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Abstract

Background—The hereditary paraganglioma syndromes (PGLs) are autosomal dominant 

conditions with an increased risk for tumors of the sympathetic and parasympathetic 

neuroendocrine systems. The recognition of patients with hereditary PGL and identification of the 

responsible gene are important for the management of index patients and family members.

Methods—We present the clinical, radiological, biochemical, and family history findings of a 

15-year-old boy patient with a glomus vagale versus glomus jugulare tumor.

Results—Evaluation of the family history and the patient's history led to the identification of a 

familial succinate dehydrogenase subunit D (SDHD) gene mutation (F933>X67), consistent with a 

diagnosis of hereditary PGL1. Although this family had all head and neck tumors, this SDHD 

mutation has previously been described in a family with primarily functional pheochromocytomas.

Conclusions—This case report highlights the variable expressivity of a single mutation in 

SDHD, (F933>X67). Careful and comprehensive screening is warranted for individuals at risk.
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The hereditary paraganglioma syndromes (PGLs) are autosomal dominant conditions 

associated with an increased risk for the development of tumors of the sympathetic and 

parasympathetic neuroendocrine systems. The sympathetic paraganglioma can produce 

excess catecholamines and most frequently involve the adrenal medulla (adrenal 

pheochromocytomas), but can also occur elsewhere in the abdomen or thorax (extraadrenal 

pheochromocytomas). The parasympathetic paraganglioma are typically hormonally silent 
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and occur in the head and neck (also called glomus tumors). The most frequent type of head 

and neck paraganglioma is the carotid body tumor, followed by the glomus jugulare and 

glomus tympanicum tumors.1,2

The majority of all paraganglioma occur sporadically; however, at least 25% appear to occur 

because of an inherited risk.3–5 Hormonally active intraabdominal (adrenal or extraadrenal) 

and thoracic pheochromocytomas are recognized components of a number of autosomal 

dominant syndromes, including von Hippel-Lindau syndrome, multiple endocrine neoplasia 

type 2, and neurofibromatosis type 1.6–8 Head and neck paraganglioma is not typically 

associated with the aforementioned conditions, but it is a salient feature of the hereditary 

PGLs, including PGL1, PGL2, PGL3, and PGL4 which occur due to inherited mutations in 

1 of several genes that encode subunits of the succinate dehydrogenase complex. 

Specifically, mutations of the succinate dehydrogenase subunit D (SDHD) gene, succinate 

dehydrogenase subunit B (SDHB) gene, and succinate dehydrogenase subunit C (SDHC) 

gene are responsible for PGL1, PGL4, and PGL3, respectively.9–11 The PGL2 gene at 11q13 

has yet to be identified.12

The phenotype and inheritance of the hereditary PGLs are variable, in part dependent upon 

the gene involved. A population-based study examining SDHD and SDHB in unrelated 

patients with abdominal or thoracic pheochromocytomas or head and neck paraganglioma 

without syndromic features revealed that head and neck paraganglioma are more prevalent 

among carriers of SDHD mutations (79%) compared with SDHB mutation carriers (31%). 

In contrast, intra-abdominal extraadrenal tumors were more prevalent in SDHB mutation 

carriers (50%) than in SDHD mutation carriers (21%), and malignant tumors were only 

observed in SDHB mutation carriers (34%). SDHD mutation carriers were more likely to 

present with multiple tumors than were SHDB mutation carriers.13 Based on a limited 

number of families reported in the literature, germline mutations of the SDHC gene appear 

to be predominantly associated with head and neck paraganglioma that are typically benign 

and seldom multifocal.14 However, a recent report described a norepinephrine-secreting 

abdominal paraganglioma in a 15-year-old with a novel nonsense SDHC mutation, 

suggesting the possibility of a wider clinical spectrum than originally suspected for SHDC 

mutation carriers.15

The hereditary PGLs are inherited in an auto-somal dominant pattern. However, the 

inheritance of the condition due to SDHD gene mutations is complicated by a parent of 

