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Summary
Pacak K, Prodanov T, Eisenhofer G, Adams 
K, Kantorovich V. Pheochromocytoma and 
paraganglioma syndromes: going on 2010

Pheochromocytomas and paragangliomas 
are chromaffin cell tumors that produce, 

store (e.g. in vesicles), metabolize (e.g. to 
yield metabolites such as normetanephrine 
or metanephrine), and secrete (release) cat-
echolamines (e.g. norepinephrine and epi-
nephrine, or dopamine). The metabolism of 
catecholamines is a more consistent process 
than that of catecholamine secretion. Pheo-
chromocytomas are found in the adrenal 
gland; closely related tumors of extra-adrenal 
location are classified as paragangliomas. 
Most pheochromocytoma and paraganglio-
ma tumors (PTTs) represent sporadic tumors 
but about 20–30% of these tumors are famil-
ial. Mutations in six genes to date have been 
identified to be responsible for familial PTTs: 
1. the von Hippel-Lindau (VHL) gene leading 
to VHL syndrome; 2. the RET gene leading 
to multiple endocrine neoplasia type 2; 3. the 
neurofibromatosis type 1 (NF-1) gene associ-
ated with von Recklinghausen’s disease; and 4 
and 5. mutations of genes encoding the B, C, 
and D subunits of mitochondrial succinate-
dehydrogenase (SDHB, SDHC, and SDHD) 
associated with familial PTTs. The presence 
of catecholamine excess reflects various clini-
cal signs and symptoms associated with PTTs. 
Hypertension is the most common sign and 
may be sustained or paroxysmal. Numerous 
independent studies have now confirmed that 
measurements of fractionated metanephrines 
(i.e. normetanephrine and metanephrine 
measured separately) in urine or plasma pro-
vide superior diagnostic sensitivity over mea-
surement of the parent catecholamines. Cur-
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rent localization of PTTs should be based on 
the use of anatomical as well as specific func-
tional imaging studies to proof that a tumor is 
indeed pheochromocytoma or paraganglioma. 
Laparoscopic surgery is now the technique of 
first choice for resection adrenal and extra-
adrenal PTTs. All patients with PTTs should 
receive appropriate preoperative medical man-
agement to block the effects of released cate-

cholamines (blocking the synthesis and the ac-
tion of catecholamines). Currently, there is no 
curative treatment for malignant PTTs. 

Key words: 
pheochromocytoma, paraganglioma, cate-
cholamines, metanephrines, neuroendocrine, 
familial, metaiodobenzylguanidine scintigra-
phy, postitron emission tomography.

introduction

While being a part of the diffuse neuroendo-
crine system, pheochromocytoma and para-
ganglioma tumors (PPTs) occupy a unique 
niche in human pathology due to diverse clini-
cal presentations, possible cure, but potentially 
fatal course if undiagnosed. Prevalence of 
PPTs in Western countries is estimated around  
1 : 6.500 to 1 : 2.500, with an annual incidence in 
the United States of 500 to 1,600 cases per year 
(1). About 85% of PPTs are caused by adrenal 
tumors, while the majority of the rest are extra-
adrenal that commonly arise from a collection 
of chromaffin tissue around the origin of the 
inferior mesenteric artery (the organ of Zuck-
erkandl) or aortic bifurcation (2, 3). Although 
20–30% of PPTs are familial and display multi-
centric and bilateral features, histopathological 
characteristics of all PPTs are uniform. Metas-
tases may be rare for adrenal (about 10%) and 
familial (less than 5%) pheochromocytomas 
(4), the prevalence increases to 36–50% for ex-
tra-adrenal abdominal pheochromocytomas, 
especially ones related to SDHB mutations (5). 
Finally, up to 10% of intra-adrenal pheochro-
mocytomas show local recurrence (6, 7). 

