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Abstract
Background: Adrenal (formerly termed pheochromocytomas) and extra-adrenal paragangliomas (PGLs) in children and adolescents are rare 
neuroendocrine tumors characterized by unique biological behavior, a strong hereditary component, and significant risk of recurrence and 
metastatic progression. Their management requires specialized, multidisciplinary care.
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Objective: This guidance provides harmonized, evidence-graded recommendations for the diagnosis, treatment, and follow-up of pediatric PGL, 
developed by the European Cooperative Study Group for Pediatric Rare Tumors (EXPeRT) as part of the European Standard Clinical Practice 
(ESCP) initiative.
Methods: Recommendations were formulated through structured consensus by a multidisciplinary panel of experts in pediatric oncology, 
endocrinology, surgery, nuclear medicine, genetics, and pathology, based on literature review, existing international guidelines, and 
integration of external adviser feedback. Levels of evidence and grades of recommendation follow a simplified GRADE (Grading of 
Recommendations, Assessment, Development and Evaluation) system.
Recommendations: Diagnosis should be based on plasma-free metanephrine and normetanephrine as first-line test, complemented by 
appropriate anatomical and functional imaging guided by biochemical phenotype and genotype. Germline genetic testing is recommended. 
Tumor resection remains the mainstay of curative treatment, with cortical-sparing adrenalectomy advised in bilateral hereditary cases (except 
SDHB). Management of metastatic disease should be individualized, incorporating radionuclide therapy, systemic treatments, focal therapies, 
and palliative care as appropriate. Lifelong surveillance is essential, tailored to genotype and disease characteristics.
Conclusion: This European clinical guidance offers practical recommendations to support multidisciplinary management of pediatric PGL within 
European healthcare systems, complementing existing international consensus statements and supporting harmonization of care.
Keywords: pediatric PGL, pheochromocytoma, paraganglioma, rare tumors, EXPeRT, clinical guidance

Significance

Children and adolescents with intra- and extra-adrenal paragangliomas (PGLs) differ biologically and clinically from adults 
and require age-adapted care. This European Standard Clinical Practice (ESCP) guidance, developed by the EXPeRT net
work, translates current evidence and expert consensus into pragmatic, graded recommendations for diagnosis, peri- 
operative management, surgery, imaging and genetic testing pathways, and long-term surveillance tailored to genotype 
and initial presentation. It clarifies when to use functional imaging, how to sequence focal and systemic therapies in unre
sectable/metastatic disease, and how to structure follow-up and transition to adult care. By harmonizing practice across 
European centers, this guidance aims to reduce diagnostic delay, improve peri-operative safety, and standardize longitudinal 
care for children and adolescents with PGL.

Introduction
Pheochromocytomas and paragangliomas (PGLs) are rare neu
roendocrine tumors arising from chromaffin cells of the adrenal 
medulla or from extra-adrenal paraganglia.1,2 In the 2022 
World Health Organization (WHO) classification, pheochro
mocytoma is designated as (intra-) adrenal PGL, within the uni
fied PGL family.3 PGLs are further divided by autonomic 
lineage into sympathetic PGLs including adrenal PGLs and 
extra-adrenal sympathetic chain tumor, typically catechol
amine producing, and parasympathetic PGLs (predominantly 
head-and-neck; usually non-secretory). While more common 
in adults, their manifestation in children and adolescents 
presents unique biological and clinical challenges.4,5 Pediatric 
PGLs differ from adult-onset disease in genetic predisposition, 
anatomical distribution, clinical presentation, and long-term 
behavior—necessitating age-adapted strategies for diagnosis, 
treatment, and follow-up. A hallmark of pediatric PGL is its 
strong hereditary basis. Up to 80% of pediatric patients harbor 
germline pathogenic variants (PV), in contrast to approximate
ly 40% in adults.6-12 These most commonly involve genes of the 
pseudohypoxia pathway—particularly Von Hippel Lindau 
(VHL) and SDHx (SDHB, SDHD, SDHC, SDHA, and 
SDHAF2)— but may also include multiple endocrine neoplasia 
(RET), Neurofibromatosis type 1 (NF1), MAX, and 
TMEM127.8,9 The clinical phenotype typically reflects the 
underlying genotype: VHL PV often cause bilateral adrenal 
PGLs; SDHB and SDHD predispose to extra-adrenal PGLs, 
with SDHB associated with high metastatic risk; RET PVs (as 
in RET type 2; MEN2) lead to bilateral adrenal PGLs with as
sociated other endocrine neoplasms; and NF1-associated tu
mors occur in the context of neurocutaneous features. MAX 
and TMEM127 PVs are rare but recognized.

The estimated annual incidence is 0.5-2 cases per million 
children, with a median age at diagnosis between 11 and 15 

years.4-6,13-15 Although hypertension—often paroxysmal—is 
the most common presenting feature, additional or isolated 
symptoms of catecholamine excess such as palpitations, head
aches, diaphoresis, pallor, or anxiety are frequent. In some 
cases, hypertensive crises may lead to seizures or hypertensive 
encephalopathy. Notably, even biochemically functional tu
mors may not present with hypertension, requiring a high in
dex of suspicion.5,15-18

Most pediatric PGLs are located in the abdomen: 70%-80% 
in the adrenal glands, 15%-20% as extra-adrenal PGLs near 
the aorta or organ of Zuckerkandl, and fewer in the pelvis or 
head and neck (HNPGLs).6,8,9,19 Multifocal and bilateral dis
ease is particularly common in hereditary cases. Among chil
dren with bilateral adrenal PGLs, genetic syndromes— 
especially VHL and RET PVs—are frequently identified, and 
long-term risks of metachronous disease must be considered.20

The differential diagnosis depends on tumor location and 
age. For adrenal masses, key differential diagnoses include 
neuroblastoma (particularly in younger children), ganglio
neuroma, adrenocortical tumors, and less common lesions 
such as teratomas, desmoid tumors, or adrenal cysts.