origin effect. Specifically, studies of multiple families reveal that, with rare exceptions, only 

individuals who inherit an SDHD mutation from a male are at risk to develop 

paraganglioma.16–18 However, all individuals who inherit the mutation have a 50% chance 

of passing the mutation on to their children. The molecular mechanism of the maternal 

imprinting in PGL1 is unclear. Unlike other genes that exhibit imprinting, SDHD exhibits 

biallelic expression in several tissues.9 It has been suggested that a paternally imprinted gene 

at 11p15 acts in synergy with SDHD mutations during tumorigenesis.19

We report a case of hereditary PGL due to a mutation of the SDHD gene. The phenotype of 

this family is distinct from a previously described, presumably unrelated, family with the 

same mutation. The recognition of patients with hereditary PGL and identification of the 
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responsible gene are important for the management of index patients and for the provision of 

appropriate genetic counseling and care of at-risk family members. Written assent/consent 

was obtained from the patient and family participants on an IRB-approved protocol at the 

University of Michigan.

CASE REPORT

A 15-year-old boy patient was seen with clinical depression, attention deficit disorder, and a 

family history of head and neck paraganglioma. His review of systems was noted for severe 

depression requiring recent hospitalization, attention deficit disorder, occasional postural 

presyncope, occasional left-sided nonpulsatile tinnitus, and occasional right-sided 

nonpulsatile tinnitus. Vertigo, dysphagia, odynophagia, dysphonia, and otalgia were not 

evident. Indirect mirror examination of the hypopharynx and larynx revealed bilaterally 

mobile true vocal cords. The patient reported a waxing and waning 2-year history of thick 

phlegm in his throat as well as nonseasonal rhinorrhea. An MRI at an outside institution 

revealed a heterogeneous enhancing 1.7 cm × 2 cm mass in the left jugular fossa interpreted 

as consistent with a glomus vagale versus glomus jugulare tumor. Repeat imaging at our 

institution in the form of MRI and CT showed the lesion to be a 2.2 cm × 1.6 cm tumor high 

in the left neck near the skull base, most likely a glomus vagale tumor. Additional studies 

performed at that time included normal plasma metanephrines and normetanephrines. 

Repeat imaging studies performed 1 year later revealed the mass to be stable in size, 

appearance, and contrast enhancement (Figures 1A and 1B). Surgical resection of the tumor 

was discussed with the family but was not pursued because of the patient's continued 

psychiatric instability and lack of change or symptoms in the lesion.

Family History

The patient's family history was noted for multiple head and neck paraganglioma (Figure 2 

and Table 1). At age 54, the index patient's father (III, 2) had a large left vagal 

paraganglioma extending to the skull base and a left carotid body tumor surgically resected. 

He also had a small right jugulare versus high vagale paraganglioma that was not resected 

and had been stable for 5 years. His plasma metanephrines and normetanephrines were 

normal. The index patient's brother (IV, 6) was asymptomatic and had an unremarkable 

screening MRI of the head and neck at age 14. The index patient's 2 paternal half sisters (IV, 

3 and 4) were both reported to have carotid body tumors. One of these paternal half sisters 

(IV, 4) had a 2.0 cm × 3.0 cm left carotid body tumor excised at age 31 and a left 3.5 cm 

vagale paraganglioma resected at age 36. Her plasma metanephrine and normetanephrine 

studies were normal. The index patient's 2 paternal half brothers (IV, 1 and 2) were 

asymptomatic, although only 1 had imaging studies performed. The index patient's paternal 

uncle (III, 4) had a history of bilateral carotid body tumors and his 2 daughters (IV, 7 and 8) 

each had carotid body tumors. The index patient's paternal grandmother (II, 2) died at age 65 

with a history of diabetes mellitus and no known history of paragangliomas. The index 

patient's father's paternal grandmother (I, 2) was deceased with a reported history of a brain 

tumor. Confirmation of the brain tumor diagnosis was unavailable.
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Genetic Testing

