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Abstract 

Background Carotid body tumors (CBTs) are rare neuroendocrine neoplasms arising near the carotid bifurcation 
with a reported incidence of 1 to 2 cases in 100,000 patients. Most CBTs are sporadic, benign, slow-growing, and non-
secreting, but untreated CBTs can grow locally to compress the nearby blood vessels, esophagus, and airway. Regional 
metastases can occur in 5% to 10% of cases, but distant metastases are exceedingly rare, occurring in roughly 1–2% 
of cases. As such, the optimal treatment for metastatic CBTs is not well-defined. We report a rare case of a patient with 
CBT distant metastases causing spinal cord compression.

Case presentation A 40-year-old African American female presented with a right neck mass, headaches, vertigo, 
tinnitus, hoarseness, and dysphagia. Imaging demonstrated a Shamblin II right neck mass; subsequent transcervical 
resection and pathology showed a carotid body paraganglioma. The patient recurred locally near the carotid bifurca-
tion, so she underwent Stereotactic Body Radiation Therapy to the recurrent right neck disease. She later re-presented 
with new onset bilateral lower extremity weakness, dysmetria, and numbness. She was found to have metastatic 
disease to the thoracic spine causing spinal cord compression. She underwent laminectomy, tumor resection, and 
posterior fixation followed by adjuvant radiation therapy. She was started on systemic therapy with sunitinib. She 
eventually progressed with metastatic disease to the right iliac bone, which was treated with palliative radiotherapy. 
Second line systemic therapy with capecitabine and temozolomide was started. At last follow up, the patient was 
asymptomatic with stable persistent disease.

Conclusions Paragangliomas often exhibit a prolonged interval to the development of progression; locoregional 
recurrences or rare distant metastases have been reported to occur as many as 20 years from diagnosis. The natural 
course of CBTs in other cases as well as the present case call into question the idea that CBTs are truly benign; instead 
CBTs may be indolent tumors with metastatic potential. Treatment choices for CBTs include surgical resection, radia-
tion therapy, and systemic therapy, though the optimal treatment regimen for metastatic CBTs is not well-defined. A 
more advanced understanding of CBT pathophysiology, disease classification, risk stratification, and treatment options 
is needed to improve outcomes for patients.
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Background
Carotid body tumors (CBTs), generally referred to as par-
agangliomas, chemodectomas, and glomus tumors, are 
rare, highly vascular neuroendocrine neoplasms. They 
arise near the carotid bifurcation within glomus bodies 
(paraganglia) and are derived from the embryonic neural 
crest [1].

Most paragangliomas arise in the adrenal gland with 
only 3% of extra-renal tumors manifesting in the head 
and neck [2]. Of these head and neck paragangliomas, 
CBTs are the most common [3]. A small percentage of 
these tumors are associated with mutations in succi-
nate dehydrogenase genes. Most CBTs are sporadic and 
present between the ages of 40 and 70 [2, 4]. Sporadic 
CBTs are usually benign, slow growing, and biochemi-
cally silent resulting in patients presenting with a painless 
anterior neck mass or as an incidental finding on radio-
graphic imaging [4]. If left undetected, patients may pre-
sent with compressive symptoms including fullness, pain, 
dysphagia, odynophagia, hoarseness, and stridor. Some 
catecholamine-secreting tumors can cause autonomic 
dysfunction along with these compressive symptoms. 
Without intervention, distant metastases (though rare) 
and local invasion can be life threatening [5].

Surgical resection is the treatment of choice for CBTs. 
The Shamblin classification system uses the tumor’s size 
and association with the carotid vessels to assess the pos-
sibility of surgical resection and associated mortality. 
Based on this relationship and risk, tumors are classified 
into 3 groups [6]. Group 1 tumors are localized and do 
not involve the carotid vessels, allowing for resection. 
Group 2 lesions partially surround the vessels and are 
more adherent to the adventitia, but still are capable of 
resection, and group 3 lesions encircle the carotid ves-
sels and invade the media, excluding sub-adventitious 
surgical resection as a treatment option [6]. Preoperative 
adrenergic blockade should be considered when making 
treatment plans, particularly for secreting tumors, and 
due to the high vascularity of these tumors, pre-operative 
embolization is usually necessary [7]. Radiation therapy 
has been shown to be an effective treatment modality for 
unresectable tumors, poor surgical candidates, and iso-
lated metastases including to the bone [8].

