Paraganglioma/pheochromocytoma Syndromes
Currently there are 4 paraganglioma syndromes with different genetic bases:-

PGL1
SDHD* gene,  

autosomal dominant inheritance + paternally transmitted§
PGL2
SDHAF2‡, Ch11q13† locus,
autosomal dominant inheritance + paternally transmitted§
PGL3 
SDHC* gene, 

autosomal dominant inheritance
PGL4
SDHB* gene 

autosomal dominant inheritance
* small subunit of cytochrome B in succinate-ubiquinone oxidoreductase,  † gene recently identified, § maternal genomic imprinting, so phenotype is  transmitted via fathers but not mothers, ‡SDHAF2(SHD5) is involved in flavination of SDHA. 
All PGL syndromes produce a tendency to develop paragangliomas in the head (base of skull) and neck area (especially carotid body lesions at the carotid bifurcation) and much less often in the thorax. The syndromes differ in whether there are additional associations of the risk of phaeochromocytomas  and abdominal paragangliomas. Rare cases of thyroid, renal or breast carcinoma have been reported. For SDHB renal tumours now seem a definate feature (though in a minority of carriers and with no single renal tumour predominant) whilst it remains uncertain whether these other infrequent associations with PGL syndromes were rare features or coincidental. It is clear there is a need to screen individuals carrying these syndromes for the appearance of paragangliomas/phaeochromocytomas and although the best management is still evolving it appears the pattern of syndrome-specific differences (especially higher malignancy rate in PGL4(SDHB) and higher lesion numbers and multiplicity in PGL1(SDHD)) warrant differences in the recommendations for screening PGL1 (SDHD), PGL3 (SDHC) and PGL4 (SDHB). The propensity for tumours of sympathetic origin in SDHB to follow a malignant course is evident with one survey reporting a malignant/metastatic odds ratio of 19 vs sporadic paraganglioma/phaeochromocytomas in general. Accordingly more careful screening seems appropriate in SDHB for such tumours. As yet case numbers for PGL3(SDHC) and especially PGL2(SDH5: Ch11q13) are very limited but the lesion load seems relatively low in PGL3(SDHC) and until 2007 phaeochromocytomas had not been reported but now small numbers have been (both edrenal and extra-adrenal).  
Proposed recommended screening protocols for PGL1(SDHD), PGL3(SDHC) and PGL4(SDHB) are attached below. Note for SDHD it is important to try and ascertain which parent the mutation is inherited from as paternally inherited SDHD requires screening, maternally inherited does not(see** in SDHD protocol below). In the unlikely event members of a PGL2 family are seen, for the present because of the apparent relatively high rate of multiplicity and probable same paternally inherited –selective penetrance , following the SDHD protocol seems best currently.

Roger Brown 
PGL1 Paraganglioma/pheochromocytoma Syndrome

 (SDHD Mutations)

 Screening Protocol(carriers** from age10) - 
	

	Cranial†, neck, thoracic and abdominal/pelvic MRI 
	Every 2 years 

	Endocrine screen (A) including

· Metanephrines + normetanephrines

· Blood Pressure (erect and supine)


	Annually




†cranial imaging of skull base and mid-cranial/petrous/inner ear regions, ** paternally transmitted

 carriers as those with maternally inherited mutant SDHD appear unaffected (although such males will in turn paternally pass on the SDHD phenotype with dominant inheritance).
PGL4 Paraganglioma/pheochromocytoma Syndrome

 (SDHB Mutations)

 Screening Protocol(carriers from age10) - 

	

	Cranial† + neck + thoracic MRI 
	Every 2 years 

	Abdominal/pelvic MRI 
	Annually 

	Endocrine screen (A) including

· 24hr urine Metanephrines + 
· 24hr urine normetanephrines

· Blood Pressure (erect and supine)


	Annually




†cranial imaging of skull base and mid-cranial/petrous/inner ear regions
(Currently in discussion if to increase screening or use additional imaging modality if tumour within last 2 years (especially if below neck).

(?Thoracic imaging to remain 2-yearly or become annually
PGL3 Paraganglioma/pheochromocytoma Syndrome

 (SDHC Mutations)

 Screening Protocol(carriers from age10) – 
	

	Cranial† + neck MRI 

Thoracic MRI  (+ Abdominal/pelvic)
	Every 2 years 

	Endocrine screen (A) including

· 24hr urine Metanephrines + 

· 24hr urine normetanephrines

Blood Pressure (erect and supine)
	Every 2 years 


†cranial imaging of skull base and mid-cranial/petrous/inner ear regions
Functional phaeochromocytomas (adrenal and extra-adrenal) reported for 1st time recently.
