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Objective. We conducted an extensive review of the literature and tried to cite the most recent
recommendations concerning the pheochromocytoma (PHEO).

Methods. Pub Med and Google Scholar databases were searched systematically for studies
concerning pheochromocytomas (intra-adrenal paragangliomas) from 1980 until 2016. Bibliogra-
phies were searched to find additional articles.

Results. More than four times elevation of plasma fractionated metanephrines or elevated 24-h
urinary fractionated metanephrines are keys to diagnosing pheochromocytoma. If the results are
equivocal then we perform the clonidine test. If we have not done it already, we preferably do a
CT scan and/or an MRI scan. The patient needs pre-treatment with al-blockers at least 10-14
days before operation. Alternatives or sometimes adjuncts are Calcium Channels Blockers and/
or B-Blockers. Several familial syndromes are associated with PHEO and genetic testing should be
considered.

Conclusions. The biggest problem for pheochromocytoma is to suspect it in the first place. El-
evated metanephrines establish the diagnosis. With the proper preoperative preparation the risks
during operation and the postoperative period are minimal. If there is a risk of the hereditable mu-
tation, it is strongly suggested that all the patients with pheochromocytoma need clinical genetic
testing.
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Pheochromocytomas (PHEOs) and extra adrenal
paragangliomas (EAP) are neural crest cell tumors
associated with catecholamine production and as-
sessed by a metanephrine measurement (Pacak and
Wimalawansa 2015). PHEOs and EAPs and parasym-
pathetic paragangliomas are neuroendocrine tumors
derived from the adrenal chromaffin cells or similar
cells in extra-adrenal sympathetic and parasympa-
thetic paraganglia, respectively (Chen et al. 2010).

In 2004, the WHO defined PHEOSs as an intra-
adrenal paragangliomas, highlighting the common
origin of PHEOs and sympathetic or parasympa-

thetic paragangliomas, which are all derived from
neuroectoderm and can all occur in patients with
the same genetic predisposition (IARC 2004; Pacak
et al. 2007). In this study, we shall use the term pheo-
chromocytoma instead of the new term, to avoid any
confusion since the old term is still in use worldwide.

Epidemiology
The estimated incidence of PHEOs ranges from

0.005% to 0.1% of the general population and from
0.1% to 0.2% of the adult hypertensive population
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(Pederson and Lee 2003; Mittendorf et al. 2007).
However, this probably accounts for only 50% of peo-
ple harboring PHEO because about half the patients
with PHEO have paroxysmal hypertension or nor-
motension. The prevalence of PHEO and EAP can be
estimated to be between 1:6500 and 1:2500 with the
annual incidence in the US of 500 to 1600 cases per
year (Chen et al. 2010).

PHEO occurs most frequently in individuals aged
40-50 years, with a slight predilection in females
(55.2%) than men (44.8%) (Lenders et al. 2005; Adas
et al. 2016).

The rarity and variability render these tumors very
difficult to diagnose so that many of them are discov-
ered incidentally during radiological examinations,
especially of the abdomen, as adrenal incidentalomas
or at autopsy (Bittar 1982; Stenstrom and Svardsudd
1986; Mannelli et al. 1999).

In an “Italian survey”, Mantero et al. (2000) stud-
ied 1004 cases of adrenal incidentalomas (AI) and 42
(11%) of which were PHEOs.

Nosology*

The key to diagnosing PHEO is the first to think of
it! Since this deceptive tumor poses great risk of death
or severe complications, early diagnosis and prompt
treatment of this “pharmacologic bomb” are crucial
(Manger and Gifford 2002). Because it secretes cat-
echolamines, often episodically, PHEO frequently
presents dramatically and explosively with numerous
and diverse manifestations that mimic many diseases
(Manger and Gifford 2002).

In a series of patients with PHEO discovered at
autopsy, 75% died suddenly from myocardial infarc-
tion or cerebrovascular catastrophe. Approximately
one third of these sudden deaths occurred during or
immediately after unrelated minor operations (Sut-
ton et al. 1981); therefore, the chosen biochemical test
must be reliable in excluding PHEO (Mittendorf et
al. 2007).

Main signs and symptoms of catecholamine excess
include hypertension, palpitations, headache, sweat-
ing, and pallor. Less common signs and symptoms
are fatigue, nausea, weight loss, constipation, flush-

ing, and fever (Chen et al. 2010). Similar signs and
symptoms are produced by numerous other clinical
conditions and therefore PHEO is often referred to as
the ‘great mimic’ (Chen et al. 2010).

The classic triad of ephidrosis (diaphoresis)?, pal-
pitations and headache has a reported sensitivity
of 89% and specificity of 67% for PHEO and in the
presence of hypertension 91% and 94%, respectively
(Stein and Black 1991).