After genetic counseling and obtaining the index patient's assent and his mother's consent 

for genetic testing, genetic testing was performed on a blood sample from the index patient 

at the Children's Hospital of Philadelphia. Sequencing of all coding regions and adjacent 

non-coding areas of the SDHD gene was performed and revealed a heterozygous deletion of 

2 bases (del TC) at nucleotides 94 to 95 in exon 2. This mutation results in the shift of the 

translational frame of the encoded mRNA at amino acid position 33 to a premature stop 

codon at position 67 (F933>X67). This mutation has been reported previously in patients 

with familial pheochromocytoma.20 With their informed consent, sequence analysis of exon 

2 of the SDHD gene was performed in the index patient's full brother and 1 of his half 

sisters. Both were found to carry the mutation previously described in the index patient.

DISCUSSION

Hereditary PGL1 results from germline mutations of the SDHD gene. Review of the index 

patient's medical history and family history made SDHD the gene most likely responsible 

for the tumors in this family. Specifically, there were multiple individuals with head and 

neck paragangliomas, with most affected individuals seen with multiple tumors. 

Furthermore, the pedigree was consistent with a parent of origin effect such that all affected 

individuals appeared to have inherited the putative mutation from a father. Genetic testing 

for SDHD was offered to confirm our strong clinical suspicion of PGL1 and also to allow 

for the eventual identification of other gene mutation carriers in the family who could 

benefit from screening for paragangliomas.

The SDHD mutation identified in the index patient (F933>X67) is predicted to produce a 

truncated protein of 66 amino acids, which lacks the transmembrane, signal, and haem-

binding domains.20 As expected, the patient's paternal half sister who had multiple head and 

neck paraganglioma was also found to carry this mutation. The identification of the 

causative gene mutation in the family allowed for genetic counseling and genetic testing of 

at-risk relatives including the index patient's full brother who was found to carry the 

mutation.

Although the phenotype in our family was consistent with what has been described in the 

literature for SDHD gene mutations in general, it is quite discordant from a case report of 

another family with the same F933>X67 mutation of the SDHD gene. The previously 

reported family with this mutation was characterized primarily by early-onset 

pheochromocytomas, rather than head and neck paraganglioma.20 This family contained 5 

affected individuals, including 1 with a unilateral adrenal pheochromocytoma at age 19, 1 

with a paraaortic pheochromocytoma at age 18, 1 with bilateral adrenal pheochromocytomas 

at age 23, 1 with a unilateral pheochromocytoma at age 13, and 1 with 2 carotid body tumors 

in her 60s.

Given the variability in phenotype associated with this mutation, it is likely that other 

factors, possibly genetic or environmental, contribute to the penetrance and variable 

expressivity of this condition. In fact, a recent study described an Italian founder mutation 

(Q109X) in 6 families with wide variability in the age of onset; clinical presentation; and 
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number, site, and secreting properties of the tumors.21 In addition, recent reports have 

shown that SDHD mutations can be associated with malignant paragangliomas,22,23 albeit 

less frequently than SDHB mutations.

The variability in age of onset, site, hormonal activity, malignant potential, and number of 

primary tumors that can occur in SDHD mutation carriers poses challenges for screening 

and management. One proposed “minimal” monitoring program includes yearly history, 

physical examination, blood pressure measurement, and biochemical screening and biennial 

(every other year) imaging by CTor MRI beginning at age 10.24 Our preference is for MRI 

screening to reduce excessive radiation exposure. Furthermore, we recommend yearly 

physical examination, history, and blood pressure measurement beginning in early 

childhood (Table 2).

CONCLUSIONS

This case report highlights the variable expressivity of a single mutation in SDHD 

(F933>X67) in families with hereditary paraganglioma (PGL1). Clues to the diagnosis in the 

family included multiple affected individuals, early onset, multiple primary tumors, and a 

recognizable pattern of inheritance demonstrating a parent of origin effect. Careful and 

comprehensive screening is warranted for individuals at risk, which can accurately be 

predicted using genetic testing and counseling based on the parent of origin. Just as 

importantly, complicated and expensive screening can be avoided in those who are not at 

risk. However, as is evident within this family, uptake of genetic counseling and genetic 

testing is not uniform.

