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Abstract: Carotid body and vagal paragangliomas, although considered indo-
lent tumors, represent a challenge for the treating physician. This is mainly
because of their peculiar localization, in close proximity with important ana-
tomical structures. In addition, there is no chemotherapy available for these

In: Paraganglioma: A Multidisciplinary Approach. Renato Mariani-Costantini (Editor), Codon
Publications, Brisbane, Australia. ISBN: 978-0-9944381-7-1; Doi: http://dx.doi.org/10.15586/
paraganglioma.2019

Copyright: The Authors.

Licence: This open access article is licenced under Creative Commons Attribution 4.0
International (CC BY 4.0). https://creativecommons.org/licenses/by-nc/4.0/


http://dx.doi.org/10.15586/paraganglioma.2019�
http://dx.doi.org/10.15586/paraganglioma.2019�
https://creativecommons.org/licenses/by-nc/4.0/�
mailto:rmc@unich.it
http://dx.doi.org/10.15586/paraganglioma.2019.ch5

Prasad SC et al.

tumors, the role of radiation therapy is debated, and the only successful therapy
is surgery. However, to achieve the best treatment goals, it is fundamental for the
professional caregiver to master not only the clinical and surgical procedures but
also the genetic backgrounds and the histopathological features of these tumors.
We provide in this chapter a comprehensive review of the above mentioned
aspects, with the aim to address the complexity of these tumors with a multidis-
ciplinary approach.

Keywords: Carotid body paraganglioma; Digital subtraction angiography;
Neuroendocrine tumors; Shamblin classification; Vagal paraganglioma.

INTRODUCTION

Carotid body paragangliomas (CBPs) and vagal paragangliomas (VPs) comprise
a set of rare, slow-growing neuroendocrine tumors arising in the anterolateral
aspect of the upper neck. CBPs arise from the carotid body, located at the
carotid bifurcation, and VPs arise from the paraganglia along the vagus nerve,
particularly the inferior nodal ganglion. VPs are less common than carotid body
and tympanojugular paragangliomas. Overall, CBPs and VPs represent a surgi-
cal challenge because of their close proximity to the internal and external
carotid arteries, the lower cranial nerves, and the internal jugular vein and
because of their possible extension to the skull base. The clinical and surgical
management may be further complicated by the fact that CBPs and VPs can
show a bilateral and/or multiple presentation, especially in familial forms;
metastases, on the other hand, are very uncommon (1).

In the recent decades, CBPs and VPs have received a great deal of attention
from pathologists, radiologists, and surgeons, which has led to better understand-
ing of the pathology and, hence, to better management. Various terminologies
were used in the past to designate CBPs and VPs, including chemodectoma, glo-
mus tumor, etc. Histopathologically, these tumors have been proven to originate
from chromaffin-negative paragangliar tissue. Hence, the most appropriate termi-
nology is paraganglioma (PGL).

EPIDEMIOLOGY AND GENETICS

It is estimated that head and neck PGLs (HN-PGLs) constitute 3% of all PGLs,
0.6% of all HN cancers, and 0.03% of all tumors (2).CBPs, the most common
form of HN-PGL, represent about 65% of all HN-PGLs and have been extensively
characterised. VPs account for less than 5% of all HN-PGLs, and, because of their
rarity, their epidemiological and genetic features have not been analyzed indepen-
dently from those of other HN-PGLs. However, in VPs the male to female ratio is
estimated to be 1:1.87, and the mean age at diagnosis is about 45 years in familial
forms and 60 years in sporadic forms. In VP patients with familial PGL, the inci-
dence of multicentric PGLs was reported as 78% versus 23% in patients with
nonfamilial PGL (3).
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The incidence rate of CBPs is overall higher in populations living at alti-
tudes higher than 2000 meters above the sea level (4). In this regard, it has
been proposed that environmental hypoxia modulates genetic predisposition
to CBP (5).

