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Mutations in the SDHx genes (SDHA, SDHB, SDHC and 
SDHD), which encode the four subunits of the mito-
chondrial enzyme succinate dehydrogenase (SDH), 
are associated with a predisposition for developing 
hereditary phaeochromocytoma and/or paraganglioma 
(PPGL)1. It is currently recommended that all patients 
with a newly discovered PPGL should be offered 
genetic counselling2. Germline mutations in SDHx 
genes are responsible for approximately 20% of cases  
of PPGL and can also be associated with the presence of 
other SDHx- related tumours1–3. PPGL detection at an 
early stage has a positive effect on outcomes, including 
survival4. First- degree family members can also bene-
fit from genetic testing but it remains to be determined 
how to screen and then follow- up the newly detected 

asymptomatic mutation carriers as no consensus has as 
yet been established.

The management of asymptomatic carriers of SDHx 
mutations is a true clinical challenge for several reasons. 
For instance, patients with SDHB mutations are highly 
predisposed to metastatic PPGL and are at risk of devel-
oping multiple tumours, which can be widely distributed 
from the skull base to the pelvic floor. In addition, PPGLs 
associated with SDHx mutations can be non- functional 
and, therefore, their detection by biochemical testing is 
not viable. Furthermore, cumulative radiation exposure 
from imaging examinations should be limited for genet-
ically predisposed asymptomatic young individuals as 
they will need lifelong monitoring. Additionally, psycho-
logical issues, such as anxiety or depression, can arise 
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during follow- up, which affect a person’s well- being and 
overall quality of life. A relevant subset of people with 
SDHx mutations will probably never develop a tumour 
related to the mutation and SDHx mutations have been 
associated with other tumours such as renal cell car-
cinoma (RCC) and gastrointestinal stromal tumours 
(GIST)5–8. Children who are asymptomatic carriers of 
SDHx mutations should receive special attention as their 
parents are the decision- makers and undertake a con-
siderable responsibility for the follow- up and outcome 
of their children9,10.

As SDHx- related PPGLs are rare tumours, current 
practice is not guided by robust evidence and conse-
quently differs widely among clinical centres based on 
local experience and opinion. Thus, using the Delphi 

method, we developed an international consensus on the 
clinical, biochemical and imaging screening as well as 
follow- up of asymptomatic adults and children carrying 
an SDHx mutation.

Methods
This Consensus Statement was compiled following dis-
cussions using the Delphi process between December 
2018 and November 2019 with four rounds of question-
naires to confront and converge the thoughts and opin-
ions of the expert panel with the objective of coming to 
a group consensus11.

Experts were identified by their long- standing activ-
ity in the field of PPGL management through member-
ship in the European Network for the Study of Adrenal 
Tumours (ENS@T) and/or the Pheochromocytoma 
and Paraganglioma Research Support Organization 
(PRESSOR), a consortium of health science professionals  
around the world dedicated to research in PPGL.

Of the 39 experts invited to participate, 29 responded 
to the first- round questionnaire and then completed the 
second, third and fourth (last) rounds. The Delphi panel  
included 16 endocrinologists and/or internists, 6 imag-
ing specialists, 2 head and neck surgeons and 5 genet-
icists. The experts are from 20 centres, representing  
12 countries across four continents (22 from Europe,  
4 from the USA, 2 from Australia and 1 from Asia).

Online software was used to house the questionnaires 
and responses. The first questionnaire was designed 
by the two core group members (L.A. and C.L.L.) and 
approved by an executive committee (J.W.M.L., K.P.  
and A.P.G.R.). Experts were invited for the first- round 
questionnaire by e- mail and three reminders were sent 
within 3 months. Respondents were included in the 
consensus process and participated in the subsequent 
three rounds. The first- round questionnaire asked 
multiple- choice questions on the screening and follow- 
up of asymptomatic mutation carriers for each of the 
four genes (SDHA, SDHB, SDHD and SDHC), recogniz-
ing that mutations in each of these genes have differing 
penetrance, dominant sites of disease and malignant 
potential12. The questions covered the age at which the 
first screening should take place and the biochemical 
and imaging tests to be used for initial tumour screen-
ing as well as for follow- up. Two moderators (L.A. and 
C.L.L.) independently analysed the answers of experts 
and translated them into a series of statements with a 
methodologist (O.S.). These statements had to be rated 
and commented on by each expert independently using a 
5- point Likert scale (1, strongly agree; 2, agree; 3, neutral; 
4, disagree; 5, strongly disagree) for the second round of 
the Delphi process. The results of the second round as 
well as the ratings and comments were sent to the experts 
who had to once again rate those statements for which no 
consensus had been previously reached (see next para-
graph for the definition of consensus). When needed, 
statements were reformulated following the comments 
of the experts. This process was repeated for the third 
and fourth rounds. The responses and comments  
remained anonymous, except to the moderators.

