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Paragangliomas (PGL) are rare tumors, with an estimated 
incidence of 1:30,000 cases annually1 and representing 
less than 1% of all head and neck tumors.2 Head and neck 
paraganglioma, also known as glomus tumors, arise from 
the parasympathetic paraganglia of the skull base and 
neck.3 Tumors of the carotid body occur most frequently, 
constituting approximately 60% of head and neck para-
gangliomas, with a lesser incidence of tumors of the tym-
panic, jugular, and vagal paraganglia.4 Sympathetic 
paraganglioma and pheochromocytoma are known for 
excess production of catecholamines while head and neck 

paraganglioma tend to be nonsecreting.5 Additionally, 
parasympathetic paraganglioma are highly vascularized 
and slow-growing, and often present as painless masses 
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Abstract
This study examines whether surgical resection of carotid body tumors (CBTs) is acceptable in light of potential 
significant neurologic complications. This IRB-approved retrospective study analyzed data from 24 patients undergoing 
surgical treatment for CBTs between April 1998 and April 2017 at Mayo Clinic (Florida campus only). For patients who 
underwent multiple CBT resections, only data from the first surgery was used in this analysis. CBT resection occurred in 
24 patients with the following demographics: fourteen patients (58.3%) were female, median age was 56.5 years, median 
BMI was 29. A prior history of neoplasm was found in ten patients (41.7%). A known family history of paraganglioma 
was present in five patients (20.8%). Two patients were positive for succinate dehydrogenase mutation (8.3%). Multiple 
paragangliomas were present in seven patients (29.2%). There was nerve sacrifice in three patients (12.5%) during 
resection. Carotid artery reconstruction and patch angioplasty occurred in one patient (4.2%). Complete resection 
occurred in 24 patients (100.0%). Postoperatively, one patient (4.2%) suffered stroke. No mortalities occurred within 
or beyond 30 days of surgery. Persistent cranial nerve injury occurred in two patients (8.3%) with vocal cord paralysis. 
There was no recurrence of CBT through last follow-up. Five patients (20.8%) were diagnosed with other neoplasms 
after resection, including basal cell carcinoma, contralateral carotid body tumor, glomus vagale, and glomus jugulare. 
There was 100% survival at 1 year in patients followed for that time (n = 17). Surgical treatment remains the first-line 
curative treatment to relieve symptoms and ensure non-recurrence. While acceptable, neurologic complications are 
significant and therefore detailed preoperative informed consent is mandatory.
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and/or with symptoms due to the pressure of the enlarging 
tumor on other structures.1

Clinical presentation varies by location and type- carotid 
body tumors and glomus vagale often present as a painless 
neck mass perhaps with hoarseness.6 Genetic predisposi-
tion and markers for these tumors have recently been the 
subject of several studies, and hereditary syndromes are 
often seen in younger patients with multiple tumors.1 
However, incomplete penetrance of mutations can result in 
the masking of hereditary syndromes.2,5–7

Treatment is usually determined on a case-by-case basis, 
and through factors such as symptomaticity, malignancy 
(though often benign), size, location, and degree of involve-
ment with important blood vessels and nerves. Surgical 
resection is the mainstay of treatment for symptomatic, 
multiple, and larger tumors, with radiotherapy and surveil-
lance used in cases where the risk of this treatment out-
weighs the benefits.8,9

In this study, we present the characteristics and out-
comes of patients undergoing surgical resection of carotid 
body tumors at our institution in the past 20 years.

Methods

This was a retrospective analysis of characteristics of 24 
patients presenting with carotid body tumors (CBTs) and 
who underwent surgical treatment at Mayo Clinic Florida 
between April 1998 and April 2017. Thirty-three patients 
with carotid body tumors were initially identified; of these, 
24 patients (72.7%) underwent surgical intervention as pri-
mary treatment. Two of these patients presented with syn-
chronous contralateral paragangliomas which were 
separately resected in subsequent surgeries at the same 
institution. However, only the first surgery was included in 
this analysis.

After IRB approval, the demographics, comorbidities, 
disease presentation, intraoperative characteristics, and 
post-operative outcomes of patients undergoing surgical 
intervention as primary treatment were collected from the 
medical records and analyzed. Due to values describing 
several tumor characteristics being asymmetrically distrib-
uted around the mean, data for continuous variables is 
reported as both a mean and standard deviation (SD), as 
well as median and interquartile range (IQR).

