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Purpose: We aimed to evaluate the true prevalence and characteristics of vagus nerve (VN) 
variations using the carotid artery (CA) and the internal jugular vein (C-I axis).
Methods: We examined patients who underwent neck ultrasonography (US) conducted by a 
single operator. A VN variation was defined as a VN located anterior or medial to the C-I axis. 
The subtypes of VN variation were classified as anterolateral, anteromiddle, anteromedial, and 
medial based on the relative location of the VN to the CA. The primary outcome parameters were 
the prevalence of VN variations and differences according to side, age, and sex.
Results: Out of 536 patients, right and left VN variations were identified in 20 (3.7%) and 186 
(34.7%), respectively (P<0.001). The anteromiddle type was the commonest type observed on 
both sides. Eight right (1.5%) and 50 left VNs (9.3%) were located <2 mm from the lateral 
border of the ipsilateral thyroid gland (P<0.001). The prevalence of VN variations in male and 
female patients was 42.1% and 32.7%, respectively (P=0.029), and that in patients aged <20, 
20-39, 40-59, and ≥60 years was 23.8%, 22.5%, 34.4%, and 47.4%, respectively (P<0.001).
Conclusion: Variations in the VN position were relatively common on US. The variations primarily 
involved the left VN in the lower cervical region, and an increasing prevalence with age was 
observed.
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Key points: Overall prevalence of vagus nerve (VN) variation was 36.2%, with a significant left-
side predominance. VN variations were identified primarily in the lower cervical region (level IV). 
Prevalence of VN variation significantly increased from the 5th decade, with a linear increasing 
trend according to increasing age.
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Introduction

The cervical portion of the vagus nerve (VN) is located within the carotid sheath, usually posterolateral 
to the carotid artery (CA) and posteromedial to the internal jugular vein (IJV) [1-3]. However, several 
variations in the VN position have been reported and the presence of these anatomical variations is 
of great importance [1-3]. From a surgical perspective, carotid endarterectomy is a leading cause 
of VN injuries, with a reported incidence of 1.5%-35.0% [2-5]. In addition, the VN is commonly 
manipulated during neck dissection along with the CA and the IJV, and the VN is also close to the 
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surgical field of thyroidectomy [6]. Moreover, ethanol/radiofrequency 
ablation is commonly performed for the management of various 
neck masses, including thyroid, lymph node, and congenital lesions, 
and the VN can be injured during these procedures [2,7-10]. 
Therefore, knowledge of anatomical variations in the course of the 
VN is paramount to reduce the risk of VN injury during both surgical 
and non-surgical management of various diseases of the cervical 
region.

To date, a few studies have described multiple types of VN 
variations on ultrasonography (US), including anterior and medial 
variations or anterior, medial, and posterior variations, and reported 
prevalence rates of 5.5%-37.8% [1-3,11]. However, in these 
previous studies, it was unclear whether the variation was present 
at specific cervical regions or throughout the course of the cervical 
VN (from level II to level IV). In addition, all previous studies on VN 
position defined the presence of a variation based on the relative 
location of the VN to the CA alone. However, the VN is located 
within the carotid space together with the CA and the IJV; thus, 
a definition based on the CA alone seems to have limited clinical 
significance because the presence of a variation does not indicate 
that the VN is located at the superficial aspect of the carotid space. 
For example, even when the VN is located anterior to the CA, if 
the VN is overlaid by the IJV, the VN may be less vulnerable, as the 
IJV protects it (Fig. 1). Therefore, it is more reasonable to define 
variations of the VN position based on a reference axis consisting 
of both the CA and IJV (C-I axis), rather than using its relative 
location to the CA alone. In addition, when reporting VN variations, 
information about the specific cervical levels where a VN variation 

is present should be also included to provide clinically useful 
information that reduces the risk of VN injury during surgery or 
radiological interventions.

This study aimed to evaluate the true prevalence and 
characteristics of VN variations on neck US based on the reference 
C-I axis, in order to provide clinically useful information on cervical 
VN variations.

Materials and Methods

Compliance with Ethical Standards
The institutional review board of our hospital approved the study 
protocol (Kyungpook National University Hospital, 201701009), 
and written informed consent was obtained from all patients. The 
study was conducted in accordance with the ethical principles of the 
Declaration of Helsinki.