CBPs can be classified into three different forms: sporadic (60%), familial
(10-50%), and hyperplastic, that is, associated with CB hyperplasia due to
chronic hypoxemia, as in subjects living at high altitudes or in patients affected
with cardio-respiratory diseases (6).The latter form may occur in both familial
and sporadic cases. Familial PGLs most commonly develop in the head and
neck, usually in the carotid body, and up to 80% of familial paragangliomas are
multifocal, compared to only 10-20% of sporadic PGLs (7).

Patients without family history present succinate dehydrogenase (SDH) muta-
tion only in 11% of cases, while those with familial history carry SDH mutation in
83% of cases. Patients without SDH mutation reportedly present a mean age of
50.3 years at diagnosis, while those with SDH mutation report a mean age of
38 years at diagnosis. Genetic testing is advised in case of CBPs, familial history,
multicentric presentation, and young age at diagnosis (8).

PGLs, together with the related pheochromocytomas, are considered the
tumors with the highest degree of hereditability in humans. Sporadic forms
account for about 60% of the cases and familial (or hereditary) forms account for
about 40% (9).The most frequently involved predisposition genes are those cod-
ing for the subunits of the SDH enzyme, a multiprotein complex composed of
proteins encoded by the SDHA, SDHB, SDHC, and SDHD genes and by an assem-
bly co-factor encoded by the SDHAF2 gene (10).

The hereditary paraganglioma pheochromocytoma syndrome is inherited in
an autosomal dominant pattern and results from mutations in one of the four
SDH genes. The SDH-related familial PGLs can be distinguished into four (10)
or five (11) types: type 1, associated with SDHD, which is of particular interest
here because SDHD is the gene most frequently mutated in HN-PGLs; type 2,
which is rare and associated with SDHAF2 mutations; type 3, which is associated
with SDHC; and type 4, which is associated with SDHB (12). Furthermore,
familial PGLs can be associated with germline mutations in other genes,
including RET, NF1, VHL, HIF2A, FH, TMEM127, and MAX, some of which are
related to syndromic entities in which PGL may be linked to other neural crest
tumors, such as multiple endocrine neoplasia (RET), von Hippel-Lindau (VHL)
syndrome, neurofibromatosis type 1 (NF1), Carney—Stratakis syndrome, and the
Carney triad (13).

However, the PGL-associated SDH gene variants have incomplete penetrance:
in the case of SDHA only 1.7%, for SDHB 22.0%, and for SDHC 8.3% (14).
Furthermore, engineered mice mutated in sdhb, the homolog of human SDHB, do
not develop any cancer (15), which suggests that SDH gene mutations per se might
not be sufficient to cause PGL.

Somatic mutations that often insist on pathways linked to PGL predisposi-
tion are clearly involved in CBP and VP, as in other PGLs. Interestingly, at the
somatic level, an exome analysis performed in 52 CBPs revealed in both heredi-
tary and sporadic cases potential tumor-associated driver mutations in genes
affecting metabolism and DNA repair, including, in order of frequency, SDHD
(13.5%), IDHI (7.7%), ARNT (5.8%), SDHC (5.8%), KMT2D (5.8%), TP53BP1
(5.8), etc. (16).
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The hyperplastic form of CBP has been mainly described in individuals living
at high altitudes and in patients suffering from chronic obstructive pulmonary
disease or cyanotic heart disease (6), which result in chronic exposure to low par-
tial pressure of oxygen. This upregulates the physiological functions of the carotid
body, which essentially monitors the fluctuating concentrations of oxygen, carbon
dioxide, temperature, and pH in the arterial blood and hence regulates the cardio-
respiratory centers in the medulla oblongata via the afferent branches of the glos-
sopharyngeal nerve. Interestingly, there is an association between environmental
hypoxia and gender: in fact, at sea level, the male to female CBP ratio is 1:1.4,
while at high altitude it decreases to 1:8.3—a phenomenon which is still unex-
plained (17). Finally, hypoxia has been proposed as a modulator of SDHB/D muta-
tions penetrance (5, 18, 19).