PPTs concurrently show number of similari-
ties and dissimilarities to other neuroendocrine 
tumors (NETs), including carcinoids (Table 1). 
These are rare tumors requiring a high index of 
suspicion for diagnosis and are known to fierce-
ly masquerade as common benign conditions. 
Despite being part of diffuse neuroendocrine 
system, PPTs are excluded from “regular” NET 
classification and seem to have even inconsis-
tencies with their own. None of the proposed 
classifications equally captures most significant 
characteristics of PPTs: localization and neu-

ronal origin. When one concentrates on local-
ization only, than all PPTs are called paragan-
gliomas and further subdivision has them as 
adrenal and extra-adrenal. This classification 
misses very significant features of neuronal cell 
origin, where intra- and extra-adrenal intra-ab-
dominal pheochromocytomas are appreciated 
as derived from sympathetic nervous system-
associated chromaffin tissue, typically produce 
catecholamines and are clinically symptomatic; 
while head and neck paragangliomas derived 
from parasympathetic tissue are rarely active 
biochemically and symptoms are mostly related 
to space-occupying phenomena. 

In addition, PPTs express a striking number 
of dualities within themselves (Table 1) and 
this update will review current state of the art 
through these dualities.

clinical Features

There is an appearing paradox with clinical as-
sessment of PPTs. Recurrent episodes of anxi-
ety with transient increases in blood pressure 
are readily suspected as pheochromocytoma, 
but rarely found to be ones. On the other 
hand, sustained hypertension with somewhat 
fluctuating readings is rarely seen as potential 
PPTs and over the years can progress to car-
diac failure, result in hypertensive crisis dur-
ing surgery or become malignant. One also 
needs to remember that in familial cases both 
presentation and the course significantly dif-
fer from sporadic PPTs. On the other hand, 
4–10% of adrenal insidentalomas show up to  
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Table 1. PPTs as NETs

Dualities within PPTs
• Tumor
 – Location: adrenal (pheochromocytoma) versus (vs) extra-adrenal (paraganglioma)
 – Characteristics: benign vs malignant
 – Size: small vs large (may express different metabolic and secretory activities)
 – Secretory profile: Epinephrine vs norepinephrine/dopamine
• Clinical features:
 – Hypertension: sustained vs paroxysmal
 – Blood pressure: hypertension vs orthostatic hypotension
• Genetics: familial vs sporadic

Similarities with other NETs
• Take up amino acids (tyrosine for adrenal medullar cells and tryptophan for carcinoid)
•  Have a very similar machinery of enzymatic processing, including hydroxylation and decarboxylation to produce end 

products
• Stain positively with chrome and silver-containing stains and Chromogranin A
• Express somatostatin receptors, take up glucose and guanidine derivatives
• Have extensive and advance storage through cytoplasmic granules
• Capable of rapid delivery of large amounts of stores products, as well as internally metabolizing them
• Have both sporadic and familial forms
• Have both benign and malignant course
•  Synthesize a vast range of neuropeptides: vasoactive intestinal peptide, corticotrophin, neuropeptide Y, atrial natriuretic 

factor, growth hormone-releasing factor; somatostatin, parathyroid hormone-related peptide, calcitonin, and 
adrenomedulin

Dissimilarities from other NETs

•  Embryonic stem (EC) cells derive from multipotent stem cell of endodermal origin, while PPTs are from neuroectodermal 
origin

• Different active end products
• Different genetic background
• Different localization
• Classification based on degree of differentiation (NETs) or localization (PPTs)
•  Management relies on somatostatin receptor expression and proliferation index (Ki67) for NETs, while in PPTs it is location, 

mutation and catecholamine levels

Table 2. Clinical symptoms and signs characteristic of patients presenting with PPTs

Symptoms Percent

Headache 70–90

Palpitations ± tachycardia 50–70

Diaphoresis 60–70

Anxiety 20

Nervousness 35–40

Abdominal/chest pain 20–50

Nausea 26–43

Fatigue 15–40

Dyspnea 11–19

Dizziness 3–11

Heat intolerance 13–15

Pain/Paresthesias up to 11

Visual symptoms 3–21

Constipation 10

Diarrhea 6

Signs Percent

Hypertension > 98

 sustained 50–60

 paroxysmal 50

Orthostatic hypotension 12

Pallor 30–60

Flushing 18

Fever up to 66

Hyperglycemia 42

Vomiting 26–43

Convulsions 3–5

Adapted from Ram and Fierro-Carrion (15), Manger and Gifford (3) and Werbel and Ober (35) 



strana 8

Ces Urol 2010; 14(1): 5–15

be PPTs, while another 5% are diagnosed dur-
ing unrelated surgeries (8, 9).

