within the ultra-
sonic scanning scope

A

B

Figure 2. Aberrant right subclavian artery (ARSA) 
group. Dorsal view: ARSA was confirmed by com-
puted tomography angiography. 1 – ascending aor-
ta, 2 – right common carotid artery, 3 – left common 
carotid artery, 4 – left subclavian artery, 5 – aberrant 
ARSA, 6 – aortic arch
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was 7.79 ±0.51 and 7.68 ±0.45 mm, respectively, 
and the difference between the two groups was 
not statistically significant (p = 1.961, p > 0.05).

Discussion

The outcomes of  the  present study revealed 
that 32 cases of NRLN were found in the ARSA op-

Figure 4. Aberrant right subclavian artery (ARSA) group. A, B – Scanning with transabdominal probe at the  lev-
el of  sternoclavicular joints, right common carotid artery (RCCA) originating directly from aortic arch is found.  
C, D – Scanning with intracavitary probe at the level of sternoclavicular joints, RCCA originating directly from aortic 
arch is found and the lumen is more clearly displayed. AA – aortic arch

A B

C D

Figure 5. Intraoperative pictures of control group and aberrant right subclavian artery (ARSA) operation group.  
A  – The  right recurrent laryngeal nerve (ILN) loops around the  right subclavian artery in the  control group.  
B – The nonrecurrent right laryngeal nerve (NRLN) enters into the laryngeal directly after branching off from the vagus 
nerve in the ARSA operation group. INA – innominate artery, RCCA – right common carotid artery

A B

Table III. Comparison of  prevalence of  nonrecur-
rent right laryngeal nerve (NRLN) between aberrant 
right subclavian artery (ARSA) operation group and 
control group

Group With NRLN Without NRLN

ARSA operation group 32 0

Control group 0 1280
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eration group, but no case was found in the control 
group. The constituent ratio for type I and type II 
had a  significant difference between the  ARSA 
group and control group. That is, IA could not be de-
tected in the ARSA group, which was accompanied 
by an  RCCA that originated from the  aortic arch, 
while IA was detected in most patients in the con-
trol group at the level of the sternoclavicular joints.

Under normal circumstances, the  RSA devel-
ops from the fourth arterial arcades, the seventh 
intersegmental artery, and the  proximal end 
of the right aorta dorsalis. For the same reasons, 
the cranial side of the fourth arterial and right aor-
ta dorsalis abnormally disappeared, but the distal 
end one, which should degenerate and disap-
pear, remained and subsequently developed into 
an  abnormal subclavian artery with the  seventh 
intersegmental artery, that is, ARSA.

During embryonic development, the  develop-
ment of  the  recurrent laryngeal nerve is closely 
correlated with the development of the subclavi-
an artery. The  recurrent laryngeal nerve gradual-
ly differentiates and develops, accompanied by 
the  differentiation and development of  the  sub-
clavian artery. Under normal circumstances, after 
originating from the  right vagus, the  right recur-
rent laryngeal nerve goes downward and around 
the right subclavian artery, goes up along the tra-
cheoesophageal groove, and runs into the  larynx 
at the  inferior horn of  thyroid cartilage and sus-
pensory ligament of  the  thyroid gland. For pa-
tients with ARSA, as a  result of  the  anomalous 
artery, the  right recurrent laryngeal nerve does 
not go round the RSA and directly run into the lar-
ynx after originating from the  right vagus, that 
is, the NRLN [4–6]. The NRLN is more vulnerable 
during an operation, as a result of the course vari-
ation [7–17]. In the present study, the NRLN was 
found in all patients with ARSA during the opera-
tion, and the prevalence was significantly higher 
than that in the  control group. This shows that 
more attention in protecting the NRLN should be 
given to patients with ARSA due to the exception-
ally high incidence of  NRLN. Through the  exam-
ination of  the bilateral common carotid arteries, 
bilateral subclavian arteries, ascending aorta and 
aortic arch, ARSA could be diagnosed preoper-
atively, reminding the  operator to provide more 
attention to protecting the  NRLN during the  op-
eration [17–20]. No ALSA was found in this study. 
Hence, there was no further discussion on that.

In the  present study, it was found that ultra-
sound examination is a convenient method for di-
agnosing the blood vessel, and allows ARSA to be 
rapidly, exactly and sensitively diagnosed. Further-
more, there was no significant difference in the di-
ameter of the RCCA between the ARSA group and 
control group, which shows that the  diameter 

of the RCCA could not be used as an indicator for 
inferring patients with or without ARSA. However, 
without the course variation of the RCCA and RSA, 
80.39% (1029/1280) of RCCA and RSA that origi-
nated directly from the IA were found at the level 
of  the  sternoclavicular joints by ultrasound ex-
amination with a high-frequency probe. However, 
the RCCA and RSA routes were not on the same 
plane, and gradually separated. Hence, extreme 
vigilance against ARSA is necessary. Hence, a wid-
er range of detection on the course of RCCA and 
RSA is needed under the level of the sternoclavic-
ular joints with other probes.

For the  other methods, due to the  limitation 
of  the  scanning scope with a  high-frequency 
probe, the  subclavian and substernal blood ves-
sel could not be clearly displayed for patients with 
short and thick necks [11, 12]. However, by scan-
ning using a transabdominal probe or intracavitary 
probe at the  level of  the  sternoclavicular joints, 
a wider range of detection could be achieved due 
to the lower frequency of the probe, and the sub-
clavian and substernal blood vessels could be 
clearly displayed. Furthermore, the  intracavitary 
probe, which is smaller, could avoid the blocking 
of bones, has a slightly higher frequency, and has 
a wider sector display than that of a transabdom-
inal probe, allowing the  subclavian and subster-
nal blood vessels to be more clearly displayed. 
As a result, regardless of whether the RCCA orig-
inated directly from the  aortic arch, or whether 
the  short common trunk of  the  RCCA and LCCA 
originated from the aortic arch, this could be di-
agnosed clearly with the  intracavitary probe. In 
the  present study, the  RSA and RCCA could be 
clearly displayed by scanning with the  intracav-
itary probe, but these could not be clearly dis-
played with the high-frequency probe at the lev-
el of the sternoclavicular joints, in 12 patients in 
the  ARSA group and 251 patients in the  control 
group. Scanning with the  intracavitary probe at 
the level of the sternoclavicular joints is a simple 
and efficient method for detecting the subclavian 
and substernal blood vessels.

Limitations: First, the present study was retro-
spective in nature, and is not a randomized con-
trolled trial. Second, it was a single-center study, 
so another trial with multiple centers is still need-
ed. Third, the  relationship between ARSA and 
the non-recurrent laryngeal nerve still needs fur-
ther research.

In conclusion, aberrant right subclavian artery 
can be rapidly detected by ultrasonography. Aber-
rant right subclavian artery occurs when the RCCA 
originates from the aortic arch during detection. 
Aberrant right subclavian artery sometimes co-oc-
curs with NRLN. Hence, vigilance in protecting 
the NRLN is needed during an operation.
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