Mannelli et al. (1999) conducted a multicentric
retrospective study on PHEO in Italy. Data on 284
patients with PHEO observed between 1978 and
1997 were collected from 18 Italian Centers through
a questionnaire reporting epidemiological, clinical,
laboratory, radiological and surgical data. The pre-
senting symptoms in their study were palpitations
(58.1%), headache (51.9%), sweating (48.8%), anxiety
(35.3%), tremors (25.6%), nausea (22.4%), dyspnea
(16.6%), vertigo (16.5%), abdominal pain (16.1%), par-
esthesia (11.9%), chest pain (11.8%), diarrhea/consti-
pation (10.6%), fainting (5.1%), and fever (2%).

Differential diagnosis

The differential diagnoses of PHEOs according Gi-
annini et al. (1978) include:
1. Anxiety disorders, including benzodiazepine
withdrawal syndrome;
2. Extra adrenal paragangliomas;
3. Von Hippel-Lindau Disease;
4. Essential hypertension;
5. Hyperthyroidism;
6. Insulinoma;
7. Mercury poisoning;
8. Paroxysmal supraventricular tachycardia;
9. Renovascular hypertension;
10. Carcinoid.

Inherited syndromes associated with
pheochromocytoma

Up to 25% of PHEO may be familial (Goldman
and Schafer 2012). Several genetic syndromes, all of
which are transmitted in an autosomal dominant
fashion, are known to be associated with an in-

1) This term is a compound word. The first compound comes from the Greek word Nosos (Nocog = Disease). The second compound “~logy”
comes from the Greek word “logos” (Adyog). Here it means “him who speaks with “validity” and with deep knowledge of the “objective” for
this that it is defined by the first compound word. Nosology is the science of Diseases. In Greek it is used mainly instead of the English term

Internal Medicine.

2) Diaphoresis is translated into “sweating” [Dorland Newman WA. Dorland’s Illustrated Medical Dictionary, Saunders, 2007]. This is a mis-
nomer since its root is the Greek word “Diaphoreticos” (Stagopetikog) that means somebody who is different. The correct is “ephidrosis”

(e@idpwaong) which in Greek means sweating.
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creased risk for PHEO, including von Hippel-Lin-
dau (VHL) syndrome, multiple endocrine neoplasia
type 2 (MEN 2), and neurofibromatosis type 1 (NF1)
(Inabnet et al. 2000; Pacak et al. 2001a; Bryant et al.
2003). We cite and commend the various syndromes
associated with PHEO:

Multiple endocrine neoplasia type 2 (MEN2) is a
rare hereditary complex disorder characterized by
the presence of medullary thyroid carcinoma (MTC),
unilateral or bilateral PHEOs and other hyperplasia
and/or neoplasia of different endocrine tissues within
a single patient (Marini et al. 2006). Two different
forms, sporadic and familial, have been described for
MEN2. Sporadic form is represented by a case with
two of the principal MEN2 related endocrine tumors,
while the familial form, which is more frequent and
with an autosomal pattern of inheritance, consists
of a MEN2 case with at least one first degree relative
showing one of the endocrine characterizing tumors.
MEN?2 includes three subtypes: MEN2A, MEN2B
and familial medullary thyroid carcinoma (FMTC)
(Marini et al. 2006). All three subtypes involve high
risk for development of MTC; MEN 2A and MEN 2B
have an increased risk for PHEOs; MEN 2A has an
increased risk for parathyroid adenoma or hyperpla-
sia. Additional features in MEN 2B include mucosal
neuromas of the lips and tongue, distinctive faces
with enlarged lips, ganglioneuromatosis of the gas-
trointestinal tract, and a ‘marfanoid” habitus. MTC
typically occurs in early childhood in MEN 2B, early
adulthood in MEN 2A, and middle age in FMTC.

Any individual presenting with a PHEO should be
evaluated for von Hippel-Lindau syndrome (VHL)
(Erlic and Neumann 2009). VHL syndrome is char-
acterized by PHEOQ, renal cell carcinoma, cerebellar
and spinal hemangioblastoma, and retinal angioma
(Erlic and Neumann 2009).

Neurofibromatosis type 1 (NF1) is one of the most
common autosomal dominant conditions affecting
the nervous system, occurring with an estimated
incidence of 1 in 2500 to 3000 individuals indepen-
dent of ethnicity, race, and gender (Gutmann et al.
1997; Williams et al. 2009). Von Recklinghausen de-
scribed NF1 in detail in a case report published in
1882 (Reynolds et al. 2003), but because of the varied
presentation and pleiotropic nature of the disease,
formal diagnostic criteria were not established until
1987 by the National Institutes of Health Consensus
Development Conference. Currently, the diagnosis of
NF1 is made in an individual with any two of the fol-
lowing clinical features: 1) cafe-au-lait spots; 2) inter-
triginous freckling; 3) Lisch nodules; 4) neurofibro-
mas; 5) optic pathway gliomas (OPGs); 6) distinctive

bony lesions; and 7) a first-degree family relative with
NF (Neurofibromatosis 1988; Szudek et al. 2003; Wil-
liams et al. 2009).

