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Abstract: Carotid body paragangliomas (CBP) are rare neoplasms arising from the
small chemoreceptor organ in the adventitia of the common carotid bifurcation. The
aim of this study is to present the diagnostic process, performed treatment and
obtained results in patients with carotid body paragangliomas of the Department of
Otolaryngology of Istanbul Education and Research Hospital between March 1997
and November 2008. Retrospective analysis was carried out, based on the medical
documentation of 5 patients with carotid body paragangliomas (3 women and 2
men), age range 44 to 68 years with a mean of 59.6 years. Four of the patients
were diagnosed and treated with Shamblin type Il tumor, one of the patients with
type l. Physical examination, radiological evaluation, method of the treatment and
post-treatment complications were studied. The most common and single symptom
was nonspecific neck mass. Preoperative diagnostic evaluation consisted of a color
duplex ultrasonography, computerized tomography with contrast enhancement,
magnetic resonance imaging and digital subtraction angiography. In all patients with
Shamblin type | and I, blunt dissection of the tumor was conducted smoothly in the
subadventitial plane. Postoperative vagus nerve and hypoglossal nerve deficit were
reported in one case. Carotid body paraganglioma excision has higher risk of cranial
nerve paresis and carotid artery injury, so it requires careful handling and good
surgical skills to ensure complete removal.
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Introduction

Paragangliomas are neuroendocrine tumors derived from paraganglia of the
parasympathetic nervous system. Paraganglia play an important role in homeostasis
of the organism by acting directly as chemoreceptors or by the secretion of
catecholamines in response to stress (Baysal, 2002). Paragangliomas of the head

and neck (HNPs) are rare, comprising about 0.6% of head and neck tumors and
about 0.03% of all tumors (Lee et al., 2002). They most commonly (60%) occur

at the carotid bifurcation. Additional sites of origin frequently include the jugular
bulb (JP), the vagal nerve (VP) at the nodose ganglion, the middle ear (tympanic
paraganglioma) (Pellitteri et al., 2004). Carotid body paragangliomas are most
commonly unilateral and occur in a sporadic pattern. Multiple paragangliomas
account for 11-22% of all cases. The 10-50% of paragangliomas are familial

(Bikhazi et al., 1999). Classic tumor syndromes associated with a high incidence of
paragangliomas include multiple endocrine neoplasia type Il (MEN lI),

von Hippel-Lindau disease and neurofibromatosis type | (NF I) (Neumann et al., 2002).
Specific genetic abnormalities are associated with paragangliomas such as deletions
at chromosomes 11q13 and 11q22-23 where the tumor suppressor gene PGL1 has
been located (Bikhazi et al., 2000). Paragangliomas are benign neoplasms in most
cases; overall less than 10% of all paragangliomas have been cited to be malignant
(Lee et al,, 2002). Physical examination of CBP reveals a nontender, rubbery, pulsatile
lesion that is more easily moved laterally than vertically (Fontaine’s sign). Due to the
highly vascular nature of paragangliomas, an open or closed biopsy should not be
attempted (Wang et al., 2000). In order to establish the diagnosis of a HNP, imaging
modalities such as ultrasonography, computerized tomography (CT), magnetic
resonance imaging (MRI) and digital subtraction angiography (DSA) are important
(Stoeckli et al., 2002). Shamblin et al. classified the carotid body tumors according to
carotid artery involvement in 1971. In type | the carotid artery is minimally involved
with the tumor. In type Il, the tumor partially encases the carotid arterial structures.
Type Ill is the most invasive of arterial structures (Shamblin et al.,, 1971). The
different therapeutic options include surgical extirpation, conventional radiotherapy
and stereotactic radiosurgery (Foote et al., 2002). In selected cases a “wait and
scan” policy or permanent embolization may be discussed (Persky et al., 2002).
When tumor excision can be complete and do not cause disability resulting from
compromise of function of multiple cranial nerves, surgery is the key treatment.
Early surgical intervention should be considered in patients who are deemed
satisfactory surgical candidates (Marchesi et al., 1999).