Results

At our institution, surgery was primary treatment for the 
majority of patients identified with carotid body tumor 
(72.7%). Surveillance was not medically recommended 
but elected by three patients (9.1%). These patients did 
not return for follow-up despite efforts by the institution 
to reestablish care. Five additional patients (15.2%) were 
lost to follow-up after diagnosis and prior to treatment 
election.

Radiotherapy was chosen as primary treatment for one 
patient (3.0%) as surgical resection was likely to result in 
severe morbidity that outweighed the benefits of excision.10,11 
After treatment, the patient had a fairly stable tumor with 
minimal growth for several years, however, later the patient 
developed moderate dysphonia, dysphagia, xerostomia, and 
persistent oral mucositis.

Patient demographics and comorbidities

The median age of the surgical population was 56.5 years, 
with an age range of 20–83 years. Fifteen patients (62.5%) 
suffered from multiple comorbidities prior to surgery, and 
hypertension and dyslipidemia were the most frequently 
diagnosed comorbidities. Full demographics and comor-
bidities are presented in Table 1.

A total of 10 patients (41.7%) had a prior history of neo-
plasm, including colon cancer, skin cancer, tubular ade-
noma, prior paraganglioma, breast cancer, and renal tumors 
(data not shown). One 47-year-old female presented with a 
familial history of CBT and had previously undergone sur-
gical resection of CBT and radiotherapy for recurrent glo-
mus jugulare.

Five patients (20.8%) had a known family history of 
paraganglioma; these patients had a median age at surgery 
of 33 years with a range of 21–59 years (data not shown). 
Three patients underwent genetic testing, with two positive 
for SDH mutation (SDH-B/C and SDH-D). The SDH-
positive patients presented at ages 33 and 49; the first with 
a family history of carotid body tumor, and the second with 
no known family history of paraganglioma, prior treatment 
for GIST and presenting with multiple tumors (both carotid 
body and glomus vagale tumors).

Disease presentation and preliminary 
workup

Twelve patients (50.0%) were symptomatic at presentation. 
The most frequent initial complaint was neck mass in 
45.8% of patients (Table 2). Cranial nerve dysfunction was 
present in seven patients (29.2%).

Computed tomography was the most frequently used 
imaging (Table 2, Figure 1(a)). Seven patients (29.2%) 
were found to have multiple paraganglioma, three patients 
with both carotid body tumor and glomus vagale, two 
patients with bilateral carotid body tumors, and two patients 
with glomus jugulare and carotid body tumors (only carotid 
body tumors were resected in these patients).

In a third of patients, carotid body tumors were inciden-
tal findings usually via radiology. However, two patients 
were discovered to have carotid body tumors during unre-
lated workup, including carotid endarterectomy and oro-
pharyngeal carcinoma resection.

Median tumor size for all patients was 2.0 cm with a 
range from 1.0 to 5.2 cm (Table 2). All resected tumors 
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were considered benign by pathology. Most patients 
(62.5%) had Shamblin Class II tumors. One patient with 
bilateral carotid body tumors had Shamblin class I and II 
tumors. Of the two patients undergoing resection of both 
carotid body tumor and glomus vagale (n = 2), one patient 
had a Shamblin class I carotid body tumor and the second 
patient had a Shamblin class II carotid body tumor.

Procedural characteristics

Two patients underwent more than one surgery at this institu-
tion as a result of tumors presented within the study time 
period (Table 3), however, only the characteristics of the first 
surgeries are reported here. The majority of patients under-
went preoperative angiography (70.8%) (Figure 1(b)). 
Preoperative embolization and balloon occlusion testing were 
conducted in five patients (20.8%). Our protocol for preop-
erative embolization applied to larger tumors, usually greater 
than 3 cm in size. The mean tumor size in patients with embo-
lization was 3.6 and 2.1 cm in patients without embolization. 
There was no difference in blood loss in patients receiving 
embolization versus patients who did not receive emboliza-
tion. However, median operative time was 147 min in patients 
who underwent embolization versus 118 min in the remaining 
patients (Median operative time in all patients was 124 min). 
One patient with bilateral carotid body tumors suffered stroke 
after balloon occlusion testing but was able to undergo resec-
tion and had no functional limitations at last follow-up visit.