Consensus was defined as ≥23 of 29 experts (≥79%) 
for agreement (Likert scale 1 and 2) or disagreement 
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(Likert scale 4 and 5) for the first and second rounds. 
For the third and fourth rounds, consensus was defined 
as ≥20 of 29 experts (≥69%) for agreement (Likert scale 1 
and 2) or disagreement (Likert scale 4 and 5) and 80% of 
agreement (Likert scale 1 and 2) or disagreement (Likert 
scale 4 and 5) after the exclusion of neutral answers 
(Likert scale 3). When no consensus was reached after 
two consecutive rounds due to opposite ratings or a 
majority of neutral ratings, the statement was removed 
from the consensus, with the experts’ approval.

Consensus statements were graded as A for state-
ments with ≥23 of 29 experts with agreement or dis-
agreement or as B for statements with ≥20 of 29 experts 
with agreement or disagreement and ≥80% after 
exclusion of neutral answers.

The question rounds
The questionnaire in the first round included 47 open 
questions (Supplementary Table S1) on initial and 
follow- up tumour screening in asymptomatic mutation 
carriers for each of the four genes (SDHA, SDHB, SDHD 
and SDHC), including the minimum age for offering 
predictive genetic testing and thus initial screening as 
well as the biochemical and imaging tests to be used for 
initial and follow- up tumour screenings. The second  
round contained 69 statements (Supplementary Table S2).  
Several questions were reformulated and new questions 
were included in accordance with the experts’ comments 
during the first round. The third round comprised  
45 statements (Supplementary Table S3) and the fourth 
round included 11 statements (Supplementary Table S4).  
Overall, 14 expert recommendations were made, as 
detailed here.

Initial screening
Genetic penetrance. The penetrance of SDHx- related 
PPGL is incomplete and varies in asymptomatic SDHx 
mutation carriers (between 8% and 37% for SDHB and 
38% and 64% for SDHD) across several studies3,13–23. 
People with SDHD mutations have the highest pene-
trance, with multiple tumours most frequently located 
in the head and neck region (parasympathetic), whereas 
SDHB mutations predispose carriers primarily to retrop-
eritoneal PPGL (sympathetic). SDHB mutation carriers 
are at a higher risk of developing metastases than carri-
ers of mutations in any of the other SDHx genes3,13,24,25. 
However, the risk of developing a head and neck par-
aganglioma for a person with an SDHB mutation or 
a phaeochromocytoma in someone with an SDHD 
mutation is still statistically significant over a lifetime15. 
Data regarding SDHC mutation carriers are scarce but 
these carriers seem to present predominantly with non- 
metastatic head and neck paragangliomas with a lower 
rate of multiplicity and a lower penetrance than people 
who have an SDHD mutation3,20,26. Very little data have 
been published on the penetrance of SDHA mutations 
yet; one study reported a penetrance of 13%27. Moreover, 
even if some variants can be associated with specific 
clinical characteristics or penetrance3,28, the experts con-
sidered that the data are not yet strong enough to per-
sonalize screening and follow- up regarding the type of 
variant. The expert panel analysed each gene separately 

but this resulted in similar recommendations for initial 
screening and follow- up for all the SDHx genes, except 
regarding the age of first tumour screening during 
childhood.

Regarding the particular transmission model of 
inheritance for the SDHD gene, the recommendations 
were identical to other SDHx genes when an SDHD 
mutation is transmitted through the father (SDHD- pi). 
However, when the SDHD mutation is transmitted 
through the mother (SDHD- mi), the development of  
a PPGL seems to be a rare event (≤5%)29.
•	Recommendation 1: Tumour screening should be 

performed after the identification of an SDHA, SDHB, 
SDHC or SDHD- pi mutation in an asymptomatic 
carrier (Grade A).