GROSS PATHOLOGY

Occurring in the cervical region, where they can freely expand, CBPs and VPs
come to the clinical attention as an enlarging cervical mass; at resection, their
maximum diameter generally ranges from 2 to 6 cm (20). At gross pathological
examination, these PGLs present as well-circumscribed, reddish-brown, fusiform
or globular rubbery masses, often invested by a thin continuous or partial fibrous
pseudo-capsule. However, their enucleation through a cleavage plane is rarely
possible (21), as CBPs often encase a carotid artery and infiltrate its adventitia,
while VPs infiltrate the perineuria of local nerves and may as well extend to and
infiltrate the skull base. The cut surface, due to the occurrence of hemorrhages
and fibrosis, is usually variegated rather than homogeneous, with yellow, tan, red,
and brown areas. The specimens coming to the pathologist usually consist of
quite large fragments and, notwithstanding the frequent occurrence of necrosis,
hemorrhage, and iatrogenous artifacts, a definite histological diagnosis is gener-
ally easily achievable.

HISTOPATHOLOGY

The microscopic morphology of CBPs and VPs is comparable to that of other
HN-PGLs, with subtle differences concerning features related to the generally
larger tumor size, allowed by the specific site of origin, which permits relatively
free expansion. These features include well-circumscribed profile, often with evi-
dence of a fibrous pseudocapsule (Figure 1A), rarity of bone infiltration, frequent
occurrence of extensive areas of fibrosis, presence of myelinated fibers or gangli-
onic structures peripheral to the tumor, and, lastly, size of the tumor cells, which,
in our experience, tends to be larger than in tympanojugular PGLs.

CBPs and VPs show the characteristic “zellballen” pattern, that is, a reticular
network of interlacing neuroepithelial sheets of varying thicknesses, separated
by a rich microvascular bed (Figure 1B). In the microscopic section plane, this
“zellballen” pattern takes the appearance of roundish or elongated oval
clusters of cells. The thickness of these clusters varies from about 20 microns
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Figure 1 Histological patterns of vagal and carotid body paragangliomas. (A) Vagal
paraganglioma with well-formed pseudocapsule (HE, 40x). (B) Carotid body paraganglioma:
the meshwork of chief cells is highlighted by synaptophysin immunostaining (40x).

(C) Carotid body paraganglioma: sclerotic septa and large chief cells with oncocytic
appearance (HE, 200x). (D-E) Hemangiopericytomatous patterns in carotid body
paragangliomas (HE, 40x). (F) Carotid body paraganglioma: wide variability of chromogranin
A immunostaining of chief cell.(200x).

(approximately two neuroepithelial cells) up to several hundred microns, being
highly variable, even within the same tumor. In our case series, a thin generally
incomplete pseudo-capsule was nearly constantly observed (Figure 1A), as well
as fibrosis, in the form of irregular septa between zellballens or of large sclerotic
areas (Figure 1C). The extension of the fibrotic areas may vary from 5 to 90% of
the tumor section surface. Ectatic, irregularly angulated, or arciform blood
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vessels are frequently observed, in association with both sclerotic areas and with
florid tumor parenchyma. In a few cases, the aberrant vascular network is so
prominent that it gives a “hemangioperycitomatous” pattern to the tumor
(Figure 1D, 1E). Focal hemorrhage and necrosis are common, both as a sponta-
neous event and as a consequence of preoperative embolization. Other iatroge-
nous artifacts, mainly thermal and electrosurgery-related, are present in nearly
all cases.

Cytologically, the zellballens contain a main population of “chief” (type 1) or
neuroepithelial cells, and a minor population of “sustentacular” (type 2) cells, the
latter mainly at the zellballen’s periphery. Chief cells are quite large, epithelioid,
and sometimes fusiform, with extensive, finely granular, and eosinophilic
cytoplasm, but can also be amphophylic or clear or even vacuolated. The chief
cells, identified by their immunoreactivity for chromogranin, synaptophysin
(Figure 1B, 1F), NSE, and other neuroendocrine markers, contain neurosecretory
granules, visible by electron microscopy and absent in sustentacular cells. In our
experience, synaptophysin, a marker of the envelop of these granules, is excellent
in defining the tumor structure, while chromogranin in most cases gives non-
homogeneous results, with variable immunostaining from area to area and
frequent occurrence of completely negative areas. Vimentin, a mesenchymal
marker, results always positive in all cell types, both vascular and neural, with
variable staining intensity.