Medullary thyroid carcinoma (MTC) is a neuroen-
docrine tumor originating from the parafollicular C
cells of the thyroid gland. It is a calcitonin producing
tumor, fact that plays a major role in the diagnosis,
as well as in patient’s follow up. MTC represents the
most challenging disease in thyroid surgery. Even
though it is considered an uncommon malignancy,
its major clinical and investigational interest relies in
its hereditary pattern, and the close correlation with
other neuroendocrine disorder, as part of MEN type
2A and 2B syndromes (Prokopakis et al. 2014).

Genetics

In the past, it was believed that 10% of PHEOs were
associated with MEN2A or MEN2B, VHL, or NF1
(Elder et al. 2003; Harari and Inabnet 2011). Later,
this was proven wrong (Elder et al. 2005; Leung et al.
2013). Hereditary cases are usually benign; however,
approximately 10% of PHEOs and 15% to 35% of ex-
ternal paragangliomas are malignant (De Toma et al.
2002; Elder et al. 2003; Nakane et al. 2003; Portela-
Gomes et al. 2004; Harari and Inabnet 2011). Bilateral
PHEOs are found in 10% of sporadic cases, 50-80%
of MEN2 cases, and 40-80% of VHL cases (Renard
etal. 2011).

Recent studies suggest that up to 41% of patients
have a germline mutation in one of the known com-
mon susceptibility genes (including NF1, VHL, RET,
SDHB, SDHD, SDHC). Despite this, most patients in
the United States are not referred for clinical genetic
testing by their physicians (Fishbein et al. 2013). Of
patients with at least one paraganglia tumor outside
the adrenal gland, 53% had an identified mutation
(Fishbein et al. 2013). The most commonly mutated
gene was SDHB, which carries the highest risk of
malignancy (Fishbein et al. 2013). Identification of
a germline mutation on the SDHB gene is a high-
risk factor for malignancy and poor prognosis and
requires close surveillance of subjects carrying this
mutation (Burnichon et al. 2012).

Patients younger than 18 years old who present
with PHEO and patients who present with multifocal
tumors, extra adrenal tumors, and bilateral tumors
are more likely to harbor a genetic predisposition
(Neumann et al. 2002; Leung et al. 2013).

The panel at the First International Symposium
on Pheochromocytoma recommended that it is nei-
ther appropriate nor currently cost-effective to test
every disease-causing gene in every patient with a
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pheochromocytoma and paraganglioma (Pacak et al.
2007). Contrary to the above, Fishbein et al. (2013)
in their study “Inherited mutations in pheochromo-
cytoma and paraganglioma: why all patients should
be offered genetic testing” together with American
Society of Clinical Oncology guidelines suggest that
genetic testing be performed if the risk of a heredita-
ble mutation is at least 10% or if it will affect medical
management, strongly suggest that all patients with
PHEOs/EAP need clinical genetic testing.

Pathology

It is known that there is no single histologic fea-
ture of PHEOs that will consistently predict clinical
outcome (Thompson 2002; Maitra 2010). In a large
retrospective study of 100 PHEOs (50 benign and 50
malignant) (Thompson 2002), no single histologic
feature was able to predict malignancy. Approxi-
mately one-fourth of tumors are malignant with me-
tastasis occurring even 20 years after removal of the
primary tumor and with only a 50% five year sur-
vival rate (Ayala-Ramirez et al. 2011; Fishbein et al.
2013).

All PHEOs and EAP display similar basic histo-
pathological characteristics although some differ-
ences between familial tumors have been described
(Chen et al. 2010). Malignant PHEO has a more ag-
gressive course than malignant EAP; long-term sur-
vival has not improved over the last two decades. In
2004, the World Health Organization stated that ma-
lignant PHEOs are diagnosed only by the document-
ed presence of metastases, and less emphasis was
placed on local invasion (IARC 2004; Goffredo et al.
2013). However, in 2007, the Armed Forces Institute
of Pathology Fascicle Tumours of the Adrenal Glands
and Extra-adrenal Paraganglia defined malignancy
as “extensive local invasion or documentation of me-
tastases” (Lack et al. 1997; Goffredo et al. 2013).

Neither tumor size, mitotic rate, nor vascular or
capsular invasion is a sufficient discriminating fea-
ture with which to distinguish benign from malig-
nant tumors (Sternberg et al. 1999).

Malignant potential is found to be higher in PHEOs
with size >5 cm, EAP and familial cases with muta-
tions of (SDHB) (Ayala-Ramirez et al. 2011; Parenti et
al. 2012; Pappachan et al. 2014).

