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Introduction
Pheochromocytomas and paragangliomas are tumors derived from chromaffin cells in the
adrenal medulla or extra-adrenal paraganglia.[1] Pheochromocytomas and sympathetic
paragangliomas usually synthesize and secrete norepinephrine and/or epinephrine, while
23% of parasympathetic paraganglia-derived tumors secrete only dopamine.[2-3] Adrenal
tumors and tumors located in the sympathetic paraganglia will be referred to as
pheochromocytomas. Pheochromocytomas are found in 0.2-0.6% of subjects with
hypertension.[4-6] The cost-effectiveness of diagnostic workup of pheochromocytoma is
markedly restricted by low specificity of clinical symptoms together with symptoms
overlapping within a wide variety of other conditions, including idiopathic hypertension,
hyperthyroidism, heart failure, migraines, and anxiety.[7] In a study performed by Mayo
Clinic, it was found that out of 54 pheochromocytomas found on autopsy over a 50-year
period, only 24% had been diagnosed before death.[8] On the other hand, McNeil et al.
reported only one undiagnosed pheochromocytoma out of 2031 autopsies, which may very
well be related to both advances in biochemical and anatomical diagnosis and some degree
of referral bias.[9]

The most common sign of pheochromocytoma is hypertension, found in approximately 95%
of patients and related to catecholamine excess.[10-11] Clinical characteristics of
hypertension vary and may show either a sustained or paroxysmal pattern.[12] In some
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patients, hypertensive paroxysms will occur in the background of sustained hypertension.
On the other hand, a small, but significant proportion of patients with pheochromocytoma
are normotensive. Pathophysiologic mechanisms of phenotypic characteristics of
pheochromocytoma-related hypertension are discussed below. Additional symptoms seen in
pheochromocytoma patients include headache, palpitation, anxiety, and sweating.[13]

In addition to being a great mimicker, pheochromocytoma represents one of the most
dazzling clinical paradoxes, where symptoms and signs vary to hardly understandable
degrees in seemingly comparable clinical settings. To understand this paradox, one has to
take into account the multiple pathophysiologic variables that lead to clinically significant
complications. Some of these variables mentioned and discussed below include: a].
catecholamine synthesis in different chromaffin-cell organs in health and disease, b].
differences in enzymatic machinery involved in catecholamine synthesis, c]. availability of
substrate, d]. size/amount of secreting tissue and its metabolic activity, e]. type of secreted
catecholamine, f]. amount of secreted catecholamine, g]. pattern of catecholamine secretion,
h]. degree of end-organ damage, and many others. But most importantly, a certain depth of
basic knowledge of catecholamine synthesis and metabolism is imperative in understanding
pheochromocytoma clinically.

Physiology of Catecholamine Biosynthesis
Catecholamines are synthesized in and secreted from chromaffin cells located in the adrenal
medulla and sympathetic paraganglia, although catecholamine-positive secretory granules
are also found in parasympathetic paraganglia. Enzymatic machinery of catecholamine-
producing cells is of great importance for synthesis (Figure 1). The first step is rate-limiting
as L-tyrosine is brought into the cell where it is hydroxylated to L-3,4-
dihydroxyphenylalanine (dopa) via tyrosine hydroxylase (TH), an enzyme found only in
cells that produce catecholamines.[14-15] Normally, molecular oxygen along with
tertahydropteridine (TH4) act as co-factors in this step and the oxidation of TH4 by
catecholamines represents a negative feedback loop, which inhibits TH from functioning.
[16] Subsequently, L-Dopa is decarboxylated to L-dihydroxyphenylethylamine (dopamine)
by aromatic L-amino acid decarboxylase (AADC) in the cytoplasm of the cell, with
pyridoxal phosphate acting as a co-factor in the reaction. .[2,13] Dopamine will then enter
the neurosecretory vesicles where it is hydroxylated by dopamine-β-hydroxylase (DBH) to
L-norepinephrine. Norepinephrine is further converted into epinephrine by the enzyme
phenylethanolamine-N-methyl transferase (PNMT).

