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1. Introduction

Carotid body tumour is a rare disease. It is estimated 
the incidence of carotid body tumour is about 1 in 
30,000. Most vascular surgeons will encounter very 
few during their career (1). Angiography has been 
the gold standard for the diagnosis and management 
of carotid body tumours for many years. Duplex 
ultrasound has been increasingly used in the diagnosis 
and assessment of carotid body tumours since colour 
flow imaging was introduced and became a non-
invasive alternative imaging modality. This article 
will review the pathological, clinical and ultrasound 
features of carotid body tumours and discuss the role 
of duplex ultrasound in the diagnosis and assessment 
of this condition.

2. Carotid body

The carotid body was first described by Von Haller in 
1743 (2). It is a chemoreceptor located in the adventitia 
of the carotid bifurcation. The size of a carotid body is 
approximately 5 mm × 3 mm × 2 mm. When the carotid 
body detects decreasing levels of oxygen (hypoxia), 
increasing levels of carbon dioxide (hypercapnia) and 
decreasing pH (acidosis), it increases respiratory rate, 
tidal volume, heart rate, and blood pressure together 
with vasoconstriction, and the production of circulating 
catecholamines (3).

3. Carotid body tumour

Carotid body tumour is hypertrophy of the carotid 
body tissue, which is the most common type of the 
paraganglioma. It also known as a chemodectoma, 
endothelioma, glomus caroticum, perithelioma, 
chromaffinoma and nonchromaffin paraganglioma. 
Carotid body tumours may be familial (10-50%) (4) or 
non-familial. The incidence of bilateral carotid body 
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tumours is 32% in the familial group (5,6), and 5% in 
the non-familial group (7-9). Most carotid body tumours 
are slow growing and benign. Approximately 5-10% of 
carotid body tumours may progress to malignancy, with 
local vascular and/or lymph node invasion, and rarely 
distant metastases (9-12). 

3.1. Pathology

Macroscopically, carotid body tumours are well 
c i rcumscr ibed ,  rubbery,  and  redd ish  b rown.  
Microscopically, the tumours are highly vascular; 
between the many capillaries are clusters of cells, 
including supporting cells and chief cells. Cytochemical 
techniques  usual ly  demonstra te  epinephr ine , 
norepinephrine and serotonin in these cells (13). Unlike 
other neoplasms, malignant carotid body tumour does 
not have histological transformation (9,13,14). The 
diagnosis of malignancy is based on vascular/lymph 
node invasion and metastases.

3.2. Clinical Presentation

The initial presentation of carotid body tumour is 
usually a painless, palpable neck mass. Some patients 
may experience local pressure symptoms, such as 
neck or ear pain, sore throat, local tenderness and 
odynophagia. Symptoms from vagal, hypoglossal 
and cervical sympathetic nerve impingement, such 
as hoarseness, dysphasia, dysarthria, swallowing 
difficulties and Horner's syndrome may occur (15,16). 
Other symptoms may include dizziness, headache, 
flushing, palpitations, tachycardia, arrhythmias, 
diaphoresis and photophobia (17).
 Physical examination reveals a mass which may be 
pulsatile, located below the angle of the mandible is 
typically laterally mobile but vertically fixed. The mass 
is usually nontender, rubbery, firm and noncompressible. 
A bruit may be audible. Neurologic abnormalities 
caused by vagal or hypoglossal nerve involvement and 
Horner's syndrome are unusual but may appear in some 
patients. 
 Based on the size and relationship to the carotid 
arteries, carotid body tumours may be divided into three 
groups (9) (Table 1).

3.3. Diagnosis

Medical history and physical examination are essential 
for the diagnosis of carotid body tumour. Due to the 

vascular nature of carotid body tumours, percutaneous 
needle aspiration or incisional biopsy is contraindicated 
as it may cause massive haemorrhage, pseudoaneurysm 
formation and carotid thrombosis (14,16). As direct 
biopsy is not suitable for the diagnosis of carotid body 
tumour, diagnostic imaging modalities are important 
in the diagnosis and differential diagnosis of this 
condition.
 Duplex ultrasound is commonly used to evaluate 
neck masses. Computed tomography (CT) and magnetic 
resonance (MR) scans, especially MR scans (Figure 
1) are better for demonstrating the relationship of the 
neck mass to adjacent structures (18,19). Angiography 
(Figure 2) is capable of demonstrating unusual blood 
supply to the carotid body tumour, such as contributions 
from the internal carotid artery, vertebral artery and 
thyrocervical trunk and has played an important role 
for the surgical management of carotid body tumours 
(20,21); although it has been not used very often in 
some vascular units in recent years (1).