PHEO does not have a standardized staging sys-
tem. These tumors are grouped clinically into be-
nign (localized), regional, and metastatic. The most
common metastatic sites are bones, lungs, liver, and
lymph nodes (Lenders et al. 2005). According to the
“National Cancer Institute, Surveillance, Epidemiol-

ogy, and End Results Program” (NCI SEER) staging
system, a tumor is described as local if it is confined
entirely to the organ of origin, regional if it extends
beyond the primary site to regional lymph nodes
(LN) and/or surrounding organs and tissues, and
distant if it has metastasized to distant LN or organs
(NCI SEER 2015).

Radiology of intra adrenal paragangliomas

Because of their varied clinical, imaging, and
pathologic appearances, accurate diagnosis can be
challenging (Leung et al. 2013).

The various imaging appearances on ultrasound,
CT, MR and functional imaging can be comple-
mentary and have features that are useful for differ-
entiating PHEOs from other lesions of the adrenals
(Leung et al. 2013). Sporadic PHEO account for most
diagnosed cases (Leung et al. 2013). Computed to-
mography is suggested for initial imaging, but mag-
netic resonance is a better option in patients with
metastatic disease or when radiation exposure must
be limited.

Ultrasonography

Only clinically manifest PHEOs are often already
several centimeters in size and can be sonographi-
cally detected in 90% of cases (Hofer 1999).

The PHEO can be localized with ultrasound in
80-90% of cases (Allolio 2001). PHEO may be visible
as a well-defined mass, which may be solid or cys-
tic to variable degrees. Echogenicity will be variable
(Conder et al. 2009). On ultrasound, PHEOs have a
variable appearance ranging from solid (75% in one
case series) to mixed cystic and solid to cystic (Bow-
erman et al. 1981). Gray-scale ultrasound is helpful
in confirming cystic-necrotic change within PHEOs.
The cystic fluid may be anechoic or contain echogenic
debris while posterior acoustic enhancement may be
an accompanying feature (Bowerman et al. 1981).
Acute hemorrhage in a PHEO may appear echogenic
(Bowerman et al. 1981).

Computer tomography (CT)

PHEOs are often well-defined masses with attenu-
ation values similar to those of muscle tissue, mea-
suring approximately 30-40 HU (Miyake et al. 1989).

On CT, PHEOs may have attenuation values less
than 10 HU and also may display more than 60%
washout of contrast agents on delayed scanning.
PHEO should be included with adenomas in the dif-
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ferential diagnosis both for masses with low attenu-
ation on unenhanced CT and for lesions exhibiting
a high percentage of contrast washout (Blake et al.
2003).

Small neoplasms tend to be solid, whereas large le-
sions are often cystic or hemorrhagic (Melicow 1977).
Non-secreting PHEOs tend to be larger than secret-
ing ones (Newhouse et al. 1999). Cystic degeneration
may be so marked that only a thin rim of identifiable
cells may remain to disclose the true nature of the le-
sion. Gross features of PHEOs described in the ra-
diology literature are cystic regions (Melicow 1977),
calcifications (Melicow 1977), fibrosis (Melicow
1977), necrosis (Dunnick and Korobkin 2002), and
internal hemorrhage (Dunnick and Korobkin 2002).

LV. administration of non-ionic contrast material
for CT is a safe practice for patients with PHEOs and
related tumors even without a-blocking medication
(Bessell-Browne and O’Malley 2007).

Magnetic resonance imaging

The adrenals can be delineated in nearly all the pa-
tients with MRI (Moon et al. 1983; Schultz et al. 1984;
Chang et al. 1987; Newhouse 1990; Lee et al. 1998).

An MRI evaluation of the adrenals should usually
consist of both T1- and T2-weighted images (Lee et al.
1998). Dynamic serial T1-weighted images obtained
after intravenous administration of gadolinium di-
ethylene-triamine penta-acetic acid (Gd-DTPA) are
used to show enhancement patterns of adrenal mass-
es (Krestin et al. 1989).

The classic imaging feature for PHEO is a “light-
bulb” bright lesion on T2-weighted imaging com-
parable to the signal intensity of CSF (Elsayes et al.
2004).

Signal intensity within adrenocortical carcinomas
and PHEO is significantly higher and heterogeneous
on T1 and especially on T2-weighted images, as well
as on Diffusion Weighted Imaging. Trace amounts
of lipids can occur in adrenal carcinomas, whereas
PHEOs almost never contain lipids (Thompson and
Young 2003; Ilias et al. 2007; Papierska et al. 2013).
PHEOs maintain their signal on opposed-phase
gradient-echo images (Elsayes et al. 2005), thus, this
technique may help distinguish carcinomas from
PHEOs. However, one has to bear in mind that mixed
tumors with adrenal cortical and medullary texture,
i.e. containing lipids, but also constituting a source of
catecholamine excess, were also described (Papierska
etal. 2013). MRI should be performed in large tumors
prior to surgery to assess vascular invasion (Schtein-
gart et al. 2005).