Only about 5–10% of incident cases of CBT present 
with regional metastasis and distant disease is very rare 
[9]. Over a 29 year period between 1981 and 2009, there 
were only 14 cases of histopathologically confirmed CBT 
with distant metastases out of 97 cases of malignant CBT 
reported in the medical literature; this suggests a distant 
metastasis rate of roughly 1–2% in these rare tumors 
[8]. Optimal treatment regimens for advanced meta-
static CBTs are not yet well defined but currently include 
modalities such as radiation therapy, systemic therapy, 

and repeat surgical resection [8]. Here we report a case 
of a 40-year-old female with malignant CBT with distant 
metastases and treatment including surgical resection, 
radiation therapy, and systemic therapy.

Case presentation
A 40-year-old African American female presented in 
2014 with complaints of a right neck mass that was first 
appreciated 9 months earlier. The appearance of the neck 
mass coincided with a constellation of symptoms: fre-
quent severe headaches, periods of lightheadedness, ver-
tigo and tinnitus, hoarseness, dysphagia, blurred vision 
and tearing of the right eye. On physical examination, a 
non-pulsatile, non-tender mass was palpated, deep to the 
right sternocleidomastoid muscle. The patient underwent 
CT neck imaging, which revealed a 6.1 × 4.0 × 4.1  cm 
right neck mass extending to the base of the skull and 
encompassing the internal and external carotid artery 
(Fig. 1A). Upon further evaluation, the tumor was felt to 
be a Shamblin II lesion because there was some carotid 
arterial attachment, but the tumor did not entirely encase 
the carotid arteries, so the tumor was deemed as reason-
able for resection. A cerebral arteriogram showed no 
intracranial arterial vascular abnormality, so an extrac-
ranial embolization was performed. Transcervical resec-
tion of the right carotid body tumor was performed the 
following day, and pathology showed a paraganglioma 
measuring 4.9 cm with areas of infarct and multiple ves-
sels with intravascular thrombi, consistent with prior 
embolization procedure. The transcervical resection of 
the right carotid body paraganglioma was a gross total 
resection, but a microscopic surgical margin assessment 
on the surgical pathology was not performed. Following 
surgery, the patient continued to remain symptomatic 
with headaches, right neck and ear soreness, Horner’s 
syndrome symptoms, and right vocal cord paralysis. She 
received right vocal fold injection medialization. Over 
time, the patient reported improvement in most of her 
symptoms.

The patient was routinely followed in office and via 
imaging. MRI in 2017 showed a small mass measuring 
about 1 cm in the vicinity of the carotid bifurcation, but 
it was unclear if this was recurrent disease, so the deci-
sion was made to continue to observe the mass. In 2018, 
a subsequent MRI showed interval enlargement of the 
mass from 1.4 × 1 × 1.2 cm to 2.5 × 1.7 × 2.4 cm. Due to 
the disease progression, the patient received Stereotac-
tic Body Radiation Therapy of 25 Gy in 5 fractions to the 
presumed recurrent right paraganglioma in 2018. For the 
next two years, the patient’s imaging and clinical symp-
toms remained stable. In 2021, the patient re-presented 
with six months of new onset thoracic radiculopathy 
and weight loss, and one month of progressive bilateral 
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lower extremity weakness, dysmetria, and paresthesias 
and numbness from the umbilicus down. Upon physi-
cal examination, the patient’s strength was 4 + /5 in her 
bilateral lower extremities, she had decreased sensation 
to light touch and pin-prick from her naval to her distal 
bilateral lower extremities, she had intact sensation to 
light perineal touch, her bilateral patellar reflexes were 
2 + , and her bilateral ankle reflexes had single beat clo-
nus. She had a mildly ataxic gait with dysmetria on heel 
to toe walk and heel walk. While her finger to nose test-
ing was intact, her heel to shin testing revealed dysme-
tria. During rectal examination, the patient demonstrated 
brisk voluntary anal contraction. MRI of the T spine 

