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Diagnosis and surgical treatment of carotid body
tumor: A retrospective analysis of 58 patients
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Abstract. The aim of the present study was to illustrate the
diagnosis and treatment of carotid body tumor (CBT) based
on our experience of previous patients. A total of 58 patients
(62 lesions) with CBT who received surgery between October
2003 and October 2013 were included. In total, 17 lesions were
categorized into Shamblin grade I, 33 were grade II, and 12
were grade III. Surgical resection of CBT was performed for
52 lesions, resection of CBT and the external carotid artery
was performed for 9 lesions, and resection of CBT and the
internal carotid artery was performed for 1 lesion. No hemi-
plegia was observed. Hoarseness and bucking were observed
in 2 patients of Shamblin grade III, and were eliminated
1 month subsequent to the administration of hormone therapy
and a nerve-nurturing strategy. No relapse or mortality was
observed during the follow-up. In conclusion, surgical
resection of CBT is recommended following diagnosis. The
evaluation of imaging features and cerebral collateral circula-
tion is important for treatment.

Introduction

Carotid body tumor (CBT) is a slow-growing neuroendocrine
neoplasm that is usually localized at the bifurcation of the
common carotid artery (1,2). CBT is an infrequent neoplasm
in clinical practice, rarely malignant, which accounts for
<0.5% of all head and neck tumors with no obvious gender
predominance. Approximately 10% of affected cases may be
bilateral (3). The diagnosis of CBT remains a challenge, as
its manifestations are not typical. Generally, surgical resection
is regarded as the first line of treatment for CBT (4,5). It is
challenging to treat as the carotid body is a highly vascular
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structure situated in the adventitia of the posteriomedial
aspect of the carotid bifurcation (6). Therefore, clinicians
understanding of the vascular anatomy of this region is critical
for the diagnosis and treatment of CBT, and important factors
affecting the success of surgical resection include the ability
and experience of the surgeon. The present study, through a
review of 58 patients (62 lesions) with CBT managed by the
same surgeon, aimed to investigate the diagnosis and treatment
of CBT.

Materials and methods

Patients. A retrospective analysis was performed on patients
with CBT who were surgically treated in the Department of
Otolaryngology Head and Neck Surgery, Renmin Hospital
of Wuhan University (Wuhan, China) between October
2003 and October 2013. A total of 58 patients (26 male and
32 female) were included, with an age range of 31-65 years,
an average age of 42.8 years and a disease duration ranging
from 3 to 84 months. The protocols used in the present study
were approved by the Ethics Committee of Renmin Hospital
of Wuhan University. Written informed consent was obtained
from all patients subsequent to a detailed explanation of the
study.

Imaging techniques. All the patients received computed
tomography (CT) and magnetic resonance imaging (MRI)
scans. CT was performed to localize the position of the tumor
mass, and to display the adherence of tumor to the peripheral
tissues. CT angiography was performed in 25 cases, and
MRI angiography was performed in 15 cases to visualize the
morphology of the blood vessels. Digital subtraction angiog-
raphy (DSA) was performed in 20 patients (Figs. 1 and 2).

The brain ischemic tolerance of each patient was monitored
using a rheoencephalogram (REG). Approximately 2 weeks
prior to the surgery, carotid compression was performed on
the affected side(s). At 1 day prior to the surgery, DSA exami-
nation was performed in 12 patients with Shamblin grade III
tumors to determine the establishment of cerebral collateral
circulation.

Surgical technique. Laterally inclined incisions were made
along the anterior border of the sternomastoid muscle under
general anesthesia (7). On visualizing the common carotid
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artery, a series of anatomical structures were separated
in order, including the cranial nerve, accessory nerve, the
common carotid artery and the internal and external carotid
veins. On this basis, the common carotid artery and the
proximal end of the tumor artery were blocked using steril-
ized bands to stop the blood flow. Subsequently, sole resection
of CBT, resection of CBT and external carotid artery, and
resection of CBT and common carotid artery were performed
using bipolar electrocoagulation under a surgical microscope
according to the adherence of the tumor mass to the artery.
Reconstruction of the common carotid and external carotid
arteries was performed in patients who underwent resection of
these arteries (Fig. 3).

Results

Patient characteristics. The 58 patients included 26 men and
32 women (mean age, 42.8 years; age range, 31-65 years),
and disease duration ranged from 3 to 84 months. Unilateral
lesions were identified in 54 patients, with 26 on the left side,
and 28 on the right side, and bilateral lesions were identified in
4 female patients. No family history of CBT was reported for
any of the patients.

Among the patients, 38 (65.5%) presented to the Depart-
ment of Otolaryngology Head and Neck Surgery at Renmin
Hospital of Wuhan University, due to a tumor mass in the
neck, 12 (20.7%) presented with headache and a tumor mass
in the neck, and 6 patients (10.3%) presented with hoarseness
combined with headache and a tumor mass in the neck. The
remaining 2 patients (3.4%) were transferred to our depart-
ment due to massive bleeding caused by resection of a tumor
mass in the neck. Of the 62 lesions, 17 were categorized as
Shamblin I, 33 were categorized as Shamblin II, and 12 were
categorized as Shamblin IIT (Table I).