Functional imaging

Various substances have been used for func-
tional imaging (FI) of PHEO. FI examinations are
performed using "'I- and '*I-metaiodobe-nzylgua-
nidine (MIBG), '"In-pentetreotide (Octreoscan,
Covidien), and several PET ligands including
(18)F-fluorodopamine [(18)F-FDA], (18)F-fluorodihy-
droxyphenylalanine [(18)F-FDOPA], and (18)F-fluo-
ro-2-deoxy-D-glucose [(18)F-FDG], **'I- and '*I-me-
taiodobenzylguanidine [*'I/'*I-MIBG] (Ilias and
Pacak 2004; Havekes et al. 2008; Leung et al. 2013).

Imaging using MIBG is the most common and
available technique for functional imaging used in
the assessment of PHEO. MIBG is a norepinephrine
analog that localizes first to presynaptic adrenergic
nerves and sympathomedullary tissue by an active
amine transport system and then into cytoplasmic
storage vesicles. The uptake of radiotracer is pro-
portional to the number of neurosecretory granules
within the tumor (Beierwaltes 1991; Ilias and Pacak
2004; Havekes et al. 2008); therefore, the character-
istic appearance of a PHEO is unilateral focal uptake
within the tumor (Ilias and Pacak 2004).

Indiumlll pentetreotide is an analog of soma-
tostatin. PHEO can express somatostatin receptors,
which allows the use of pentetreotide in the diagnos-
tic process (Leung et al. 2013). These characteristics
make PHEO amenable to various FI modalities that,
in conjunction with anatomic imaging such as CT
and MRI, can assist with the localization and char-
acterization of these unique neoplasms (Jimenez and
Waguespack 2015).

Furthermore, in malignant PHEO, (18)F-FDOPA
PET, and (18)F-FDA PET were the most successful at
identifying lesions not detected via anatomic imag-
ing, providing additional benefit in 6/60 (10 %) and
5/78 (6.4 %) cases, respectively (Jimenez and Wagues-
pack 2015). No clinically significant findings were ob-
served in any of the predefined subgroups.

Imaging for VHL, NF1 or RET mutations, it is pre-
ferred the used of (18)F-FDA or (18)F-FDOPA. In the
case of VHL, up to 80% of PHEOs tends to be bilat-
eral and (18)F-FDA is superior to MIBG due to the
low expression of NA membrane transporter in these
case (Pacak et al. 2001b; Ilias and Pacak 2004; Have-
kes et al. 2010; Renard et al. 2011; Megias et al. 2016).

Several PET ligands are currently being devel-
oped, some of which are now in use for the diagnos-
tic workup of PHEO. Limitations preventing their
widespread use include poor availability and difficult
production. At present, most PET ligands are being
advantages of PET include higher-resolution images
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and a higher signal-to-noise ratio relative to SPECT
(Ilias and Pacak 2004; Havekes et al. 2008; Leung et
al. 2013).

In study by Ilias et al. (2003) from Greece, in meta-
static disease, (18)F-FDA PET was found to be a su-
perior imaging method in patients with metastatic
PHEOQ, in which correct detection of disease exten-
sion often determines the most appropriate therapeu-
tic plan and future follow-up.

PHEOs should always be excluded before attempt-
ing fine-needle aspiration biopsy of an adrenal mass,
in order to avoid the potential for hypertensive crisis
(Incidentaloma 2002). A benign cytological diagnosis
on fine-needle aspiration does not, of course, exclude
malignancy because of the high false negative rate of
this procedure.

Biochemical tests

Traditionally, 24-h urinary measurement for cat-
echolamines, total and fractionated metanephrines,
and vanillylmandelic acid (VMA) has been used to
screen patients for PHEO (Mittendorf et al. 2007).

Currently, the diagnosis is established by elevated
plasma fractionated metanephrines or elevated 24-h
urinary fractionated metanephrines (Lenders et al.
2014; McHenry 2016; Megias et al. 2016). Exception
to this are small tumors (<1 cm), which do not release
catecholamines, and the exceptional cases of tumors,
which only produce dopamine (van Berkel et al. 2014;
Pacak and Wimalawansa 2015; Megias et al. 2016).

Norepinephrine is the predominant catecholamine
synthesized by the sympathetic ganglia. Epinephrine
is synthesized in the adrenal medulla by N-methyl-
ation of norepinephrine, catalyzed by the enzyme
phenylethanolamine N-methyltransferase (PNMT),
which is restricted to the chromaffin cells of the me-
dulla and induced by cortisol from the cortex (Galati
et al. 2015).