showed a spinal mass arising from the posterior ele-
ments at T6-T7 with at least Bilsky grade 2 posterior to 
anterior cord compression as well as a mass in the T11 
vertebral body (Fig. 1B and C). This compressive pathol-
ogy localized to the patient’s acute symptoms, and it was 
determined that she would require surgical intervention. 
She underwent T6-T7 laminectomy, T5-T7 tumor resec-
tion, and T5-T9 posterior fixation in 2021 with pathology 
showing metastatic paraganglioma (Fig.  2). She subse-
quently completed radiation therapy of 30 Gy in 10 frac-
tions to the thoracic spine from T4 to T11 to encompass 
both the surgical field as well as the T11 metastasis in 
2021.

Fig. 1 A shows an axial CT neck with contrast. There is a 6.1 × 4.0 × 4.1 cm contrast-enhancing right neck mass in the right carotid space centered 
at C3. The mass partially surrounds the external and internal carotid arteries consistent with a Shamblin group 2 lesion. B and C show a T2 weighted 
MR thoracic spine using Fast Recovery Fast Spin Echo (FRFSE). B depicts a sagittal view where the arrow indicates posterior to anterior spinal cord 
compression at the level of T7. There is a sharply circumscribed lesion in the right posterolateral aspect of the T11 vertebral body. C depicts an 
axial view with an expansile mass in the left posterolateral vertebral body, pedicle, laminae, and transverse process of T7. The T7 lesion expands the 
left posterior epidural compartment compressing the spinal cord anterolaterally towards the right. The arrow points to a small amount of visible 
cerebrospinal fluid indicating Bilsky grade 2 cord compression

Fig. 2 Hematoxylin and eosin staining of the resected thoracic spine tumor shows metastatic paraganglioma characterized by neuroendocrine 
cells which occupy the marrow spaces of cancellous bone. The semicircular, hematoxylinophilic curved structure at left represents one of the 
distorted, calcific bone trabeculae. Occasional foci of hemosiderin are present, consistent with chronic hemorrhage. Immunohistochemical stains of 
the tumor cells are strongly positive for both synaptophysin and chromogranin, and negative for pancytokeratin and Cam5.2. The Ki-67 proliferation 
index is elevated at about 20%. The staining pattern is consistent with paraganglioma
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Following completion of radiation therapy to the tho-
racic spine, restaging DOTATATE PET in mid-2021 
showed multifocal uptake in the right carotid body surgi-
cal bed as well as uptake in T4, T11, and the right iliac. 
Genetic evaluation showed no evidence of pathogenic 
mutations. The patient was evaluated for 131Iodine-
Iobenguane but she was not felt to be a candidate. The 
patient was started on systemic therapy with sunitinib 
complicated by mucositis. The patient’s sunitinib dose 
was decreased to help alleviate the mucositis. Interval 
DOTATATE PET in late 2021 showed decreased size and 
uptake of the right neck masses and osseous metastases 
consistent with treatment response. The patient reported 
2–3 months of dull, burning right hip pain. An MRI was 
obtained showing a well marginated lesion within the 
right iliac bone in the area of PET avidity consistent with 
metastatic disease. The right iliac lesion was treated with 
8 Gy of radiation therapy in a single fraction for right hip 
pain attributed to bony metastatic disease. DOTATATE 
PET in mid 2022 showed two areas of focal uptake in 
the right carotid body surgical bed, small volume mild 
uptake in the C5 and T11 vertebral bodies and the right 
iliac, and a left adrenal nodule without PET uptake. 
Therefore, the patient’s systemic therapy was switched to 
capecitabine and temozolomide. At the time of her last 
follow up in 2022—a total of 13 months since completing 
thoracic spinal surgery and radiotherapy and 4  months 
since completing palliative right hip radiotherapy—the 
patient was ambulatory, her previously reported neuro-
logic deficits had resolved, and she had no right hip pain. 
Upon physical examination at last follow up, the patient’s 
strength was 5/5 throughout, her sensation was normal 
to light touch, and her reflexes were 2 + throughout. She 
ambulated independently with intact heel to toe walking, 
heel walking, and toe walking.