Timing of initial screening in childhood. Even if the risk 
of developing a tumour during childhood (<18 years 
old) is low, a small number of SDHB- related paragan-
gliomas have been reported at age 6 years13,20,30–35 and 
children with an SDHB mutation have a higher risk of 
developing a metastatic paraganglioma than children 
with mutations in the other SDHx genes32,36. As surgery 
remains the only curative treatment, the experts sur-
mised that earlier tumour detection and removal is likely 
to be associated with improved long- term prognosis. 
For SDHD- pi and SDHC mutation carriers, some cases  
have been described during childhood but, in most  
cases, children were older than 10 years3,33,35. For SDHA 
mutation carriers, paragangliomas have been diagnosed 
in 17- year- old adolescents according to the literature37. 
The experts reported some cases in 13 year olds. Based 
on this evidence, the experts proposed first screening 
at an earlier age (6 years old) for asymptomatic SDHB 
mutation carriers than for carriers of mutations in the 
other SDHx genes (10 years old).
•	Recommendation 2: During childhood, genetic 

screening should only be performed if tumour 
screening would be considered if a mutation was 
discovered (Grade B).

•	Recommendation 3: During childhood, tumour 
screening should only be performed following the 
discovery of a mutation (Grade A).

•	Recommendation 4: First tumour screening should 
be performed between 6 and 10 years of age for 
asymptomatic SDHB mutation carriers and between 
10 and 15 years of age in asymptomatic SDHA, SDHC 
and SDHD- pi mutation carriers (Grade A).

Screening methods. Initial screening should include an 
assessment of symptoms (Box 1), a clinical examination 
and blood pressure evaluation. As recommended by 
current blood pressure guidelines, blood pressure eval-
uation should rely on ambulatory blood pressure mon-
itoring with a diagnostic blood pressure threshold for 
the diagnosis of hypertension of either 130/80 mmHg 
for patients younger than 65 years or 135/85 mmHg for 
patients older than 65 years, following international 
guidelines38,39.

Biochemical measurements of urinary or plasma 
levels of metanephrine and normetanephrine should 
be carried out to detect catecholamine production.  
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Their superiority over catecholamines and vanillylman-
delic acid measurements has long been established40,41 
and they are currently recommended for the diagnosis of 
PPGL2. Plasma or urinary free metanephrines analyses 
seem to be the best diagnostic test, with an even higher 
sensitivity and specificity than analyses of deconjugated 
urinary metanephrines42. Although urinary measure-
ment of metanephrines is less convenient, it might 
confer an advantage in childhood because this method 
avoids venepuncture. In 2019, age- specific paediatric 
reference intervals for plasma free metanephrine and 
normetanephrine were published43.
•	Recommendation 5: Tumour screening in asympto-

matic SDHA, SDHB, SDHC and SDHD- pi mutation 
carriers should include clinical examination: blood pres-
sure measurement (ideally, out-of-office blood pressure  
measurement during adulthood) and a symptoms and 
signs questionnaire (Box 1) (Grade A).

•	Recommendation 6: Biochemical testing for tumour 
screening in asymptomatic SDHA, SDHB, SDHC and 
SDHD- pi mutation carriers should include measure-
ments of either plasma or urinary metanephrine and 
normetanephrine (Grade A).
a. During childhood, the choice between plasma or 

urinary tests should be left to the clinician and local  
laboratory availability and expertise (Grade A).

b. During adulthood, measurements of plasma free 
metanephrine and normetanephrine should be 
preferred over urinary measurements (Grade A).

•	Recommendation 7: Biochemical testing should not 
include either vanillylmandelic acid or catecholamines 
in addition to metanephrine and normetanephrine 
(Grade A).

An important proportion of tumours, especially 
SDHx- related and/or head and neck paragangliomas 

arising from the parasympathetic system, do not secrete 
or even produce catecholamines44,45. Thus, the surveil-
lance of patients with non- functional paragangliomas 
requires the use of imaging; there was a strong con-
sensus on the use of MRI for the head and neck region. 
Indeed, specific imaging protocols have previously been 
published in the literature15,46. For imaging of thoracic, 
abdominal and pelvic regions, either CT scanning or 
MRI can be useful. However, to limit cumulative ion-
izing radiation exposure in asymptomatic children, 
experts agreed to recommend MRI. Ultrasound is an 
option for first- line imaging only in children who might 
not tolerate MRI47. For adults, the first- line for imaging 
of abdominal and pelvic regions is MRI. To increase the 
detection rate and explore the thoracic region, it was 
decided to perform functional imaging using PET–CT  
at the initial screening for adult mutation carriers.  
PET–CT imaging has some technical advantages over 
SPECT–CT (single- photon emission CT) as it has 
shorter uptake times, is a shorter imaging procedure, 
has less drug interference and a higher resolution48. 
Nevertheless, consensus was only obtained with grade B  
agreement (TaBles 1,2). As PET–CT involves radiation 
exposure, it was considered that performing one func-
tional imaging scan is of interest because it provides a 
3D whole- body examination with a limited radiation 
dose exposure (7–8 mSv for 18FDG- PET–CT, which is of 
the same order of magnitude as a cervical, thoracic and 
abdominopelvic CT scan). Systematic use of PET–CT 
was preferred over conventional thoracic CT scanning 
because the latter has a poor sensitivity of only 46.2% 
(19.2–74.9%)15. PET–CT was not recommended for first 
screening during childhood.
•	Recommendation 8: Tumour screening in asympto-