Acknowledgments

Contract grant sponsor: NCI; contract grant numbers: P50 CA/DE97248, P30 CA46592.

REFERENCES

1. Sobol SM, Dailey JC. Familial multiple cervical paragangliomas: report of a kindred and review of 
the literature. Otolaryngol Head Neck Surg. 1990; 102:382–390. [PubMed: 2113266] 

2. Boedeker CC, Ridder GJ, Schipper J. Paragangliomas of the head and neck: diagnosis and 
treatment. Fam Cancer. 2005; 4:55–59. [PubMed: 15883711] 

3. Neumann HP, Bausch B, McWhinney SR, et al. Germ-line mutations in nonsyndromic 
pheochromocytoma. N Engl J Med. 2002; 346:1459–1466. [PubMed: 12000816] 

4. Dluhy RG. Pheochromocytoma—death of an axiom. N Engl J Med. 2002; 346:1486–1488. 
[PubMed: 12000821] 

5. Bauters C, Vantyghem MC, Leteurtre E, et al. Hereditary phaeochromocytomas and 
paragangliomas: a study of five susceptibility genes. J Med Genet. 2003; 40:e75. [PubMed: 
12807974] 

6. Neumann HP, Berger DP, Sigmund G, et al. Pheochromocytomas, multiple endocrine neoplasia 
type 2, and von Hippel-Lindau disease. N Engl J Med. 1993; 329:1531–1538. [PubMed: 8105382] 

7. Riccardi VM. Von Recklinghausen neurofibromatosis. N Engl J Med. 1981; 305:1617–1627. 
[PubMed: 6796886] 

8. Eng C, Clayton D, Schuffenecker I, et al. The relationship between specific RET proto-oncogene 
mutations and disease phenotype in multiple endocrine neoplasia type 2. International RET 
mutation consortium analysis. JAMA. 1996; 276:1575–1579. [PubMed: 8918855] 

Marvin et al. Page 5

Head Neck. Author manuscript; available in PMC 2016 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9. Baysal BE, Ferrell RE, Willett-Brozick JE, et al. Mutations in SDHD, a mitochondrial complex II 
gene, in hereditary paraganglioma. Science. 2000; 287:848–851. [PubMed: 10657297] 

10. Astuti D, Latif F, Dallol A, et al. Gene mutations in the succinate dehydrogenase subunit SDHB 
cause susceptibility to familial pheochromocytoma and to familial paraganglioma. Am J Hum 
Genet. 2001; 69:49–54. [PubMed: 11404820] 

11. Niemann S, Muller U. Mutations in SDHC cause autosomal dominant paraganglioma, type 3. Nat 
Genet. 2000; 26:268–270. [PubMed: 11062460] 

12. Mariman EC, van Beersum SE, Cremers CW, van Baars FM, Ropers HH. Analysis of a second 
family with hereditary non-chromaffin paragangliomas locates the underlying gene at the proximal 
region of chromosome 11q. Hum Genet. 1993; 91:357–361. [PubMed: 8388849] 

13. Neumann HP, Pawlu C, Peczkowska M, et al. Distinct clinical features of paraganglioma 
syndromes associated with SDHB and SDHD gene mutations. JAMA. 2004; 292:943–951. 
[PubMed: 15328326] 

14. Schiavi F, Boedeker CC, Bausch B, et al. Predictors and prevalence of paraganglioma syndrome 
associated with mutations of the SDHC gene. JAMA. 2005; 294:2057–2063. [PubMed: 16249420] 

15. Mannelli M, Ercolino T, Giache V, Simi L, Cirami C, Parenti G. Genetic screening for 
pheochromocytoma: should SDHC gene analysis be included? J Med Genet. 2007; 44:586–587. 
[PubMed: 17557926] 