In our series, either subadventitial or periadventitial 
approaches to resection were employed by surgeon prefer-
ence. Sacrifice of cranial nerves occurred only when neces-
sary for full resection of the tumors. Intraoperatively, nerve 
sacrifice occurred in three patients (12.5%)—the hypoglos-
sal nerve in two patients, and the pharyngeal plexus 
branches in one patient. Carotid artery reconstruction and 
patch angioplasty was required in one 20-year-old male 
with a 4.2 cm carotid body tumor that was densely adherent 
to the internal carotid artery and required the transposition 
of the internal carotid artery to the external carotid artery.

Complete resection was achieved in 100% of patients. 
Procedural data is fully detailed in Table 3.

Postoperative outcomes

Sensory changes were the most frequently reported com-
plaint post-operatively (41.7%) (Table 4). Permanent cra-
nial nerve injury and vocal cord paralysis were seen in two 
patients (8.3%), one of whom underwent subsequent thy-
roplasty. One patient was noted to have hypoglossal nerve 
sacrifice, however, there was no noted nerve sacrifice in the 
second patient. In total, four patients (16.7%) experienced 
hypoglossal nerve palsy. In three of these patients, nerve 
sacrifice was reported. The palsy resolved in three of the 

Table 1. Patient demographics and comorbidities.

Variable Total, N = 24

Male 10 (41.7%)
Age at surgery, years
 Mean ± SD 53.2 ± 18.4
 Median (Q1, Q3) 56.5 (40.5, 67.5)
 Range 20–83
BMI, kg/m2

 Mean ± SD 29.4 ± 5.2
 Median (Q1, Q3) 29.0 (25.7, 31.4)
 Range 21.1–41.8
Comorbidities
 Multiple comorbidities 15 (62.5%)
 Hypertension 12 (50.0%)
 Dyslipidemia 10 (41.7%)
 Coronary artery disease 2 (8.3%)
 Diabetes 2 (8.3%)
 Stroke 2 (8.3%)
 Thrombocytopenia 1 (4.2%)
 Other vascular disease 1 (4.2%)
Neoplasm history 10 (41.7%)
Neoplasm treatment history 10 (41.7%)
Known family history of paraganglioma 5 (20.8%)
Genetic testing 3 (12.5%)
SDH + mutation 2 (8.3%)

Table 2. Disease presentation and preliminary workup.

Variable Total, N = 24

Initial complaints
 Neck mass 11 (45.8%)
 Lymphadenopathy 4 (16.7%)
 Hoarseness/laryngitis 2 (8.3%)
 Stroke 1 (4.2%)
 Vocal cord paralysis 0 (0%)
 Other (nausea, weight loss, and sore throat) 1 (4.2%)
Symptomatic 12 (50.0%)
Cranial nerve dysfunction 7 (29.2%)
Radiology
 CT 19 (79.2%)
 MRI 13 (54.2%)
 US 6 (25.0%)
 PET 3 (12.5%)
 Octreoscan 2 (8.3%)
Multiple tumors 7 (29.2%)
Bilateral tumors 4 (16.7%)
Incidental finding 8 (33.3%)
Tumor size by pathology, cm
 Mean ± SD 2.4 ± 1.1
 Median (Q1, Q3) 2.0 (1.5, 2.6)
 Range 1.0–5.2
Benign 24 (100%)
Shamblin class
 I 7 (29.2%)
 II 15 (62.5%)
 III 2 (8.3%)
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four patients. A smaller incidence of dysphagia (8.3%), 
hypertension (8.3%) and stroke (4.2%) occurred postopera-
tively. Stroke occurred in an 83-year-old female with inci-
dentally discovered CBT during workup for carotid artery 
stenosis (78% stenosis of the right internal carotid artery) 
and hemispheric stroke. Carotid endarterectomy was then 
performed concurrently with carotid body tumor resection. 
Postoperatively the patient had cerebrovascular accident 
that resulted in left-sided weakness. The patient was dis-
charged to an inpatient rehabilitation facility and eventually 
returned home. There were no 30-day mortalities, and all 
patients were alive at last follow-up. No tumor recurrence 
was noted in any patients.

Five patients (20.8%) underwent subsequent surgeries for 
paraganglioma identified prior to the first surgery or diagnosed 

at a later date. Five patients (20.8%) were diagnosed with 
additional neoplasms after initial surgery: basal cell carcinoma 
(two patients), contralateral carotid body tumors (two patients), 
glomus vagale, and glomus jugulare (one patient).