Study Design and Patient Eligibility
This study was designed as a prospective cohort study. The inclusion 
criteria of the present study were patients who underwent neck US 
by a single US operator for various indications, including evaluation 
of the thyroid, salivary gland, lymph node, and other neck lumps. The 
exclusion criteria included (1) patients who had a neck mass that 
infiltrated the carotid space, disrupting the normal structure of the 
carotid space; (2) patients who had a neck mass that involved the 
VN, such as vagal schwannoma or metastatic carcinoma invading 
the VN; (3) patients who had a previous history of neck surgery or 
irradiation; and (4) patients who underwent US examinations by 
other operators.

Sample Size Calculation
Based on the 5.5%-37.8% prevalence of VN variations in previous 
studies, to calculate the sample size, we defined the expected 
prevalence of VN variations in our study as 5.5%, the precision 
as 2.25% (half of the expected prevalence), and the confidence 
interval as 95% [2,3,11]. Using these values, the calculated sample 
size was 395 patients [12]. With this sample size as the lower limit 
of the study population, we enrolled eligible participants during the 
planned study period. 

Patient Position for US Examination
In previous studies, VN position was evaluated in the supine position 
with neck extension, but without neck rotation [2,3]. However, most 
operations or procedures requiring precautions to prevent VN injury 
are performed with the patient in the supine position with extension 
and contralateral rotation of the neck. Therefore, all participants of 

Fig. 1. Variations in the position of the vagus nerve showing no 
clinical significance. Although the vagus nerve (arrow) is located 
anterior to the carotid artery (C), it is not at risk because it is 
covered and protected by the internal jugular vein (I).
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the present study were placed in the supine position with extension 
and contralateral rotation of the neck for US examinations. However, 
in light of the possibility that this patient position might affect the 
VN position, we preliminarily evaluated whether the VN position 
changed after neck rotation in 50 patients and confirmed that the 
VN position was not affected by neck rotation. 

US Examinations and the Definition of VN Position
All US examinations were performed in the outpatient department 
by a single operator who had 13 years of experience in US 
examinations of the head and neck regions. An HS 70A US device 
(Samsung Medison, Seoul, Korea) with a high-frequency, linear, 
3-12-MHz transducer was used for all procedures. The settings of 
the US system were optimized for each participant with respect 
to gain, depth, and focus. First, we identified the VN and traced it 
throughout the course from level II to level IV to confirm the VN on 
US and avoid misjudging a small vascular structure as the VN. When 
necessary, Doppler US was additionally performed to confirm our 
findings.

After this overview scan, the VN position was evaluated at every 
level from level II to IV. The usual VN position was defined as a 
location of the VN posterior or lateral to the C-I axis, which was 
defined as an imaginary axis between the centers of the CA and the 
IJV on US. The usual location of the VN represents a rarely vulnerable 
position, because the VN in this position is deep to the CA and the 

IJV and is protected by these great vessels (Fig. 2). A variation was 
defined as a location of the VN anterior or medial to the C-I axis, 
which represents a potentially vulnerable position during surgery or 
a radiological intervention, as the VN is located superficial or medial 
to the CA and the IJV and is not covered by these great vessels. The 
variations were classified into four types-anterolateral, anteromiddle, 
anteromedial, and medial-based on the relative location of the VN 
to the CA. An anterolateral variation was defined as a location of 
the VN anterior or medial to the C-I axis and at the lateral one-third 
of the CA diameter (Fig. 3A). An anteromiddle variation was defined 
as a location of the VN anterior or medial to the C-I axis and at 
the middle one-third of the CA diameter (Fig. 3B). An anteromedial 
variation was defined as a location of the VN anterior or medial to 
the C-I axis and at the medial one-third of the CA diameter (Fig. 
3C). A medial variation was defined as a location of the VN anterior 
or medial to the C-I axis and medial to the medial border of the CA 
(Fig. 3D).

Assessment Parameters and Statistical Analyses
The primary outcome parameters were the overall prevalence of 
the VN variation and differences according to side, age, and sex. 
The secondary outcome parameters were VN variation types, the 
involved level of the VN variation, and proximity of the VN to 
the thyroid gland. A vulnerable VN position in thyroid surgery/
radiological intervention was defined as a distance of the VN <2 
mm from the lateral border of the ipsilateral thyroid gland, based on 
the results of a previous study [2].