In our experience, the size of the chief (neuroepithelial) cells of CBPs and VPs
ranges from 9 to 36 microns. The nuclei appear round or oval, with “salt and pep-
per” granular chromatin, without evident nucleoli. As in other neuroendocrine
tumors, there are often isolated larger, sometimes frankly “monster” cells with giant,
irregular, lobulated, and hyperchromatic nuclei, often containing vacuolar pseudo-
inclusions (Figure 2A). The cause of this phenomenon has not been clarified, but it
does not seem to be related to malignant behavior (21). Rarely the chief cells can
assume a fusiform shape, giving rise to a pseudosarcomatous pattern (21)
(Figure 2B). Overall, the sustentacular cells account for only 1-5% of the tumor
cells 21). Of supposedly Schwannian origin, these cells, characterized by an elon-
gated, endothelial-like, or quasi-stellated shape with long, subtle cytoplasmic pro-
cesses, surround chief cells aggregates and are brightly highlighted by S-100
immunostaining (Figure 2C, 2D). Their number varies even within each single
tumor (in our experience, from 15 to 60 per high-power microscopic field) and
seems to be inversely related to the thickness of the zellballen (in areas with thin
zellballens, the number of sustentacular cells tends to be higher). We believe that
small zellballen size may reflect regenerative phenomena after tissue injury. In fact,
when the zellballens are very reduced in size, the chief/sustentacular cell ratio may
decrease to 1/2 in the section surface. Variability in sustentacular cell number seems
to be greater in VPs compared to CBPs. In most cases (>60%), the proliferative
index, as investigated using the Mibl antibody, is low (<1%); in the remaining
cases, it may range from 2 to 10%. Only occasionally, and particularly near sclerotic
and/or necrotic areas, there is evidence of a high proliferative index (>10%). Chronic
inflammatory infiltrates are usually absent, except occasionally and focally, next to
areas of embolization (21). In a few VPs we observed peripheral infiltration of tron-
cular or ganglionar neural structures, but we never found bone infiltration or evi-
dence of direct vascular invasion.
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Figure 2 Atypical patterns and sustentacular cells in carotid body and vagal paragangliomas.

(A) Atypical monster cell in carotid body paraganglioma (HE, 200x). (B) Carotid body
paraganglioma with a pseudosarcomatous pattern (HE, 200x). (C) Carotid body paraganglioma
with dendritic processes of sustentacular cells highlighted by immunostaining with antibody
to S-100 (400x). (D) Carotid body paraganglioma showing dishomogeneous distribution of
the sustentacular cells, immunostained with anti-S-100 (100x).

DIFFERENTIAL HISTOPATHOLOGICAL DIAGNOSIS

Imaging data are often resolutive in diagnosing CBPs and VPs. However, histo-
pathological analysis should always rule out other tumors with similar morphol-
ogy that may occur in the cervical region. These include lymph node metastases
of neuroendocrine carcinomas, anaplastic carcinomas, melanomas, or renal cell
carcinomas, as well as medullary carcinoma of the thyroid and other thyroid and
salivary tumors with oncocytic appearance, which can mimic chief cell morphology.
In this regard, immunohistochemistry for keratins and S-100 is quickly resolutive.