Figure 1. (a) Computed tomography showing a large carotid body tumor splaying the internal and external carotid arteries. (b) 
Preoperative angiography of a patient with a large carotid body tumor splaying the internal and external carotid arteries.

Table 3. Procedural characteristics.

Variable Total, N = 24

Multiple surgeries 2 (8.3%)
Preoperative angiography 17 (70.8%)
Preoperative embolization 5 (20.8%)
Balloon occlusion test 7 (29.2%)
Nerve sacrifice 3 (12.5%)
Carotid artery reconstruction 1 (4.2%)
Patch angioplasty 1 (4.2%)
Complete resection 24 (100%)
Blood loss (mL)
 Mean ± SD 65.7 ± 80.5
 Median (Q1, Q3) 50.0 (25.0, 75.0)
 Range 10–400
Operative time, minutes
 Mean ± SD 140.4 ± 56.0
 Median (Q1, Q3) 123.5 (99.0, 154.5)
 Range 75–275

Table 4. Postoperative outcomes.

Variable Total, N = 24

30-day complications
  Sensory changes (neck/face pain, 

numbness, pulsatile tinnitus, and tingling)
10 (41.7%)

 Hypoglossal nerve palsy 4 (16.7%)
 Vocal cord paralysis 2 (8.3%)
 Cranial nerve injury (permanent) 2 (8.3%)
 Hypertension 2 (8.3%)
 Dysphagia 2 (8.3%)
 Stroke 1 (4.2%)
 Death 0 (0%)
 Othera 5 (20.8%)
 None 5 (20.8%)
Paraganglioma recurrence 0 (0%)
Other neoplasm diagnosis 5 (20.8%)
 Basal cell carcinoma 2 (8.3%)
 CBT contralateral 2 (8.3%)
 Glomus vagale and glomus jugulare 1 (4.2%)
Multiple surgeries for paraganglioma 5 (20.8%)
Post-operative imaging 12 (50.0%)
Follow-up duration, days
 Mean ± SD 627.4 ± 1201.1
 Median (Q1, Q3) 248.0 (20.5, 747.5)
 Range 7–5845
1-year survival (n = 17) 17 (100%)
2-year survival (n = 12) 12 (100%)
5-year survival (n = 5) 5 (100%)

aHematoma, hoarseness, mouth droop, smile asymmetry, and submental 
lymphedema.
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Median follow-up duration was 248 days. There was 
100% survival in patients still followed at 1-, 2-, 5-year 
periods.

Discussion

Surgery has been the gold standard for curative treatment of 
carotid body and tumors, with high reported rates of local 
control (94%–100%),12 although there is significant risk of 
injury to the carotid arteries and cranial nerves due to tumor 
location.13,14 Our study showed that these adverse outcomes 
occurred at acceptably low rates.

Gordon-Taylor (1940) described a subadventitial 
approach that is used for Shamblin classes I and II where 
the tumor is more easily dissected.14,15 In our series, both 
subadventitial or periadventitial approaches to resection 
were employed, and no complications with the vasculature 
were evident on available post-operative imaging and fol-
low-up. However, surgical techniques that remove or 
weaken the carotid adventitia during resection of head and 
neck cancers have been critiqued as increasing the likeli-
hood of carotid artery rupture, especially if the patient 
receives radiation.16–18 Pseudoaneurysm may also be a 
complication of the weakening of the carotid artery wall.19 
Subadventitial dissection would potentially have a higher 
likelihood of leading to pseudoaneurysm and rupture. 
Given a history of or the potential use of anti-cancer thera-
pies, a periadventitial surgical approach is recommended to 
avoid weakening the vasculature.