Discussion and conclusions
Paragangliomas are a rare type of catecholamine-secret-
ing neuroendocrine tumors that originate from neural 
crest cells [10]. Paragangliomas can be classified as sym-
pathetic or parasympathetic; sympathetic paraganglio-
mas arise from chromaffin cells of paraganglia along the 
sympathetic chain and parasympathetic paragangliomas 
arise from the glomera that are distributed along para-
sympathetic nerves in the head, neck, and upper medi-
astinum [11]. Paragangliomas located at the carotid 
bifurcation are known as carotid body tumors, and are 
extremely rare with a reported incidence of 1–2/100,000. 
They account for 0.012% of all body tumors and 0.5% of 
head and neck tumors [12–16].

Sympathetic paragangliomas are usually clinically 
functional, with symptoms including paroxysmal or 
sustained hypertension, anxiety, and recurring episodes 

of headache, sweating, and palpitations [11]. Para-
sympathetic paragangliomas are usually benign, non-
functional, and present as space-occupying lesions 
causing symptoms such as pain, hoarseness, and dys-
phagia [11]. Most CBTs are sporadic, but a small per-
centage of CBTs are familial. Sporadic CBTs are usually 
benign, slow growing, and biochemically silent [2, 
4]. The patient described in the case above presented 
with headaches, lightheadedness, vertigo and tinnitus, 
hoarseness, dysphagia, blurred vision of the right eye, 
and no known familial history, most indicative of a spo-
radic, benign, space-occupying lesion.

Paragangliomas generally behave like benign tumors 
with the majority of recurrences occurring locally [11]. 
Paragangliomas often exhibit a prolonged interval to 
the development of recurrence or metastasis, with 
recurrences and/or distant metastasis being reported to 
occur 0–20  years from diagnosis [11, 17–21]. An esti-
mated 10% of paraganglioma tumors will demonstrate 
malignant potential, spreading to regional lymph nodes, 
bone, lung, and liver [11, 19]. Despite distant metasta-
sis being a rare occurrence, the patient described in the 
case above demonstrated multiple vertebral metastases 
at T6-T7 and T11, resulting in a Bilsky grade 2 poste-
rior to anterior cord compression. The prognostic out-
come of malignant paragangliomas is unfavorable with 
a 5-year mortality of less than 50% [11]. Characteris-
tics of CBTs—including their metastatic potential and 
prolonged intervals between definitive treatment and 
recurrence as in the present case—suggest that CBTs 
are probably indolent and slow to metastasize, rather 
than being truly benign.

Treatment choices for CBTs include conservative 
management, radiation therapy, surgical resection, or 
a combination of these, but the optimal treatment regi-
men for advanced metastatic CBTs is not well defined [8]. 
The patient in the present case had improved neurologic 
symptoms following a multi-modality treatment regimen 
including surgery, radiation, and systemic therapy.

Surgical resection is the current treatment of choice for 
CBTs with high reported rates of local control (94–100%) 
[22]. Radiation therapy has historically been reserved 
for unresectable disease, poor surgical candidates, and 
metastasis to bone [6, 8]. Because of CBTs high vascular-
ity, preoperative embolization has widely been utilized 
[23]. Two meta-analyses found a statistically significant 
lower blood loss and shorter duration of operation in 
patients who underwent preoperative embolization than 
patients without it [24, 25], however another study did 
not demonstrate any operative or postoperative advan-
tage of preoperative embolization in patients scheduled 
for CBT surgery [23]. Preoperative embolization was 
effective in our patient, as she experienced none of the 
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common postoperative complications including cranial 
nerve injury or stroke.