METASTATIC BEHAVIOR

The incidence of metastases in HN-PGLs as a whole is lower than 5% (22) and,
among all HN-PGLs, CBPs have the lowest risk of metastasis (6, 23). Large
series of treated patients with long follow-up indicate a 2% rate of malignancy
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in CBPs (21, 24, 25). In the smaller group of VPs, the reported frequency of
metastasis varies between 7 and 10.6% (20, 21, 26). Nevertheless, the current
opinion is that all PGLs should be regarded as malignant, that is, potentially able
to metastasize, although such potential is usually very low (22, 27). The real
problem is that of stratifying the metastatic potential according to predefinable
clinical or pathological indicators. In this regard, variable criteria have been
proposed, but reliable histological parameters are not available at present.
Features such as cell “atypia,” infiltrative profile of the tumor edge, bone inva-
sion, or infiltration of vascular and neural structures (surely detrimental to the
patient) are unreliable in predicting a metastatic behavior. Even proliferative
activity does not help. Nevertheless, it is suggested that proliferative activity
data based on Ki-67 immunohistochemistry should be provided in the patho-
logical report (22).

CORRELATIONS BETWEEN GENETIC AND PATHOLOGICAL
FEATURES

An integration between histopathological and genetic data is the key for the bet-
ter management of a PGL patient. In particular, mutations in the SDH genes are
among the most relevant in defining tumor behavior and are present in sporadic
and familial cases (10). Mutations in these genes define four (10, 28) or five (11)
PGL syndromes. PGL1 syndrome, associated with mutations in SDHD, is the
most frequent in HNPGLs, particularly in CBPs (12), but CBP patients often
present also other HN-PGLs and/or phaeochromocytoma and/or sympathetic
trunk PGLs. Regardless of multiple presentation, the PGL1 syndrome confers a
low risk of metastasis. In contrast, the PGL 4 syndrome, due to constitutional
mutations in SDHB, is generally associated with single HN-PGLs, but implies
a high risk of metastasis (30-50%) (12, 23, 28, 29, 30, 31). In this regard, a
recent study of 54 patients carrying SDHB germline mutations, with a total
number of 62 HN-PGLs, revealed the presence of multiple tumors in 15% of the
cases, phaeochromocytoma in 2%, metastasis in 6%, and additional non-para-
ganglionic tumors in 6% (32). The non-paraganglionic tumors are of particular
relevance, as they include aggressive cancers, such as renal clear cell carcinoma
and gastrointestinal stromal tumors (GISTs), as well as pituitary tumors (32, 33).
These data emphasize the importance of detecting SDHB mutations in all
HN-PGLs, as they are potential drivers of metastasis, which entails more strin-
gent clinical follow-up.

Importantly, mutations in any of the SDH complex genes (SDHA, SDHAF2,
SDHC, and SDHD) lead to loss of immunohistochemical expression of the SDHB
protein, generally limited to chief PGL cells (32-34). Thus immunohistochemis-
try provides a clear indication for SDH genes testing (32). In our CBP and VP
series, SDHB immunostaining resulted positive in all the paraganglioma cell
types—in only 6 (4 CBPs and 2 VPs) of 21 cases, with a mild/moderate intensity
of staining—and negative, only in the PGL chief cells, in the remaining 15 cases
(Figure 3A, 3B). SDHA was strongly positive in all but one of the tested cases;
this case was also negative for SDHB (Figure 3C, 3D).
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Figure 3 SDH immunostaining in vagal and carotid body paragangliomas. (A, B) Vagal
paraganglioma: marked immunoreactivity for SDHA in all cell types (A) and no
immunoreactivity of chief cells for SDHB (B) (400x). (C) Carotid body paraganglioma: faint
staining for SDHB of sustentacular and endothelial cells, with negativity of chief cells
(400x). (D) Carotid body paraganglioma: moderate staining for SDHA of sustentacular and
endothelial cells, with negativity of chief cells (400x).

CLINICAL FEATURES

Both CBPs and VPs are invasive but indolent tumors. Jansen et al. (35) determined
that the average growth rate of CBPs was 0.83 mm per year, about the same as that
of other HN-PGLs. In obese patients, these tumors may go unnoticed and thereby
present in advanced stages. Both set of tumors are characteristically diagnosed by
their pulsatile nature and their limited mobility in their supero-inferior axis when
compared to the lateral axis (Fontaine’s sign) (36). They are only rarely associated
with catecholamine hypersecretion and, hence, urinary catecholamine screening
is often performed only in the presence of symptoms like tachycardia and/or
hypertension or in case of a family history of paraganglioma. Preoperative cranial
nerve paralysis is a feature of advanced lesions. Medially growing tumors may
cause swelling of the oropharynx, leading to hoarseness, dysphagia, or foreign
body sensation that are symptoms of the compression of cranial nerves IX, X,
and XII. Furthermore, these tumors can also reach the skull base and extend intra-
cranially (37, 38). Involvement of the sympathetic chain can lead to symptoms
characteristic of Horner’s syndrome (39, 40).

