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Abstract

Carotid paragangliomas are infrequent tumours, generally
single, non-functional and benign. Nevertheless, the biolo-
gy of these tumours occasionally means they are bilateral,
multicentric, functional and malignant. Such infrequency
and the different ways they manifest themselves pose a di-
agnostic/therapeutic challenge that is reflected in the final
outcomes.

According to the Shamblin classification, 75% of carotid par-
agangliomas are either Type | (tumour smaller than 4 cm,
weakly attached to the carotid arteries, and can be surgical-
ly excised in a straightforward manner) or Type Il (tumour
larger than 4 cm, partially surrounding the carotid arteries,
and attached to the vascular adventitia), and 25% of cases
are Type lll, completely surrounding the carotid bifurcation,
firmly attached, so vessel replacement may be considered.

Fewer than 5% of carotid paragangliomas are associated
with syndromes (e.g., von Hippel-Lindau disease and Car-
ney triad) or diseases (e.g., thyroid cancer and thymoma),
which further complicate their treatment. Morbidity and mor-
tality rates in these cases are clearly different.

This review sets out to address carotid paragangliomas
related to syndromes and diseases, with their references
being very widely distributed in the literature, with the aim
being to highlight their idiosyncrasies of clinical, diagnostic

and therapeutic interest. This has involved a systematic lit-
erature review of the Medline and Cochrane Library data-
bases up to 1 November 2019, locating 26 articles involving
a total of 37 patients.

Conclusions: 1) Patients with these exceptional combi-
nations present major clinical complexity; 2) They pose a
medical challenge, with the diagnostic strategy being vital-
ly important (search for associated synchronous and me-
tachronous tumours) together with the therapeutic process
(surgical times and priorities); and 3) There must be inter-
disciplinary cooperation across the different medical spe-
cialisms involved.
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Introduction

Although pheochromocytomas (PHEOs) and par-
agangliomas (PGs) share a common origin (neural
crest-derived chromaffin cells), they are clearly differ-
ent in terms of location (PHEOs - intra-adrenal para-
gangliomas (PGs) versus extra-adrenal ones) and bio-
logical behaviour. The term paragangliomais used for
tumours that arise from the sympathetic ganglia in the
thorax, abdomen and pelvis, as well as the parasympa-
thetic paraganglia in the head and neck. PGs account
for 0.012% of all the tumours in the body, and for 0.6%
of those located in the head and neck (80% affect the
carotid body, 15% involve the glomus-jugular bulb and
tympanic nerve, and the remaining 5% affect the vagus
nerve) [1,2].

The rate of carotid paragangliomas (CPGs) is esti-
mated to be between 1/30,000 and 1/100,000 people
[3,4], affecting more women (ratio of 2:1) in their fifties
(age range 18-94). The tumours are usually single ones
measuring < 4 cm in diameter, delimited (not attached
to the carotids), with slow growth, non-secretary, and
benign [5-7].

According to the Shamblin classification [8], 75% of
CPGs are either Type | (tumour smaller than 4 cm, weak-
ly attached to the carotid arteries, and can be surgically
excised in a straight forward manner) or Type Il (tumour
larger than 4 cm, partially surrounding the carotid arter-
ies and attached to the vascular adventitia), and Type llI
with a frequency of 25% of cases, which completely sur-
round the carotid bifurcation and are firmly attached, so
vessel replacement may be considered.

Nevertheless, these tumours’ unpredictable biologi-
cal behaviour and natural history lead to atypical forms
(e.g., bilateral, multi-centric, functional, and malignant).
Within these, there is a sub-group of CPGs related to
different syndromes (von Hippel-Lindau disease, Carney
triad, etc) and diseases (thyroid cancer, thymoma, etc),
[9-12]. In most cases, these manifestations involve dif-
ferent systems, and present two major characteristics:
a) A low rate, which means medical-surgical teams have
little experience of them, and b) Diagnostic and thera-
peutic complexity; with both situations posing a chal-
lenge for doctors and surgeons.

This review seeks to adopt a unitary approach
to these rare situations that are widely distributed
throughout the literature on CPGs, with the aim being
to understand and highlight their idiosyncrasies of clini-
cal, diagnostic and therapeutic interest.

Systematic Literature Review

This review involved methodological aspects of the
PRISMA statement [13] for a systematic approach.

Search methods: Two researchers (FSL and BGC)
and a librarian (MMB) conducted a search in Medline
(through PubMed) and the Cochrane Library (through

Lozano-Sanchez et al. Int J Rare Dis Disord 2020, 3:024

Wiley) from their first records through to the end of the
search (1 November 2019). No language restrictions
have been applied, nor in terms of type of publication or
date of the same. The search was conducted in English.