The paraganglial content of PMNT is negligible, which means that most of the epinephrine
is only produced in the adrenal glands. Under normal conditions, norepinephrine is released
into the synaptic space through pre-synaptic exocytosis and re-absorbed through
norepinephrine transporters with minimal, if any, systemic spill-off. Norepinephrine and
epinephrine are also released from the adrenal medulla through exocytosis in response to
cholinergic stimulation by the splanchnic nerves.[13,17]

Catecholamine Action
Catecholamines – norepinephrine, epinephrine, and dopamine – act through ubiquitously
expressed G-protein coupled adrenergic receptors and play important roles in practically
every aspect of human physiology. Norepinephrine signals through α1, α2, and β1 receptors,
while epinephrine will primarily stimulate only β1 and β2 receptors. At normal levels,
dopamine does not have much of an effect on any of the adrenergic receptors; however, as
plasma concentrations increase (ex: dopamine-secreting tumor), dopamine can stimulate
both α and β receptors.[13]
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α1-adrenergic receptors are found primarily on smooth muscle tissue including peripheral
(coronary, cerebral, renal, etc.) arteries and veins, causing vasoconstriction upon
stimulation. This increases systemic pressure and reduces organ perfusion. It also induces
positive inotropic effects in cardiomyocytes. α2-adrenergic receptors are located on the pre-
synaptic surface of sympathetic ganglia, acting as a negative feedback loop for
norepinephrine release. Stimulation of α2-adrenergic receptors located on smooth muscles
will result in arterial vasodilation and coronary vasoconstriction.[13]

β1-adrenergic receptors can be stimulated by both norepinephrine and epinephrine. The
positive inotropic effect of β1 activation in cardiomyocytes is significantly more pronounced
than one, induced by α1 stimulation. In addition, there is a significant positive chronotropic
effect through stimulation of the cardiac pacemaker. Stimulation of β1 receptors will also
result in release of renin, which will increase mean arterial blood pressure by converting
angiotensinogen to angiotensin I. β2-adrenergic receptors are stimulated mainly by
epinephrine and will induce vasodilation of muscular arteries, as well as increase
norepinephrine release from the sympathetic ganglia.[13]

Dopamine will target D1 and D2 dopaminergic receptors. Activation of D1 receptors results
in vasodilation of the renal arteries, while D2 activation will inhibit norepinephrine secretion
from sympathetic nerve terminals and have a mild negative inotropic effect on the heart. The
signaling net result would explain the clinical phenomenon of lack of hypertension and
palpitations in patients with dopamine-secreting pheochromocytomas. On the other hand,
pharmacologically high levels of dopamine will stimulate α and β1 receptors causing
vasoconstriction and increased heart rate.[13]

Desensitization of adrenergic receptors has always been a hot topic in both research and
clinical care. There have been numerous studies that reported significant desensitization of
both α and β adrenergic receptors in either healthy humans or patients with
pheochromocytoma, as well as in animal models.[18-22] Clinical experience suggests that a
significant number of patients with pheochromocytoma-related hypercatecholaminemia are
asymptomatic, despite minimal or no treatment. On the other hand, one needs to remember
that the specific mechanisms and actual rate of desensitization in the individual person are
still unknown. It can be presumed, however, that paroxysmal hypercatecholaminemia, with a
rapid secretion of large amounts of catecholamines, will probably precipitate a significant
clinical episode, even in a patient with some degree of desensitization. Desensitization
seems to be reversible, followed by resensitization of receptors when catecholamine levels
return to normal.