According to the study protocol, the patients’ age, sex, and 
the indication for US examination were evaluated. To evaluate 
differences in VN variations and trends in the prevalence of VN 
variations according to age, we categorized patients by age into four 
groups (<20, 20-39, 40-59, and ≥60 years). 

SPSS for Windows version 12.0 (SPSS Inc., Chicago, IL, USA) 
was used to analyze the data. Continuous data are presented as 
mean±standard deviations and were compared between the groups 
using the independent Student t test. To test the significance of 
between-group differences in categorical variables, the chi-square 
test or the Fisher exact test was used. The chi-square test for trend 
was performed to evaluate the significance of age-related changes 
for the prevalence of VN variations. Statistical significance was 
defined as P<0.05, and all P-values are two-sided. 

Results

Baseline Patient Characteristics
From January 2017 to June 2018, we performed US examinations 
for 947 patients. Of these patients, 536 patients who met the study’s 

Fig. 2. Usual position of the vagus nerve. The vagus nerve 
(arrow) is located posterior or lateral to the reference axis, which 
comprised the carotid artery and the internal jugular vein (red dot 
line). A variation in position was defined as the vagus nerve being 
located anterior or medial to the carotid-internal jugular vein axis, 
and variations were classified into four types-anterolateral (AL), 
anteromiddle (A), anteromedial (AM), and medial (M)-based on the 
relative location of the vagus nerve to the carotid artery.

M
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identified in 194 patients (36.2%), including 12 patients (2.2%) 
with VN variations on both neck sides. Among the VNs in the right 
and left sides of the neck (536 each), a variation in the position 
was identified in 20 (3.7%) and 186 patients (34.7%), respectively, 
and the difference in position between the right and left sides was 
statistically significant (P<0.001) (Table 2). Among the 20 patients 
with a VN variation on the right side of the neck, the anterolateral, 
anteromiddle, anteromedial, and medial types of variations were 
identified in five, 12, one, and two patients, respectively. Among 
the 186 patients with a VN variation on the left side of the neck, 
the anterolateral, anteromiddle, anteromedial, and medial types of 
variations were identified in 46, 97, 32, and 11 patients, respectively. 
The proportion of each variation type was not significantly different 
between the right and left sides (P=0.500). Among the 20 patients 

inclusion and exclusion criteria were enrolled, and the patients’ right 
and left cervical VNs (1,072 in all) were evaluated for the study.

Baseline patient characteristics are presented in Table 1. A total 
197 (36.8%) male and 339 (63.2%) female patients were included, 
and their mean age was 51.7 years. The number of patients aged 
<20, 20-39, 40-59, and ≥60 years was 21 (3.9%), 111 (20.7%), 
212 (39.6%), and 192 (35.8%), respectively. The indications for 
neck US examinations included thyroid/parathyroid lesions in 194 
patients (36.2%), lymphadenopathies in 118 patients (22.0%), and 
salivary gland lesions in 104 patients (19.4%).

Prevalence of Variations in the VN Position by Side and Type 
of Variation
For a total of 536 patients, VN variations on either side were 

Fig. 3. Types of vagus nerve variation on ultrasonography. 
The anterolateral variation, anteromiddle variation, anteromedial variation, and medial variation was defined as the vagus nerve (arrow) 
being located at the lateral one-third of the carotid artery diameter (A), the vagus nerve (arrow) being located at the middle one-third of the 
carotid artery diameter (B), the vagus nerve (arrow) being located at the medial one-third of the carotid diameter (C), and the vagus nerve 
(arrow) being medial to the medial border of the carotid artery (D), respectively.
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with a right-side VN variation, the variation was identified between 
levels III and IV and in level IV alone in four (20.0%) and 16 (80.0%) 
patients, respectively. Among the 186 patients with a left-side 
VN variation, the variation was identified between levels III and 
IV and in level IV alone in 14 (7.5%) and 172 (92.5%) patients, 

respectively. The distribution of involved levels was not significantly 
different between the right and left sides (P=0.081).