Radiation therapy has traditionally served as a second 
line intervention in the treatment of CBTs, but conven-
tional radiotherapy with fractionated external beam 
radiotherapy (EBRT) has more recently been examined 
as a primary treatment in multiple studies. One study 
reported on 13 patients with CBTs, 10 of which under-
went definitive EBRT. Local control was achieved in all 
patients [26]. A meta-analysis reported the results of 
127 patients with CBTs treated with radiotherapy. When 
comparing radiotherapy with patients who underwent 
surgical resection, there were no significant differences 
observed in tumor control or mortality, and radiation 
conferred a lower risk of major complications compared 
to surgery alone (OR:1.4; 95% CI:0.66–2.25 vs OR:0; 95% 
CI:0–0; p= 0.047) [27]. The patient in the case above 
received primary surgical resection, radiosurgery for local 
recurrence, surgical resection and adjuvant radiation to 
the thoracic spine, and palliative radiotherapy to the right 
iliac bone. At the time of last follow up, the patient has 
PET evidence of recurrence in the right carotid body bed 
suggesting treatment failure. There is indeterminate low-
level activity in the treated T11 and right iliac lesions as 
well as in the C5 vertebral body, which was not treated. 
Serial PET imaging suggested that the patient had an 
initial clinical complete response to sunitinib 5  months 
following thoracic radiotherapy, but then the patient pro-
gressed to stable disease 10  months following thoracic 
radiotherapy. Crucially, the combination of surgical spi-
nal decompression and adjuvant radiotherapy reversed 
the patient’s symptomatic spinal cord compression such 
that she is asymptomatic and fully functional at the time 
of last follow up.

Current studies support systemic therapy options 
for paragangliomas with distant metastases includ-
ing octreotide or lanreotide; sunitinib; temozolomide; 
capecitabine; combination chemotherapy with cyclo-
phosphamide, vincristine, and dacarbazine; or radionu-
clide therapy with 131Iodine or 177Lutetium-dotatate 
[28–32]. The patient in this case received sunitinib, fol-
lowed by capecitabine and temozolomide. She was not a 
candidate for 131Iodine Iobenguane.

Risk stratification and investigation into the role of the 
various treatments for CBT is needed in order to create a 
protocol that will improve outcomes for patients. Distant 
metastases is a rare event in CBT but can occur many 
years after primary treatment, so while routine systemic 
imaging is not currently recommended for all patients, 
long term clinical follow up and attention to patient-
reported symptoms may help to identify distant metas-
tasis sooner.

Abbreviations
CBT  Carotid Body Tumor
EBRT  External Beam Radiotherapy
OR  Odds Ratio
CI  Confidence Interval
FRFSE  Fast Recovery Fast Spin Echo

Acknowledgements
Not applicable

Authors’ contributions
JNT performed literature review and wrote the primary manuscript including 
abstract, background, case presentation, discussion and conclusion, and refer-
ences. JAM assessed the patient clinically in follow up, conceptualized the pro-
ject, obtained consent from the patient, performed literature review, created 
Fig. 1, and made major contributions to editing the manuscript. BPE made 
major contributions to editing the manuscript. KBF performed the histologi-
cal examination of the surgical pathology, created the pathology slide, and 
wrote the description for Fig. 2. AMM made major contributions to editing 
the manuscript. MCD assessed the patient clinically in consultation and in 
follow up, created clinical documentation, obtained all records from other 
providers, and conceptualized the project. All authors read and approved the 
final manuscript.

Funding
The authors declare that no funding was received.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analyzed during the current study.

Declarations

Ethics approval and consent to participate
University of Alabama at Birmingham Institutional Review Board approval is 
not required for case reports with less than or equal to 3 patients. The patient 
in this case provided written consent to participate.

Consent for publication
The patient in this case provided written consent for the publication of her 
de-identified case.