Given the rarity and complexity of pediatric PGL, affected 
patients should be managed in specialized centers with access 
to multidisciplinary teams (MDTs). While the recent inter
national consensus statement offers broadly applicable recom
mendations for pediatric PGL diagnosis and management, 
it was designed for global generalizability and does not ac
count for region-specific healthcare, regulatory, or pediatric 
oncology frameworks.21 In contrast, this European Standard 
Clinical Practice (ESCP) guidance—developed by the 
European Cooperative Study Group for Pediatric Rare 
Tumors (EXPeRT)—is explicitly designed for implementation 
across European pediatric oncology centers. It emphasizes ac
tionable pathways tailored to European systems, integration 
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into rare-tumor registries, biobanking and molecular net
works, and harmonized workflows in European clinical 
practice. In doing so, it complements the consensus document 
by translating its principles into regionally appropriate, 
evidence-graded strategies for European children and adoles
cents with PGL.

Methods
This clinical guidance was developed through a structured 
consensus process led by EXPeRT, within the framework of 
the ESCP initiative and the PARTNER project, co-funded by 
the European Union Health Program. The guidance reflects 
multidisciplinary input from pediatric oncologists, endocri
nologists, pediatric surgeons, radiologists, nuclear medicine 
physicians, geneticists, pathologists, and palliative care ex
perts from multiple European countries.

The guidance was generated through a stepwise methodology: 

1. A systematic review of the literature on pediatric and 
adult PGL, including existing international guidelines, 
consensus statements, and relevant clinical studies.

2. Drafting of initial recommendations by a core writing 
group based on available evidence and expert clinical 
practice.

3. Iterative review cycles within the EXPeRT network and 
with selected external reviewers to refine recommenda
tions and address feedback.

4. Alignment of guidance with existing European pediatric 
oncology standards, rare tumor registry initiatives, and 
molecular biobanking efforts.

Recommendations were graded using a modified Grading of 
Recommendations, Assessment, Development and Evaluation 
(GRADE) approach, as outlined in Table S1.

Grades of recommendation (A–C) were assigned based on 
both the level of evidence and the degree of clinical agreement. 
All recommendations included in this document represent 
consensus decisions by the full writing group, with endorse
ment from all contributors and advisers involved in the review 
process.

Recommendations
Initial clinical evaluation
PGLs in children and adolescents require a high index of clin
ical suspicion due to their rarity and often subtle or intermit
tent manifestations. A structured and multidisciplinary 
diagnostic approach is essential to facilitate early recognition, 
initiate timely investigations, and avoid critical complications.

Clinical presentation
Hypertension—either sustained or paroxysmal—is the most 
common presenting feature, occurring in approximately 
70%-90% of pediatric cases. However, its absence does not 
exclude the diagnosis. Even biochemically functional tumors 
may fail to produce overt hypertension, and small or biochem
ically non-functional tumors may initially evade detection. 
Clinical vigilance is therefore required, especially in children 
with suggestive symptoms.

Typical features of catecholamine excess may include: 

1. Episodic headaches

2. Palpitations or tachycardia
3. Excessive sweating (diaphoresis)
4. Pallor or flushing
5. Tremor
6. Anxiety or behavioral disturbance
7. Nausea or vomiting, particularly after exertion
8. Unexplained weight loss or failure to thrive
9. Hypertensive emergencies, including hypertensive en

cephalopathy, seizures, or transient visual disturbances 
(eg, bilateral scotoma)

These symptoms may occur singly or in combination and 
are often intermittent, contributing to delayed or missed diag
nosis.4,9,19,22-24

Family history and syndromic features
A thorough family history should assess for: 

1. Known PGL, medullary thyroid carcinoma, or other 
(neuro-)endocrine tumors in first- or second-degree 
relatives

2. Early-onset or unexplained hypertension in family 
members

3. Manifestations consistent with hereditary syndromes, 
such as VHL disease, MEN2, or NF1.

Clinical recognition of syndromic stigmata (eg, retinal he
mangioblastomas, mucosal neuromas, café-au-lait spots, or 
axillary freckling) may provide critical diagnostic clues and 
should prompt early referral for genetic counseling. [Level 
IV; Grade A]

Physical examination
Physical examination should be comprehensive and tailored to 
the suspected diagnosis. Important components include: 

1. Repeated blood pressure measurements, including both 
supine and upright readings, to detect orthostatic changes

2. Cardiac auscultation for arrhythmias or murmurs
3. Abdominal and neck palpation to assess for masses
4. Detailed neurological assessment, especially in cases 

where PGL (eg, head and neck, spinal, or thoracic) is 
suspected

5. Fundoscopy to evaluate for hypertensive retinopathy
6. Ambulatory blood pressure monitoring in patients with 

suspected paroxysmal hypertension. [Level IV; Grade A]

Biochemical diagnosis
Biochemical confirmation of catecholamine excess is a corner
stone in diagnosing pediatric PGL. It guides the need for im
aging, genetic testing, and preoperative management. 
Because PGL symptoms such as hypertension, palpitations, 
and headache are nonspecific, biochemical screening serves 
to identify high-risk cases and avoid unnecessary investiga
tions in low-probability scenarios (Table 1).