Despite a wide variety of clinical features 
of PPTs, the main remains to be hypertension 
(Table 2). It can be sustained, paroxysmal or 
even a combination of both (10, 11). Headache 
is common feature of PPTs and when combined 
with palpitations and sweating in patients with 
hypertension, should readily rise a red flag (10, 
12–16). Episodes of sweating and pallor are 
common, but depend on timing of observa-
tion in relation of hypercatecholaminemia and 
co-secreted neuropeptides (see below). While 
classic attack will present with “cold sweats” 
and pallor, post-attack vasodilatation usually 
shows local hyperemia with flushing, which 
may raise suspicion of other NETs, like carci-
noid. Hypercatecholaminemic spells of PPTs 
occur with variable frequency and usually last 
less than an hour. Attacks may be precipitated 
by palpation of the tumor, postural changes, 
exertion, anxiety, trauma, pain, ingestion of 
foods or beverages containing tyramine (cer-
tain cheese, beer, and wine), use of certain 
drugs (histamine, glucagon, tyramine, phe-
nothiazine, metoclopramide, adrenocortico-
tropic hormone), intubation, induction of an-
esthesia, chemotherapy, endoscopy, catheter-
ization, and micturition or bladder distention 
(with bladder tumors) (12).

Other common complaints are palpitations 
and dyspnea, weight loss despite normal appe-
tite (caused by catecholamine-induced glyco- 
genolysis and lipolysis), visual problems during 
an attack and profound tiredness and polyuria 
most commonly experienced after an attack. 
Most patients also present with severe episodes 
of anxiety, nervousness, or panic attacks. Less 
frequent clinical manifestations include fever 
of unknown origin (hypermetabolic state) and 
constipation (15, 17). 

Highly variable symptomatology of PPTs 
relate to hypercatecholaminemic content, as 
well as co-secretion of neuropeptides, char-
acteristic to other NETs: vasoactive intestinal 
peptide (watery diarrhea and hypokalemia), 
corticotrophin (Cushing’s syndrome), neu-
ropeptide Y, atrial natriuretic factor, growth 
hormone-releasing factor (acromegaly); so-
matostatin (diabetes), parathyroid hormone-
related peptide (hypercalcemia), calcitonin 
(flushing, diarrhea), etc. Structural complica-
tions of PPTs include pain from bony and oth-
er metastases, as well as signs and symptoms of 
compression of neighboring structures by mass 

itself. It is also thought that smaller tumors are 
metabolically more active and might secrete 
higher content of catecholamines, while the 
larger ones overgrow own blood supply and 
have lower metabolic activity, lesser secretory 
capacity, but higher probability of malignant 
transformation. As with other NETs, distant 
metastases may have unique secretory profile 
that may differ from the original tumor.

Because most of symptoms and signs of PPTs 
are nonspecific and relatively common in gen-
eral population, proper diagnosis relay on high 
index of suspicion as well as working through 
extensive differential diagnosis (Schema 1).

sPoradic versus 
Familial PPt 
There is a recent shift in the popular paradigm 
that familial PPTs are rare. Discovery of ge-
netic basis of paragangliomas and deeper look 
into frequency of familial pheochromocytoma 
syndromes has established the prevalence of 
close to third of all PPTs (2, 18). Most impor-
tantly, between 12–24% of tumors with no ob-
vious syndrome or family history appear to be 
due to otherwise unsuspected germline muta-
tion. The significance of this fact lies not only 
in overall frequency, but also in difference of 
the disease phenotype (see below). In addition, 
discovery of cellular events that lead to familial 
syndromes significantly advanced our under-
standing PPTs tumorogenesis.

Following distinct familial syndromes are 
associated with PPTs (see Table 3 for details): 
von Hippel-Lindau (VHL) syndrome, von 
Recklinghausen’s disease (NF1), multiple en-
docrine neoplasia type 2, and PPT associated 
with mutations in distinct subunits of succinate 
dehydrogenase (SDHB, SDHC, and SDHD). 
Mutation testing, now routinely available for 
four of the above genes (RET, VHL, SDHB, 
and SDHD). Pheochromocytoma can rarely 
occur in multiple endocrine neoplasia type 1 
associated with mutation of menin gene.

Clinical presentation of familial PPTs is differ-
ent from sporadic counterparts in several ways:
1.  Presence of non-PPT-related features of 

the syndrome, which can include medul-
lary thyroid cancer (MTC) in patients with 
MEN 2, renal cell cancer in VHL etc.