Competing interests
The authors declare no competing interests.

Received: 11 October 2022   Accepted: 10 February 2023

References
 1. SevillaGarcía MA, LlorentePendás JL, Rodrigo Tapia JP, et al. Head and 

neck paragangliomas: revision of 89 cases in 73 patients. Acta Otor-
rinolaringol Esp. 2007;58(3):94–100.

 2. Davila VJ, Chang JM, Stone WM, et al. Current surgical management of 
carotid body tumors. J Vasc Surg. 2016;64(6):1703–10. https:// doi. org/ 
10. 1016/j. jvs. 2016. 05. 076.

 3. Pellitteri P. Paragangliomas of the head and neck. Oral Oncol. 
2004;40(6):563–75. https:// doi. org/ 10. 1016/j. oralo ncolo gy. 2003. 09. 004.

 4. Dixon JL, Atkins MD, Bohannon WT, Buckley CJ, Lairmore TC. Surgical 
management of carotid body tumors: a 15-year single institution expe-
rience employing an interdisciplinary approach. Bayl Univ Med Cent 
Proc. 2016;29(1):16–20. https:// doi. org/ 10. 1080/ 08998 280. 2016. 11929 
343.

 5. Naylor R. Extracranial carotid and vertebral artery disease. In: Aboyans V, 
ed. ESC CardioMed. Oxford University Press; 2018:2704–2712. https:// doi. 
org/ 10. 1093/ med/ 97801 98784 906. 003. 0778.

https://doi.org/10.1016/j.jvs.2016.05.076
https://doi.org/10.1016/j.jvs.2016.05.076
https://doi.org/10.1016/j.oraloncology.2003.09.004
https://doi.org/10.1080/08998280.2016.11929343
https://doi.org/10.1080/08998280.2016.11929343
https://doi.org/10.1093/med/9780198784906.003.0778
https://doi.org/10.1093/med/9780198784906.003.0778


Page 6 of 6Tabb et al. Diagnostic Pathology           (2023) 18:31 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 6. Shamblin WR, ReMine WH, Sheps SG, Harrison EG. Carotid body tumor 
(chemodectoma). Am J Surg. 1971;122(6):732–9. https:// doi. org/ 10. 1016/ 
0002- 9610(71) 90436-3.

 7. Wieneke JA, Smith A. Paraganglioma: carotid body tumor. Head Neck 
Pathol. 2009;3(4):303. https:// doi. org/ 10. 1007/ s12105- 009- 0130-5.

 8. Nishijima H, Asakage T, Sugasawa M. Malignant carotid body tumor 
with systemic metastases. Ann Otol Rhinol Laryngol. 2011;120(6):381–5. 
https:// doi. org/ 10. 1177/ 00034 89411 12000 606.

 9. Luna-Ortiz K, Rascon-Ortiz M, Villavicencio-Valencia V, Granados-Garcia M, 
Herrera-Gomez A. Carotid body tumors: review of a 20-year experience. 
Oral Oncol. 2005;41(1):56–61. https:// doi. org/ 10. 1016/j. oralo ncolo gy. 
2004. 06. 006.

 10. Lumb R, Schwarz Q. Sympathoadrenal neural crest cells: the known, 
unknown and forgotten? Dev Growth Differ. 2015;57(2):146–57. https:// 
doi. org/ 10. 1111/ dgd. 12189.

 11. Welander J, Söderkvist P, Gimm O. Genetics and clinical characteristics 
of hereditary pheochromocytomas and paragangliomas. Endocr Relat 
Cancer. 2011;18(6):R253-276. https:// doi. org/ 10. 1530/ ERC- 11- 0170.

 12. Amato B, Bianco T, Compagna R, et al. Surgical resection of carotid body 
paragangliomas: 10 years of experience. Am J Surg. 2014;207(2):293–8. 
https:// doi. org/ 10. 1016/j. amjsu rg. 2013. 06. 002.