As mentioned earlier, VPs usually originate from the inferior vagal ganglion,
also called the nodose ganglion. When they arise from the middle and superior
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ganglia, the jugular foramen, and, possibly, the atlas, may be involved. Intracranial
extension associated with the cervical component gives rise to a dumbbell-shaped
tumor (41).

DIAGNOSTIC INVESTIGATIONS

Neuroradiological imaging methods play a pivotal role in the diagnosis and sur-
gical planning of CBPs and VPs. Contrast CT and MRI are complementary and
are the investigations of choice, since they are able to identify the anatomical
location and vascularity of these tumors. They help to differentiate PGL from
other prestyloid or poststyloid tumors and from tumors that originate from the
deep lobe of the parotid. They also provide vital information on potential intra-
cranial and/or intradural spread. Specific imaging characteristics, like salt-and-
pepper appearance in contrast MRI, are crucial to differentiate CBPs from other
tumors of the parapharyngeal space (PPS) and dictate the need for further
workup, as well as choice of surgical approach (42). CT is indicated for tumors
invading the skull base, to better delineate the details of the bony erosion and the
extension. MRI is indicated in most cases and is complementary to CT. It will be
evident radiologically that VPs are located behind the internal carotid artery
(ICA), unlike CBPs, which are found at the carotid bifurcation. VPs will be char-
acteristically found to displace both the internal and external carotid arteries
anteriorly, while the internal jugular vein is compressed and displaced posteri-
orly (43). Digital subtraction angiography is the gold standard to study ICA infil-
tration, which will be seen as stenosis of the arterial lumen. It is also useful to
detect the feeding vessels supplying the tumor, to check the collateral circulation
through the circle of Willis and to determine the status of the venous drainage of
the brain (44). It is usually performed 24— 48 h before surgery to enable embo-
lization of the feeding vessels. CBPs and VPs are also studied with functional
imaging techniques, such as 18F-fluorodihydroxiphenylalanine (18-F-FDOPA),
positron emission computed tomography (PET/TC), 18F-fluorodopamine
(18F-FDA) PET/TC, or 123I-metaiodobenzylguanidine (1231-MIBG). Positron
emission tomography (PET) is now being used successfully for these tumors,
which express large numbers of somatostatin receptors and can be helpful in the
detection of metastatic disease (37).

CLINICAL CLASSIFICATION OF CBPS

The classification proposed by Shamblin (45) has been widely accepted.
However, this classification has its limitations. To truly assess a tumor, a clinical
classification that helps in surgical planning and predicting outcomes is desir-
able, and this is where the Shamblin classification is found lacking. In fact, the
Shamblin classification is essentially an anatomical and radiological classifica-
tion that subdivides CBPs based on the encirclement of the internal and external
carotid arteries. However, the involvement of the external carotid artery
and its excision, if required, do not lead to any significant morbidity.
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Shamblin’s classification also does not predict true arterial infiltration and thereby
preoperative intra-arterial management. Luna-Ortiz et al. (46) rightly pointed
out that small tumors (Shamblin type I) might also infiltrate the carotid arteries,
thereby making excision difficult. These authors proposed a further distinction
of Shamblin type I1T into types I1la and I1Ib, wherein small tumors infiltrating the
carotid are included under type IIIb. In an attempt to make the classification
more predictive, Arya et al. (47) described Shamblin types I, II, and III tumors
according to the radiological degree of involvement of the ICA as <180°, >180°
but <270°, and >270°, respectively. However, this is at best an extension of the
existing Shamblin classification and does not accord any additional benefit in
terms of surgical management or prediction of outcome. The vertical growth of
CBPs poses a specific surgical challenge when these tumors reach the infratem-
poral fossa (skull base) and involve the carotid canal or the jugular foramen, and
also this is not addressed by the Shamblin classification. Considering this, we
propose a modification to the Shamblin classification, as shown in Figure 4,
which allows complete and systematic assessment of CBPs and the surgical plan-
ning thereafter. This classification takes into account the involvement of the ICA
and the application of intra-arterial stenting according to the infiltration of the
artery. It also takes into account the compartmentalization of the PPS into upper,
middle, and lower compartments and the extent of tumor spread accordingly.
The choice of surgical approach is determined by the extent of the spread
according to these compartments.