Recommended tests
Plasma-free metanephrine and normetanephrine are the rec
ommended first-line investigations for suspected PGL in chil
dren. These metabolites reflect continuous catecholamine 
metabolism and offer superior sensitivity compared to direct 
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catecholamine measurement. This is especially relevant in chil
dren under surveillance for hereditary predisposition. 
However, the evidence base derives predominantly from adult 
cohorts.21,25-32 [Level IV; Grade A]

Urinary free or fractionated normetanephrine and meta
nephrine—particularly spot urine collections—are acceptable 
alternatives in younger children, where blood sampling may 
be challenging or distressing. Spot collections can be per
formed using urine collection bags in infants and toddlers, 
making this approach more feasible than 24-hour collections 
in this age group.29 [Level IV; Grade B] Regardless of the ma
trix, age-adjusted reference intervals must be applied due to 
developmental variation in catecholamine metabolism and ex
cretion (Table S2).21,32-35

Adjunct biomarkers
Plasma 3-Methoxytyramine (3-MT): Recommended in pa
tients with noradrenergic biochemical profiles, known SDHx 
mutations, or suspected metastatic disease.36 Elevated 3-MT 
indicates dopaminergic activity, which is often linked to high
er metastatic potential (eg, SDHB mutations, some head and 
neck PGLs), and may raise suspicion for metastatic spread 
warranting further evaluation.37,38 [Level IV; Grade B]

Serum Chromogranin A (CgA): May be considered in se
lected cases—particularly for suspected non-functional tu
mors—but has limited diagnostic utility in pediatric PGL. 
Pediatric-specific data are lacking. In mixed-age or adult co
horts, CgA demonstrates variable performance, with sensitiv
ity ranging from 79%-84% and specificity from 77%-91%, 
depending on tumor secretory profile, renal function, and 
use of proton pump inhibitors. CgA may be useful when ele
vated at baseline prior to surgery, allowing for postoperative 
monitoring in individual cases. 39,40 [Level V; Grade C]

Biochemical phenotypes and interpretation
Categorization of tumors by biochemical phenotype supports 
targeted imaging and management: 

1. Adrenergic phenotype: Elevated plasma free metanephr
ine above the reference limit, contributing > 5% of the 
combined excess of metanephrine and normetanephrine. 
Associated with adrenal tumors, RET PVs, or NF1 PVs.

2. Noradrenergic phenotype: Predominant elevation of nor
metanephrine, with metanephrine within range or ac
counting for <5% of the total excess. Typical in 
extra-adrenal PGLs and pseudohypoxic cluster variants 
(eg, VHL, SDHx).

3. Dopaminergic phenotype: Elevated 3-MT alone or in 
combination with normetanephrine. In SDHB- 
associated tumors, this pattern correlates with an in
creased risk of metastatic disease. In HNPGL, isolated 

3-MT elevation does not in itself imply metastatic 
potential.

These biochemical phenotypes may provide clues to tumor 
site, heritable background, or metastatic potential, but are 
not definitive and must always be interpreted in conjunction 
with imaging and genetic testing. [Level IV; Grade B]

Pre-analytical considerations
Several modifiable factors influence the accuracy of biochem
ical testing: 

1. Dietary intake: For 3-MT measurement, patients should 
avoid catecholamine-precursor foods (eg, bananas, choc
olate, caffeine) for at least 12 hours or overnight.21,36,41

[Level V; Grade B]
2. Medication interference: Tricyclic antidepressants, nasal 

decongestants, and beta-blockers may alter test results. 
Where feasible, interfering medications should be paused, 
particularly in cases of borderline elevation.

3. Sampling conditions: Supine blood sampling after at 
least 20 minutes of rest reduces stress-related fluctua
tions.21,25,42-45

These factors are especially relevant when results are bor
derline—defined as less than a twofold increase above the 
upper reference limit. In such cases, repeat testing is warranted 
after modifying confounding factors. Persistent uncertainty 
should prompt MDT review.21,36,46 [Level IV; Grade B]

Imaging
Imaging is a cornerstone in the diagnosis and management of 
pediatric PGL, essential for confirming tumor presence, delin
eating anatomical extent, detecting multifocal or metastatic 
disease, and guiding surgical planning. In children, imaging 
protocols must prioritize diagnostic accuracy while minimiz
ing cumulative radiation exposure due to their long-term 
risk of radiation-induced malignancy.

Anatomical imaging is mandatory. Functional imaging is 
recommended when multifocal or metastatic disease is sus
pected, or when genetic/biochemical features indicate higher 
metastatic risk (eg, extra-adrenal tumors, SDHB PV). Where 
feasible, these modalities should be coordinated to avoid du
plication, reduce anesthetic requirements, and streamline sta
ging. [Level V; Grade B]

Anatomical imaging
Magnetic resonance imaging (MRI) is the preferred modality 
for initial anatomical assessment. It provides excellent soft tis
sue contrast and avoids ionizing radiation, making it suitable 
for repeated use during surveillance.47-49 MRI of the abdomen 

Table 1. Recommended biochemical testing in pediatric PGL.

