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Diagnosis and treatment of a carotid body tumor:
A case report of a rare bilateral tumor
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Abstract. In the present case report, a rare bilateral carotid
body tumor (CBT) and the imaging and pathological features
of a CBT are described. In the present report, a rare case of
bilateral carotid body tumor, which developed in the bifurcation
of the common carotid artery, and the clinical manifestations,
imaging and pathological features of this CBT are summa-
rized. The imaging cannot validate the diagnosis; however,
imaging identified that the tumor exhibited an intact envelope.
Immunohistochemical staining revealed that the tumor cells
were strongly positive for cluster of differentiation 56, Syn and
protein S-100, moderately positive for transcription factor E3,
negative for cytokeratin and epithelial membrane antigen, and
partial cells were weakly positive for Desmir (<5%). In view
of the clinical and pathological features of the carotid body
tumor, surgery is hypothesized to be the optimal treatment
and may enable the tumor to be resected completely. Refined
surgical techniques provide the security of safe resection and
decrease the risk of complications occurring.

Introduction

Paragangliomas occur along the human body's sympathetic
and parasympathetic chains, and this type of neoplasm may
develop in various anatomical locations, with the head and
neck region being the primary site. Carotid body tumors
(CBTs) derive from the neural crest and are a relatively rare
type of neck tumor (1). A CBT located in the upper cervical
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region is typically considered to be benign and develops
slowly (2); however, CBTs are challenging for surgeons due
to the spatial locations and abundant blood supply of this type
of neoplasm (3). The occurrence of CBT exhibits sporadic
or familial traits. Between 5 and 10% of bilateral CBT cases
have been reported to be of the sporadic type (4), and <30% of
bilateral CBT cases are of the familial form (5); however, the
specific etiology of CBT remains unknown. Previous studies
have described a mutation in six specific genes (including
RET proto-oncogene, von Hippel-Lindau tumor suppressor,
neurofibromin 1 and mitochondrial complex II: Succinate
dehydrogenase subunits) (6,7) which is associated with CBT.

Between January 2009 and May 2015, 37 patients presenting
to The First Affiliated Hospital of Zhengzhou University
(Zhengzhou, China) were diagnosed with CBT (Table I). The
present case report describes a typical patient with bilateral
CBT which was surgically removed with minimal blood loss
and temporary neurological loss. In addition, the clinical
manifestations and the imaging and pathological features of
CBT were summarized. The present case report revealed that
preoperative preparation and proper surgical technique are
required to improve treatment outcome.

Case report

Materials and methods. Formalin-fixed paraffin-embedded
tissues were cut into sections of 4 uym thickness. The
avidin-biotin complex (ABC) technique was used, according
to the Vectastain Elite ABC kit (Vector Laboratories, Inc.,
Burlingame, CA, USA). Tissue sections were deparaf-
finized in xylene, rehydrated in graded ethanol, treated with
Tris-EDTA buffer for antigen retrieval and quenched in
H,0,. Tissue sections were blocked with 2.5% normal serum
at room temperature for 1 h and incubated overnight at 4°C
with the following primary antibodies: Cluster of differen-
tiation (CD)56 (dilution, 1:400; cat. no. 3576; Cell Signaling
Technology, Inc., Danvers, MA, USA) Syn (dilution, 1:400;
cat. no. ab32127; Abcam, Cambridge, MA, USA), transcription
factor E3 (TFE3; dilution, 1:250; cat. no. ab179804; Abcam),
S-100 (dilution, 1:500; cat. no. ab97051; Abcam), cytokeratin
(CK; dilution, 1:500; cat. no. ab97051; Abcam), epithelial
membrane antigen (EMA; dilution, 1:150; cat. no. ab156947,
Abcam) and Demin (dilution, 1:500; cat. no. ab97051; Abcam).
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Table I. Clinical parameters of carotid body tumors (n=37).

Characteristic Patients, n (%)
Age, years
=60 318.2)
<60 34 (91.8)
Sex
Male 17 (45.9)
Female 20 (54.1)
Treatment method
Observation 13 (35.1)
Surgery 21 (56.8)
External carotid artery ligation 7(33.3)
Internal carotid artery ligation 3(14.3)
Common artery ligation 3(14.3)
CBT completely resection 8 (28.1)
Missing 3(8.1)
Site
Left side of neck 15 (40.6)
Right side of neck 16 (43.2)
Bilateral of neck 3(8.1)
Missing 3(8.1)
Smoking history
Non-smoker 29 (78.4)
Smoker 3(8.1)
Missing 5(13.5)
Alcohol consumption
Non-drinker 30 (81.1)
Drinker 2(54)
Missing 5(13.5)

Missing refers to the number of cases of unknown patient data. CBT,
carotid body tumor.