Two patients in our study had a history of radiotherapy 
to the neck area for treatment of other neoplasms (glomus 
jugulare, oropharyngeal cancer) and two patients received 
chemotherapy in the past for colon cancers. Chemotherapy 
may contribute to vascular toxicity by causing endothelial 
damage and dysfunction.20,21 Radiation has been shown to 
induce aneurysm and carotid artery rupture.17,22,23 Radiation 
has also been linked to adverse effects including mucositis, 
xerostomia, dysphagia, dysphonia, nerve paralysis, coro-
nary artery disease, carotid artery stenosis, cerebrovascular 
accident, and radiation-induced cancer.24–30 However, radi-
otherapy is used for head and neck paraganglioma when the 
risk of morbidity from resection is high, particularly in non-
CBT paraganglioma.11,31 Valero et al.31 recently reported 
treatment outcomes of 103 patients with head and neck 
paraganglioma (68 with CBTs, 35 with non-CBTs). Stable 
disease or partial regression was reported in all patients 
treated with radiotherapy (10/103); dermatitis and mucosi-
tis occurred in 40% of these patients. Twenty patients 
elected surveillance; 30% of these patients later required 
active treatment due to tumor progression. This result was 
noted within the 21%–58% range of reported tumor pro-
gression during surveillance in similar studies. Vagus nerve 
dysfunction was the most common long-term functional 
outcome in both surgical and radiotherapy groups (28.2% 
in 103 patients; 5.9% in CBT group vs 71.4% in the 

non-CBT group), and cranial nerve deficits were mostly 
seen in the non-CBT group. The study concluded that surgi-
cal resection was effective treatment for CBT, and non-
surgical treatments should be considered for non-CBT head 
and neck paragangliomas. Mendenhall et al.32 also recently 
reported high rates of long-term local control after fraction-
ated radiotherapy for head and neck paragangliomas (44 
CBTs of 176 benign head and neck paragangliomas). There 
were no radiation-induced malignancies or severe compli-
cations resulting in surgery or death. Six patients developed 
progression of tumor and/or metastasis at a median 
6.8 years, resulting in death in three patients. Ninety patients 
initially presented with cranial nerve deficits, which 
resolved in six patients. An acknowledged limitation of the 
study was a lack of post-treatment assessment of the carotid 
arteries for possible impacts.

In our study, permanent cranial nerve injury resulting in 
vocal cord paralysis occurred in 8.3% of patients (Table 4). 
This is lower than noted with Neskey et al.,33 who reported 
that 18% of carotid body tumor patients had persistent defi-
cits 2.5 years after surgical resection. However, Power et al. 
showed similar permanent nerve deficits in 6.0% of carotid 
body tumor patients.13 The overall stroke rate of 4.2% was 
similar to that seen by Dixon et al. (5.8%),34 and also 
Neskey et al. (4.0%).33 However, Power et al.13 reported 
only one stroke (1.0%) in 131 patients undergoing carotid 
body tumor resection.

Of the patients with other neoplasms identified before or 
after the study surgery, seven patients (29.2%) had diag-
nosed paraganglioma, pheochromocytoma, renal cell can-
cers or gastrointestinal stromal tumors. These neoplasms 
are associated with hereditary SDH-related paraganglioma 
syndromes.6 Paraganglioma are classified as sporadic or 
familial, where familial tumors are often associated with 
germline mutations of succinate dehydrogenase genes 
SDH-B/C/D and sometimes with VHL and RET.1,2 
However, even paraganglioma clinically classified as spo-
radic have been found with germline SDH mutation, and 
are considered “occult familial.”1,2 SDH mutations are 
associated with higher rates of malignancy in paraganglio-
mas, however reports are variable, from 17% to 71%.5 In 
our study, five patients had a family history of paragangli-
oma and presented at a younger median age of 33 (vs 
56 years for the total surgical population), as seen in other 
studies (Table 1).1 Genetic testing was performed for only 
three patients, two of whom were positive for SDH muta-
tions, and only one of whom had a known family history 
(Table 1). Given the difficulties of clinical diagnosis due to 
variable presentations, genetic testing has been proposed as 
a universal protocol in paraganglioma patients.1,35,36 
However, the cost of testing is high and confirming a famil-
ial condition usually only affects future surveillance. 
Recently, immunohistochemistry (IHC) testing has been 
shown as a possible inexpensive method to screen paragan-
glioma patients for further testing.6,35 If genetic testing is 
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not conducted and hereditary paraganglioma is suspected, 
frequent monitoring is prudent. Close surveillance has 
recently been recommended for patients with a prior his-
tory of CBT or hereditary paraganglioma, due to an 
increased risk of secondary primary paraganglioma.36

Observation is not generally recommended in patients 
with CBT due to the potential progression of nerve deficits 
and the low but unpredictable potential for malignant behav-
ior. If surveillance is elected, recent recommendations for 
head and neck paraganglioma include MRI imaging every 
6–12 months with an additional annual assessment, although 
there is no consensus.12 However, given that rates of cranial 
nerve deficit from resection significantly increase with 
tumor size, and reported rates of tumor progression are vari-
able, it has been recommended that CBTs smaller than 5 cm 
be resected.12,31

This study was limited by its retrospective nature, small 
sample size, short follow-up duration, and loss of patients 
to follow-up.

