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ABSTRACT
Background/Aims: Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder which has a close relationship with the central 
nervous system (CNS). Vagus nerve (VN) is the major connector between CNS and the enteric nervous system (ENS). This study aimed 
to investigate the possible changes of the dimension of VN with vagus ultrasonography (VU) in IBS.
Materials and Methods: A total of 119 patients consisting of 66 IBS patients appropriated with Rome IV criteria and 53 patients of 
the control group were enrolled in the study. All patients underwent colonoscopy to rule out organic pathologies, such as polyposis, 
inflammatory bowel syndromes, diverticulosis, and colon cancer. Right vagus (RV) and left vagus(LV) nerve areas and diameters were 
calculated with VU.
Results: There was no statistical difference in the RV (p=0.445) and LV (p=0.944) diameters between the two groups. In addition, there 
was no statistical difference in RV (p=0.549) and LV (p=0.874) areas between the IBS and control groups.
Conclusion: VU clearly depicted that there are no changes of dimension in VN areas and diameters in IBS. This might show that VN is 
only a transporter of abnormal neuronal stimulations according to IBS pathophysiology.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a functional gastroin-
testinal disorder that presents with altered defecation 
habits or chronic and/or recurrent abdominal pain that 
exacerbates or cools down during defecation (1). Recent 
studies have shown that IBS is not a basic gastroenter-
ological disorder, but a complex disorder with contribu-
tions from brain structures, such as the cortex, amygda-
la, hippocampus, anterior cingulate cortex, and insula, as 
well as the hypothalamic–hypophysis axis and endocrine 
systems (2, 3).

IBS is closely related to stress and psychiatric disor-
ders. Stress leads to IBS symptoms via autonomic and 
neuroendocrine responses. Studies showed that indi-
viduals who were exposed to stress in the early peri-
od of their life have IBS symptoms in the later periods 
of their life (4). This shows that there is a strong re-
lationship between the brain and the gastrointestinal 
system.

The vagus nerve (VN) is one of the major transit ways be-
tween brain–gut axis. It is well known that VN efferent 
fibers do not directly affect motor or secretory function 
of the gut, but affect the myenteric plexus. It is believed 
that parasympathetic efferents of VN might be synaps-
ing directly with enteric motor neurons (5).

VN constitutes both the afferent and efferent pathways 
of the brain–gut interactions; in fact, the VN is the most 
important nerve of the brain–gut axis (3, 6). Although 
they exhibit similar symptoms, based on the pathophys-
iology, IBS can be classified into a top-down model or a 
bottom-up model (7). It is clear that the VN lies at the 
center of the pathophysiology in both the top-down or 
bottom-up models of IBS; however, VN dysfunction is 
disputable in IBS cases.

In the literature, the dysfunction of VN in IBS has been 
already shown (8), but possible morphological and/or di-
mensional changes of VN due to IBS have not been dis-
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cussed yet. In this study, we aimed to investigate the pos-
sible changes of dimension in theVN in IBS patients using 
vagus ultrasonography (VU).

MATERIALS AND METHODS
This study was approved by Tekirdağ Namık Kemal Uni-
versity School of Medicine ethics committee with study 
approval number 2018.01.01.01. A total of 127 patients 
who referred to The Tekirdağ Namık Kemal University 
School of Medicine Research and Education Hospital 
Gastroenterology clinic between January 2018 and De-
cember 2018 were enrolled in this study. Informed con-
sent was obtained from all patients. Patients aged under 
18 years; patients who could not undergo colonosco-
pies; and patients with diabetes mellitus (DM), inflam-
matory bowel disease, chronic kidney disease, peripheral 
neuropathy, and tumoral lesions of VN constituted the 
exclusion criteria of the study. When the blood profiles 
were evaluated, seven patients had DM and one patient 
had chronic kidney failure; they were also excluded from 
the study.

A total of 66 patients were diagnosed with IBS based on 
the Rome IV criteria, and 53 of the patients had no IBS 
symptoms. Colonoscopy was performed on all patients 
for the exclusion of organic diseases, such as colon ad-
enocarcinoma, inflammatory bowel syndromes, colonic 
polyposis, and diverticulosis. Colonoscopy examinations 
were performed by an experienced gastroenterologist.

Vagus ultrasound
The VU examinations were conducted by an experienced 
radiologist who was blinded to the patient status using an 
Aplio XG (Toshiba, Tokyo, Japan). The right and left VNs 
were examined separately at the level of the thyroid gland 
in transverse sections using a 6–14 MHz linear probe. The 
common carotid artery (CCA) and internal jugular vein 
(IJV) were detected, and the VN was found at the level of 
the thyroid cartilage in the vagina caroticum between the 
CCA and the IJV (Figure 1). The axial area of the VN was 

measured at this level, and the VN diameter was mea-
sured in the long axis (Figures 2 and 3) (9).

Statistical Analysis
The data were analyzed using the Statistical Packages for 
the Social Sciences (SPSS) IBM SPSS Statistics for Windows 
version 17.0 (IBM Corp.; Armonk, NY, USA). The Kolmogorov–
Smirnov test was used to determine whether the distribution 
of the continuous numerical variables was close to normal. 