Catecholamine Production and Secretion in Pheochromocytoma
The concentration of dopamine, norepinephrine, and epinephrine varies in every tumor
depending on its enzymatic machinery. Pheochromocytomas have been reported, to express
very high levels of mRNA for the TH, AADC, and DBH enzymes. The high levels of TH
expression specifically correlate with high levels of catecholamines production.[23] PNMT
activity, on the other hand, is positively influenced by glucocorticoids and is predominantly
restricted to normal adrenal tissue. The glucocorticoids can increase PNMT activity and,
therefore, raise epinephrine concentration in the cell.[24-25] PNMT levels have been
recorded to be lower in pheochromocytomas than in normal adrenal tissue, although the
prevalence of PNMT in adrenal pheochromocytomas is higher than in extra-adrenal tumors,
because of proximity to the adrenal cortex.[16,25]

The secretory profile of pheochromocytoma can be useful as a clinical diagnostic tool.
Extra-adrenal tumors tend to predominantly secrete norepinephrine and rarely will be
dopamine-secreting.[26-27] Adrenal pheochromocytomas, especially ones associated with
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multiple endocrine neoplasia type 2 (MEN 2), primarily secrete epinephrine or a mix of
norepinephrine with epinephrine. Tumors associated with von Hippel-Lindau disease secrete
only norepinephrine.[13] Dopamine-secreting tumors are found on rare occasions and only
in extra-adrenal pheochromocytomas.[27] These tumors show decreases in DBH expression,
which would result in decreases in norepinephrine production and accumulation of
dopamine.[28]

Pheochromocytomas can also produce other hormones and peptides including
adrenomedullin, vasoactive intestinal polypeptide, ACTH, neuropeptide Y, endothelin-1,
somatostatin, atrial natriuretic factor, and parathyroid hormone-related peptide. The clinical
picture related to secretion of either or several additional neuroendocrine products would
depend on vasoconstrictive versus vasodilatory properties of the substance, superimposed on
baseline hypercatecholaminemia.[13,29-34]

The pattern of catecholamine secretion from the tumor can be either continuous, episodic or
both, and the hypertensive paroxysm can be precipitated by physical activity (exercise,
postural change) or tumor manipulation.[13,35] However, it is still unknown and, therefore,
difficult to predict when and how many catecholamines each particular tumor will secrete
during each secretory episode.

There is also evidence suggesting a correlation between biochemical phenotype and
characteristics of hypertension. Patients with tumors that produce high concentrations of
norepinephrine are likely to incur sustained hypertension, while patients with significantly
elevated levels of epinephrine are often seen having paroxysmal and orthostatic
hypertension.[36] Patients with dopamine secreting tumors are most often normotensive.[27]

Clinical Pattern of Pheochromocytoma-Related Hypertension
Hypertension occurs in about 80-90% of patients with pheochromocytoma. About half of
these patients develop sustained hypertension, another 45% present with paroxysmal
hypertension, while 5-15% are normotensive.[6,37] The triad of headaches, palpitations, and
sweating represent the classical clinical complex seen in patients with pheochromocytoma.
Other symptoms may include tachycardia, anxiety and pallor.[36] Most patients with
pheochromocytoma have significantly increased systemic catecholamine levels, with
norepinephrine and epinephrine levels reaching 5 to 10 times the upper reference limit;
normotension is seen mostly in patients with relatively small amounts of catecholamines in
circulation. Clinical phenotype of hypertensive syndrome depends on multiple factors
including adrenal content of catecholamines, as well as the pattern and nature of their
secretion. While the cellular content can be enormous, intracellular processing can divert
significant amounts into metabolites, an apparent clinical paradox of normal or near normal
plasma catecholamines and significantly elevated metanephrines.[38]

Sustained hypertension strongly correlates with high levels of plasma norepinephrine
continuously released from a tumor. Moreover, it was also seen that patients with tumors
that predominantly and continuously secreted norepinephrine had higher 24-hr, daytime and
nighttime BP compared to patients with tumors that secreted only epinephrine.[39] Patients
with sustained hypertension were found to have high plasma levels of catecholamines during
every measurement, suggesting a continuous rather than paroxysmal secretory pattern.[13] It
is not uncommon, however, to observe a patient with baseline sustained hypertension
presenting and fluctuating blood pressure levels as a result of short-term changes in
catecholamine concentrations in circulation.[13] Children are also significantly more likely
to present with sustained hypertension than paroxysmal hypertension. Evidence suggests
that excess norepinephrine is stored in the axon terminals of the sympathetic ganglia and is
released with activation of sympathetic nervous system, causing continuous vasoconstriction
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and sustained hypertension.[40] The presence of orthostatic hypotension may also occur in
patients with sustained hypertension (especially those who also have elevated circulating
epinephrine levels), and much less commonly in those who have normotension or
paroxysmal hypertension.[13] Decreased blood volume caused by consistent
vasoconstriction and diminished sympathetic reflex may be important contributing factors
for postural hypotension.[41] Postural tachycardia combined with postural hypotension can
cause dizziness, palpitations, and syncope when a patient changes from a supine to an
upright position. [42]