2.  Different frequency of the tumor occur-
rence in specific syndrome – while paragan-
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Table 2. Differential diagnosis of pheochromocytoma

 Endocrine - adrenal medullary hyperplasia
- hyperthyroidism, thyroid storm
- carcinoid

    - hypoglycemia (often due to the presence of insulinoma)
- medullary thyroid carcinoma

    - mastocytosis
- menopausal syndrome

  Cardiovascular - heart failure
- arrhythmias

    - ischemic heart disease, angina pectoris
- baroreflex failure
- syncope
- orthostatic hypotension
- labile hypernoradrenergic essential hypertension
- renovascular disease

  Neurologic - migraine or cluster headaches
- stroke
- diencephalic autonomic epilepsy
- meningioma
- POTS (postural orthostatic tachycardia syndrome)
- Guillain-Barre syndrom
- encephalitis

  Psychogenic - anxiety or panic attacks
- factitious use of drugs
- somatization disorder
- hyperventilation

 Pharmacologic - tricyclic antidepressant
- cocaine
- alcohol withdrawal
- drugs stimulating adrenergic receptors
- abrupt clonidine withdrawal
- dopamine antagonists
- monoamine oxidase inhibitors
- ephedrine-contaning drugs
- factitious use of various drugs including catecholamines

  Miscellaneous - neuroblastoma, ganglioneuroma, ganglioneuroblastoma
- actute intermittent porphyria
- mastocytosis
- unexplained flushing spells
- recurrent idiopathic anaphylaxis
- lead and mercury poisoning

Schema 1. Differential diagnosis of PPTs
Adapted from Lenders et al. (12)

gliomas are the mainstay of SDH tumors, 
they are relatively frequent in MEN2 (50%), 
but rare in NF1 (about 2%).

3.  Familial PPTs are diagnosed at younger age, 
compared to their sporadic counterparts, 
but this may be related not only to the ear-
lier age of development, but also due to bio-
chemical and genetic screening of proband’s 
relatives.

4.  In MEN2A MTC always presents before 
PPT because of much higher penetrance – 
this alone prompts further screening.

5.  Presence of genotype-phenotype correla-
tion: in VHL 98% of PPTs associate with 
missense rather than other type of gene mu-
tation, while mutations at codons 634 (2A) 
and 918 (2B) are mostly causing pheochro-
mocytoma in MEN2.
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6.  Cellular enzymatic milieu of familial PPTs 
is considerably different from sporadic 
cases, because of much lower expression of 
tyrosine hydroxylase (rate-limiting enzyme 
in catecholamine synthesis pathway) and 
phenylethanolamine-N-methyltransferase 
(norepinephrine to epinephrine convert-
ing enzyme) in VHL results in noradren-
ergic biochemical profile and low overall 
catecholamine tissue levels. PPTs of MEN2 
have usually an adrenergics biochemical 
profile. Negligible amounts tyrosine hy-
droxylase also explain the phenomena of 
non-secreting paragangliomas that are able 
to uptake MIBG and have high content of 
chromogranin A.

7.  Other characteristics of familial PPTs. In 
MEN2 tumors are invariable adrenal, fre-
quently bilateral and usually benign. PPTs 
of VHL are very similar to MEN2, although 
extra-adrenal tumors in VHL patients are 
more common and biochemical profile is 
different (see above). Although mutations 

of SDHB and SDHD genes are occasionally 
associated with solitary adrenal tumors, pa-
tients with these mutations most common-
ly present with extra-adrenal PPTs localized 
throughout the body, including head and 
neck areas. These tumors can be either bio-
chemically active or silent. PPTs expressing 
SDHB mutations carry a high risk for ma-
lignant disease (19).

diagnosis oF PPt

Current diagnostic approach to PPTs is af-
fected by recent discoveries in physiology of 
these tumors, and includes biochemical diag-
nosis and tumor localization studies. The last 
can be further subdivided into functional and 
anatomical procedures.