Inclusion criteria: The following keywords (MESH
terms) were used: “Carotid Body Tumour”, “Carotid
Paraganglioma”, “von Hippel-Lindau disease”, “Multiple
Endocrine Neoplasia-type 2”, “Neurofibromatosis-type
1”7, “Carney triad”, “Hereditary tumor syndrome”, “In-
herited syndromes”, “Parathyroid adenoma”, “Astrocy-
toma”, “Thyroid carcinoma”, “Papillary thyroid carcino-
ma”, "Pituitary tumours”, “Acromegaly”, and “Thymo-

”

ma.

Exclusion criteria: a) Sporadic form to PGs, as these
are the most frequent cases; b) Familiar form to PGs,
relatively frequent cases, and related to PGL syndromes
(PGL1 to PGL4). Our experience of the sporadic and fa-
miliar forms of CPG has recently been reported [14]; c)
CPGs detected in infancy or during pregnancy, as there
are recent reviews on the matter [15-19]; and d) CPGs
associated with another extracranial ipsilateral carotid
pathology (stenosis or aneurisms), as a recent review
has been conducted by our group [20].

Data collection and analysis: A search has been
made for CPGs related to form involving multiple sys-
tems - syndromes and diseases, which are to be found
throughout the corresponding literature, with the aim
being to highlight and understand their clinical, diagnos-
tic and therapeutic interest.

The search found 457 potential publications, of
which 229 were duplications. A reading of the titles and
abstracts of the remaining 228 publications, examined
separately by two researchers (FSL and BGC), led to 194
references being discarded. This meant that only 34
articles were considered relevant for our review. Fol-
lowing a reading of the full manuscripts, a further eight
articles were discarded because they dealt with aspects
that were collateral to the search’s core purpose. Fi-
nally, this review considered 26 publications (Figure 1).
This low number, which is in turn spread across differ-
ent syndromes and pathologies, does not permit the ap-
plication of criteria of meta-analysis.

Results

The 26 articles selected [21-46] involve a total of 37
patients with a CPG associated with different syndromes
and diseases (Table 1).

The articles included are basically reports on individ-
ual cases (12 in Europe, 10 in the US, and one in China),
and short series (one in the US, and two in Mexico). Ex-
cept for two written in German and Spanish, all the oth-
ers are in English. The article in German was translated
in full into English.

This review is divided into two main groups: a) CPGs
related to syndromes (n = 17): Five to HLD, one to MEN-

e Page 2 of 11 e



https://doi.org/10.23937/2643-4571.1710024

DOI: 10.23937/2643-4571.1710024

ISSN: 2643-4571

Medline and Cochrane
Library up to Nov 1, 2019 | -
457 Potential Reports

228 Non-Duplicate
Citation Screened

Inclusion/Exclusion
Criteria Applied

34 Articles Retrieved

Inclusion/Exclusion
Criteria Applied

26 Articles Included

Figure 1: Literature review flowchart.

229 Duplicate Items

194 Articles Excluded
after Title /Abstract Screen

8 Articles Excluded
after Full Text Review

2, one to NF-1, nine to the Carney triad, and one to
the CSS; and b) CPGs related to other diseases/no syn-
dromes (n = 20): Two to parathyroid adenomas, one to
astrocytomas, nine to thyroid cancer, six to pituitary tu-
mours, and two to thymomas.

Table 2 describes the characteristics by groups as fol-
lows:

e Gender: Nine males/15 females. This aspect was not
reported in any of the other cases (13 patients).

e Patients’ average age at the time of the report: 41.9,
with the younger ones in the syndromes group (29.5
vs. 46.1) (p = 0.012). No differences between gen-
ders.

e Characteristics of the CPGs: 10 bilateral cases (27%),
a malignant one (2.7%) and one catecholamine se-
cretor (2.7%).

e Synchronous or metachronous PG/PHEO (not includ-
ing bilateral CPGs): 11 patients (29.7%); eight PHEOs

Lozano-Sanchez et al. Int J Rare Dis Disord 2020, 3:024

(three of them bilateral) and 14 PGs with a differ-
ent location in six patients (one patient with seven
PGs and a bilateral PHEO). Greater frequency in syn-
dromes (35.3% vs. 25%).

Other tumours unrelated to the disease itself: Nine
patients (45%), all in the group unrelated to syn-
dromes; there were mostly adenomas, with different
locations.