Subsequently, sections were incubated at room temperature
for 1 h with biotinylated secondary antibody (dilution, 1:400;
cat. no. 8125; Cell Signaling Technology, Inc.) and with ABC
reagent. Diaminobenzidine was used as chromogen and coun-
terstained with Mayer's hematoxylin (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany), the results were observed using
a light microscope (magnification, x200). The present study
was approved by the Institutional Ethics Committee Office of
The First Affiliated Hospital of Zhengzhou University. Written
informed consent was obtained from the patient for the publi-
cation of the present case report and accompanying images.

Patient case. A 22-year-old female presented with a 4-year
history of a left side neck tumor and occasional pain when
cold. The skin of the upper neck was free of the tumor. Type-B
ultrasonic revealed a 40x25 mm solid nodule in the upper neck
area with a clear boundary, irregular shape and an uneven
internal echo, and the Type-B ultrasonic imaging identified
the abundant blood flow signals. Enhanced computed tomog-
raphy (CT) revealed two irregular solid nodules on the left
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Figure 1. Surgery images. (A) The arrow identifies the carotid body tumor and
the carotid artery bifurcation was widened. (B) The tumor mass was stripped
out at the carotid bifurcation. (C) Preserved carotid arteries following resec-
tion of the carotid body tumor. (D) The size of the tumor was 5x2.5x1.5 cm
and the section is gray-red and soft.

Figure 2. CT images. (A) Enhanced CT scan, plain image. (B) Enhanced CT
scan, coronal scan image. (C) Three-dimensional imaging demonstrating
bilateral CBT. (D) An additional bilateral CBT; however, the patient aban-
doned treatment. CT, computed tomography; CBT, carotid body tumor.

and right carotid artery bifurcation. The patient described that
the foreign body sensation had recently become serious and
therefore surgery was decided upon following the patient's first
visit to oral and maxillofacial surgery. The border of the tumor
was relatively evident and the tumor had an intact envelope
that bled easily, so no biopsy was performed. On the basis
of these clinical characteristics and radiographic results, the
tumor was identified as a benign CBT, although the possibility
of metastatic cancer was not excluded. The tumor occupied
the overall carotid artery bifurcation which oppressed the
internal carotid artery, therefore it was decided that the tumor
was resectable by transverse incision. There was no obvious
connection between the tumor and surrounding tissue, and the
tumor was resected completely. The common carotid artery,
internal carotid artery and external carotid artery remained
intact (Fig. 1).

Imaging characteristics. Enhanced CT revealed two irregular
solid nodules, consisting of 5.7x2.4x2 and 1x0.8x0.7 cm soft
tissue density located in the left and right carotid artery
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Figure 3. H&E staining and immunohistochemical images of the tumor. (A) H&E staining of the operative specimen center section (magnification, x400).
(B) Tumor cells positive for CD56. (C) Tumor cells positive for Syn. (D) Tumor cells positive for TFE3. (E) Tumor cells negative for protein S-100. (F) Tumor
cells negative for CK. (G) Tumor cells negative for EMA. (H) Tumor cells negative for Desmir (magnification, x400). CD56, cluster of differentiation 56;
TFE-3, transcription factor E3; CK, cytokeratin; EMA, epithelial membrane antigen; H&E, hematoxylin and eosin.

bifurcation, respectively. Additionally, CT demonstrated
heterogeneous reinforcement. The left mass surrounded the
internal carotid artery and external carotid artery; however,
the boundary between the CBT and carotid artery was clear.
The CBT was demonstrated to be rich in blood vessels (Fig. 2).
These were identified to be possible bilateral CBTs.

Surgical specimens and pathological features. The size of
surgical specimens were 5.5x2x1.5 cm which was identified
as solid and pinkish-gray, following cutting through the
mass. The mass was soft and coated by an envelope. The
first pathology report indicated that the tumor may be a
paraganglioma, which required validation by immunohisto-
chemical tests. The immunohistochemical report indicated
that the tumor cells were strongly positive to CD56, Syn and
protein S-100, moderately positive to TFE3, negative to CK
and EMA, and partial cells were weakly positive to Desmir
(<5%). This confirmed diagnosis of paraganglioma of the
carotid body (Fig. 3).