The fact that catecholamines are metabo-
lized within chromaffin cells to metanephrines 
(norepinephrine to normetanephrine and 

Syndrome Gene/Protein/Pathway Tumor types
Biochemistry, prevelence, 

location 

Multiple endocrine neoplasia 
type 2

Chr 10 (10q11.2) – AD
RET proto-oncogene 
Receptor tyrosine kinase
Growth and differentiation
 

men2a – mtc
 Hyperparathyroidism
men2B – mtc
 Mucosal neuromas
 Megacolon
 Marfanoid habitus 
 Intestinal ganglioneuroma

Prevalence of 50%
Epinephrine profile
MEN2A – mostly benign
bilateral in 30%
MEN2B – higher malignancy 
rate

Neurofibromatosis type 1
(von Recklinghausen’s 
disease)

Chr 17 (17q11.2) – AD 
NF1 tumor suppressor gene
Neurofibromin
Downregulation of p21-ras

Peripheral neurofibromas
Café au lait spots and freckling
Iris hamartomas

Prevalence of 0.1–5.7%

Cerebelloretinal 
hemangioblastomatosis
(von Hippel-Lindau 
syndrome, VHL)

Chr 3 (3p25-26) – AD
VHL tumor suppressor gene
hiF1α
Hypoxia-induced pathway

Retinal angiomas
NS hemangioblastomas
Renal cell cancer
Cystadenomas

Prevalence of 10–20%
Norepinephrine profile

SDH syndromes SDHB: Chr 1 (1p36)
SDHC: Chr 1 (1q21)
SDHD: Chr 11 (11q23)
Subunits of MC II
Pseudohypoxia-induced 
pathway
Dysfunctional apoptosis
Complex inheritance

Parasympathetic 
paraganglioma
Sympathetic paraganglioma

Mostly extra-adrenal and 
norepinephrine secretion
SDHB - malignant PPT
SDHC/D – HNPGL
SDHD – multifocal

Table 3. Following distinct familial syndromes are associated with PPTs

MTC – medullary thyroid cancer
NS – nervous system (cerebellar and spinal hemangioblastomas)
SDH – succinate dehydrogenase
AD – autosomal dominant mode of inheritance
MC II – mitochondrial complex II – component of electron transport chain involved in the Krebs cycle
HNPGL – head and neck paraganglioma
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epinephrine to metanephrine) and this intra-
cellular process occurs independently of cate-
cholamine release, suggests that assessment of 
metanephrines should have a clear diagnostic 
superiority. In line with these concepts, numer-
ous independent studies have now confirmed 
that measurements of fractionated metaneph-
rines (i.e. normetanephrine and metaneph-
rine measured separately) in urine or plasma 
provide superior diagnostic sensitivity over 
measurement of the parent catecholamines 
(20). Measurements of fractionated meta-
nephrines in either urine or plasma are avail-
able, but plasma values show better diagnos-
tic accuracy (21). An elevation of more than 
4-fold above normal range is associated with 
close to 100% probability of the tumor, while 
lower values still suggest high probability of 
tumor. The conditions under which blood or 
urine samples are collected can be crucial to 
the reliability and interpretation of test results 
and extensively discussed elsewhere. When 
false-positive results, driven by sympathetic 
over-stimulation, are suspected clonidine sup-
pression test combined with measurements of 
plasma catecholamines and normetanephrine 
can assist with differentiation. Measurements 
of plasma dopamine or free methoxytyramine 
(dopamine metabolite) can be used to diag-
nose rare extra-adrenal dopamine-secreting 
PPTs (22).

Anatomical tumor localization studies in-
clude computed tomography (CT) or magnetic 
resonance imaging (MRI) (23) and are recom-
mended for initial tumor localization. If there 
is a strong biochemical evidence of PPTs, initial 
studies should focus on abdomen and pelvis. 
If extra-abdominal tumor is suspected, appro-
priate imaging should include head, neck and 
chest. One should never forget the possibility 
of either active or silent metastases and always 
include appropriate imaging into their workup. 
Although CT and MRI have excellent sensitiv-
ity for detecting most catecholamine-producing 
tumors, these anatomical imaging approaches 
lack the specificity required to unequivocally 
identify a mass as a pheochromocytoma.