Genetic study: 10 positive cases out of the 12 report-
ed.

Resection of the CPG: This was performed in 19 of the
22 cases reported (the three unoperated cases were
as follows: One rejection of surgery, one surgery un-
der way, and one patient deceased before surgery).
The surgery performed on tumours associated with
the CPG was usually sequential before or after the
CPG (there are numerous cases of 3-4 sequential sur-
gical procedures). There are only two reported cases
of simultaneous surgery (CPG and thyroids).
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Table 2: Carotid paragangliomas (CPG) related tosyndromes and diseases. Literature review.

CPG & Syndromes CPG & Diseases Total
Cases, n 17 20 37
Gender, male/female 3/3 (11 NR) 6/12 (2 NR) 9/15 (13 NR)
Age, mean’ 29.5+5.0 (11 NR) 46.1 + 3.6 (2 NR) 419+ 3.9 (13NR)
Age, mean (male/female) 28.3/30.7 45.8/46.1 40.0/43.1
CPG bilateral, n (%) 2 (11.8%) 8 (40.0%) 10 (27.0%)
CPG malignant, n (%) 1(5.9%) 0 1(2.7%)
CPG functional, n (%) 1(5.9%) 0 1(2.7%)
Other PGs/PHEO, n (%) 6 (35.3%) 5 (25.0%) 11 (29.7%)
Other tumours, n (%)” 0 8 (40.0%) 8 (21.6%)
Genetic studies (positive) 3/3 (14 NR) 7/9 (11 NR) 10/12 (25 NR)
CPG surgery, n/total 6/7 (10 NR) 13/15 (5 NR) 19/22 (15 NR)
Mortality reported NR 2 cases 2 cases

CPG: Carotid Paraganglioma; PHEO: Pheochromocytoma; NR: Not reported.
"Age in CPG & Syndromes vs. CPG & Diseases: p = 0.012 (Student’s t-test).

“Unrelated to these syndromes or diseases.

Table 3: Multi-tumour and carotid paragangliomas (CPG) related tosyndromes and diseases. Literature review.

N patients

CPG & Syndromes - Genetic +/ -/ NR CPG & Diseases - Genetic +/ -/ NR

Total

With multi-tumours 4 (23.5%)1/0/3
6 (35.3%). 2/0/4

7 (41.2%) 0/0/7

Without multi-tumours

Not reported

15 (75%)"9/0/6 19 (51.4%) 10/0/9
5 (25%) 1/2/2 11 (29.7%) 3/2/6
0 7 (18.9%) 0/0/7

Total cases 17

20 37

“Included bilateral CPG, other PGs and other tumour unrelated to these syndromes.
“Included bilateral CPG, other PGs/PHEOs and other tumour unrelated to these diseases (e.g., adenomas).

NR: Not reported.

CPG & Syndromes vs. CPG & Diseases: p < 0.001 (chi-squared test).

e Mortality: Recorded in only two cases. All other cas-
es being monitored/not reported.

Table 3 shows the high number of patients with
tumours unrelated to these syndromes/diseases; in-
cluding bilateral CPGs and other PGs/PHEOs and other
tumours (e.g., adenomas, leiomyomas, etc). There is a
difference between the two groups (p < 0.001).

Discussion

PGs in general and CPGs in particular are infrequent
tumours; in fact, the number of CPGs reported in Med-
line/PubMed does not exceed 5,000 patients [5,47].
However, despite their low rate, the PGs that affect the
carotid body are the most common among those in the
head and neck.

The majority of CPGs are single tumours, Types | or I
of the Shamblin classification (and therefore resectable
without affecting the carotid axis), non-secretory and
benign; with expert treatment, this normal presenta-
tion leads to excellent results. According to Al-Mefty
and Teixeira [48], the remaining CPGs are complex, with
one or more of the following characteristics: Very large,
attached to the carotid arteries (non-resectable or re-

Lozano-Sanchez et al. Int J Rare Dis Disord 2020, 3:024

quiring vascular repair) (i.e., Shamblin’s Type lll), se-
cretory (functional), multiple (including bilateral CPGs),
malign, residual/recurrent, treated by radiotherapy,
with adverse effects with embolization, etc. Morbidi-
ty and mortality rates are clearly different in complex
CPGs compared to simple ones. This latter group in-
cludes CPGs associated with syndromes (e.g., HLD), and
other pathologies (e.g. thyroid cancer), which inform
this review.