Paroxysmal hypertension occurred mostly in patients with high-levels of plasma
epinephrine and is highly typical for MEN2-related pheochromocytoma.[13] Episodes of
paroxysmal hypertension result from the sudden release of catecholamines by tumors and
can be induced by multiple factors including physical activity, smoking, abdominal pressure,
postural changes and anxiety.[13,43] Certain foods or beverages with high concentrations of
tyramine (cheeses, beers, and wines), drugs (histamine, phenothiazine, or tricyclic
antidepressants), and operative procedures with/without anesthesia can cause paroxysmal
hypertension in patients with pheochromocytoma.[12,34,44] However, the majority of
attacks are unpredictable and their frequency can vary from several times in one day to once
in several months with attacks lasting from several minutes to over an hour. The sporadic
release of epinephrine from these tumors may contribute to the fluctuation in blood pressure.
Patients with paroxysmal hypertension exhibit dramatic increases in both systolic and
diastolic blood pressure during the paroxysm.[13]

Rarely, patients will rapidly cycle between hypertension and hypotension. In one case, the
patient’s BP fluctuated every 14 minutes with a BP ranging from 52/34 to 242/129 mmHg.
[45] As with paroxysmal hypertension, these patients had tumors which secreted primarily
epinephrine.[46] While the pathophysiology for this event is unclear, it is suggested that
baroreceptors respond to a rapid rise in BP during acute paroxysm with activation of the
negative feedback loop via both the sympathetic and parasympathetic systems, causing a
rapid decrease in BP.[45-46]

Normotension mostly occurs in patients with familial pheochromocytoma, tumors that may
be too small to secrete high levels of catecholamines, or dopamine-secreting tumors.
Patients may have no typical symptoms of pheochromocytoma and some tumors are
detected incidentally because of a palpable abdominal mass or imaging studies carried out to
seek the cause of abdominal pain. A study by the Adrenal Incidentaloma Study Group of the
Italian Endocrinology Society (AI-SIE) showed that about half the incidentelomas, later
found to be pheochromocytomas, were normotensive. The remaining patients experienced
only slight elevations in blood pressure and none had paroxysmal hypertension.[47]
Parasympathetic paragangliomas of the head and neck usually do not secrete
catecholamines, and about 25% associate with some degree of hypertension.[48] Around
10% of patients with mutations in the B subunit of succinate dehydrogenase complex
(SDHB) may have biochemically silent pheochromocytomas due to a lack of TH.[49] This
group is especially concerning because patients with SDHB mutation are prone to develop
metastatic disease. Pheochromocytomas that synthesize and secrete predominantly
dopamine also commonly present with normotension or hypotension. These tumors are
found to be extra-adrenal and often malignant. The measurement of plasma free
methoxytyramine, the metabolite of dopamine, in addition to dopamine and urinary
dopamine, is necessary for detection and diagnosis of dopamine-secreting
pheochromocytomas.[50]

Special cases of pheochromocytoma-related hypertension include pediatric and obstetric
cases. Children are more susceptible to sustained hypertension than adults: 60-90% of
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children having the sustained form, a small percentage having paroxysmal hypertension and
about 20% incurring normotension.[51] It is important to note that children usually have
secondary rather than primary hypertension caused by renal deformities, renal artery disease,
and congenital aortic coarctation.[52] Only after excluding these conditions, should children
be screened for pheochromocytoma.[53] About 80% of children with pheochromocytomas
are found to have orthostatic hypotension alternating with hypertensive episodes.[54] As in
adults, signs and symptoms can vary greatly in children with pheochromocytoma, with
headache and sweating being most common.[13,55]