Functional localization studies are based 
on the fact that all NETs are capable of prefer-
able uptake of different metabolites by virtue 
of specific transporters or receptors expression 
(23). These metabolites include: 1. guanide ana-
logues (123I-labeled meta-iodobenzylguanide 
(123I-MIBG) scintigraphy), 2. somatostatin 
analogues (111In-octreotide scanning), 3. glu-

cose analogue (18F-fluorodeoxyglucose posi-
tron emission tomography (PET), and 4. cat-
echolamine analogues (18F-fluorodopamine, 
18F-fluorodopa or 11C-hydroxyephedrine PET) 
(24, 25). Of the above studies, only 123I-MIBG 
scintigraphy and catecholamine analogues PET 
are specific for PPTs, while only 123I-MIBG 
scintigraphy is widely available and should be 
used as an initial functional localization study. 
Octreoscan can be positive in all NETs, while 
18F-fluorodeoxyglucose PET shows generally 
increased metabolic rate and can be positive in 
any malignancy. Despite their lower specificity, 
these imaging techniques have high sensitivity 
and can be used in cases, where there is a high 
possibility of PPT (positive biochemical tests) 
and negative 123I-MIBG scintigraphy. The dis-
cussion on need for functional images is some-
what nonsensical, because of relatively high 
frequency of extra-adrenal, functionally silent, 
multifocal, malignant and metastatic PPTs and 
possibility of these being missed on single-site 
anatomical imaging study. Currently, additional 
isotopes are available elsewhere (yttrium, lute-
tium) and near future will show their superi-
ority to current methodology. Another recent 
advance in functional imaging is use of fusion 
studies that combine anatomical and functional 
techniques. These add anatomical relevance of 
increased functional uptake and are incredibly 
informative when positive.

In general, diagnostic approach has to be 
driven by event and tailored to each specific 
case rather than standardized into a stiff algo-
rithm (Figure 1). While there are numerous al-
gorithms initiated by clinical suspicion of PPT, 
the case is different for adrenal incidentaloma. 
An absolutely different scenario would repre-
sent incidental surgical finding of tumor that 
might represent a PPT. In this case, postsurgical 
catecholamine levels will be normal (if tumor 
did not metastasize), while pathology report 
will be of extreme importance to diagnose pos-
sible PPT, functional studies to confirm tumor 
singularity and possible SDHB mutation analy-
sis (in appropriate cases) top assess prognosis.

management oF PPts

The definitive treatment of PPTs is surgical, 
preferably laparoscopic, excision of the tu-
mor. As with other potentially complicated 
tumors, procedure should be performed by 
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Fig. 1. 
The event-driven approach for diagnosis and treatment of PPT

1. See text
2.  Includes both adrenal and extra-adrenal tumors found on unrelated imaging studies, as well as clinically detected head and neck 

tumors that may represent paraganglioma. Screening metanephrine levels are sufficient, unless there is high probability of non-
secreting paraganglioma, which will require proceeding to the next step of the workup.

3.  There is probably no major differences in urine versus plasma preference in assessment of metanephrine levels in the initial wor-
kup. The main decisive point should be availability of the experienced quality laboratory and a maximally optimized sample 
collection (for details see elsewhere). Dopamine levels should be assessed in each extra-adrenal tumor. Chromogranin A levels 
should be measured in each case.

4.  Family members of proband with syndromic PPTs 
5.  Anatomic localization studies should precede functional studies in all cases, especially keeping in mind that at least in the US, 

health insurance companies will probably not allow it otherwise. In case that the localization of tumor is highly suggestive for 
paraganglioma or there are other components of syndromatic PPTs (MTC, neurofibromatosis, renal cell cancer etc). In this case, 
genetic studies earlier in the workup are fully indicated.

6.  Incidental tumor found during unrelated surgery or any tumor suggestive for PPT has to be approached with extreme caution – 
even in asymptomatic case, tumor may contain significant amounts of catecholamines and will release them if not taken en 
block. The field should be examined for local invasion and regional metastases. If tumor was a single paraganglioma, metane-
phrine levels will be normal after surgery, which will not inform about pre-surgical elevation of metanephrines. In this case, patho-
logy reading on the tumor is of extreme importance and should be carried out by pathologist, experienced in PPTs to maximize 
differentiation between PPTs and other NETs, because their initial appearance, immunostaining can be similar, while treatment, 
follow up and prognosis are different. If pathology is positive for any NET, including the PPTs, there should be a full standard 
workup.

7.  PPTs should be suspected in appropriate cases and additional immunostaining carried out for chromogranin A, TH, PNMT, Ki67, 
inhibin, synaptophysin, cytokeratin etc. to diagnose PPT and differentiate it from other NETs. Classic histological characteristics of 
either can be absent and should not prevent proper diagnosis.