While the different forms of manifestation of com-
plex CPGs account for 1/4 of all CPGs, those associated
with syndromes and diseases are so rare that they in-
volve only a handful of individual cases or, exceptional-
ly, short series; an estimate of their frequency could be
around 0.8% of overall CPGs (the 37 cases in this review
out of the 5,000 CPGs reported in the literature) or the
3% of complex CPGs (37 out of 1,250 complex CPGs).

The embryological origin of PGs is the neural crest,
involving tumours in the diffuse neuroendocrine system
(formerly APUD). For this reason, and although many
are exceptional cases, and somewhat fewer among fa-
miliar forms, CPGs have been described associated with
diverse clinical situations. The latest way of classifying
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Table 4: Etiological/Molecular Classification of PGs of the Head and Neck'.

1. Sporadic forms (the most frequent ones; there is a possibility of concealed paraganglioma)
2. Familial forms (relatively frequent) related to PGL syndromes:

- PGL1 (mechanism detected in SDHD gene). Frequency in multicentric PGs.

- PGL2 (genetic mechanism in SDHAF2 gene)

- PGL3 (mechanism detected in SDHC gene)

- PGL4 (mechanism detected in SDHB gene). Frequency in malignant forms.

3. Forms involving multiple systems (exceptionally associated with head and neck PGs):
3.1. Associated with syndromes:

- Von Hippel-Lindau (VHL) disease (mechanism detected in VHL gene)

- Multiple endocrine neoplasia type Il (mechanism detected in RET gene)

- Neurofibromatosis type | (mechanism detected in NF1 gene)

- Carney’s triad (unknown genetic mechanism, it may be familial)

3.2. Not associated with syndromes (unknown genetic mechanisms):

- Parathyroid adenoma

- Astrocytoma

- Thyroid carcinoma

- Pituitary tumour

4. Unknown associations: Thymoma

PGs, paragangliomas.
"Modified of Baysal, 2001 [9] and Offergeld, et al. 2012 [12].

Table 5: Syndromes related to PHEOs/Paragangliomas. Summary.

Description: Panas and Remy (1879). Eugen von Hippel (1895) and Arvid Lindau (1926).
Infrequent: 1/36,000 population.

Autosomal dominant hereditary character.

Mechanism detected: VHL gene mutation.

Type | (most common form; not PHEQ); types IIA and IIB (including PHEO).

Lesion in HLD Location

Cysts Kidney, adrenal medulla, liver, lung, epididymis, omentum
Adenomas Adrenal cortex, liver, kidney, exocrine pancreas
Hemangioblastomas Cerebellum, retina, kidney, pancreas

Neoplasms PHEQ, islet cell tumour, meningioma, renal adenocarcinoma

Miscellanea Polycythaemia, syringomyelia, etc.

Multiple Endocrine Neoplasia-type Il (MEN-2) [29,49]

Two subtypes: MEN-2A (Sipple syndrome, 1961) and MEN-2B (1965).
Prevalence: 1/40,000.

Mechanism detected: RET gene mutation.

MEN-2A MEN-2B (marfanoid habitus)
Medullary thyroid cancer (100%) Medullary thyroid cancer (100%)
PHEO (40-50%) PHEO (50%)

Parathyroid hyperplasia (20-30%) Multiple mucosal neuromas (> 95%)

Neurofibromatosis-type 1 (NF1) [39,50]

Synonymous: Von Recklinghausen disease.

Prevalence: 1/3,000-4,000.

Autosomal dominant hereditary character.

Mechanism detected: NF1 gene mutation.

Clinically, tumours (neurofibromas) form in nerve tissues at the following levels:
a) Deep layer of skin (subcutaneous tissue).

b) Nerves of the brain (cranial nerves) and spinal cord (nerves or spinal pairs).

Lozano-Sanchez et al. Int J Rare Dis Disord 2020, 3:024
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Carney triad [27,28,49]

Description: Carney (1977).

Prevalence: Unknown.

No inherited cases.

Mechanism detected: Unknown. Genetic defect remains elusive.

Triad: Gastrointestinal stromal tumours (GISTs) + PGs + Pulmonary chondromas.
Others lesions: Oesophageal leiomyomas, adrenocortical adenomas, PHEOs.

Metastasis occurred in 10% of the patients.

Carney-Stratakis Syndrome (CSS) [36,51]
Description: Carney and Stratakis.

Prevalence: < 1/1,000.000 (probably more frequent than Carney triad).

Inherited autosomal dominant.

Mechanism detected: Germinal mutations SDHB, C and D genes, but not KIT or PDFGRA).

Dyad: GISTs + PGs. Not pulmonary chondromas.