16. Pigny P, Vincent A, Bauters CC, et al. Paraganglioma after maternal transmission of a succinate 
dehydrogenase gene mutation. J Clin Endocrinol Metab. 2008; 93:1609–1615. [PubMed: 
18211978] 

17. van der Mey AG, Maaswinkel-Mooy PD, Cornelisse CJ, Schmidt PH, van de Kamp JJ. Genomic 
imprinting in hereditary glomus tumours: evidence for new genetic theory. Lancet. 1989; 2:1291–
1294. [PubMed: 2574254] 

18. Heutink P, van der Mey AG, Sandkuijl LA, et al. A gene subject to genomic imprinting and 
responsible for hereditary paragangliomas maps to chromosome 11q23-qter. Hum Mol Genet. 
1992; 1:7–10. [PubMed: 1301144] 

19. Hensen EF, Jordanova ES, van Minderhout IJ, et al. Somatic loss of maternal chromosome 11 
causes parent-of-origin-dependent inheritance in SDHD-linked paraganglioma and 
phaeochromocytoma families. Oncogene. 2004; 23:4076–4083. [PubMed: 15064708] 

20. Astuti D, Douglas F, Lennard TW, et al. Germline SDHD mutation in familial 
phaeochromocytoma. Lancet. 2001; 357:1181–1182. [PubMed: 11323050] 

21. Simi L, Sestini R, Ferruzzi P, et al. Phenotype variability of neural crest derived tumours in six 
Italian families segregating the same founder SDHD mutation Q109X. J Med Genet. 2005; 42:e52. 
[PubMed: 16061558] 

22. Havekes B, Corssmit EP, Jansen JC, van der Mey AG, Vriends AH, Romijn JA. Malignant 
paragangliomas associated with mutations in the succinate dehydrogenase D gene. J Clin 
Endocrinol Metab. 2007; 92:1245–1248. [PubMed: 17227803] 

23. Timmers HJ, Pacak K, Bertherat J, et al. Mutations associated with succinate dehydrogenase d-
related malignant paragangliomas. Clin Endocrinol (Oxf). 2008; 68:561–566. [PubMed: 
17973943] 

24. Benn DE, Gimenez-Roqueplo AP, Reilly JR, et al. Clinical presentation and penetrance of 
pheochromocytoma/ paraganglioma syndromes. J Clin Endocrinol Metab. 2006; 91:827–836. 
[PubMed: 16317055] 

Marvin et al. Page 6

Head Neck. Author manuscript; available in PMC 2016 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. 
MR image, axial (A) and coronal (B) views, shows mass in the left carotid sheath extending 

up to the skull base, compatible with a paraganglioma, likely a glomus vagale tumor.
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FIGURE 2. 
Family pedigree. Index patient is denoted with an arrow.
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Table 1

Genetic and clinical information from index patient and affected relatives.

ID Number SDHD F933>X67 Tumors/Screening Age first tumor identified

I, 1 Not tested “Brain tumor” Unknown

III, 2 Not tested, obligate carrier Multiple head and neck paragangliomas 54 y

IV, 1 Not tested Normal head and neck MRI N/A

IV, 3 Not tested Carotid body tumor Unknown

IV, 4 Positive Carotid body tumor, glomus vagale 31

IV, 5 Positive Glomus vagale versus jugulare tumor 15y

IV, 6 Positive Normal head and neck MRI N/A

IV, 7 Not tested Carotid body tumor Unknown

IV, 8 Not tested Carotid body tumor Unknown
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Table 2

Proposed guidelines for screening asymptomatic carriers of SDHD mutation carriers and at-risk relatives.

Examination Age to begin Frequency

Careful history, physical exam and blood pressure measurement 5 y Annual

Plasma metanephrine and normetanephrine measurement 10 y Annual

Abdominal MRI 10 y Biennial

Head and neck MRI 10 y Biennial

Head Neck. Author manuscript; available in PMC 2016 February 18.