 13. Amato B, Serra R, Fappiano F, et al. Surgical complications of carotid body 
tumors surgery: a review. Int Angiol J Int Union Angiol. 2015;34(6 Suppl 
1):15–22.

 14. Bobadilla-Rosado LO, Garcia-Alva R, Anaya-Ayala JE, et al. Surgical man-
agement of bilateral carotid body tumors. Ann Vasc Surg. 2019;57:187–93. 
https:// doi. org/ 10. 1016/j. avsg. 2018. 10. 019.

 15. Koskas F, Vignes S, Khalil I, et al. Carotid chemodectomas: long-term 
results of subadventitial resection with deliberate external carotid resec-
tion. Ann Vasc Surg. 2009;23(1):67–75. https:// doi. org/ 10. 1016/j. avsg. 2008. 
01. 015.

 16. Talay S, Abanoz M, Ali Kaygin M, et al. Glomus caroticum tumors: a case 
report of an operated giant carotid body tumor with a review of our 
experience in 47 patients. Open Med. 2010;5(4):411–6. https:// doi. org/ 10. 
2478/ s11536- 010- 0015-8.

 17. Crommett JW. Metastatic Spinal Cord Compression. In: Nates JL, Price 
KJ, eds. Oncologic Critical Care. Springer International Publishing; 
2019:1–6. https:// doi. org/ 10. 1007/ 978-3- 319- 74698-2_ 41-1.

 18. Quist EE, Javadzadeh BM, Johannesen E, Johansson SL, Lele SM, Kozel JA. 
Malignant paraganglioma of the bladder: a case report and review of the 
literature. Pathol - Res Pract. 2015;211(2):183–8. https:// doi. org/ 10. 1016/j. 
prp. 2014. 10. 009.

 19 Kapetanakis S, Chourmouzi D, Gkasdaris G, Katsaridis V, Eleftheriadis E, 
Givissis P. A rare case of spinal cord compression due to cervical spine 
metastases from paraganglioma of the jugular foramen-how should it be 
treated? J Surg Case Rep. 2018;2018(2):rjy005. https:// doi. org/ 10. 1093/ 
jscr/ rjy005.

 20. Lam AK, yin. Update on adrenal tumours in 2017 World Health Organiza-
tion (WHO) of endocrine tumours. Endocr Pathol. 2017;28(3):213–27. 
https:// doi. org/ 10. 1007/ s12022- 017- 9484-5.

 21. Turchini J, Cheung VKY, Tischler AS, De Krijger RR, Gill AJ. Pathology and 
genetics of phaeochromocytoma and paraganglioma. Histopathology. 
2018;72(1):97–105. https:// doi. org/ 10. 1111/ his. 13402.

 22. Moore MG, Netterville JL, Mendenhall WM, Isaacson B, Nussenbaum B. 
Head and neck paragangliomas: an update on evaluation and manage-
ment. Otolaryngol Neck Surg. 2016;154(4):597–605. https:// doi. org/ 10. 
1177/ 01945 99815 627667.

 23 Abu-Ghanem S, Yehuda M, Carmel NN, Abergel A, Fliss DM. Impact of 
preoperative embolization on the outcomes of carotid body tumor sur-
gery: a meta-analysis and review of the literature: preoperative emboliza-
tion of carotid body tumor. Cernea C, ed. Head Neck. 2016;38(S1):E2386–
94. https:// doi. org/ 10. 1002/ hed. 24381.

 24. Jackson RS, Myhill JA, Padhya TA, McCaffrey JC, McCaffrey TV, Mhaskar RS. 
The effects of preoperative embolization on carotid body paraganglioma 
surgery: a systematic review and meta-analysis. Otolaryngol Neck Surg. 
2015;153(6):943–50. https:// doi. org/ 10. 1177/ 01945 99815 605323.

 25. Texakalidis P, Charisis N, Giannopoulos S, et al. Role of preoperative 
embolization in carotid body tumor surgery: a systematic review and 
meta-analysis. World Neurosurg. 2019;129:503-513.e2. https:// doi. org/ 10. 
1016/j. wneu. 2019. 05. 209.