PGs: Paragangliomas; PHEOs: Pheochromocytomas.

head and neck PGs, which logically include CPGs, is con-
ducted from an etiological/molecular perspective [9,12]
with our interest focusing on those forms that involve
multiple systems, and which are exceptionally associat-
ed with a PG (Table 4).

There are, in this sense, several syndromes (HLD,
MEN-2B, NF1, Carney triad and CSS) related to PG/PHEO
in general and PGC in particular, whose more salient as-
pects are shown in Table 5. Although these syndromes
cannot be grouped, it may be said that they are all rare
and the majority are hereditary, and a genetic mutation
has been identified as their mechanism. It may also be
affirmed that clinically speaking they are defined by the
appearance of different tumours, which appear in dif-
ferent organs, at an early stage and throughout a pa-
tient’s lifetime (metachronous).

CPGs very rarely occur in these syndromes. HLD
[30,32,35,41,45] and the Carney triad [27,28,43] are the
least rare situations (five and nine cases, respectively).
They reflect the complexity of these associations, which
prompt the need to detect the different tumours, estab-
lish therapeutic priorities, and always make joint treat-
ment decisions with other specialisms.

A second group of pathologies associated with CPGs
contains parathyroid adenomas, astrocytomas, thyroid
carcinomas and pituitary tumours. These situations also
involve multiple systems, although they are not associ-
ated with syndromes such as the aforementioned ones.
There is currently no evidence whatsoever regarding
the possible existence of some form of genetic mech-
anism.

The most frequent situation is the association be-
tween a CPG and thyroid papillary cancer - the most
common anatomopathological form of thyroid cancer.
We have found nine, with highlights being the major
personal pathological antecedents (multicentric CPGs,
simultaneous PHEO, tumours in other locations, etc.)
which logically further complicate these patients’ treat-
ment [21,22,26,31,34,38,46]. Simultaneous surgery

Lozano-Sanchez et al. Int J Rare Dis Disord 2020, 3:024

(thyroids and CPG) has been performed successfully
on two occasions [22,24]; the resection of a CPG and a
full thyroidectomy in the same successful surgical pro-
cedure has also been reported in situations involving a
benign pathology of the thyroids [52]. Nevertheless, the
decision to perform concomitant or sequential surgery
on these patients should always be made on a case-by-
case basis.

Finally, when the first mention was made in 2000 of
the coexistence of a CPG and a thymoma, a situation
that had not been described before, the authors won-
dered whether it was a random finding [40]; neverthe-
less, a possible common neuroectodermic origin may
explain the coexistence of the CPG and multiple endo-
crine tumours. Despite the scant existing experience,
both tumours can be successfully removed [24].

The low frequency and highly varied clinical mani-
festation of CPGs (biology and natural history) render
these associations extremely unusual, and they clearly
pose a diagnostic and therapeutic challenge for doctors.
This is reflected in the experience of the Mayo Clinic
(Rochester, Minnesota), which in one of the broadest
PG series in the literature (236 patients, including 117
CPGs) records the following casuistry: Five PGs associ-
ated with HLD (2.1%), one PG associated with MEN-2B
(0.4%), and four PGs forming part of the Carney triad
(1.5%) [29].

In short, CPGs are infrequent tumours, of which ap-
proximately 25% are complex cases; they include situ-
ations that are even more exceptional (the syndromes
and pathologies described in this article) with around
1% of the CPGs (3% of the complex CPGs).

The diagnostic and therapeutic strategy is crucial in
these cases. The complexity of these associations, some-
times multiple and rare, means there is no diagnos-
tic-therapeutic consensus in the literature, and decisions
need to be taken on a case-by-case basis. Table 6 presents
some general criteria accordingly: The mandatory need
to find functional and supposedly malignant tumours,
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Table 6: Carotid paragangliomas (CPG) related tosyndromes and diseases.

Relevant aspects

* Associations of complex etiopathogenesis. Not fully clarified.
» Lack of specific diagnostic and therapeutic protocols.

Diagnostic and therapeutic strategy (some aspects)

* Individualise therapeutic priorities: functional tumours?
* Interdisciplinary collaboration.

* Follow-up throughout life (metachronous tumours).

« Variable prognosis. There are situations of malignancy.

* Associations very infrequent, but situations do exist. Need for more knowledge.

» Search for tumours of various kinds, synchronous and metachronous.
« Functional situations (catecholamine secretion) and malignancy situations.

prioritising the treatment of functional tumours, and the
need for interdisciplinary approaches and monitoring be-
cause of the possibility of metachronous tumours.
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