Test Indication Notes

Plasma-free metanephrine and 
normetanephrine

First-line test for suspected PGL, especially in 
high-risk/genetic cases

Highest sensitivity; preferred in surveillance and early 
detection; most evidence from adult cohorts

Urinary free metanephrine and 
normetanephrine

Alternative in younger children or when blood 
sampling is difficult

Requires age-adjusted reference ranges; lower sensitivity vs 
plasma

Plasma 3-methoxytyramine Noradrenergic tumors, known SDHx PV, 
metastatic disease surveillance

Marker of dopaminergic activity; associated with higher 
metastatic potential
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and pelvis should be considered the minimum initial imaging 
in all patients, as these sites represent the most common tumor 
locations.21,50 [Level IV; Grade A]

When germline results are pending or unavailable prior to 
surgery, consider a one-time extended baseline staging (adding 
thoracic and neck/skull-base MRI) to exclude multifocal or 
synchronous disease, given the high prevalence of heritable 
PGL in children and the potential delay in genetic results. 
This is especially pertinent when biochemistry is noradrener
gic/dopaminergic, tumor is extra-adrenal, symptoms suggest 
thoracic or cervical mass effect, or there is clinical/family sus
picion of SDHx. [Level IV; Grade A]

Computed tomography (CT) is reserved for specific indica
tions—such as MRI contraindications (eg, incompatible im
plants, severe claustrophobia), or inconclusive MRI findings. 
In particular, contrast-enhanced CT is recommended for 
evaluating mediastinal PGLs or for detailed preoperative plan
ning in extra-adrenal abdominal and pelvic tumors, where 
visualization of surrounding vascular and soft tissue structures 
is essential. Bone involvement and vascular invasion may also 
be better appreciated on CT. When used, low-dose pediatric 
CT protocols should be applied21,47-49,51 [Level IV; Grade B]

Functional imaging
Functional imaging complements MRI/CT and identifies bio
logically active tumor tissue, supports whole-body staging, 
and informs theranostic eligibility. It should be considered 
particularly in suspected multifocal/metastatic disease, extra- 
adrenal tumors, high-risk genotypes (SDHx), or when results 
of biochemistry/anatomical studies are inconclusive. Selection 
should be guided primarily by genetic background, tumor site, 
and local availability. (Table 2)21,27 [Level IV; Grade B]

SDHx-related PGL and HNPGLs: [68Ga]Ga-DOTATATE 
PET/CT is preferred owing to higher sensitivity, particularly 

in metastatic sympathetic and head- and neck-disease.52-56

[Level IV; Grade B]
Non-SDHx adrenal PGL (including sporadic and VHL, 

RET, MAX, TMEM127): [18F]F-DOPA PET/CT is generally 
most sensitive for adrenal PGL and small-volume dis
ease.21,56,57 [Level IV; Grade B]

Metastatic non-SDHx adrenal PGL: [18F]F-DOPA PET/CT 
and [68Ga]Ga-DOTA-SSA PET/CT show similar sensitivity; 
selection can be individualized based on availability and the 
clinical question (staging vs. theranostics).56 [Level IV; 
Grade B]

[18F]F-FDG PET/CT is not first-line for initial localization; 
consider in aggressive, dedifferentiated, or rapidly progressive 
disease (eg, some SDHB-associated tumors) to assess gluco
lytic activity.52-55,58,59 [Level IV; Grade B]

[123I]I-MIBG scintigraphy is no longer preferred for diag
nostic localization given lower sensitivity versus PET tracers. 
Its main role is theranostic selection where [131I]I MIBG ther
apy is contemplated.52,59-61 [Level IV; Grade B]

Functional imaging complements anatomical studies for 
whole-body staging and theranostic eligibility. When genetic 
testing is pending, inconclusive, or negative—and especially 
with a noradrenergic phenotype—whole body imaging may 
be considered to exclude multifocal or metastatic disease. 
Begin with the most likely genotype-/site-appropriate tracer 
based on tumor location and family history, and confirm 
once results are available. [Level IV; Grade B]

Genetic testing
Given the high rate of heritability in pediatric PGL, genetic 
testing plays a central role in diagnosis, management, family 
counseling, and long-term surveillance. Unlike adult-onset 
PGL, where sporadic forms are more common, approximately 

Table 2. Functional imaging in pediatric PGL—genotype-/site-first selection.

Genetic background/clinical 
context

Preferred functional 
imaging

Acceptable alternatives/when to use Primary purpose(s)/notes

SDHx-related PGL [68Ga]Ga-DOTA-SSA PET/ 
CT

[¹⁸F]F-FDG PET/CT (aggressive/rapidly 
progressive disease); [¹⁸F]F-DOPA PET/ 
CT (if DOTA-SSA unavailable

Highest sensitivity for SDHx, incl. 
metastatic & head/neck sites; 
FDG not first-line but helpful for 
aggressive biology

Head & neck PGL 
(parasympathetic, often 
non-secretory; many SDHx)

[68Ga]Ga-DOTA-SSA PET/ 
CT

— DOTA-SSA outperforms other 
tracers for HNPGL localization 
and staging

Non-SDHx adrenal PGL (incl. 
VHL, RET/MEN2, MAX, 
TMEM127; sporadic)

[18F]F-DOPA PET/CT [⁶⁸Ga]Ga-DOTA-SSA PET/CT (similar 
sensitivity in metastatic non-SDHx 
adrenal PGL); [¹²³I]I-MIBG scintigraphy 
(if considering MIBG therapy)

FDOPA generally most sensitive for 
adrenal PGL and small-volume 
disease; choose DOTA-SSA or 
FDOPA pragmatically where 
similar

Metastatic non-SDHx adrenal 
PGL

[18F]F-FDG PET/CT or 
[68Ga]Ga-DOTA-SSA 
PET/CT

Selection based on availability and clinical 
question (staging vs theranostics)

Adult evidence suggests similar 
sensitivity; tailor to downstream 
therapy (eg, PRRT eligibility).

