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Abstract

Carotid body tumors are rare, slow-growing, hypervascular neuroendocrine tumors. Although these tumors are benign neoplasm, they also have a tendency to
malignant transformation. Complete surgical excision is the gold standard therapeutic modality for the treatment of carotid body tumors. Early surgical removal is
recommended to prevent the development of larger and more advanced tumors, which are associated with higher morbidity and mortality. In this report, we presented
three cases of carotid body tumor which were successfully treated with complete surgical excision, and reviewed the current literature. Furthermore, it was emphasized
the necessity of early surgical management regardless of patient age and tumor size.

Introduction

Carotid body tumors (CBTs), also known as paragangliomas or
chemodectomas, are rare neuroendocrine neoplasms which arise near
the carotid bifurcation within glomus cells derived from the embryonic
neural crest. The reported incidence of CBTs is 1-2 per 100,000 [1,2].
The majority of these tumors are asymptomatic and initially noticed
by inspection and palpation of neck swelling during the physical
examination, or more commonly as incidental findings on radiological
imaging studies. Nonetheless, the most observed symptoms are pain,
dysphagia and autonomic dysfunction in symptomatic cases [3].
Although CBTs are benign lesions, they have a tendency to turn into
malignant tumors in approximately 10% of all cases [4]. Thus, in order
to avoid the local invasion and metastasis, early surgical excision is
considered as primer curative treatment option for the treatment
of CBTs. In this paper, we reported three cases of CBT which were
successfully treated with complete surgical excision, and reviewed the
current literature.

Surgical approach

After informing about the operation and obtaining the surgical
consent forms, all three cases were taken to the operating room for
primary excision under general anesthesia. The tumor mass was
approached through an oblique cervical incision. The basic surgical
principles included complete anatomic dissection and vascular control
before the attempted tumor excision. For this purpose, all neurovascular
structures were identified, and periadventitial dissections of the
carotid arteries were performed. Common carotid, internal carotid
and external carotid arteries were restrained using the vessel tapes
before tumor resection (Figure 1). The feeding vessels supplying the
tumor were initially ligated, afterwards the tumor was isolated from
adjacent structures and excised (Figures 2a and 2b). While the masses
were easily excised totally without subadventitial dissection of carotid
arteries in cases of Shamblin type I and II, in case of Shamblin type
III the dissection was performed along the arterial subadventitial plane
to allow for complete local tumor excision, as well as preservation
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of carotid arteries. In all cases, the masses were excised without any
neurovascular injury.

Case presentations
Case 1

A 66 year-old female patient was admitted to our outpatient
clinic on account of the presence of swelling on the right cervical
region. Physical examination, duplex ultrasonography and computed

Figure 1. Intraoperative view of carotid body tumor before complete excision.
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Figures 2a and 2b. Intraoperative view of carotid body tumor after complete excision.

tomography angiography revealed a mass on right carotid bifurcation
measuring 15 x 15 x 11 mm that was considered as CBT. She was
operated as earlier as possible after the establishment of diagnosis.
Her lesion was accepted as Shamblin type I intraoperatively. She was
transferred to the intensive care unit for close monitoring following
the operation. On the postoperative 1* day, the drain was removed and
the patient was transferred to the clinic, afterwards she was discharged
without any problems on the same day.

Case 2

A 75 year-old female patient was admitted to our outpatient clinic
on account of the presence of dizziness and swelling on the right cervical
region. Physical examination, duplex ultrasonography and computed
tomography angiography revealed a mass on right carotid bifurcation
measuring 40 x 30 x 24 mm that was considered as CBT. Additionally,
vertebrobasilar insufficiency was detected according to the duplex
ultrasonography findings (total volume of vertebral arteries = 166 mL /
min). She was operated as earlier as possible after the establishment of
diagnosis. Her lesion was accepted as Shamblin type IT intraoperatively.
She was transferred to the intensive care unit for close monitoring
following the operation. On the postoperative 1* day, the drain was
removed and the patient was transferred to the clinic, afterwards she
was discharged without any problems on the postoperative 2™ day.

Case 3

A 50 year-old female patient was admitted to our outpatient clinic
on account of the presence of dizziness and swelling on the right cervical
region. Her symptoms which were gradually increased had existed for
about 15 years. Physical examination, duplex ultrasonography and
computed tomography angiography revealed a mass on right carotid
bifurcation measuring 75 x 55 x 45 mm that was considered as CBT. She
was operated as earlier as possible after the establishment of diagnosis.
Her lesion was accepted as Shamblin type III intraoperatively. She was
transferred to the intensive care unit for close monitoring following the
operation. On the postoperative 4" hour, the patient was transferred
to the clinic. On the postoperative 1* day, the drain was removed, and
she was discharged without any problems on the postoperative 2™ day.

Discussion

Carotid body was firstly described by von Haller in the year
1743 [5]. It is a reddish-brown, well circumscribed, highly specialized
round organ, 2-6 mm in size, located in the adventitia of the carotid
bifurcation, supplied by the feeding vessels run primarily from the
ascending pharyngeal branch of the external carotid artery, and
innervated through the glossopharyngeal and vagus nerves. It functions
as a chemoreceptor organ which is stimulated by acidosis, hypoxia and
hypercapnea, and plays a role in the autonomous control of blood
pressure, heart rate, respiration, and blood temperature in response to
changes in these parameters by increasing sympathetic flow [4,6,7].
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CBTs are slow-growing hypervascular tumors which represent
approximately 0.03% of all neoplasms. They appear more common in
female gender with male-to-female ratio of 1:1.9 [8]. These tumors were
reported to be malignant in 10%, familial in 10%, and bilateral in 10%
of sporadic cases, bilaterality can reach 30% in the familial cases [4].