Material and Methods

A retrospective review of the medical records of the patients diagnosed with
carotid bifurcation paragangliomas during the period from March 1997 and
November 2008 was performed. Surgical and therapeutic data were collected
from reviewing of the medical and surgical records of the 5 operated carotid
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bifurcation paragangliomas. Four of the patients were diagnosed and treated with
Shamblin type Il tumor, one of the patients with type |. The main symptom patients
exhibited was a slowly growing mass on the neck. None patients did not have any
neurological squeal. On examination there was a pulsatile, hard and rubbery mass
located below the mandibular angle which was palpable on the carotid arterial
trace, mobile on the horizontal plane and immobile on the vertical plane. All surgical
patients were operated on by an experienced head and neck senior surgeon.
Preoperative diagnostic evaluation consisted of a color duplex ultrasonography,
computerized tomography with contrast enhancement and magnetic resonance
imaging. Digital subtraction angiography through femoral artery catheterization
followed the initial evaluation and proved diagnostic in some cases. Microcatheter
embolization after visualization of vessels feeding the tumor was performed using
straight and curled microcoils (Microcoils, William Cook Europe, Denmark) as

the main embolic material together with Gelfoam and polyvinyl alcohol (PVA) in
four out of five carotid body tumors (Figure 1). Surgery was performed within 48
hours of embolization to avoid development of collateral vessels for tumor blood
supply and the initiation of postembolization inflammatory effect. Surgical excision
was performed under general anaesthesia. Common carotid artery and branches

Figure 1 — DSA imaging of a right CBP and the same tumor dfter selective microcoil embolization. Significant
reduction in vascular blush indicates reduced arterial supply to the tumor.
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were explored. Vagus and hypoglossal nerves were dissected and separated

from the surgical plane in order to prevent damage. The tumor was dissected
completely from the common carotid artery and its branches in the subadventitial
plane. All resected paragangliomas were examined under light microscopy for the
characteristic arrangement of the tumor cells in distinctive cell balls, which is called
Zellballen. Immunohistochemistry analysis was performed using specific antibodies
against chromogranin, synaptophysin, neuron-specific enolase, serotonin, and S-100
protein. The median postoperative hospital stay was 5 days.

Results

The ages of patients ranged from 44 to 68 years with a mean of 59.6 years. Three
of our patients were female and two of patients were male. All patients had no
familial history of paraganglioma and presented with multiple head and neck
paraganglioma. The most common presenting symptom was a painless lateral

neck mass. The mean period between onset of symptoms and presentation was

9 months with a range from 3 to 12 months (Table 1). No patient complained of
symptoms related to a functional tumor with catecholamine hypersecretion such
as palpitations, hypertension, tachycardia, or tremor. Four of CBPs (80%) were
grouped into class Il and one (20%) in class I. The dissection was performed in the
relatively avascular subadventitial plane between the arteries. In one patient with
Shamblin Il external carotid artery was excised together with the mass. The mean
greatest dimension at presentation was 2.1 cm (range 1.1-3.5 cm). No transient
ischemic attack or stroke was noticed but; a female patient with Shamblin ||
developed post-operative vocal cord and hypoglossal nerve paralysis on the lesion
side. Six months of follow-up found no remission in vocal cord paralysis. All masses
were confirmed pathologically as paraganglioma and no trace of malignancy was
found. Patients underwent control once in 6 months in the first postoperative year
and once a year in the following years. No evidence of local or distant metastasis
was seen at the follow-up checks.