Conclusion

In sum, surgical intervention for carotid body tumors 
remains the first-line curative treatment to relieve symp-
toms and ensure non-recurrence. In our series, there was an 
acceptable rate of morbidity given the benefits of resection 
and favorable survival outcome.

Authors’ contributions

AH conceived the study, researched literature and was involved 
in data analysis. JM was involved in gaining ethical approval, 
data collection, literature review, data analysis and manuscript 
drafting. All authors reviewed, edited and approved the 
manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Ethical approval

Ethical approval for this study was given by Mayo Clinic 
Institutional Review Board #16-010046.

Informed consent

Informed consent was waived by the Institutional Review Board 
due to the retrospective and deidentified nature of this study.

Trial registration

Not applicable due to the retrospective nature of this study.

ORCID iD

January F Moore  https://orcid.org/0000-0001-7733-893X

References

 1. Dannenberg H, Dinjens WN, Abbou M, et al. Frequent germ-
line succinate dehydrogenase subunit D gene mutations in 
patients with apparently sporadic parasympathetic paragan-
glioma. Clin Cancer Res 2002; 8: 2061–2066.

 2. Hermsen MA, Sevilla MA, Llorente JL, et al. Relevance of 
germline mutation screening in both familial and sporadic 
head and neck paraganglioma for early diagnosis and clinical 
management. Cell Oncol 2010; 32: 275–283.

 3. Bano G, Sennik D, Kenchaiah M, et al. A case of co-existing 
paraganglioma and thymoma. Springerplus 2015; 4: 632.

 4. Pellitteri PK, Rinaldo A, Myssiorek D, et al. Paragangliomas 
of the head and neck. Oral Oncol 2004; 40: 563–575.

 5. Eijkelenkamp K, Osinga TE, de Jong MM, et al. Calculating 
the optimal surveillance for head and neck paraganglioma in 
SDHB-mutation carriers. Fam Cancer 2017; 16: 123–130.

 6. Benn DE, Robinson BG and Clifton-Bligh RJ. 15 years of 
paraganglioma: clinical manifestations of paraganglioma 
syndromes types 1-5. Endocr Relat Cancer 2015; 22: T91–
T103.

 7. Karasek D, Frysak Z and Pacak K. Genetic testing for pheo-
chromocytoma. Curr Hypertens Rep 2010; 12: 456–464.

 8. Langerman A, Athavale SM, Rangarajan SV, et al. Natural 
history of cervical paragangliomas: outcomes of observation 
of 43 patients. Arch Otolaryngol Head Neck Surg 2012; 138: 
341–345.

 9. Heesterman BL, Bayley JP, Tops CM, et al. High prevalence 
of occult paragangliomas in asymptomatic carriers of SDHD 
and SDHB gene mutations. Eur J Hum Genet 2013; 21: 469–
470.

 10. Krych AJ, Foote RL, Brown PD, et al. Long-term results of 
irradiation for paraganglioma. Int J Radiat Oncol Biol Phys 
2006; 65: 1063–1066.

 11. Galland-Girodet S, Maire JP, De-Mones E, et al. The role 
of radiation therapy in the management of head and neck 
paragangliomas: impact of quality of life versus treatment 
response. Radiother Oncol 2014; 111: 463–467.

 12. Moore MG, Netterville JL, Mendenhall WM, et al. Head and 
neck paragangliomas: an update on evaluation and manage-
ment. Otolaryngol Head Neck Surg 2016; 154: 597–605.

 13. Power AH, Bower TC, Kasperbauer J, et al. Impact of pre-
operative embolization on outcomes of carotid body tumor 
resections. J Vasc Surg 2012; 56: 979–989.

 14. Amato B, Serra R, Fappiano F, et al. Surgical complications 
of carotid body tumors surgery: a review. Int Angiol 2015; 
34: 15–22.

 15. Gordon G. On carotid tumours. Br J Surg 1940; 28: 163–172.
 16. Gonzalez C. Balloon occlusion of the carotid artery prior to 

surgery for neck tumors. AJNR Am J Neuroradiol 1990; 11: 
649–652.