matic SDHA, SDHB, SDHC and SDHD- pi mutation 
carriers should include imaging (Grade A).
a. During childhood, MRI of head and neck and 

thoracic, abdominal and pelvic regions should 
be used as first- line imaging for initial tumour 
screening (Grade A for head and neck and for 
abdominal and pelvic MRI, Grade B for thoracic 
MRI).

b. During adulthood, a combination of MRI (head 
and neck, abdominal and pelvic; Grade A) and 
PET–CT (Grade B) should be used as first- line 
imaging for initial tumour screening.

c. The expert panel recommends performing ded-
icated thoracic cross- sectional imaging only in 
instances of a PET–CT abnormality (Grade A).

d. Ultrasound should not be used as first- line imag-
ing for initial tumour screening in asymptomatic 
SDHA, SDHB, SDHC and SDHD- pi mutation car-
riers (Grade B during childhood, Grade A during 
adulthood). However, some experts underlined 
the convenience of ultrasound for some young 
children who will not tolerate MRI.

e. During childhood, functional imaging should not 
be used for tumour screening as first- line imag-
ing in asymptomatic SDHA, SDHB, SDHC and 
SDHD- pi mutation carriers (Grade A).

f. During adulthood, functional imaging should rely 
on PET–CT. 123I- MIBG and 111In- pentetreotide 

Box 1 | Symptom and sign questionnaire

•	Do you experience headaches?
 - If yes, on average, how often? They occur … times 
each day/week/month.

•	Do you experience severe sweating for unknown 
reason?
 - If yes, on average, how often? It occurs … times each 
day/week/month.

•	Do you complain of rapid or forceful heartbeat?
 - If yes, on average, how often? It occurs … times each 
day/week/month.

•	Did you measure your blood pressure during 
symptoms?
 - If yes, was it elevated?

•	Do you look pale when you have acute symptoms?

•	Did you notice hearing loss or tinnitus?

•	Do you notice any voice changes?

•	Did you notice any difficulty in swallowing?

•	Did you notice any difficulty in lifting your shoulder?

•	Did you lose weight unexpectedly?
 - If yes, how many kg or pounds? over which period?

•	Did you notice a neck mass?

 - If yes, since when?
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scintigraphy should not be used as first- line 
imaging studies for initial tumour screening in 
asymptomatic SDHA, SDHB, SDHC or SDHD- pi 
mutation carriers (Grade A).

Follow- up after a first negative initial screening
SDHx mutation carriers have a lifelong risk of devel-
oping PPGL49. Therefore, one initial screening is not 
sufficient and these individuals should be followed up. 
Although people who do not have PPGL at initial screen-
ing have a reduced risk of developing new tumours  
during follow- up, they are still at risk of developing these 
tumours during their lifetime49. This risk has led experts 
to consider that follow- up is mandatory in asymptomatic 
carriers of an SDHx mutation.
•	Recommendation 9: SDHA, SDHB, SDHC and 

SDHD- pi asymptomatic mutation carriers should be 
followed up on a regular basis after a negative initial 
work- up (Grade A).

Screening methods. The expert committee recommends 
that all SDHx mutation carriers should have an annual 
outpatient follow- up examination during both child-
hood and adulthood. Biochemical measurements of 

plasma or urinary metanephrine and normetanephrine 
should be conducted every 2 years in children and yearly 
in adults (Figs 1,2). PET–CT was not recommended for 
follow- up during childhood.
•	Recommendation 10: During childhood and adult-

hood, follow- up of asymptomatic carriers of SDHA, 
SDHB, SDHC and SDHD- pi mutations should include 
clinical examination (blood pressure measure ment, 
ideally out- of- office, and a symptom questionnaire),  
the same biochemical investigations as for the initial 
screening (for example, metanephrine and normeta-
nephrine) and imaging by MRI (head and neck and 
thoracic, abdominal and pelvic) (Grade A).
a. Clinical examination should be performed every 

year (Grade A).
b. Biochemical testing should be performed at least 

every 2 years during childhood and every year 
during adulthood (Grade A).

c. MRI should be performed every 2–3 years  
(Grade A).

d. Ultrasound should not be used as first- line imag-
ing for follow- up in asymptomatic carriers of 
SDHA, SDHB, SDHC and SDHD- pi mutations 
(Grade A).