Catecholamines continually leak from secretory
granules and are inactivated by the enzyme catechol-
O-methyltransferase (COMT) into free normeta-
nephrine and metanephrine (Schulz et al. 2004). Free
normetanephrine and metanephrine circulate in the
plasma in low concentrations and have short half-
lives, undergoing further sulphate conjugation by
sulfotransferase isoenzyme (Eisenhofer et al. 2004;
Schulz et al. 2004). In contrast to the free metabolites,
sulphated metanephrines, are present in 20-40-fold
higher concentrations, have a longer half-life, and are
eliminated byurinaryexcretion (Incidentaloma2002).

Blood sampling should be performed at a supine
position after about 15-20 min of i.v. catheter inser-

tion. Food, caffeinated beverages, strenuous physical
activity, or smoking are not permitted at least about
8-12 h before the testing. Acetaminophen should not
be taken for 5 days before the test because it can inter-
fere with the plasma normetanephrine assay (Francis
and Korobkin 1996).

The elevation of plasma metanephrines of more
than 4-fold above the upper reference limit is asso-
ciated with close to 100% probability of the tumor
(Eisenhofer et al. 2003).

Significant metanephrine elevations imply epi-
nephrine excess, which localizes tumors to the ad-
renal medulla (Galati et al. 2015). Levels of plasma
metanephrinesgreaterthan96pg/ml, plasmanormeta-
nephrine greater than 130 pg/ml, or total metaneph-
rines greater than 200 are considered abnormal
(Francis and Korobkin 1996; Mittendorf et al. 2007).

In patients with plasma metanephrine values
above the upper reference limit and less than 4-fold
above that limit, the clonidine suppression test com-
bined may prove useful (Eisenhofer et al. 2003). A
clonidine suppression test that does not suppress the
elevated plasma normetanephrine levels to <40% af-
ter three hours of administration has a very high sen-
sitivity and specificity (100% and 96%, respectively)
for diagnosing the tumor in such a situation (Maurea
et al. 1996; van Berkel et al. 2014).

Pure dopamine secreting tumors are rare and,
therefore, plasma dopamine and its metabolite 3-me-
thoxytyramine are not routinely tested in every case
of suspected PHEO/EAP in most laboratories. How-
ever, these tests can be useful in some cases, espe-
cially metastatic disease, as metastatic tissue lacks
the mature enzymes necessary for the synthesis of
catecholamines (van Berkel et al. 2014).

Elevated levels of plasma 3-methoxytyramine have
been suggested to be a very sensitive marker of malig-
nant tumor when compared to the assays for plasma/
urinary dopamine levels (Eisenhofer et al. 2012; van
Berkel et al. 2014).

Preparation for surgery

Surgical excision is the most effective method for
the treatment of PHEOs. PHEO has pathophysiologi-
cal characteristics of low blood volume and hyperten-
sion, and high blood concentrations of catecholamine
can lead to catecholamine cardiomyopathy. There-
fore, hypertension control and improvement of blood
vessel capacity are extremely important for improv-
ing surgical safety before surgery (Li and Yang 2014).

The three perioperative phases most associated
with hypertensive episodes are endotracheal intuba-
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tion, the creation of pneumoperitoneum, and ma-
nipulation of the adrenal gland (Kercher et al. 2005;
Bruynzeel et al. 2010; Weingarten et al. 2010; Brun-
aud et al. 2014). Significant hypotensive episodes also
can occur and are associated with a sudden decrease
in catecholamine levels after removal of the tumor
(Kinney et al. 2002).

Intra-operative risks must be kept to a minimum
by appropriate pre-operative medical treatment to
block the effects of catecholamines for at least 10-14
days before surgery (Pacak 2007; Pacak et al. 2007).
Adequate pre-operative a-blockade has been proven
to reduce the number of perioperative complications
to less than 3% (Goldstein et al. 1999).

Alpha-blockade is the standard management pre-
operatively to prevent intraoperative hemodynamic
instability during resection of a PHEOs. However
these drugs are expensive (>1 200 USD for a typi-
cal course of preoperative preparation) and hard for
patients to obtain at most pharmacies (Siddiqi et al.
2012).

Calcium Channel Blockers (CC-Bs) also have been
shown to lessen the risk of intraoperative hemody-
namic instability (Brunaud et al. 2014) but it is contro-
versial if one regimen is superior (Brunaud et al. 2014).

Phenoxybenzamine  (dibenzyline), is  an
a-adrenoceptor blocker. It is most commonly used
for preoperative control of blood pressure. The drug
is initially administered orally at a dose of 10-20 mg
twice daily. Phenoxybenzamine has a long-lasting
action, binding covalently to the alpha receptors.
Its only current clinical use is in preparing patients
with PHEO for surgery; its irreversible antagonism
and the resultant depression in the maximum of the
agonist dose-response curve are desirable in a situa-
tion where surgical manipulation of the tumor may
release a large bolus of pressor amines into the cir-
culation. Typically, phenoxybenzamine is not used in
the long term, as new receptors are made to upregu-
late alpha stimulation. The main limiting side-effects
of alpha antagonists is that the baroreceptor reflex is
disrupted and thus this can cause postural hypoten-
sion (NCI SEER 2015).