EMBOLIZATION

As in the case of other PGLs, also in the case of CBPs and VPs preoperative embo-
lization is supported by the fact that these are highly vascularized tumors.
However, while some authors advocate preoperative embolization (38, 41), others
donot (48, 49). In our practical experience, tumor embolization usually facilitates
gross total tumor removal, minimizes intraoperative bleeding, and decreases the
incidence of cranial nerve paralysis (50). The decision for embolization depends
on tumor size and angiographic findings. In small tumors with a minimal blood
supply, embolization is not performed. When the size ranges between 3 and 5 cm
in diameter, embolization of external carotid artery branches, such as the ascend-
ing pharyngeal and the occipital arteries, is performed.

SURGICAL TREATMENT

The factors to be considered in the treatment of CBPs and VPs are age, lower cra-
nial nerve paralysis, internal carotid artery involvement, and multicentricity. As a
general rule, in young patients, a total tumor resection must be attempted, as they
usually tolerate the loss of lower cranial nerve function; on the contrary, a wait-
and-scan policy or radiotherapy may be adopted for older patients or patients
who are not fit for surgery.
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Tumor type Description Extent Intra-arterial stenting Approach

Tumor is limited to the carotid bifurcation (lower compartment of the
parapharyngeal space)

Tumors with an angle of contact of <90 degrees with the wall of the intemal,
extemal or the common carotid

Plas T .

Transcervical

Not indicated e

Tumor is limited to the midd] ofthe space

Tumors with an angle of contact of >90 degrees but <180degrees with the
wall of the intemal, extemal or the common carotid

Class IT 2 I

Transcervieal (=
Not Indicated transparotid)
approach

Tumors extending into the upper compartment of the parapharyngeal space
+/- infratemporal fossa

Tumors with an angle of contact of 180 degrees with the wall of the intemal,
extemal or the common carotid

Class Il . .

Transcervical-
' | mdicated transmastoid
approach

Tumors extending into the upper companment of the parpharyngeal space
and infatemporal fossa
and involving the jugular bulb

Tumors with an angle of contact of >90 degrees with the wall of the intemal,
extemal or the common carotid

Class IV : .

T

@

Figure 4 Modification of the Shamblin classification.

Infratemporal Fossa

Indicated e e

Surgical planning and intra-arterial stenting of the carotid

Surgery is the treatment of choice for all neck paragangliomas, and this is reinforced
by the fact that 6-12.5% of them have a malignant potential (51). Surgical planning
involves the evaluation of (i) tumor extent, (ii) neural involvement, and (iii) ICA
involvement and possible infiltration. The extension of the tumor must be evaluated
not only in the horizontal dimensions, but also along the vertical dimension. In our
earlier report on PPS tumors, we proposed to divide this space into upper, middle,
and lower compartments (52). Such division enables us to apply appropriate
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surgical approaches to tumors in the relevant compartments. While a trans-cervical
approach (with or without a transparotid extension) may be enough to manage any
extension of the tumor into the lower or middle PPS, this is not always adequate to
manage tumors involving the upper PPS or the infratemporal fossa.