Table 1 | Grading of recommendations for the percentage of agreement or disagreement (R1–R7)

Recommendation Likert scale (%) Grade

1, strongly 
agree

2, agree 3, neutral 4, disagree 5, strongly 
disagree

R1: Tumour screening should be performed after identification of an 
SDHA, SDHB, SDHC and SDHD- pi mutation in an asymptomatic carrier

65.5 27.6 3.4 0 3.4 A

R2: During childhood, genetic screening should only be performed if 
tumour screening would be considered if a mutation was discovered

34.5 41.4 13.8 6.9 3.4 B

R3: During childhood, tumour screening should only be performed 
following the discovery of a mutation

41.4 44.8 3.4 6.9 3.4 A

R4 for SDHB: First tumour screening should be performed between 6 
and 10 years of age for asymptomatic SDHB mutation carriers

51.7 37.9 6.9 0 3.4 A

R4 for other genes: First tumour screening should be performed 
between 10 and 15 years of age in asymptomatic SDHA, SDHC and 
SDHD- pi mutation carriers

NA NA NA NA NA NA

R4 for SDHA 13.8 69.0 10.3 6.9 0 A

R4 for SDHC 10.3 72.4 6.9 6.9 3.4 A

R4 for SDHD 13.8 65.5 10.3 6.9 3.4 A

R5: Tumour screening in asymptomatic SDHA, SDHB, SDHC and 
SDHD- pi mutation carriers should include clinical examination:  
blood pressure measurement and a symptoms and signs questionnaire

NA NA NA NA NA NA

R5 during childhood 51.7 34.5 6.9 6.9 0 A

R5 during adulthood 69.0 27.6 0 3.4 0 A

R6: Biochemical testing for tumour screening in asymptomatic 
SDHA, SDHB, SDHC and SDHD- pi mutation carriers should include 
measurements of either plasma or urinary metanephrine and 
normetanephrine

NA NA NA NA NA NA

R6a: During childhood, the choice between plasma or urinary tests 
should be left to the clinician and local laboratory availability and 
expertise

41.4 44.8 13.8 0 0 A

R6b: During adulthood, measurements of plasma- free metanephrine 
and normetanephrine should be preferred over urinary measurements

72.4 17.2 10.3 0 0 A

R7: Biochemical testing should not include either vanillylmandelic acid 
or catecholamines in addition to metanephrine and normetanephrine

48.3 31.0 10.3 3.4 6.9 A

Summary of the recommendations and grading of the experts using the Likert scale. NA, not applicable.
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Table 2 | Grading of recommendations for the percentage of agreement or disagreement (R8–R14)

Recommendation Likert scale (%) Grade

1, strongly 
agree

2, agree 3, neutral 4, disagree 5, strongly 
disagree

R8: Tumour screening in asymptomatic SDHA, SDHB, SDHC and 
SDHD- pi mutation carriers should include imaging

NA NA NA NA NA NA

R8 during childhood 51.7 41.4 6.9 0 0 A

R8 during adulthood 27.6 69.0 0 3.4 0 A

R8a for non- thoracic MRI 34.5 44.8 10.3 10.3 0 A

R8a for thoracic MRI 37.9 37.9 13.8 10.3 0 B

R8b for MRI 31.0 48.3 6.9 10.3 3.4 A

R8b for PET–CT 27.6 44.8 10.3 10.3 6.9 B

R8c 24.1 58.6 10.3 6.9 0 A

R8d during childhood 34.5 37.9 13.8 13.8 0 B

R8d during adulthood 55.2 27.6 6.9 6.9 3.4 A

R8e 48.3 41.4 3.4 6.9 0 A

R8f 62.1 34.5 3.4 0 0 A

R9: SDHA, SDHB, SDHC and SDHD- pi asymptomatic mutation carriers 
should be followed- up on a regular basis after a negative initial work- up