Unknown/negative germline 
PV, noradrenergic 
phenotype, extra-adrenal 
location suspected

[68Ga]Ga-DOTA-SSA PET/ 
CT

[¹⁸F]F-DOPA PET/CT (if adrenal primary 
more likely)

While genetics pending, use 
genotype-/site–based likelihood; 
escalate to whole-body staging 
when risk higher

Aggressive, poorly 
differentiated, rapidly 
progressive disease (any 
genotype)

[18F]F-FDG PET/CT Add DOTA-SSA or FDOPA as per 
genotype/site to complete staging

FDG reflects glycolytic activity; not 
first-line for localization but 
useful in high-grade/aggressive 
behavior

Theranostic selection for MIBG 
therapy

[123I]I-MIBG scintigraphy — Diagnostic role mainly to confirm 
avidity for [¹³¹I]I-MIBG therapy; 
lower sensitivity than PET for 
localization.
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80% of pediatric cases harbor germline PVs. Consequently, 
pediatric PGL should be considered hereditary until proven 
otherwise.6,9,10

Rationale and timing
Universal germline genetic testing is recommended for all chil
dren and adolescents with PGL, irrespective of tumor site, bio
chemical profile, or family history. [Level IV; Grade A] Early 
identification of a causative PV: 

1. Supports risk stratification by predicting the likelihood of 
multifocality, bilateral involvement, or metastatic poten
tial, thus guiding surgical planning and follow-up 
intensity.62

2. Enables syndrome-specific surveillance, such as screening 
for associated neoplasms in patients with VHL, RET, or 
other syndromes

3. Facilitates cascade testing in family members, allowing 
for early detection and preventive care in asymptomatic 
carriers.

4. Informs long-term care, including transition into adult 
services and reproductive counseling.

Genetic testing should ideally be initiated as early as pos
sible—preferably preoperatively if the result might influence 
surgical decisions (eg, cortical-sparing adrenalectomy). If 
this is not feasible, testing should be expedited postopera
tively, assuming a hereditary basis until results are available. 
[Level IV; Grade B]

Genes to be included
Comprehensive panels should encompass genes from both 
major molecular clusters: 

1. Pseudohypoxic cluster: VHL, SDHA, SDHB, SDHC, 
SDHD, EPAS1, FH (note: germline EPAS1 variants are 
rare; most variants are in this gene are somatic or mosaic)

2. Kinase signaling cluster: RET, TMEM127, MAX.

While NF1 is strongly associated with PGL, its diagnosis is 
generally based on clinical criteria (eg, revised NIH diagnostic 
features), and it is typically not included in standard germline 
panels. Somatic variants (eg, in CSDE1, MAML3) may be in
formative for tumor profiling but do not affect heritability. 
Panels should be periodically revised to incorporate novel 
gene associations. [Level IV; Grade A]

Tumor and somatic testing
In the absence of germline PVs, somatic tumor sequencing may 
yield additional insights, particularly in patients with multi
focal disease or atypical histopathology. Somatic profiling 
can also help identify candidates for clinical trials or future 
molecularly guided therapies.21,63 [Level V; Grade B]

Counseling and family implications
Pre- and post-test genetic counseling are essential for informed 
decision-making. Families should be supported throughout 
the testing process, including the psychosocial implications 
of positive findings. [Level IV; Grade A]

When germline PV is confirmed, cascade testing and 
risk-adapted surveillance should be offered to first-degree 
relatives.

In cases where variants of uncertain significance (VUS) are 
detected, interpretation requires expert input. Routine cas
cade screening for VUS is not recommended. Psychological 
support should be available to families navigating the uncer
tainty or emotional burden associated with genetic findings.

Preoperative management
Preoperative preparation is critical in pediatric PGL to miti
gate perioperative cardiovascular risks, particularly hyperten
sive crises and arrhythmias triggered by tumor manipulation, 
and optimize surgical outcomes. Management focuses on cat
echolamine blockade, intravascular volume restoration, and 
coordinated surgical planning. Early multidisciplinary in
volvement is essential to optimize outcomes.

Medical preparation
Alpha-adrenergic blockade is the cornerstone of preoperative 
management and should be initiated at least 7-14 days prior to 
surgery.21,25,64

Phenoxybenzamine, a non-selective, long-acting alpha- 
blocker, is widely used for its sustained antihypertensive ef
fect, though it may cause nasal congestion, fatigue, or reflex 
tachycardia. However, it is not available in all countries.

Selective alpha-1 blockers (eg, doxazosin) offer a shorter 
half-life and potentially fewer side effects, and may be pre
ferred in some centers.