Among the 536 right VNs, five (0.9%) VNs abutted the right 
thyroid gland and eight (1.5%) VNs were <2 mm from the lateral 
border of the right thyroid gland. Of the 536 left VNs, 38 (7.1%) 
abutted the left thyroid gland and 50 (9.3%) were <2 mm from the 
lateral border of the left thyroid gland. The difference in proximity to 
the thyroid gland between the right and left sides was statistically 
significant (P<0.001).

VN Variation according to Patient Demographics
Table 3 lists VN variations according to patient demographics. Of 
the 194 patients with a VN variation, 83 (42.8%) and 111 (57.2%) 
patients were men and women respectively. Among the 342 
patients without a VN variation, 114 (33.3%) and 228 (66.7%) 
patients were men and women, respectively. The prevalence of VN 
variations in male and female patients was 42.1% and 32.7%, 
respectively, and the difference was statistically significant (P=0.029). 
The prevalence of VN variations in patients aged <20, 20-39, 
40-59, and ≥60 years was 23.8%, 22.5%, 34.4%, and 47.4%, 
respectively, and the difference in prevalence among the age groups 
was statistically significant (P<0.001). In addition, the prevalence 
of VN variation showed a significant increasing trend according to 
increasing age (P<0.001).

Discussion

This prospective study showed that more than one-third of patients 
had a variation in the cervical VN position. These variations showed 
a left-side predominance and increased with age.

Our results showed a similar or higher prevalence of VN variations 
compared to previous studies (36.2% vs. 5.5%-37.8%), although 
the use of the C-I axis in our study as a reference rather than the CA 

Table 1. Baseline patient characteristics
Variable No. (%) (n=536)

Sex

Male 197 (36.8)

Female 339 (63.2)

Age (year)

Mean±SD 51.7±17.5

<20 21 (3.9)

20-39 111 (20.7)

40-59 212 (39.6)

≥60 192 (35.8)

Indication for neck ultrasonography

Thyroid/parathyroid lesion 194 (36.2)

Lymphadenopathy 118 (22.0)

Salivary gland lesion 104 (19.4)

Routine metastatic work-up 44 (8.2)

Congenital neck mass 22 (4.1)

Health examination 2 (0.4)

Other 52 (9.7)

SD, standard deviation.

Table 2. Prevalence of vagus nerve variations by side and 
variation characteristics

Variable Right (n=536) Left (n=536) P-value

Position of the vagus nerve

Normal 516 (96.3) 350 (65.3) <0.001

Variation 20 (3.7) 186 (34.7)

Types

Anterolateral 5 (25.0) 46 (24.7) 0.500

Anteromiddle 12 (60.0) 97 (52.2)

Anteromedial 1 (5.0) 32 (17.2)

Medial 2 (10.0) 11 (5.9)

Level of variation

Levels III-IV 4 (20.0) 14 (7.5) 0.081

Level IV 16 (80.0) 172 (92.5)

Proximity to the thyroid gland

<2 mm 8 (1.5) 50 (9.3) <0.001

Abutting 5 (0.9) 38 (7.1) <0.001

Values are presented as number (%).

Table 3. Vagus nerve variations according to patient 
demographics

Variable No.
No. (%)

Prevalence of 
variation (%)

P-valueVariation (+) 
(n=194)

Variation (-) 
(n=342)

Sex

Male 197 83 (42.8) 114 (33.3) 42.1 0.029

Female 339 111 (57.2) 228 (66.7) 32.7

Age (year)

<20 21 5 (2.6) 16 (4.7) 23.8 <0.001

20-39 111 25 (12.9) 86 (25.1) 22.5

40-59 212 73 (37.6) 139 (40.6) 34.4

≥60 192 91 (46.9) 101 (29.5) 47.4
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alone was a stricter measure [1-3,11]. In fact, the prevalence of VN 
variations in the cervical region seems to have been underestimated 
in previous studies because most of those studies employed a 
retrospective design and the authors used only static US images 
from a picture archiving and communication system, which did 
not allow the investigation of the entire course of the cervical VN 
[1-3,11]. In contrast, the present study had a prospective design 
and the entire course of the cervical VN was assessed by a single 
operator in each patient; moreover, the study involved a larger 
number of patients than any previous studies. 