72.4 24.1 3.4 0 0 A

R10: During childhood and adulthood, follow- up of SDHA, SDHB, SDHC 
and SDHD- pi asymptomatic mutation carriers should include clinical 
examination (blood pressure measurement, ideally out- of- office, and 
a symptom questionnaire), the same biochemical investigations as for 
the initial screening (for example, metanephrine and normetanephrine) 
and imaging by MRI (head and neck and thoracic, abdominal, and 
pelvic)

NA NA NA NA NA NA

R10 during childhood 55.2 37.9 3.4 3.4 0 A

R10 during adulthood 69.0 24.1 3.4 3.4 0 A

R10a during childhood 34.5 55.2 6.9 3.4 0 A

R10a during adulthood 41.4 48.3 6.9 3.4 0 A

R10b during childhood 41.4 44.8 6.9 6.9 0 A

R10b during adulthood 31.0 58.6 6.9 3.4 0 A

R10c during childhood 27.6 58.6 10.3 3.4 0 A

R10c during adulthood 34.5 48.3 0 17.2 0 A

R10d during childhood 41.4 37.9 6.9 13.8 0 A

R10d during adulthood 48.3 37.9 3.4 6.9 3.4 A

R10e during childhood 51.7 37.9 3.4 6.9 0 A

R11: If an SDHA, SDHB, SDHC or SDHD- pi mutation carrier never 
developed any tumour related to SDH deficiency and has been 
asymptomatic all their life, screening tests should be delayed to every  
5 years after 70 years of age and follow- up should be stopped at  
80 years of age

NA NA NA NA NA NA

R11 for a delayed follow- up 13.8 58.6 10.3 17.2 0 B

R11 for end of follow- up 34.5 44.8 6.9 13.8 0 A

R12: Screening should not differ between male and female individuals; 
however, complete screening should be performed before planning  
a pregnancy

34.5 44.8 13.8 3.4 3.4 A

R13: Initial screening and follow- up should not differ for asymptomatic 
mutation carriers whose family members developed metastatic 
SDHx- related PPGL or those with non- metastatic PPGL

31.0 55.2 3.4 6.9 3.4 A

R14: No additional imaging should be performed for RCC, GIST and 
pituitary adenoma; nevertheless, RCC and GIST should be searched  
for on imaging performed for PPGL screening

27.6 62.1 6.9 3.4 0 A

Summary of the recommendations and grading of the experts using the Likert scale. GIST, gastrointestinal stromal tumour; NA, not applicable; PPGL, 
phaeochromocytoma and/or paraganglioma; RCC, renal cell carcinoma.
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e. Functional imaging should not be used for 
follow- up in asymptomatic SDHA, SDHB, SDHC 
and SDHD- pi mutation carriers during childhood 
(Grade A). Nevertheless, no consensus emerged 
for or against alternating PET–CT and MRI 
imaging during adulthood.

The experts insisted on the fact that the risk of met-
astatic progression is more important in SDHB asymp-
tomatic mutation carriers than for the other genes as 
many retrospective studies showed a higher risk of 
metastatic disease and shorter survival in patients with 
an SDHB mutation than in patients with other SDHx 
mutations3,20,24.

End of follow- up. After a certain age, a carrier of an 
SDHx mutation who has not developed a PPGL by ini-
tial screening or during follow- up has a considerably 
reduced risk of developing new tumours49.
•	Recommendation 11: If an SDHA, SDHB, SDHC 

or SDHD-pi mutation carrier never developed any 
tumour related to SDH deficiency and has been 
asymptomatic all their life, screening tests should be 
delayed to every 5 years after 70 years of age (Grade B) 
and follow-up should be stopped at 80 years of age 
(Grade A).

Additional expert recommendations
It has been established that a secreting PPGL is a peril-
ous condition during pregnancy, with an elevated risk of 
pre- eclampsia and gestational diabetes and severe cardiac 
complications for the mother and prematurity and mor-
tality (including miscarriage, intrauterine fetal loss and 
death at delivery) for the fetus50. Therefore, the experts 
considered that screening should be performed before 
planning a pregnancy to avoid this dangerous situation 
in an asymptomatic woman carrying an SDHx mutation.
•	Recommendation 12: Screening should not differ 

between male and female individuals. However, com-
plete screening should be performed before planning 
a pregnancy (Grade A).