Involvement of the ICA is one of the crucial factors that determines the sur-
gical strategy for CBPs. It is best to identify the danger to the ICA due to its
relationship with the tumor and deal with it preoperatively. A significant pro-
portion of the mortality in HN-PGL surgery, reported in earlier series, was due
to injury or resection of the ICA (53). ICA manipulation can be extremely dan-
gerous, as it can result in spasm, thrombosis, rupture, massive stroke, and even
death (54, 55). The intraoperative risk of vascular injury is especially high in
irradiated or previously operated cases. The application of intra-arterial stenting
in the management of ICA has proven to be of enormous benefit to the patient,
especially in the case of Shamblin classes II and 11T tumors and complex tumors
(i.e., associated with other PGLs), and this merits to be part of the standard
protocol of CBP management. The presence of the stent greatly facilitates dissec-
tion and mobilization of the ICA (Figure 5). The greatest risk is a potential
injury at the transition point of the stented and non-stented artery, and

Figure 5 Digital subtraction angiography showing intra-arterial stenting in a case of CBT.
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minimization of traction is essential at this point. To reduce this particular risk,
we ensure that the stent covers the ICA 1 cm proximal and distal to the tumor.
Potential complications associated with lifelong antiplatelet therapy (i.e., gastro-
intestinal ulcers and mucosal bleeding) are the main drawbacks associated with
ICA reinforcement with stent. However, the risk is diminished with the low
dose of aspirin generally prescribed.

The following surgical approaches are used based on the compartmentaliza-

tion of the PPS into upper, middle, and lower PPS:

Transcervical approach (TCA) for tumors of the lower PPS—In this approach, the
posterior belly of the digastric muscle is resected, the extra-temporal facial
nerve (FN) is identified, and the styloid process is transected to allow larger
and safer access to the PPS (Figure 6).

Transcervical-transparotid approach (IC-TPA) for tumors of the middle PPS—In
addition to the TCA, this procedure includes parotidectomy with preservation
of the FN.

Transcervical-transmastoid approach (TC-TMA) for tumors of the upper PPS with a
posterior extension—In this approach, the TCA is extended to the postauricular
region, with a view to open the lateral skull base. In this procedure, the
mastoid tip is removed, leaving the VII nerve in its canal. This is followed by
infralabyrinthine dissection to expose the sigmoid sinus and the jugular bulb
in order to control the uppermost part of the tumor.

Infratemporal fossa approach-type A (ITFA-A) for tumors of the upper PPS with
extension to the vertical tract of the ICA and the jugular bulb—In this approach,
a permanent anterior transposition of the facial nerve is performed to provide
optimal exposure of the uppermost parapharyngeal ICA, the vertical portions
of the petrous ICA and the jugular foramen.

Figure 6 Intraoperative view of a massive CBP being separated from the ICA.
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CONCLUSION

CBPs and VPs are frequently associated with genetic predisposition, particularly
with mutations regarding SDH genes. As in the case of other PGLs, genetic coun-
seling is recommended since they can occur in familial forms and can have bilat-
eral or multicentric presentations. CBPs are most frequent in populations living at
high altitudes. The microscopic morphology of CBPs and VPs is comparable to
that of other HN-PGLs. Overall, they are challenging lesions to treat and no drug
therapies are currently available; however, since they are mostly non-metastatic,
surgical success rates are high if the preoperative assessment is undertaken
carefully. Preoperative endovascular intervention in the form of intra-arterial
stents in the cervical and petrous segments of the ICA has transformed the thera-
peutic management of CBPs. Stenting of the ICA gives a chance for complete
tumor removal with arterial preservation. It reduces the risk of injury to the artery
during surgery and also eliminates the need of potentially troublesome maneuvers
like permanent balloon occlusion, bypass procedures, and arterial repair or
reconstruction in case of a damage. TCA is the ideal approach for tumors of the
lower compartment of PPS, TCA/TC-TPA is the ideal approach for the middle
compartment, and TC-TMA or the ITFA type A are the ideal approaches for
the upper compartment. The use of an operating microscope combined with
bipolar cautery during surgeries leads to improved results and decreases postop-
erative complications.
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