The dosing goal is to achieve mild orthostatic hypotension, 
typically a fall in systolic blood pressure of up to ∼20 mmHg 
or a diastolic of ∼10 mmHg on standing, while maintaining 
tolerable supine pressures. Interpretation should reference 
age-, sex-, and height-specific pediatric blood pressure percen
tiles (eg, European Society of Hypertension 2016 guidelines, 
German KIGGS study/percentile curves).65-67 [Level IV; 
Grade A]

Beta- blockers may be introduced only after alpha blockade 
has been established to control tachycardia or arrhythmias. 
Initiation before alpha blockade is contraindicated due to 
the risk of hypertensive crises from unopposed alpha stimula
tion.21,25,68-70 [Level IV; Grade A]

Calcium channel blockers (eg, nicardipine) or methyltyro
sine (if available) may be used in selected cases with refractory 
hypertension, although pediatric-specific evidence is lim
ited.25,64 [Level V; Grade B]

Volume expansion is vital to reverse chronic vasoconstric
tion and restore plasma volume. Liberal salt intake and in
creased oral fluids are recommended, with intravenous 
hydration considered before and on the day of surgery.21

[Level IV; Grade A]
Constipation prevention should be implemented proactive

ly as alpha-blockade may impair gut motility. High-fiber diet, 
adequate hydration, stool softeners, and osmotic laxatives 
may be used to minimize discomfort and avoid perioperative 
complications.  [Level IV; Grade B]

Cardiovascular assessment
Chronic catecholamine exposure can result in myocardial dys
function, necessitating preoperative cardiac evaluation in at- 
risk patients:

Echocardiography is advised for those with sustained 
hypertension, dual catecholaminergic profiles, or signs of car
diac impairment. It helps assess left ventricular hypertrophy, 
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systolic and diastolic dysfunction, or catecholamine-induced 
cardiomyopathy. [Level IV; Grade B]

ECG and/or Holter monitoring are recommended in the 
presence of arrhythmias, persistent tachycardia, or high ar
rhythmic risk, to detect conduction abnormalities and guide 
intraoperative planning. [Level V; Grade B]

Surgical management
Surgical resection is the mainstay of curative treatment for lo
calized pediatric PGL. (Figure 1) Surgery should be performed 
in specialized centers with expertise in pediatric endocrine on
cologic and minimally invasive techniques (laparoscopic and/ 
or robotic). Preoperative planning must occur within an 
MDT, including pediatric surgeons, endocrinologists, oncolo
gists, anesthetists, radiologists, and nuclear medicine special
ists. The surgical strategy should be individualized based on 
tumor characteristics, genetic background, and anatomical 
considerations. [Level III; Grade A]

Surgical principles
The primary goal is complete resection with clear margins 
while minimizing morbidity and preserving adrenal and sur
rounding organ function. Preoperative imaging and biochem
ical findings inform the surgical approach, particularly in the 
context of hereditary disease, multifocality, or suspected ma
lignancy. [Level III; Grade A]

Cortical-sparing adrenalectomy
Cortical-sparing adrenalectomy should be considered in syn
chronous bilateral adrenal PGLs, particularly in hereditary 
syndromes such as VHL or MEN2, to preserve adrenal cor
tical function and avoid lifelong adrenal insufficiency.21,71,72

[Level IV–V; Grade B]

In unilateral adrenal PGL with a known or suspected heredi
tary background (eg, VHL, RET), this approach may also be 
appropriate owing to the high risk of metachronous contralat
eral tumors, enabling preservation of future adrenal reserve. 
[Level IV–V; Grade B]

Cortical-sparing adrenalectomy is not indicated in patients 
with SDHB PVs, due to increased risk of local recurrence 
and malignant transformation. [Level IV–V; Grade B]

Where germline results are pending, the default is total adre
nalectomy unless clinical features strongly support a low- 
malignancy hereditary context (eg, classic VHL/RET pheno
type with small bilateral adrenal PGLs and adrenergic bio
chemistry). Cortical-sparing surgery should be avoided while 
awaiting results if features suggest SDHB/SDHx (eg, noradre
nergic/dopaminergic profile with elevated 3-MT, extra- 
adrenal or metastatic disease, large/heterogeneous mass). 
Decisions should be finalized in an MDT prioritizing onco
logic safety. [Level V; Grade B]

Adrenal tumor approach
Minimally invasive adrenalectomy (laparoscopic or robotic) is 
the preferred technique for localized tumors without evidence 
of invasion, provided it is performed in centers with expertise 
in pediatric endocrine and oncologic surgery. It offers faster 
recovery and reduced postoperative morbidity.73-75 [Level 
IV; Grade A]

Open adrenalectomy is indicated when there is suspicion of 
local invasion, when tumors are anatomical complex, or when 
tumor size makes minimally invasive approaches technically 
challenging. [Level III; Grade B] Note: Tumor size is an im
portant consideration: while many centers apply a threshold 
of 5-6 cm to favor open resection, others report safe minimally 
invasive approaches for larger tumors in experienced hands.

Figure 1. Flowchart of recommended diagnostic and therapeutic approach for localized or resectable pediatric adrenal and extra-adrenal PGL. This 
diagram outlines key decision points including assessment of focality, resectability, surgical management, and the role of surveillance, re-resection, or 
focal therapies following initial surgery.
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Whenever feasible, children should be referred to expert 
centers to optimize outcomes. [Level IV; Grade B]

Extra-adrenal PGLs
These tumors are often located near critical neurovascular 
structures (eg, para-aortic, pelvic, mediastinal). Open resection 
remains standard in complex or high-risk locations. [Level IV; 
Grade B]

Minimally invasive approaches (laparoscopic or thoraco
scopic, standard and/or robotic-assisted) may be considered 
in selected cases, but should be performed only in high-volume 
centers with established expertise in both pediatric oncologic 
and minimally invasive surgery. [Level IV; Grade C]

Detailed preoperative imaging and intraoperative neuromo
nitoring may aid in safe dissection and reduce complications. 
[Level IV; Grade B]

Anesthetic considerations
Anesthetic planning is essential and should be coordinated 
with the surgical team well in advance.