MAIN POINTS
• Vagus Nerve (VN) is the main way that connects the cen-

tral nervous system and enteric nervous system.
• VN has a critical role for transporting pathological nerve 

stimulations in Irritable Bowel Syndrome (IBS).
• VN dimensions and echo patern can be evaluated by ul-

trasonography.
• Ultrasonography showed that there are no dimensional 

changes of VN in IBS patients compared to normal pop-
ulation.
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Figure 2. In the axial section, the right VN area was calculated as 2 
mm2 (dotted area).

Figure 1. At the level of the thyroid gland, axial neck ultrasound with 
a linear probe shows the common carotid artery (CCA) (white arrow) 

and internal jugular vein (IJV) (white-tailed arrow). Between these 
structures, in the vagina caroticum, vagus nerve (VN) can be seen as a 

hypoechoic round image.



The descriptive statistics were expressed as the mean±stan-
dard deviation or the median (quarterly distribution width) 
for the numerical variables. For the categorical variables, they 
were expressed as the number of cases and percentage.

The significance of the difference between the groups in 
terms of the age averages was examined using the Stu-
dent’s t test, and the significance of the difference in 
terms of the gender distribution was examined using the 
continuity corrected chi-squared test. The significance of 
the differences between the groups in terms of VN diam-
eter and area were evaluated using the Mann–Whitney U 
test. A p<0.05 was considered to be statistically signifi-
cant.

RESULTS
The distributions of the males and females in the IBS and 
non-IBS groups have no statistical significance (p=0.489).
The mean age of the non-IBS group was 53.5±8.9 years 
(range 18-76 years), and the mean age of the IBS group 
was 48.5±12.3 years old (range 34-71 years). Therefore, 
the IBS group was younger (p=0.014). The patients’ de-
scriptive statistics are shown in Tables 1 and 2.
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Figure 3. VN can be clearly seen in the longitudinal axis. In this axis, VN 
diameter was calculated as 1.8 mm. Fibers of VN can also be seen in 

this axis.

 non-IBS (n=53) IBS (n=66) p

Age (years)  53.5±8.9 48.5±12.3 0.014†

95% CI 51.0-56.0 45.5-51.5 

Gender   0.489‡

Female  32 (60.4%) 45 (68.2%) 

Male  21 (39.6%) 21 (31.8%) 
†Student’s t test, ‡Continuity corrected chi-squared test. 
95% CI: 95% confidence interval; IBS: irritable bowel syndrome.

Table 1. Demographic features of IBS and non-IBS groups.

 non-IBS (n=53) IBS (n=66) p†

VN diameter (mm)

Right 1.70 (1.50-1.95) 1.70 (1.50-1.80)

95% CI 1.60-1.90 1.60-1.70 0.445

Left 1.50 (1.20-1.70) 1.50 (1.30-1.60)

95% CI 1.30-1.60 1.40-1.60 0.944

Mean 1.60 (1.45-1.80) 1.57 (1.44-1.71)

95% CI 1.50-1.70 1.50-1.65 0.651

Data were shown as median (25th-75th) percentiles. † Mann–Whitney 
U test. 
95% CI: 95% confidence interval; IBS: irritable bowel syndrome; VN: 
vagus nerve.

Table 3. VN diameter measurements of cases according to 
study groups.

 non- IBS (n=53) IBS (n=66) p†

VN area (mm2)   

Right 2.0 (2.0-3.0) 2.0 (2.0-3.0)

95% CI 2.0-2.0 2.0-2.0 0.549

Left 2.0 (1.0-2.0) 2.0 (1.0-2.0)

95% CI 2.0-2.0 2.0-2.0 0.874

Mean 2.0 (1.5-2.5) 2.0 (2.0-2.5)

95% CI 2.0-2.0 2.0-2.0 0.670

Data were shown as median (25th-75th) percentiles. † Mann–Whitney 
U test. 
95% CI: 95% confidence interval; IBS: irritable bowel syndrome; VN: 
vagus nerve.

Table 4. VN area measurements of cases according to study 
groups.

Variables non-IBS (n=53) IBS (n=66)

Glucose 103.45±22.13 96±9.14

Hct % 39.79±4.63 40.01±4.39

Hg g/dL 13.32±1.71 13.20±1.67

WBC uL 6788±1870.93 6979.54±1704.27

Platelet × 103/uL 241.56±68.73 259.34±50.93

Creatinine mg/dL 0.74±0.14 0.88±0.20

Urine mg/dL 29.54±6.53 28.20±11.45

Values are presented as n (%) or mean±standard deviation. 
Hct: hematocrit; Hg: hemoglobin; IBS: irritable bowel syndrome; WBC: 
white blood cell.

Table 2. The baseline characteristics of the study’s popula-
tion (n=119).