3.4. Treatment

Surgical resection of a carotid body tumour was first 
attempted by Reigner in 1880, but the patient did not 
survive the operation (22). Maydl was the first to resect 
a carotid body tumour on a patient who survived in 
1886, although the patient suffered from a postoperative 
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Table 1. Shamblin classifi cation of carotid body tumours

Group

Group I
Group II
Group III

Tumour size

Relatively small
Larger
Very large

Relationship with carotid arteries

Minimally attach to the carotid arteries
Moderately attach to the carotid arteries
Encase the carotid arteries

Surgical treatment

Surgical excision is not difficult
Often require a carotid shunt 
Often require arterial resection and grafting

Figure 1. Carotid body tumour (CBT): MRI.
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cause internal carotid or cerebral artery thrombosis (28). 

4. Ultrasound assessment of carotid body tumour

4.1. Ultrasound assessment of carotid body tumours

Ultrasound scan is a non-invasive, inexpensive and 
readily available imaging tool, has been used to 
diagnose carotid body tumours since the late 1970s 
(29-32). The development Doppler colour flow image 
(33) and power Doppler image (34) have enhanced 
capabilities of ultrasound to assess carotid body 
tumours.

4.2. Duplex ultrasound features of carotid body tumour

Duplex ultrasound characteristics of a carotid body 
tumour is of a highly vascularised solid hypoechoic 
mass in the area of the carotid bifurcation, which 
usually causes splaying of the bifurcation and 
separation of the internal and external carotid arteries 
(Figures 3 and 4). 
 On colour flow imaging, hypervascularity of the 
tumour is seen as irregular colour signals with flow 
direction being predominantly cephalad (35,36). 
Typical pulsed Doppler flow patterns from carotid 
body tumour have a low resistance character with a 
high diastolic component (37). Power Doppler imaging 
shows abundant flow, characterized as intense blush, 
throughout the tumours (34).

4.3. Role of duplex ultrasound in the diagnosis and 
assessment of carotid body tumour

Based on the above described ultrasound features, 
carotid body tumour is not difficult to diagnose by 
a duplex ultrasound scan. Since duplex ultrasound 
is a non-invasive, inexpensive and readily available 
diagnostic modality, it has been recommended for 

stroke and became aphasic and hemiplegic (23). The 
first successful carotid body tumour excision was 
performed by Albert in 1889 (1). Complete surgical 
excision of carotid body tumour is still the treatment 
of choice as the tumour has a 5% or greater incidence 
of metastases; radiation therapy and chemotherapy are 
unsatisfactory. Surgical removal of small, asymptomatic 
carotid body tumour is recommended as it has a much 
lower risk of cranial nerve and carotid artery injuries 
than excision of a large tumour. If the size of carotid 
body tumour is more than 5 cm, operative mortality is 
1-3% (24).
 When the carotid body tumour is large, preoperative 
embolisation has been used to decrease the vascularity 
of the tumour and lower operative blood loss thereby 
reducing technical difficulty (25-27). However, 
preoperative embolisation is still controversial as it may 

Figure 2. Carotid body tumour (CBT): angiography.

Figure 3. Duplex ultrasound – longitudinal view: carotid 
body tumour at carotid bifurcation. CCA, common carotid 
artery; ICA, internal carotid artery; ECA, external carotid 
artery; CBT, carotid body tumour.

Figure 4. Duplex ultrasound – transverse view: the 
internal and external carotid arteries are separated by the 
tumour. ICA, internal carotid artery; ECA, external carotid 
artery; CBT, carotid body tumour.
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screening familial carotid body tumour (38). 
 Vascularity and location are the two key factors 
used by ultrasound to differentiate carotid body tumours 
from other neck mass, such as lymphomas, metastatic 
tumours, thyroid lesions, submandibular salivary gland 
tumours, and branchial cleft cysts. However, it can 
be difficult for ultrasound scan to distinguish carotid 
body tumour from other types of paraganglioma, such 
as glomus vagale tumour when it is located at the 
carotid bifurcation, as they have a similar ultrasound 
appearance (39).
 In addition to the diagnosis and differential 
diagnosis of carotid body tumours, duplex ultrasound 
can provide information on carotid body tumour 
dimensions, blood supply of the tumour and coexistent 
carotid artery disease, which is useful in forming a 
treatment plan and assessing the risk of surgery.

4.4. Limitations of ultrasound in the assessment of 
carotid body tumour

Despite the usefulness of duplex ultrasound in the 
assessment of carotid body tumour, the limitations of 
ultrasound include the inability to differentiate carotid 
body tumour from other type of paraganglioma in the 
region (39) and limited ability to identify complex 
blood supply to a large carotid body tumour (33). CT 
and/or MRI are better in differentiating of carotid body 
tumour from other paraganglioma, and angiography 
is better for the identification of blood supply to the 
carotid body tumour.

5. Conclusion

Duplex ultrasound is a noninvasive, inexpensive and 
readily available diagnostic tool, capable of diagnosing 
carotid body tumour based on its vascularity and 
location, and can be used as a first-line imaging 
modality for the diagnosis and assessment of carotid 
body tumours. 
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