Complete resection of CBT was performed in all
58 patients (62 lesions). The tumor masses ranged in size from
3 to 12 cm, with a median of 5.6 cm. Surgical duration was
3-8 h. The average bleeding volume of patients with lesions
of Shamblin grade I and II was 300-600 ml, with a median
of 485 ml. Patients with Shamblin grade III lesions had an
average bleeding volume of 400-1,200 ml, with a median of
780 ml. No tracheostomies were performed. Pathological
analysis indicated that the CBTs were benign. Hospitalization
lasted for 10-14 days (median, 12.4 days; Table II).

Postoperative complications. No hemiplegia was observed in
any of the patients. Hoarseness and bucking were observed
in 2 patients with Shamblin III lesions (Table III). These
complications were eliminated 1 month subsequent to the
administration of hormone therapy and nerve-nurturing
strategies (including dexamethasone and mecobalamine). No
relapse or mortality was observed during the 6-84 months of
follow-up.

Discussion

DSA is considered to be an important technique for the diag-
nosis of CBT as it can define the profile of the tumor, including
location, size and the presence of intratumoral blood vessels.
In addition, DSA is usually used before CBT surgery with the
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aims of aiding transarterial embolization therapy and reducing
the occurrence of intraoperative hemorrhage (8-10). However,
there are limitations (11). For example, the adherence of the
tumor mass to the peripheral tissues is poorly displayed by
DSA prior to surgery. Also, ectopic embolism and vascular
rupture are usually reported as the technique is invasive. Addi-
tionally, a high risk of cardiac arrest was observed in patients
with carotid body hypersensitivity (9).

Currently, CT, CT angiography (CTA) and MRI are used
for the diagnosis of CBT as these techniques are able to define
the size and margins of the tumor mass, and the adherence of
the tumor mass to the peripheral tissues (12,13). In particular,
a previous study showed that the hemodynamic analysis
obtained using CTA contributed to the accurate evaluation of
the morphology of the vascular wall and the identification of
tumor invasion to the middle layer and tunica intima of the
carotid wall (14). According to our previous clinical experi-
ence, we recommend complete evaluation of tumor invasion
to the carotid artery prior to the surgery and, concomitantly,
appropriate evaluation of brain ischemic tolerance in order
to evaluate whether the cerebral collateral circulation has
been established. In the present study, preoperative DSA was
beneficial to the establishment of cerebral collateral circula-
tion. In addition, hemodynamic observation of the CBT
segment may contribute to the identification of vascular wall
invasion. Besides the aforementioned disadvantages of DSA,
the bleeding of patients undergoing transarterial embolization
prior to the surgery was not obviously decreased in the present
study. According to our clinical experiences, preoperative
DSA and transarterial embolization are not recommended for
patients with CBT.

A higher incidence of massive bleeding was observed
during the preoperative biopsy as the blood vessels in the CBT
were abundant. In the present study, 2 patients were transferred
to the Department of Otolaryngology Head and Neck Surgery,
Renmin Hospital of Wuhan University, following resection of
the carotid mass at local hospitals. On this basis, we recom-
mend that biopsy and surgery should not be performed for
patients with tumor masses in the carotid triangle, unless a
confirmed diagnosis has been achieved.

Currently, surgery and radiotherapy are considered the
primary treatment choices for CBT. According to our clinical
experiences, surgery is recommended once CBT is diagnosed.
Currently, the surgical procedures of CBT are mainly based
on the Shamblin classification (10), including tumor resection,
tumor and external carotid artery resection, tumor resection
together with vascular reconstruction (internal carotid artery)
and tumor resection together with ligation of the common
carotid artery. According to our clinical practice, tumor resec-
tion is the desired procedure suitable for cases that belong to
Shamblin I or those exhibiting tumors with a small size and
a limited blood supply. For Shamblin II and III cases, if the
carotid artery lumen is well shaped, the wall boundary is clear
and the blood flow is also uniform, tumor resection may be
selected; however, preparation for vascular reconstruction is
required. Special attention should be paid during the separa-
tion of the tumor body and blood vessels; for example, bipolar
electrocoagulation should be modulated to a refined pattern,
and the energy should be set at a suitable number and assisted
by washing using fresh water in order to prevent thermal injury
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Table I. Summary of tumor removal and vascular injury.
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Variable Shamblin I (17 sides) Shamblin II (33 sides) Shamblin III (12 sides)
Tumor removal

Complete removal of tumor 17 33 12

Vascular injury

Ligation of external carotid artery - 4 6

Ligation of internal carotid artery - - 1

Ligation of common carotid artery - - 1

Table II. Perioperative conditions of the patients.

Variable Shamblin I or I grade (50 sides) Shamblin IIT (12 sides)
Tumor size (cm) 3-6 5-12
Hemorrhage (ml) 300-600 400-1200
Duration of operation (min) 180-240 240-480
Hospital stay (days) 10-12 10-14

Table III. Postoperative complications of each group.