Between the IBS and the non-IBS groups, there were no 
statistically significant differences in the medians of the 
right vagus (RV) diameter (p=0.445), the medians of the 
left vagus (LV) diameter (p=0.944), and the means of the 
vagus diameter (p=0.651; Table 3).

There were no statistically significant differences between 
the IBS and non-IBS groups in terms of the medians of the 
RV area (p=0.549), the medians of the LV area (p=0.874), 
and the means of the vagus area (p=0.670; Table 4).

DISCUSSION
The VN is the main nerve of the brain–gut axis, and it is 
the only pathway that allows integration between the 
brain and the gastrointestinal tract. The fact that VN dys-
function is more functional than morphological is consis-
tent with IBS pathophysiology. Our study is the only one 
in the literature to show that there were no changes of 
dimension in the VN in the IBS cases. For that reason, ac-
cording to our study, the pathological electrical activity in 
the brain and/or gut may not be because of dimensional 
changes in the VN in IBS patients.

The IBS prevalence is approximately 10-15% in indus-
trialized countries (10), and it reaches up to 28% on 
gastroenterologist examinations (11). In IBS cases, the 
symptoms are predominantly classified by hypomotility 
and constipation due to vagal hypofunction or hypermo-
tility and diarrhea due to vagal hyperfunction (12). The 
association between IBS and psychiatric disorders is an 
undeniable fact, and the prevalence of this association 
is between 50% and 90% (13). Moreover, other studies 
have emphasized that stress causes VN dysfunction (14, 
15). In recent years, researchers have come to believe 
that the gut microbiome affects the brain–gut axis, and 
that it plays an important role in the etiology of functional 
gastrointestinal system diseases, such as IBS (16).

The enteric nervous system (ENS) is a complex structure 
that contains the submucosal plexus and myenteric plex-
us. It is controlled by hormones and cytokines that are in-
tegrated into the central nervous system (CNS) and that 
control the CNS itself. In the interactions between the 
ENS and the CNS, afferent knowledge of the VN plays an 
important role (5, 17).

It is known that 80% of VN fibers are afferent and 20% are 
efferent (18). In rats, the VN has been shown to perform 
gastrointestinal system innervation, except for the rec-
tum (19). However, the innervation of the VN in humans 
remains controversial. Some authors (20) have suggested 

that the VN innervates up to the splenic flexure, where-
as the remaining colonic loops are innervated by pelvic 
nerves. Another group of authors (3, 21) believes that the 
entire digestive tract maybe innervated by the VN. In any 
case, the VN is the most important pathway allowing infor-
mation to travel through the brain–gut axis (18).

In the literature, there are many studies showing VN dys-
function in IBS. In their study, Smart and Atkinson (22) 
showed that the distal esophageal sphincter response, 
gastric secretion response, and cardiac pulsation response 
were decreased in IBS patients. Spaziani et al. (23) who 
evaluated the effects of rectal distention on the blood 
pressure, and, accordingly, determined the changes in the 
rectal baroreceptor sensitivity, showed that the barore-
ceptor stability was increased in IBS patients. Botha et 
al. (24) reported that deep inspiration and anticholiner-
gic drugs, which increase vagal tone, reduce esophageal 
pressure and pain. Pellisier et al. (25) have shown that 
there is a high sympathetic and low parasympathetic 
tone in IBS which shows the dysfunction of VN. These 
studies have emphasized the relationships between va-
gal dysfunction and functional bowel diseases; however, 
none of these studies have discussed the morphological 
and/or dimensional changes of VN. Our study clearly de-
picted that there is not a dimensional differentiation of 
VN between IBS patients and the normal population.

In the literature, evaluation of nerves via ultrasonography 
was discussed (26). With the exception of our study, there 
are no studies in the literature that investigated the pos-
sible changes of dimension in the VN in IBS, a disease in 
which VN dysfunction is certain. In their study of diabetic 
patients, Tawfik et al. (27) reported, via VU guidance, that 
the VN was affected in diabetic neuropathy. In that study, 
the results showed that there were decreases in the VN 
diameter and area in the diabetic neuropathy cases when 
compared with the control group. Conversely, with VU 
guidance, our study clearly showed that the VN exhibits 
no changes of dimension in IBS cases. This situation might 
be due to the nature of the disease and it would provide a 
better understanding of the IBS. Evaluation of motor and 
sensorial nerve functions with electromyography accord-
ingly with VN morphology/dimension via radiological mo-
dalities might be the next step of our study.

In our study, there was a statistically significant differ-
ence between the IBS and non-IBS groups in terms of 
age distribution; the IBS group was younger. This condi-
tion was evaluated in accordance with the pathophysi-
ology and nature of IBS. Moreover, the fact that this was 
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a single-center study and that there was an insufficient 
number of patients were among the limitations of this 
study. Studies with more patients will provide more ac-
curate results.

In conclusion, the results of our study showed, with VU 
guidance, that there were no changes of dimension in the 
VN in IBS cases. The findings shown in this study might 
also depict the status of VN as a neurological pathway 
between CNS and ENS in the IBS pathophysiology which 
could provide a better understanding of the nature of the 
disease.
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