Since the discovery of the SDHx genes, family screen-
ing has been widely performed. There is currently only 
weak evidence indicating that genotype predicts the 
underlying phenotype. In the same family with all indi-
viduals carrying the same genetic variant, it is possible 
to see lifelong asymptomatic carriers, patients with a 
single head and/or neck paraganglioma, and others 
with metastatic PPGL21. Evidence suggests that meta-
static progression in SDHx- mutated PPGL is due to 
immortalization- related mechanisms (TERT activation 
or ATRX mutations) occurring in the primary tumour51.
•	Recommendation 13: Initial screening and follow- 

up should not differ for asymptomatic mutation  
carriers whose family members developed metastatic 
SDHx- related PPGL or those with non- metastatic 
PPGL (Grade A).

SDHx mutations have been associated with other 
tumours with a causal link to RCC and GIST. It remains 
less clear if SDHx mutations can be associated with other 

tumours that could be found in affected carriers or their 
relatives such as pituitary adenomas52–55.

The majority of GIST in adults are secondary to 
somatic mutations in the KIT and PDGFRA genes56,57. 
However, 15% of GIST in adults and 85% of GIST 
developing during childhood have SDHx mutations58,59. 
The majority of SDHx mutations identified in GIST are 
germline SDHA point mutations followed by SDHB 
and SDHC point mutations5. Recurrent epimutations of 
SDHC have been identified in GIST and Carney triad 
(a syndrome characterized by paraganglioma, GIST and 
pulmonary chondroma). Most of the epimutations are 
somatic events without risk of familial transmission60. 
Regarding RCC, SDHx mutations appear to be impli-
cated in 0.05–0.20% of cases, mainly affecting SDHB61,62. 
In the most recent WHO classification, SDHx- related 
RCC were identified as a new subtype of RCC63. In large 
cohorts of SDHx mutation carriers, the penetrance  
of RCC is estimated at 2–3% of patients3,33 and the  
risk of GIST development has not yet been evaluated. 
Moreover, GIST and RCC are readily detected on MRI64–66.
•	Recommendation 14: No additional imaging should 

be performed for RCC, GIST and pituitary adenoma. 
Nevertheless, RCC and GIST should be searched for 
on imaging performed for PPGL screening (Grade A).

Statements without consensus
A consensus was not reached for several statements 
(Supplementary Table S5).

The screening of people with SDHD- mi mutations 
lacks a consensus due to limited data in the literature. 
Except for a few case reports67–69, only one prospective 

Children (<18 years old) with mutations 
in SDHA, SDHB, SDHC or SDHD-pi

Negative initial screening

Initial screening 
• Blood pressure measurements, symptoms questionnaire 
• Measure levels of plasma free metanephrines or urinary 

metanephrines
• Head and neck MRI  
• Thoracic, abdominal and pelvic MRI

Every year
Blood pressure 
measurements, 
symptoms 
questionnaire

Every 2 years
Measure levels 
of plasma free 
metanephrines 
or urinary 
metanephrines

Every 2–3 years
Head and neck 
MRI and thoracic, 
abdominal and 
pelvic MRI

Fig. 1 | Screening and follow-up proposed during child-
hood. An initial tumour screening should be performed 
after the discovery of an SDHA, SDHB, SDHC or SDHD- pi 
mutation relying on blood pressure measurements, a symp-
toms or signs questionnaire, assessment of metanephrines 
in plasma or urine, and imaging work- up by MRI of head 
and neck, thorax, abdomen and pelvis. Even after an initial 
negative work- up, all asymptomatic mutation carriers 
should be clinically followed up every year, by biochemical 
assessments every 2 years and by MRI every 2–3 years.
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study evaluated the risk of developing a tumour in  
20 SDHD- mi mutation carriers29. Of these carriers, only 
one phaeochromocytoma was observed in a 35- year- old 
woman with a double loss of heterozygosity in the pater-
nally derived q arm and the maternally derived p arm 
of chromosome 11. This case was considered too rare 
by experts to form the basis of recommendations as it 
involved three unique genetic events. Experts were not 
able to estimate the cost–benefit ratio of screening and 
surveillance of SDHD- mi mutation carriers and, thus, no 
consensus was reached.

The consideration of environmental factors (for exam-
ple, living at a high altitude) was also waived. People living 
at altitudes above 2,000 m develop head and neck para-
ganglioma (especially carotid body paraganglioma) with a 
higher frequency than those at lower altitudes, possibly in 
response to chronic hypoxia70–75. However, no evidence of 
this effect was found in the context of patients with SDHx 
mutations76 and therefore no consensus was reached.