Variable Shamblin I (17 sides)

Shamblin II (33 sides) Shamblin IIT (12 sides)

Injury of central nerve
Hemiplegia

Cranial nerve injury
Glossopharyngeal nerve
Vagus nerve

Accessory nerve
Hypoglossal nerve

of the vascular intima. For the patients with Shamblin I and II
lesions with abundant blood supply, surgical resection of CBT
and external carotid artery is recommended. Tumor resection
and vascular reconstruction is suitable for the patients with
Shamblin grade II and III lesions, those with tumors of diam-
eter >5 cm, or those with abundant blood supply in the tumor
mass (10). According to our clinical practice, prior to surgery,
preoperative evaluation of the affected region is important in
order to avoid ligation of blood vessels and interruption of
cerebral blood supply as far as possible, due to reduce postop-
erative hemiplegia.

In the present study, surgical resection of the tumor mass
was performed in the majority of patients with Shamblin
grade III lesions. Blood vessel transplantation or ligation was
only performed in those with tumor cells invading into the
middle layer of the artery and tunica intima. Resection was
performed in 62 lesions, among which 52 (83.87%) underwent
resection of the CBT. The internal carotid artery was well
preserved in 11 lesions of Shamblin grade III lesions, with
no postoperative complications. Ligation of the tumor mass
and common carotid artery was performed in 1 patient with a
Shamblin grade III lesion, and no ischemia of brain tissues was

observed subsequent to the surgery. For the patients with bilat-
eral CBT, staging surgery is proposed in order to guarantee
cerebral blood supply. Generally, the lesion with the larger
tumor mass should be treated first, and then the contralateral
tumor mass should be removed subsequent to healing of the
wound of the previous surgical site.

At present, surgery is preferred for the treatment of CBT;
however, this remains a challenge as this type of tumor is a
highly vascular mass that is often densely adherent to the
vagus nerve (15). According to our clinical experience, it is
recommended that the surgery is performed under micros-
copy in order to define the boundary of tumor mass and the
vascular wall. On this basis, the incidence of vascular rupture
and neural injury may be avoided. Concurrently, bipolar elec-
trocoagulation may be used to treat the thermal injury to the
vascular wall and peripheral tissues. Among the 58 patients
included in the present study, 1 patient exhibited vascular
rupture, and no severe complications, such as postoperative
hemiplegia or permanent injury of the cranial nerves, were
observed. Injury of the cranial nerves, which most of presents
as injury of the vagus nerve and hypoglossal nerve, is the most
common type of postoperative complication of CBT surgery.
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Figure 1. Imaging characteristics of a carotid body tumor. (A) Computed tomography revealed the location of the tumor mass, and the adherence to the
peripheral tissues. The tumor mass was completely covered by the internal carotid artery. (B) Blood vessel morphology was assessed using magnetic resonance
imaging angiography, indicating the invasion of the tunica intima. (C) Digital subtraction angiography indicated a goblet-like shadow in the bifurcation of the
common carotid artery.

Figure 2. CT angiography features of a carotid body tumor. (A) CT angiography indicated the tumor mass was located at the bifurcation of common carotid
artery. (B) No significant malformation was observed in the carotid body tumor. (C) No significant changes were observed in the blood flow in the carotid body
tumor. CT, computed tomography.

Figure 3. The steps of surgical resection of carotid body tumor. (A) Dissection of the inferior edge of the tumor and exposure of the superior segment of
the common carotid artery. (B) Isolation of the lateral edge of the tumor. (C) Removal of the tumor. (D) Internal and external carotid arteries subsequent to
resection of the tumor mass. CBT, carotid body tumor; ICA, internal carotid artery; ECA, external carotid artery.
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It is mainly caused by intraoperative dragging, and may be
healed subsequent to conservative therapy unless the injury
was permanent. In clinical practice, a deep understanding of
the anatomical structure of the neck is required for the surgery.
Therefore, surgery using microscopy is recommended, which
is beneficial for the identification of the vascular wall and
nerves. Additionally, special care should be taken to obtain a
clear surgical field, and to prevent the occurrence of bleeding
and injury of the cranial nerves.

Radiotherapy is an alternative management for those
patients unfit for surgery, those who may not tolerate the
surgery, and those who exhibit metastasis subsequent to
surgery (16,17). Although the outcome of radiotherapy for CBT
is satisfactory, complications subsequent to chemotherapy are
usually reported, such as otitis externa, otitis media, osteora-
dionecrosis, cranial nerve lesion and brain injury.

In summary, surgical resection is the preferred treatment
for CBT. The present study suggests that surgical resection
should be performed once CBT is confirmed. The evaluation of
imaging features and cerebral collateral circulation is critical
for the selection of treatment methods. Injuries to the cranial
nerves may be reduced with the development of microsurgery
and cardiovascular surgery. Tumor resection, without recon-
struction and ligation of the common carotid artery may be
required for patients with Shamblin grade III tumors. Recon-
struction or ligation causes potential damage to the nervous
system, and is only required in patients with tumor cells
invading the middle layer and tunica intima of carotid artery.
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