Table 1 - Age, mean duration of the symptoms, classification of the
tumors and embolization of the paragangliomas

Name Age Mean duration Classification Embolization
of symptoms (months)

CA. 62 12 Shamblin 1I )
G.K 44 3 Shamblin 1 )
AK. 68 12 Shamblin 1 +)
G.D. 62 12 Shamblin 1 (+)
N.K. 62 6 Shamblin | )
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Discussion
Paragangliomas of the head and neck are rare, they most commonly (60%) occur
at the carotid bifurcation. CBPs often presents as a painless, slowly enlarging
mass in the lateral neck (Patetsios et al., 2002). Differential diagnosis is very
important because a variety of lesions can have the same clinical appearance
such as lymphomas, branchial cleft cysts, parotid gland tumors, metastatic cervical
lymphadenopathy, thyroid masses, and tuberculosis. CBPs typically present as slowly
growing lateral neck masses. The lesion is more freely moveable horizontally
than vertically because of adherence to the carotid artery (Patetsios et al., 2002).
The finding of a carotid bruit or a pulsatile character of the tumor supports the
diagnosis of CBP. Evidence of increased endocrine activity demonstrates only
1-3% of CBP. In our study, the presenting symptoms of CBPs were neck mass
and there was no patient with clinical signs of a hyperfunctioning paraganglioma.
The mean duration of symptoms is 17.44 + 18.68 months. In case of a tumor
with a suspected endocrine activity, laboratory studies (urine metanephrine,
normetanephrine, and plasma catecholamines) should be obtained. A painless neck
mass is also the most frequent symptom in patients with VPs (Miller et al., 2000).
In our cases there is no vagal paraganglioma. Evaluation by an imaging procedure
is absolutely necessary to establish the diagnosis of a CBP. Also imaging procedure
is important for treatment planning (Stoeckli et al., 2002). B-mode sonography in
combination with color-coded Doppler sonography is an inexpensive, non-invasive,
readily available diagnostic tool that is frequently used as the first imaging step for
cervical paragangliomas (Stoeckli et al., 2002). Stoeckli et al. (2002) reported on
18 CBPs that were evaluated with color-coded Doppler sonography. In our study,
4 (80%) of patients with CBP were screened initially with US. Large VPs may also
lead to a splaying of the carotid bifurcation and might therefore be misinterpreted
as a CBP (Thabet and Kotob, 2001). CT will show an enhancing mass. Bone
windows can reveal skull-base erosion and intracranial extension. To classify |Ps
and TPs, the extend of temporal bone destruction is important. The preoperative
classification of these tumors is essential, since the operative approach will be
chosen depending on the tumor stage. All patients with JP and TPs were admitted
to our department with a CT scan as a first imaging study. The MRI plays an
important role in the pretherapeutic evaluation of cervical paragangliomas as well as
temporal paragangliomas (Thabet and Kotob, 2001). MRI is more sensitive than CT
for lesions involving the skull base or extending within the cranial vault (Pellitteri et
al,, 2004). Paragangliomas usually show a hyperintense signal on T2-weighted images
and a distinct contrast enhancement on T1-weighted images (Hoegerle et al., 2003).
The definitive imaging procedure to confirm the diagnosis of a head and neck
paraganglioma represents the DSA (Patetsios et al., 2002; Stoeckli et al., 2002).
Carotid DSA, through percutaneous femoral catheterization, remains an invaluable
diagnostic procedure for defining the exact vascular anatomy of the neoplasm.
It provides an arterial “map” of the major feeding and the collateral vasculature
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supplying the tumor (Kafie and Freischlag, 2001). Later phases of the arteriogram
visualize the venous outflow. According to Persky et al. (2002) bilateral DSA
should be performed in all patients with CBTs,VPs and JPs. In patients with

TPs,a DSA is not necessary since the potential side effects of this procedure
outscale the diagnostic value in those tumors (Persky et al., 2002). Embolization
can be performed with DSA for preoperative devascularization of the tumor.
Preoperative selective embolization of the tumor remains a matter of debate as
major complications such as cerebrovascular accidents might occur (Urquhart