In the present study, VN variations were identified primarily in 
the lower cervical region (level IV). In addition, VN variations were 
significantly more prevalent in the left side of the neck, with an 
approximately 10-fold higher proportion of variations compared to 
the right side (34.7% vs. 3.7%, P<0.001). These findings might be 
attributable to the left- to right-side difference in the anatomical 
course of the VN in the thorax and abdomen; moreover, the VN 
is the only paired nerve that innervates organs in a markedly 
asymmetric manner [13,14]. In the lower cervical region, the right 
VN crosses anterior to the right subclavian artery, runs posterior to 
the superior vena cava, and descends posterior to the right main 
bronchus. However, the left VN enters the thorax between the left 
common CA and the left subclavian artery and descends on the 
aortic arch. In the abdomen, the right VN constitutes the posterior 
gastric plexus and terminates within the celiac plexus, while the 
left VN terminates in the anterior gastric plexus, with branches to 
the stomach, liver, gallbladder, pylorus, and the superior part of the 
duodenum [13,15,16]. Therefore, it seems plausible that the VN 
shows a difference in course between the left and right sides in the 
lower cervical region.

On both sides, the anteromiddle type of variation was most 
common, followed by the anterolateral type. Therefore, in addition 
to noting the high prevalence of VN variations, head and neck or 
vascular surgeons should note the possibility of variable VN positions 
when dissecting the carotid sheath and manipulating the great 
vessels of the carotid space, particularly when using electrocautery 
or energy devices, to avoid inadvertent electric or thermal VN injury. 
If available, it would be ideal for surgeons to use preoperative US 
to identify the VN to eliminate risk of inadvertent VN injury during 
surgery.

Moreover, our findings showed that 1.5% of the right VNs and 
9.3% of the left VNs were positioned <2 mm from the thyroid 
gland, including 0.9% of the right VNs and 7.1% of the left VNs, 
which abutted the thyroid gland. These results are comparable 
to those of a previous study reporting that 13.3% of VNs in 304 
patients were potentially vulnerable during thyroid radiofrequency 
ablation because of their location [2]. Of all the variation types 

observed in the present study, the most vulnerable VN positions 
in the left and right sides of the neck were the anteromedial and 
medial variations. Therefore, thyroid surgeons and interventional 
radiologists should be cautious during thyroid surgery or ablation 
therapy because of the possible vulnerability of the VN, particularly 
in patients with anteromedial and medial VN variations. 

To our knowledge, no study to date has reported age-dependent 
differences in the prevalence of VN variations based on US 
findings. Interestingly, we found that the prevalence of VN variation 
significantly increased from the fifth decade of life onward, with a 
linear increasing trend according to increasing age (P<0.001). Of 
particular note, approximately 50% of patients aged ≥60 years had 
VN variations, and the prevalence was two-fold higher than that 
of patients aged <40 years (47.4% vs. 22.7%). This study alone 
cannot provide a reasonable causal explanation for the increasing 
prevalence of VN variations with increasing age. However, we may 
speculate that age-dependent changes in the position of the VN 
might be associated with senile changes in the structures around 
the VN, including the sternocleidomastoid muscle, CA, IJV, and 
carotid sheath, as well as senile changes in the VN [13,17,18]. As 
a person ages, the muscle mass decreases, the fascia loosens, and 
the great vessels become less taut; these changes may contribute to 
variability in the VN position [13,17,18].

This study had several limitations. First, the inter-observer 
reliability of the C-I axis, as a reference to define the VN variation, 
was not evaluated because this was a prospective cohort study that 
involved a single US operator. Second, the clinical impact of the 
VN variation based on the C-I axis was not estimated in patients 
who underwent neck surgery or ablation procedures. To overcome 
these limitations, future studies involving multiple assessors for 
VN variations and evaluating VN injuries following neck surgery 
or ablation procedures, as a function of VN variation, should be 
conducted.

In conclusion, this prospective study demonstrated a somewhat 
higher prevalence of VN variations than found in previous reports. 
These variations primarily involved the left VN in the lower cervical 
region, and an increasing prevalence with increasing age was 
observed. Therefore, in clinical practice, surgeons and interventional 
radiologists should consider the presence of variations in the VN 
position and take steps to avoid inadvertent VN injuries, particularly 
in the left lower cervical region of older patients.
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