 26. Valdagni R, Amichetti M. Radiation therapy of carotid body tumors. Am 
J Clin Oncol. 1990;13(1):45–8. https:// doi. org/ 10. 1097/ 00000 421- 19900 
2000- 00013.

 27. Suárez C, Rodrigo JP, Mendenhall WM, et al. Carotid body paraganglio-
mas: a systematic study on management with surgery and radiotherapy. 
Eur Arch Otorhinolaryngol. 2014;271(1):23–34. https:// doi. org/ 10. 1007/ 
s00405- 013- 2384-5.

 28. Rinke A, Muller HH, Schade-Brittinger C, et al. Placebo-controlled, double-
blind, prospective, randomized study on the effect of octreotide LAR in 
the control of tumor growth in patients with metastatic neuroendocrine 
midgut tumors: a report from the PROMID Study Group. J Clin Oncol. 
2009;27:4656–63.

 29. Raymond E, Dahan L, Raoul JL, et al. Sunitinib malate for the treatment of 
pancreatic neuroendocrine tumors. N Engl J Med. 2011;364:501–13.

 30. Fine RL, Gulati AP, Krantz BA, et al. Capecitabine and temozolomide 
(CAPTEM) for metastatic well differentiated neuroendocrine cancers: the 
Pancreas Center at Columbia University experience. Cancer Chemother 
Pharmacol. 2013;71:663–70.

 31. Tanabe A, Naruse M, Nomura K, et al. Combination chemotherapy 
with cyclophosphamide, vincristine, and dacarbazine in patients with 
malignant pheochromocytoma and paraganglioma. Horm Cancer. 
2013;4:103–10.

 32. Satapathy S, Mittal BR, Bhansali A. Peptide receptor radionuclide therapy 
in the management of advanced pheochromocytoma and paragan-
glioma: a systematic review and meta-analysis. Clin Endocrinol (Oxf ). 
2019;91(6):718–27. https:// doi. org/ 10. 1111/ cen. 14106.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/0002-9610(71)90436-3
https://doi.org/10.1016/0002-9610(71)90436-3
https://doi.org/10.1007/s12105-009-0130-5
https://doi.org/10.1177/000348941112000606
https://doi.org/10.1016/j.oraloncology.2004.06.006
https://doi.org/10.1016/j.oraloncology.2004.06.006
https://doi.org/10.1111/dgd.12189
https://doi.org/10.1111/dgd.12189
https://doi.org/10.1530/ERC-11-0170
https://doi.org/10.1016/j.amjsurg.2013.06.002
https://doi.org/10.1016/j.avsg.2018.10.019
https://doi.org/10.1016/j.avsg.2008.01.015
https://doi.org/10.1016/j.avsg.2008.01.015
https://doi.org/10.2478/s11536-010-0015-8
https://doi.org/10.2478/s11536-010-0015-8
https://doi.org/10.1007/978-3-319-74698-2_41-1
https://doi.org/10.1016/j.prp.2014.10.009
https://doi.org/10.1016/j.prp.2014.10.009
https://doi.org/10.1093/jscr/rjy005
https://doi.org/10.1093/jscr/rjy005
https://doi.org/10.1007/s12022-017-9484-5
https://doi.org/10.1111/his.13402
https://doi.org/10.1177/0194599815627667
https://doi.org/10.1177/0194599815627667
https://doi.org/10.1002/hed.24381
https://doi.org/10.1177/0194599815605323
https://doi.org/10.1016/j.wneu.2019.05.209
https://doi.org/10.1016/j.wneu.2019.05.209
https://doi.org/10.1097/00000421-199002000-00013
https://doi.org/10.1097/00000421-199002000-00013
https://doi.org/10.1007/s00405-013-2384-5
https://doi.org/10.1007/s00405-013-2384-5
https://doi.org/10.1111/cen.14106

	Carotid body paraganglioma metastatic to spine causing cord compression: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