Alternatives to phenoxybenzamine for preopera-
tive blockade of catecholamine-induced vasocon-
striction include CC-Bs and selective competitive
al-adrenoceptor blocking agents, such as terazosin
(Hytrin) and doxazosin (Cardura) that have shorter
half-lives and lower the risk for postoperative hypo-
tension (Chen et al. 2010).

A B-adrenoceptor blocker may be used for preop-
erative control of tachyarrhythmias or angina. How-
ever, loss of f-adrenoceptor-mediated vasodilatation

in a patient with unopposed catecholamine-induced
vasoconstriction can result in dangerous increases
in blood pressure. Therefore, B-adrenoceptor block-
ers should never be employed without first blocking
a-adrenoceptor mediated vasoconstriction.

Volume contraction associated with chronic va-
soconstriction can be seen in patients with PHEO
and EAP. Therefore, pre-operative volume expan-
sion achieved by saline infusion or increased water
intake is recommended to reduce post-operative hy-
potension (Hack 2000; Chen et al. 2010). Preoperative
fluid administration was disputed by some authors
(Lentschener et al. 2011).

Hypoglycemia after resection of PHEO isarare and
poorly understood complication thought to be sec-
ondary to rebound hyperinsulinemia and increased
peripheral glucose uptake. Chen et al. (2014) exam-
ined the incidence of this complication and aimed to
identify predisposing risk factors. Their data demon-
strate that hypoglycemia is a rare complication after
resection of PHEOs and may be more common in pa-
tients with epinephrine-predominant neoplasms and
longer operative times (Chen et al. 2014).

Surgery of pheochromocytoma

Adrenalectomy is the mainstay of treatment for
PHEOs (Press et al. 2014).

Open transperitoneal adrenalectomy has been the
gold standard of treatment for adrenal disease (Chai
etal. 2014). Other types of adrenal surgery are laparo-
scopic lateral transperitoneal adrenalectomy (LTA),
laparoscopic posterior retroperitoneal adrenalectomy
(PRA) and robotic surgery. LTA has been the stan-
dard method for resecting benign adrenal gland tu-
mors. Recently, however, PRA has been more popular
as an alternative method (Chai et al. 2014).

In a recent paper by Chai et al. (2014) from Korea,
in a systematic review they evaluated the current evi-
dence on adrenalectomy techniques, comparing lapa-
roscopic LTA with PRA and laparoscopic adrenalec-
tomy with robotic adrenalectomy. They concluded
that PRA was more effective than LTA, especially in
reducing operation time and hospital stay, but there
was no evidence showing that robotic adrenalectomy
was superior to laparoscopic adrenalectomy. Cost re-
ductions and further technical advances are needed
for wider application of robotic adrenalectomy (Chai
etal. 2014).

As conventional open adrenalectomy offers a wide
surgical view and operative field, it is still preferred
to laparoscopic adrenalectomy (LA) for large tumors
and malignancies (Bittner et al. 2013).
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Hirayama et al. (2015) evaluated the efficacy of LA
for PHEOs on the basis of perioperative outcomes.
They concluded that LA for PHEO, including large
tumors, is safe, feasible, and effective with appropri-
ate perioperative hemodynamic control (Hirayama et
al. 2015). The same was concluded by other authors
(Jaroszewski et al. 2003; Cheah et al. 2002; Kalady
et al. 2004; Kercher et al. 2005; Mezzadri et al. 2010;
Sommerey et al. 2015).

Partial adrenalectomy is typically performed for
the treatment of hereditary and sporadic bilateral
tumors, to reduce the risk of adrenal failure, par-
ticularly in younger patients. Partial adrenalectomy
proposes a postoperative steroid-free course never-
theless, is associated with the risk of local recurrence.
Nagaraja et al. (2015) conducted a systematic review
and meta-analysis concerning the “Recurrence and
functional outcomes of partial adrenalectomy”. They
concluded that partial adrenalectomy can obviate
the need for steroid replacement in the majority of
patients and local recurrence rates appear to be in-
frequent. Cortical sparing adrenal surgery exhibits
5% significant recurrence after 10 years of follow-up
and normal glucocorticoid function in more than
50% of the cases (Castinetti et al. 2014). For patients
with hereditary and bilateral adrenal tumors, partial
adrenalectomy should be recommended as a prima-
ry surgical approach whenever possible (Nagaraja et
al. 2015).