Discussion

The carotid body tumor is located at the common carotid artery
bifurcation and was reported by Kapoor et al (7). The carotid
body contains chemoreceptors that are sensitive to hypoxia,
hypercapnia and acidosis, and functions to maintain homeo-
stasis and blood pressure in the human body. In the present case
report, CBT primarily occurred in individuals <60 years old,
and whether a history of smoking and consumption of alcohol
are associated with CBT remains unknown. CBT is a type of
paraganglioma arising from the carotid body and is located at
the carotid bifurcation (8). Chronic hypoxia is considered to
be one of the reasons for CBTs; however, in the present case
report, the patient lived in low altitude area where there was
no hypoxia and the hypoxia cannot explain the pathogenesis of
the case. In the present case report, the majority of CBTs were
benign and slow-growing tumors; therefore, the CBTs may
have been misdiagnosed as lymph nodes. Owing to the rarity
and lack of clinical features of CBTs, diagnosis may be difficult
and clinicians may be mistakenly diagnosed as branchial cleft
cyst (9), vascular malformation (10), lymph node and arterial
aneurysm (11), when the mass is small. Ultrasonography and

CT scans may be enable preoperative diagnosis and treatment
plan. Ultrasonography may identify whether the mass is solid
and exhibits a rich blood flow, whereas CT scans or magnetic
resonance imaging are improved methods for the diagnosis of
CBTs (12,13). In the present case report, the CT angiograph
(CTA) was required for preoperative diagnosis, which may
improve the identification of the dimensions and anatomical
association with important blood vessels, including the internal
carotid, external carotid artery and common carotid artery.
Furthermore, the CTA may indicate the ‘feeding artery’ which
may supply important information for surgery. Fine needle
aspiration has been used to improve the diagnosis accuracy of
CBT (1), but this technique poses risks.

For patients with bilateral CBTs, surgery may not be
performed all at once in order to avoid serious complications,
including vascular or cranial nerve lesions. There are a number
of patients who are not suitable for surgery, for instance
clinically unstable patients, including elderly patients or those
with a certainty of stroke. Conservative treatment, including
chemotherapy and radiotherapy is ineffective for CBT (14-17).
Embolization is one effective palliative treatment, but the
vascular complications and cranial nerve deficits may occur in
~33% of the patients (3,18).

Surgical treatment is considered to be the optimal
treatment choice for CBTs. Of those patients who underwent
surgery at The First Affiliated Hospital of Zhengzhou
University, only 1 case exhibited recurrence 2 months after
surgery. The tumors may be dissected in the sub-adventitial
avascular plane of the artery (19). Shamblin CBT groups II
and IIT may require removal with arteriectomy or internal
carotid artery ligation (8). Occasionally, anastomosis may be
required between the internal and common carotid arteries or
vascular reconstruction with grafts may be required (18,20).
Occurrences of technical complications in anastomoses
between the common and internal carotid arteries following
resection of the carotid body have been reported in a
previous study (21). These cases evolved with a number of
hematomas and, in a limited number of cases, with cerebral
ischemia-reperfusion (21). Of those patients who underwent
surgery at The First Affiliated Hospital of Zhengzhou
University, only 1 case required vascular repair, and in order
to improve and assess the tolerance of unilateral carotid blood
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supply, the Matas test and the balloon test occlusion of internal
carotid artery are required prior to surgery (22). If the vascular
compensatory function exhibited is satisfactory in the total
cerebral angiogram and BOT, surgery may be performed.
During surgery, the tumor is stripped away from the surface
of the blood vessel and damage to the artery walls is avoided.
If the walls of the internal carotid and common carotid
artery are damaged during surgery, ligation of the internal
carotid or common carotid artery may be performed, to avoid
postoperative complications.

Improved diagnostic methods are useful for the treatment
of CBT. The CTA and Digital Subtraction Angiography may
identify the border and the supply artery. Ligation of the supply
artery may markedly decrease during the surgery. The Matas
test and the BOT of internal carotid artery are required to
evaluate the surgery indication. Refined surgical technologies
or skills may provide security of safety resection and decrease
the occurrence of complications.
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