In the year 1971, Shamblin, et al. [9] introduced a classification
system according to the relationship with the carotid arteries in order
to determine the resectability of these tumors. Shamblin type I tumors
are localized masses and do not involve the surrounding carotid
arteries, type II tumors are adherent or partially surround the carotid
arteries and thus relatively more difficult to resect, and type III tumors
are large, encase the vessels and thus the most difficult type to attempt
resection. According to the Shamblin classification, type III tumors are
associated with more perioperative neurovascular complications and
complex surgical procedure. Nonetheless, this classification system has
some drawbacks since it does not reflect how deep tumor infiltrates
through the wall of carotid arteries, which decides if it is possible
to preserve the carotid arteries. Therefore, Luna-Ortiz, et al. [10]
suggested a modification of the Shamblin classification system to make
Shamblin IIIb that is clinically or histologically confirmed to infiltrate
the adventitia of vessel regardless of tumor size.

Differential diagnoses of CBTs include cervical reactive
lymphadenopathies, lateral cervical cysts, brachial cysts, vagal
paragangliomas, thyroid nodules, carotid artery aneurysms, and
parotid gland tumors. In addition to these, carotid body hyperplasia
should also be remembered; it may develop on account of chronic hypoxia
and is primarily described in patients living at high altitudes [6,8].

CBTs have diagnostic and management difficulties since there is
a lack of guidelines in the literature for their diagnosis and treatment.
If a diagnosis of CBT is suspected following a detailed physical
examination, the diagnosis is almost always established by radiological
imaging methods such as duplex ultrasonography, computed
tomography angiography, magnetic resonance angiography and digital
subtraction angiography. Nowadays, ultrasonographic examination
is widely used for screening because it is an easily available and non-
invasive imaging modality. Moreover, in their multicenter review and
meta-analysis, the Joint Vascular Research Group has recommended
that duplex ultrasonography is the primary diagnostic examination
for the diagnosis of CBTs [11]. Computed tomography and magnetic
resonance provide to assess the size, degree and invasiveness of the
tumor. Angiographic methods allow the evaluation of the vessels
supplying the tumor and preoperative embolization [8,11]. On account
of the hypervascularization and proximity to various vascular and
nervous structures of these tumors, biopsy as a diagnostic method is
contraindicated since it presents a risk of massive hemorrhage and
dissemination, and can lead to pseudoaneurysm formation and carotid
thrombosis as well [12,13].

The first successful surgical removal of CBT was applied by
Albert in the year 1889 [14], and Gordon-Taylor [15] defined a safe,
subadventitial dissection in the year 1940. Devascularization of CBTs
by ligation of feeding vessels during procedure has been a common
practical surgical method since the 1980s. In the year 2008, van der
Bogt, et al. [16] suggested the craniocaudal dissection technique which
would minimize blood loss and thus reduce the risk of perioperative
morbidity. Nowadays, surgical excision still remains the gold standard
therapeutic modality for the treatment of CBTs [8,17].

Radiotherapy (RT) is an alternative treatment modality which
may decrease the tumor size or stop its growth. It is recommended
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for patients who cannot undergo surgery on account of extensive
involvement, multiple tumors, and high operative and anesthetic risk
[18]. In the study performed by Gilbo, et al. [19], which is the largest
series with 156 paraganglioma cases treated with RT, the authors
presented their 45-year experience and observed a decrease in size in
just 5 tumors (3.2%) and a lack of tumor growth after 5 years in 99%
of the patients.

Theissue of usefulness of preoperative embolization is controversial.
According to some studies, the preoperative embolization procedure is
beneficial since it lowers blood flow and decreases tumor size, thereby
may facilitate complete tumor removal with less blood loss especially
in large tumors [20-22]. On the other hand, in some other studies, the
preoperative embolization was not recommended on account of not
only its uselessness both also the risk of postembolization morbidity such
as transient ischemic attack and even stroke by embolic particles [23,24].

Major complications regarding surgical treatment of CBT's include
bleeding secondary to vascular injury, cranial nerve deficits, and
perioperative stroke. The rates of complications are positive correlated
with Shamblin classification [3,6,10]. Davila, et al. [25] reported that
the rate of permanent cranial nerve injury was 5.5%, and the rate of
stroke was 1% stroke, without any perioperative mortality in their
series consisting of 183 cases. Pacheco-Ojeda [26] has just presented
the largest case series in the literature with 215 surgically excised CBTs.
In his case series, the cumulative complication rate was 27.5%, and
these complications were mostly minor and related to cranial nerve
dysfunction, with no perioperative stroke and death. An intriguing
comprehensive review study which examined the complications of
CBT's surgery was recently published. In this study, a total of 625 cases
from 19 studies was reviewed, and the rates of transient cranial nerve
injury, vascular injury, permanent cranial nerve injury, stroke and
perioperative mortality were found as 31%, 28%, 17%, 2.5% and 0,5%,
respectively [27].

Regardless of patient age and tumor size, early surgical removal
of CBTs is advised in order to prevent the development of larger and
more advanced tumors (Shamblin class III), which are related to higher
morbidity and mortality. Complete surgical excision of CBTs may be
technically challenging on account of their proximity to the major
norovascular structures, as well as the complex anatomy of the neck.
During the surgery, all neurovascular structures should be identified
in order to decrease the frequency of complications. Proximal and
distal control of the carotid arteries with ligation of feeding branches
is important in order to accomplish the complete tumor excision.
In conclusion, surgical excision of CBTs is a very effective and safe
procedure with a low rate of major neurovascular complication and
mortality. Early detection and complete surgical removal of CBTs
improve the outcomes.
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