Invasive arterial blood pressure monitoring and large-bore 
intravenous access are mandatory.

Anesthesia teams should be experienced in managing 
catecholamine-secreting tumors, with access to vasoactive 
medications and antiarrhythmic agents intraoperatively. 
[Level III; Grade A]

Biopsy
Preoperative biopsy is generally contraindicated due to the 
risk of catecholamine surge and tumor seeding. [Level IV; 
Grade A]

If histological confirmation is required for unresectable dis
ease or atypical tumors, biopsy should proceed only after 

MDT consensus, be performed via a retroperitoneal approach 
in experienced centers, and—when biochemistry is positive— 
only under prior α-adrenergic blockade with appropriate peri- 
procedural monitoring and vasoactive medications immedi
ately available. [Level V; Grade B]

Management of metastatic and unresectable 
disease
Metastatic and unresectable pediatric PGL requires individual
ized, multidisciplinary care aimed at balancing disease control, 
symptom palliation, and preservation of quality of life over 
what is often a prolonged disease course (Figure 2).21,76,77

Metastatic disease is present in approximately 10%-20% of 
pediatric patients at diagnosis, with higher frequencies—up to 
30%-50%—reported in cohorts enriched for hereditary condi
tions, particularly SDHB PVs.6,15,47 Clinical behavior ranges 
from indolent to rapidly progressive disease, necessitating 
risk-adapted strategies informed by tumor burden, symptom 
profile, and molecular background.

General principles
In asymptomatic patients with low-volume, indolent disease 
active surveillance (“watchful waiting”) may be appropriate, 
with regular biochemical and imaging follow-up. [Level V; 
Grade B]

Intervention is indicated for symptomatic or progressive dis
ease, high tumor burden, or functional tumors with uncon
trolled catecholamine secretion. In SDHB-associated PGL, 
MDTs should more proactively evaluate cytoreductive strat
egies (eg, debulking surgery or focal therapies), given the higher 
malignant potential and young age at onset. Decisions should 
be guided by MDTs with expertise in nuclear medicine, system
ic therapies, surgery, and supportive care. [Level IV; Grade A]

Figure 2. Flowchart of recommended management of metastatic or unresectable pediatric adrenal and extra-adrenal PGL. The diagram illustrates 
treatment pathways for metastatic disease, including decision points for surgery, focal therapies, debulking, systemic therapies (PRRT, MIBG therapy, 
targeted therapy, chemotherapy), and indications for surveillance (watch and wait). Abbreviations: PRRT = somatostatin receptor-directed peptide 
receptor radionuclide therapy; MIBG = metaiodobenzylguanidine.

G120                                                                                                                        European Journal of Endocrinology, 2025, Vol. 193, No. 6
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/193/6/G
113/8328951 by Augsburg U

niversity Library user on 10 D
ecem

ber 2025



Systemic radionuclide therapies
[131I]I-MIBG therapy is recommended for MIBG-avid meta
static PGL requiring tumor control or symptomatic relief. 
Treatment should be delivered in experienced centers with ap
propriate radiation safety protocols.78-80 [Level IV; Grade B]

Note: The high-specific-activity [¹³¹I]I-MIBG formulation 
(iobenguane, Azedra®), which showed improved tumor tar
geting, is no longer commercially available. Conventional 
[¹³¹I]I-MIBG remains in clinical use.

Peptide receptor radionuclide therapy (PRRT) using radio
active STTR ligands such as [177Lu]Lu-DOTATATE may 
be considered in DOTATATE-avid tumors unsuitable for 
MIBG therapy.81 Given the limited pediatric data, PRRT 
should ideally be delivered in clinical trials or following de
tailed MDT review.82-86 [Level V; Grade B]

Chemotherapy
Cyclophosphamide, vincristine, dacarbazine (CVD) chemo
therapy is reserved for aggressive or rapidly progressing dis
ease due to its toxicity profile.87-90 [Level IV; Grade C]

Temozolomide is generally well tolerated and has demon
strated activity in adult and limited pediatric series.91,92

[Level IV; Grade B]

Targeted therapies
Tyrosine kinase inhibitors (eg, sunitinib) may be considered in 
refractory progressive disease, though monitoring for toxicity 
(eg, hypertension, fatigue) is essential.93,94 [Level V; Grade B]

HIF2α inhibitors (eg, belzutifan) have been considered in
vestigational in PGL, with little pediatric data. However, as 
of May 14, 2025, the U.S. Food and Drug Administration 
has approved belzutifan for adult and pediatric patients aged 
12 years and older with locally advanced, unresectable, or 
metastatic PGL.95,96 Despite this approval, experience in chil
dren, long-term outcomes, optimal dosing, and integration 
with other therapies remain limited. [Level V; Grade C]

Local and focal therapies
Surgical debulking may be appropriate in oligometastatic 
cases to relieve symptoms or reduce catecholamine output. 
[Level V; Grade B]

Radiotherapy (conventional or stereotactic) may be used for 
unresectable or symptomatic lesions such as bone metastases. 
Highly conformal techniques are preferred to reduce long- 
term toxicity.21,70 [Level V; Grade B]

Surveillance and palliative care
Ongoing surveillance with periodic imaging, biochemical 
monitoring, and clinical assessment is essential for patients 
managed conservatively. [Level V; Grade B]

Early integration of palliative care supports symptom con
trol and enhances quality of life. It should be part of the 
MDT for patients with advanced or symptomatic disease. 
[Level V; Grade A]