Clinical suspicion of PPT1

Imaging incidentaloma2 Family member with PPT4plasma or 24 h urine
metanephrines

and chromogranin A3

Genetic studiesAnatomic localization studies5

Functional localization studies

Surgery

Pathology7

Follow up

Surgical incidentaloma6
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specialized experienced surgeon. With this 
said, it is hard to underestimate the impor-
tance of proper pre- and post-surgical medical 
management. If inappropriate, uncontrolled 
hypercatecholaminemia can result in cardiac 
arrhythmias, high output congestive heart fail-
ure (CHF) and other well-feared devastating 
complications of PPTs, as well as associate with 
poor surgical outcome. Excessive manipula-
tions with the tumor or inability of adequate 
ligation of draining veins during the surgery 
can result in rapid burst of large amount of cat-
echolamines into systemic circulation, which 
can precipitate hypertensive crises and ar-
rhythmias. Over-medication after surgery can 
associate with profound hypotension, while 
failure to recognize multifocal disease can as-
sociate with rebound hypertension.

Despite continuous debates about prefer-
able medical management, current approach 
includes initial adequate α-adrenergic block-
ade with or without subsequent β-blockade 
(26, 27). Phenoxybenzamine (Dibenzyline), 
an α-adrenoceptor blocker, is most commonly 
used agent, while calcium channel blockers and 
selective α1-adrenoceptor blocking agents, such 
as Hytrin and Cardura can also be used for pre-
operative blockade of catecholamine-induced 
vasoconstriction. A β-adrenoceptor blocker may 
be used for preoperative control of arrhythmias, 
tachycardia or angina, but never alone because 
loss of β-adrenoceptor-mediated vasodilatation 
in a patient with unopposed catecholamine-in-
duced vasoconstriction can precipitate a hyper-
tensive crisis. In all patients before surgery and in 
some patients on whom elevated blood pressure 
and arrhythmia cannot be controlled otherwise, 
α-methyl-para-tyrosine (metyrosine, Demser™), 
a competitive inhibitor of tyrosine hydroxylase, 
can be used to decrease the amount of synthe-
sized catecholamines. It is imperative to timely 
suspect a true hypertensive crisis, because lack 
of immediate aggressive treatment can result 
in permanent organ damage or vascular catas-
trophes. Intravenous therapy and appropriate 
cardiovascular monitoring are essential; medica-
tions can include phentolamine, labetalol or so-
dium nitroprusside. 

The long-term follow up is essential for pa-
tients with PPTs, especially in familial cases, 
in order to diagnose recurrence or malignant 
transformation. Normal postoperative bio-
chemical test results do not exclude remaining 
microscopic disease and about 17% of tumors 
recur, with about 50% of these showing signs 
of malignancy. Currently, there is no meth-
odology that would allow prediction of future 
recurrence of possible malignancy based on 
pathological examination of a resected tumor. 

malignant PPt

The incidence of metastatic pheochromocy-
toma ranges from 3% to 36% or even higher, 
depending on the genetic background and 
location of the primary tumor (4, 5, 28–30). 
Location of metastatic lesions appears to affect 
patient’s survival: it is significantly shortened 
in those with metastatic lesions in liver and 
lungs, compared to bone metastases (31, 32). 
The overall 5-year survival rate varies between 
34% and 60%. Presence of the SDHB muta-
tion, large size or an extra-adrenal location of 
the primary tumor increase the likelihood of 
future metastatic disease, but sporadic PPTs 
can recur and transform into malignant dis-
ease too and should not be forgotten. 

Overall, the management of malignant 
PPTs is disappointing – as tumor dedifferenti-
ates, it looses ability to take up guanide ana-
logues, while 131I-MIBG therapy is the single 
most valuable adjunct to surgical treatment of 
malignant pheochromocytomas. Tumor deb-
ulking palliates symptoms and may facilitate 
subsequent radiotherapy or chemotherapy, 
although none of those statements has been 
proven. External-beam irradiations of bone 
metastases, tumor embolization, or radiofre-
quency ablation provide some treatment alter-
natives. Chemotherapy with a combination of 
cyclophosphamide, vincristine and dacarba-
zine can provide tumor regression and symp-
toms relief in up to 50% of patients, but the 
responses are usually short (33, 34).
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