Recurrence of PHEOs after resection occurs in
6.5-16.5% of patients (van Heerden et al. 1990; Amar
et al. 2005; Shen et al. 2010; Amar et al. 2012; Press et
al. 2014) and can be local in the adrenal bed (Bren-
nan and Keiser 1982). Distant recurrences are caused
by second primary tumors, such as in the contra lat-
eral gland; metastatic disease, such as in the bone or
lung; or gross tumor spillage at the initial operation
(Brennan and Keiser 1982). Several hypotheses for re-
current disease exist including failure to identify and
completely resect the primary tumor, tumor seeding
during needle biopsy or surgery, or the presence of
metastases (likely the most common cause) (Tang et
al. 2003; Harari and Inabnet 2011).

Recurrence is difficult to treat especially if diagno-
sis is delayed or disease has metastatic spread (Ellis et
al. 2013; Pacak et al. 2007). Therefore, prompt recog-
nition of recurrence is important (Press et al. 2014).
In a study by Press et al. (2014), they found that tumor
size >5 cm was an independent predictor of recur-
rence and concluded that: Patients with large tumors
(>5 cm) should be followed vigilantly for recurrence.
Because 25% of patients with recurrence had normal
biochemical levels, they recommend routine imaging

and testing of plasma or urinary metanephrines for
prompt diagnosis of recurrence (Press et al. 2014).

If both MTC and PHEO are present in a patient,
the PHEO should almost always be removed first
(Wells et al. 2015).

Management of advanced disease

About 10-15% of PHEOs eventually develop me-
tastases (Pacak and Wimalawansa 2015). Few patients
with metastatic PHEOs are suitable candidates for
surgical resection of the tumor (Pacak et al. 2001a).

Palliative surgery is usually performed in order to
release tumor pressure on surrounding tissues or to
decrease tumor mass. Decreased tumor burden can
lead to a significant decrease in catecholamine se-
cretion and organ damage as well as alpha and beta
blockade dosage. Reduced tumor burden can also
facilitate subsequent radiotherapy or chemotherapy.
However, a survival advantage of surgical debunking
is not proven. In some patients with organ metastatic
lesions (not if numerous or very small), radiofrequen-
cy ablation or cryoablation are current attractive op-
tions (Chen et al. 2010).

Gonias et al. (2009), studied the use of high dose
(*'I)-MIBG therapy for patients with metastatic
PHEOs and EAP and found that, although serious
toxicity may occur, the survival and response rates
achieved with high-dose MIBG suggest its utility in
the management of selected patients with metastatic
PHEOs/EAP.

Radiofrequency ablation (RFA) is an alternate
treatment modality in PHEOs. RFA is a safe, predict-
able, and effective method for local tumor destruc-
tion in primary and metastatic carcinomas (Pacak et
al. 2001c). Pacak et al (2001c) used RFA in a patient
and commending on their experience they stated
that “on the basis of this experience, we propose that
RFA be evaluated further in patients with primary or
metastatic PHEOs as an alternative to surgery, che-
motherapy, or radiotherapy”.

6-[(18)F-FDA] positron emission tomography scan
provides a valuable tool to evaluate the effects of the
ablation; it can be used as an alternative to CT and
magnetic resonance imaging, in conjunction with
measurements of levels of plasma catecholamines
and metanephrines (Pacak et al. 2001b).

Postoperative surveillance
With regard to surveillance postoperatively, Press

etal. (2014) recommend that it is the laboratory values
that should be obtained within the first month after
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surgery, again at 6 months, and 1 year, and imaging
at 1 year. Laboratory values should be obtained annu-
ally, thereafter if everything appears normal (Press et
al. 2014). Jaroszewski et al. (2003) recommend long-
term follow-up is required for all patients, especially
those with hereditary forms of PHEO:s.

Discussion

The clinical presentation of PHEO can be so chal-
lenging that gave them the nickname “the great mim-
icker”. The classic triad of presentation of PHEO is
palpitations, headaches, and profuse sweating (ephi-
drosis) but several other symptoms may be present.
If PHEO is suspected check for, plasma metaneph-
rines and elevated 24-h urinary fractionated meta-
nephrines. If results are equivocal then proceed with
clonidine suppression test. The best imaging test is
the CT scan. We may also use MRI especially when
we want to avoid radiation or in metastatic diseas-
es. In the event that the diagnosis and/or imaging
is equivocal, (***I)-MIBG scan can be considered. If

the ("*I)-MIBG scan is negative and a clinical sus-
picion still exists, then an FDG-PET scan should be
performed (Lenders al. 2014; Galati et al. 2015). The
American Society of Clinical Oncology guidelines
recommend genetic testing for any patient with over
a 10% prior probability of carrying an inherited can-
cer susceptibility mutation (ASCO 2003). The patient
should receive at least 10-14 days before operation
appropriate al-blocker, usually phenoxybenzamine.
CC-Bs and or B-blockers are alternatives or adjunct
treatments. Postoperative surveillance constitutes of
laboratory values should be obtained within the first
month after surgery, again at 6 months, and 1 year,
and imaging at 1 year. Laboratory values should be
obtained annually thereafter if everything appears
normal for the rest of the patients’ life.
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