Follow-up and surveillance
Given the lifelong risk of recurrence, development of new pri
mary tumors, and metastatic progression—particularly in 
those with hereditary PGL—long-term follow-up is essential. 
Surveillance strategies should be risk-adapted, reflecting 

tumor biology, genetic background, and prior treatments 
(Table 3).8,21,97

Biochemical surveillance
Regular monitoring of plasma-free or urinary metanephrine 
and normetanephrine is recommended to detect biochemical 
recurrence. [Level IV; Grade A]

Plasma 3-MT should be added in patients with noradrener
gic or dopaminergic tumors, SDHx PVs, or prior metastatic 
disease, where it may serve as an early marker of recurrence 
or progression.21 [Level IV; Grade A]

Suggested intervals: 

1. Every 6-12 months during the first 5 years post-resection. 
Shorter intervals (6 months) are advised for high-risk pa
tients (eg, SDHB PV carriers).

2. Every 1-2 years thereafter, based on risk factors, prior re
currence, and stability of biochemical parameters. [Level 
IV; Grade B]

Imaging surveillance
MRI is the modality of choice due to its lack of ionizing radi
ation. Surveillance protocols should be tailored to the patient´s 
genotype and initial tumor presentation. Standard follow-up 
includes abdominal and pelvic MRI. Cervical and thoracic im
aging is warranted in those with SDHx PVs or prior extra- 
adrenal disease, or when the primary tumor arose in these re
gions. In SDHx-related disease, skull base and neck MRI at 
3-5 year intervals is specifically recommended, in addition to 
abdominal and and pelvic imaging. [Level IV; Grade A]

Suggested intervals: 

1. Baseline MRI at 6-12 months postoperatively.
2. Repeat MRI every 1-3 years, tailored to genotype, tumor 

characteristics, and biochemical results. Annual imaging 
may be warranted in high-risk scenarios. [Level IV; 
Grade B]

Functional imaging (eg, [68Ga]Ga-DOTATATE PET/CT, 
MIBG scintigraphy) should be reserved for cases with bio
chemical relapse or inconclusive anatomical imaging.21

[Level IV; Grade B]

Syndrome-specific surveillance
Patients with hereditary PGL require tumor screening accord
ing to the associated syndrome: 

Table 3. Recommended surveillance intervals.

Measure First 5 years 
post-treatment

Beyond 5 years

Biochemistry 
(metanephrine ±  
3-methoxytyramine)

Every 6-12 months Every 1-2 years, 
tailored to risk

MRI Baseline at 6-12 months 
post-op, then every 
1-3 years

Every 1-3 years, 
tailored to risk

Functional imaging As indicated by 
abnormal 
biochemistry or 
symptoms

As indicated
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1. VHL syndrome: CNS hemangioblastomas, pancreatic 
neuroendocrine neoplasms, renal cell carcinoma

2. RET: Medullary thyroid carcinoma, parathyroid disease
3. NF1: Optic pathway gliomas, other neurocutaneous 

manifestations

Coordination with syndrome-specific specialists is essential 
for comprehensive care.21 [Level IV; Grade A]

Documentation and education
Surveillance plans should be clearly documented, including 
genetic findings, surgical history and biochemical/imaging 
schedules. Families should receive education on recurrence 
signs, associated tumor risks, and the importance of adherence 
to long-term follow-up. Patient engagement is critical to en
sure continuity of care. [Level V; Grade A]

Transition to adult care
Given the lifelong risk of recurrence and the need for contin
ued surveillance in pediatric PGL, a structured and well- 
coordinated transition to adult care is essential. Poorly man
aged transitions may lead to gaps in monitoring, loss to 
follow-up, and delayed recognition of recurrence or associated 
tumors.21

Transition planning should begin in adolescence, with a 
gradual process that includes education, empowerment, and 
shared consultations between pediatric and adult care teams 
to ensure familiarity and continuity.

A comprehensive transition summary should be provided to 
the adult team and include: 

1. Genetic findings and implications for cascade testing and 
reproductive counseling

2. Details of prior surgical and medical management
3. Individualized surveillance schedules with justification
4. Recommendations for syndrome-specific tumor screen

ing and risk-based monitoring of late effects. [Level V; 
Grade A]

Psychosocial support should be incorporated to address the 
emotional and practical challenges of transitioning care, par
ticularly for adolescents with chronic health needs or complex 
genetic syndromes. [Level V; Grade B]

Conclusion
Pediatric PGLs represent rare, complex neuroendocrine tu
mors that require highly specialized, multidisciplinary man
agement and lifelong surveillance. Their distinct biological 
characteristics—including a high prevalence of hereditary pre
disposition, early onset, and increased risk of multifocality 
and metastatic progression—necessitate pediatric-specific ap
proaches that differ substantially from practice in adult 
patients.

This guidance, developed under the ESCP initiative by the 
EXPeRT group, offers practical, evidence-graded recommen
dations to support standardized, high-quality care for children 
and adolescents with PGL across Europe. It underscores the 
importance of MDT decision-making, the integration of 
genotype-driven diagnostic and surgical strategies, and indi
vidualized long-term follow-up tailored to risk profiles.

While these recommendations reflect current best practices, 
several aspects of pediatric PGL remain under-researched. 
Ongoing collaboration across European and international 
networks is essential to strengthen the evidence base, address 
remaining uncertainties, and improve outcomes for affected 
children, adolescents, and families.
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