 17. Upile T, Triaridis S, Kirkland P, et al. The management of 
carotid artery rupture. Eur Arch Otorhinolaryngol 2005; 262: 
555–560.

 18. Liang NL, Guedes BD, Duvvuri U, et al. Outcomes of inter-
ventions for carotid blowout syndrome in patients with head 
and neck cancer. J Vasc Surg 2016; 63: 1525–1530.

https://orcid.org/0000-0001-7733-893X


Moore et al. 7

 19. Ramesh A, Muthukumarassamy R, Karthikeyan VS, et al. 
Pseudoaneurysm of internal carotid artery after carotid body 
tumor excision. Indian J Radiol Imaging 2013; 23: 208–211.

 20. Keefe D, Bowen J, Gibson R, et al. Noncardiac vascular 
toxicities of vascular endothelial growth factor inhibitors in 
advanced cancer: a review. Oncologist 2011; 16: 432–444.

 21. Soultati A, Mountzios G, Avgerinou C, et al. Endothelial 
vascular toxicity from chemotherapeutic agents: preclinical 
evidence and clinical implications. Cancer Treat Rev 2012; 
38: 473–483.

 22. Chang FC, Lirng JF, Luo CB, et al. Patients with head and 
neck cancers and associated postirradiated carotid blowout 
syndrome: endovascular therapeutic methods and outcomes. 
J Vasc Surg 2008; 47: 936–945.

 23. Mourad M, Saman M, Stroman D, et al. Carotid artery sacrifice 
and reconstruction in the setting of advanced head and neck 
cancer. Otolaryngol Head Neck Surg 2015; 153: 225–230.

 24. Cheng SW, Wu LL, Ting AC, et al. Irradiation-induced 
extracranial carotid stenosis in patients with head and neck 
malignancies. Am J Surg 1999; 178: 323–328.

 25. Naidu MU, Ramana GV, Rani PU, et al. Chemotherapy-
induced and/or radiation therapy-induced oral mucositis–com-
plicating the treatment of cancer. Neoplasia 2004; 6: 423–431.

 26. Chang YJ, Chang TC, Lee TH, et al. Predictors of carotid 
artery stenosis after radiotherapy for head and neck cancers. 
J Vasc Surg 2009; 50: 280–285.

 27. Yusuf SW, Sami S and Daher IN. Radiation-induced heart 
disease: a clinical update. Cardiol Res Pract 2011; 2011: 
317659.

 28. Gujral DM, Chahal N, Senior R, et al. Radiation-induced 
carotid artery atherosclerosis. Radiother Oncol 2014; 110: 
31–38.

 29. Arbustini E, Kodama T and Favalli V. Radiation therapy for 
head and neck cancer and angioneogenesis: good for can-
cer, bad for carotids? JACC Cardiovasc Imaging 2016; 9: 
676–679.

 30. Arthurs E, Hanna TP, Zaza K, et al. Stroke after radiation 
therapy for head and neck cancer: what is the risk? Int J 
Radiat Oncol Biol Phys 2016; 96: 589–596.

 31. Valero C, Ganly I and Shah JP. Head and neck paraganglio-
mas: 30-year experience. Head Neck 2020; 42: 2486–2495.

 32. Mendenhall WM, Morris CG, Amdur RJ, et al. Radiotherapy 
for benign head and neck paragangliomas. Head Neck 2019; 
41: 2107–2110.

 33. Neskey DM, Hatoum G, Modh R, et al. Outcomes after sur-
gical resection of head and neck paragangliomas: a review of 
61 patients. Skull Base 2011; 21: 171–176.

 34. Dixon JL, Atkins MD, Bohannon WT, et al. Surgical man-
agement of carotid body tumors: a 15-year single institution 
experience employing an interdisciplinary approach. Proc 
(Bayl Univ Med Cent) 2016; 29: 16–20.

 35. Gill AJ, Benn DE, Chou A, et al. Immunohistochemistry for 
SDHB triages genetic testing of SDHB, SDHC, and SDHD 
in paraganglioma-pheochromocytoma syndromes. Hum 
Pathol 2010; 41: 805–814.

 36. Contrera KJ, Yong V, Reddy CA, et al. Second primary 
tumors in patients with a head and neck paraganglioma. 
Head Neck 2019; 41: 3356–3361.