et al., 1994; Tikkakoski et al., 1997). For some authors, embolization allows safer
surgical excision of the paraganglioma without undue haemorrhage. It decreases
duration of the hospital stay, and decreases risk of intraoperative hypoglossal nerve
injury (Miller et al., 2000). Operation is recommended to be performed within the
first 48 h to minimize revascularization edema and local inflammatory response
(Kafie and Freischlag, 2001). In our series of patients, microcoil embolization was
the main technique performed after superselective catheterization of the major
feeding arteries in 80% of CBTs. Only one patient couldn’t be applied embolization.
In our series, no cerebral embolism and serious intraoperative bleeding were
reported. The absence of postembolization neurological complications indicates
the safety and efficacy of this technique in experienced hands. Today, most authors
support the embolization of CBPs and VPs (Miller et al., 2000;Wang et al., 2000;
Persky et al., 2002) but this item is still a matter of discussion in international
otolaryngological literature (Murphy and Brackmann, 1989; Litle et al., 1996;
Marchesi et al., 1999). Metabolic imaging procedures such as the somatostatin
receptor scintigraphy are only available at special centres.

The current treatment options for HNPs include surgical resection, conventional
radiation therapy, stereotactic radiosurgery, permanent embolization or a
combination of those modalities (Foote et al., 2002). The goal of surgery is
complete tumor removal (Foote et al., 2002; Persky et al., 2002). Cervical
paragangliomas are usually resected via a transcervical approach. All carotid body
tumors were excised via transcervical approach. Four of them were performed
embolization and they were operated in 48 hours after embolization. No
neurological deficit and carotid injury were reported.

CBPs are usually classified according to criteria set forth by Shamblin. Class |
CBTs are localized tumors with minimal attachment to the carotid vessels and
surgical resection is generally not difficult. Class Il tumors partially surround the
carotid vessels. Class Ill CBPs intimately surround the carotid vessels and surgical
resection is challenging and often requires temporary interruption of the cerebral
circulation (Shamblin et al., 1971). In our series four tumors (80%) were grouped
into class Il and one (20%) in class I. The risk of postoperative neurological damage
and peroperative undue haemorrhage are higher in Shamblin class Il tumors
(Wang et al., 2000). Anand et al. (1995) reported on the postoperative outcome
of 1181 CBP patients. In 21.8% of cases, a permanent postoperative cranial
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nerve deficit was noted. Sanli et al. (2012) reported early post-operative loss of
consciousness and hemiplegia on the same side as the lesion in the two of the
male patients with a type Il tumor. One of them died on the fifth post-operative
day. Vascular complications account for a total of 9-28% with an estimated risk of
stroke up to 11% (Hirsch et al., 1980). An experienced operating team in vascular
reconstructive techniques is strongly recommended for reducing the risk of a
major vascular injury, especially in Shamblin class lll tumors.

Radiation therapy and stereotactic radiosurgery aim to achieve long-term tumor
control (Foote et al., 2002; Persky et al., 2002). Permanent embolization may be
able to slow down tumor growth and should only be considered in a palliative
setting. The role of tumor irradiation in the management of paragangliomas remains
controversial. Long-term tumor control rates of up to 96% have been reported
(Hinerman et al.,, 2001). But, frequent side effects of irradiation include acute
dermatitis, alopecia, external otitis, serous otitis media, altered taste and xerostomia
(Foote et al., 2002). Serious complications such as radionecrosis of the temporal
bone (1.7%), brain necrosis (0.84%) and radiation-induced malignant disease (0.28%)
have been reported (Foote et al.,, 2002). In addition, stereotactic radiosurgery
represents a rather new treatment modality for jugulo-tympanic paragangliomas
(Feigenberg et al., 2002; Foote et al., 2002). The principal indications for the use of
radiotherapy as a primary treatment in our institution include larger tumors where
after careful staging resection may result in significant morbidity, patients in poor
health status with concomitant medical conditions, or as an adjunct to incompletely
excised tumors with skull base or intracranial invasion. One advantage of radiation
therapy is to avoid the morbidity of surgery while offering a high probability (96 to
100%) of tumor control (Thabet and Kotob, 2001).

Conclusion

Carotid bifurcation paragangliomas are rare and slowly growing tumors. We
support preoperative embolization in patients with CBP. Surgery is the treatment
of choice for most patients with CBPs. Early treatment of patients with
paraganglioma optimizes the outcomes. Whenever surgical extirpation is too risky,
conventional radiotherapy and stereotactic radiosurgery may be considered as
alternative treatment options.
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