No agreement was reached regarding the measure-
ment of plasma levels of dopamine, 3-methoxytyramine 
(the O-methylated metabolite of dopamine) and chro-
mogranin A in addition to metanephrine and normeta-
nephrine for tumour screening in asymptomatic SDHx  
mutation carriers. Dopamine production by SDHB-related 
PPGLs might be associated with the development of 

metastases; however, the measurement of dopamine is 
not recommended for first- line screening2,35,77. Plasma 
measurement of 3- methoxytyramine has prognostic 
value in patients with SDHB- associated PPGLs77 and it 
could be useful in the detection of dopamine- producing 
PPGLs and certain non- functional head and neck 
paragangliomas78,79. Chromogranin A could add value 
as a complementary biomarker in SDHB- related sym-
pathetic paraganglioma (which typically secrete norme-
tanephrine); however, it is non- specific and often low 
in head and neck paragangliomas80. The use of specific 
hormones and new biomarkers to characterize PPGLs 
and their behaviour as well as the value of screening in 
asymptomatic individuals are yet to be established.

The discussion regarding imaging methods focused 
on the ideal balance between the early detection of 
tumours (which can improve patient management)4 
and reducing radiation exposure. Experts agreed on 
a comprehensive initial screening in adults to differ-
entiate asymptomatic individuals from patients with 
an unknown disease as approximately 20% of asymp-
tomatic individuals have one or several tumours upon 
initial screening15. However, some experts voiced the 
view that functional imaging should only be performed 
if MRI shows an abnormality. Thus, no consensus was 
achieved on the frequency of PET–CT during follow- up. 
The indication of PET–CT once in a lifetime when a 
child reaches adulthood was not discussed.

Due to the wide variability in availability and 
costs of the different tracers, the expert panel decided 
against a consensus for optimal PET radiopharma-
ceuticals (68Ga- DOTA- somatostatin analogues (68Ga- 
DOTA-SSAs), 18F- FDOPA, 18F- FDG). However, in 2019,  
EANM–SNMMI joint guidelines proposed the use of 
68Ga- DOTA- SSAs PET as the first- choice functional  
imaging modality in SDHx mutation carriers and 
the use of 18F- FDG and/or 18F- FDOPA PET when 
68Ga- DOTA- SSAs PET is not available81.

Conclusions
It is strongly recommended that asymptomatic carriers 
of SDHx mutations (detected by familial genetic testing) 
undergo regular biochemical testing and clinical exami-
nation. Due to the lack of robust data in the literature, a 
Delphi process enabled the proposal of an expert consen-
sus statement. This consensus on when to begin screening 
and end follow- up as well as the appropriate imaging for 
the management of asymptomatic carriers with different 
SDHx mutations aims to unify global clinical practice. It 
also provides guidance for clinicians that can be adapted 
to their own and their patient’s situations. Many outstand-
ing issues, such as age at first screening during childhood, 
optimal time period between two assessments or the need 
for a different approach according to mutation subtypes, 
support the need for large, international prospective stud-
ies in the near future as the effect of an early diagnosis 
on outcome needs to be balanced with the burden and 
the costs of screening. This screening protocol based on 
expert opinion should be regularly reviewed and updated 
when more conclusive data become available.

Published online 21 May 2021

Adults with mutations in SDHA, 
SDHB, SDHC or SDHD-pi

Negative initial screening

Initial screening 
• Blood pressure measurements, 

symptoms questionnaire
• Measurement of plasma free 

metanephrines is preferred over urinary 
metanephrine measurements

• Head and neck MRI
• Abdominal and pelvic MRI
• PET-CT

Every year
• Blood pressure measurements, 

symptoms questionnaire
• Measurement of plasma free 

metanephrines is preferred 
over urinary metanephrine 
measurements

Every 2–3 years
• Head and neck MRI
• Thoracic, abdominal 

and pelvic MRI

Fig. 2 | Screening and follow-up proposed during adult-
hood. An initial tumour screening should be performed 
after the discovery of an SDHA, SDHB, SDHC and SDHD- pi 
mutation relying on blood pressure measurements, a symp-
toms or signs questionnaire, assessment of metanephrines 
in plasma or urine, and imaging work- up by MRI of head 
and neck, abdomen, pelvis, and a whole- body PET–CT.  
Even after an initial negative work- up, all asymptomatic 
mutation carriers should be followed clinically and by  
bio chemistry assessments every year and by MRI every  
2–3 years. Thoracic MRI is not mandatory at the first initial 
work-up if PET–CT does not show any abnormality but is 
recommended for subsequent follow- up.
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