Because of the lack of pheochromocytoma-specific signs and symptoms and the possible
adverse effect to both mother and fetus, pregnancy represents an important diagnostic
challenge. One of the most common misdiagnoses is pre-eclampsia.[56] In both of these
cases, hypertension is usually the telling sign; however, pre-eclampsia also brings about
other symptoms not normally seen in pheochromocytoma patients including weight gain,
proteinuria, pedal edema, and HELLP syndrome (hemolysis, elevated liver enzymes, and
low platelets).[12] In addition, hypertension associated with pre-eclampsia usually develops
after the 20th week of gestation, but will be present throughout the entire gestation period in
a pheochromocytoma patient.[57] Excess catecholamine release in pregnant patients can
arise due to a change in intraabdominal pressure following normal delivery, compression of
the tumor during labor, and postural changes.[13,58] Patients experiencing paroxysmal
hypertension, headaches, and resistance to traditional anti-hypertensive therapy, should
strongly be suspected of having pheochromocytoma.[56] It is stressed that undiagnosed
pheochromocytoma can lead to fatal consequences for both mother and fetus via
hypertensive crises; complications that can arise include hemorrhage, congestive heart
failure, ischemia, infarction, and intrauterine growth restriction, which can cause hypoxia
and death for the fetus.[57] To avoid complications, tumor resection should take place either
in the first or second trimester (optimal), or after cesarean section when the fetus comes to
term.[59] It is important to have close medical management of the patient during the
gestation period.

Organ-Specific Hypertensive Complications of Hypercatecholaminemia
Pheochromocytoma is known for life-threatening acute hypertensive emergencies, as well as
clinical consequences of long-lasting hypertension (Table 1).

Cardiovascular
A large number of cardiovascular complications arise from hypertension. It is suggested that
catecholamines, mainly norepinephrine, are capable of structurally changing the vasculature,
leading to increased arterial stiffness.[60] Petrak et al. found that the degree of arterial
stiffness correlated with high levels of urinary norepinephrine in pheochromocytoma
patients. It was also seen that higher BP variability could increase arterial stiffness.[61]
Studies suggest that an increase in α-adrenergic receptor stimulation is capable of increasing
extra-cellular matrix protein production including collagen and fibronectin, which can result
in hypertrophy and can lead to further cardiovascular complications.[62]

Activation of α- and β-adrenergic receptors can also cause vasoconstriction of the coronary
arteries and stimulate positive inotropic effects in the heart resulting in tachyarrhythmia. The
increase in cardiac contractility along with myocardial hypoxia can result in acute or chronic
ischemia and myocardial infarction.[63] Unlike myocardial infarction due to heart disease,
pheochromocytoma patients with no past medical history of heart disease will appear to
have normal coronary arteries during the angiography along with normal levels of cardiac
enzymes.[64] Long-standing hypertension, chronic myocardial hypoxia and metabolic
myocarditis of hypercatecholaminemia are known to cause cardiomyopathy that, in the case
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of pheochromocytoma, can be of either variety – chronic (hypertrophic, dilated, obstructive),
or acute (ischemic, tako-tsubo).

Peripheral vascular disease can be acute, caused by intense vasoconstriction and resulting in
limb ischemia, necrosis and gangrene or aortic dissection.[63,65-66] On the other hand,
chronic disease will resemble peripheral arterial insufficiency, presenting with limb pallor,
pain and intermittent claudication.[67]

Cerebrovascular
Pheochromocytoma can also associate with neurological complications including
hypertensive encephalopathy and stroke.[68] In a healthy person, increased systemic blood
pressure will cause activation of the α1-adrenergic receptors located in the cerebral
resistance vessels, which will constrict.[69] This autoregulation, called Bayliss response, is
set to maintain cerebral blood flow. Evidence suggests that in pheochromocytoma,
continuously elevated BP “breaks through” this autoregulation and causes vasodilation,
resulting in hypoperfusion and ischemia, which leads to hypertensive encephalopathy.[70]
In addition, paroxysmal hypertension can cause hemorrhagic, while postural hypotension
can result in acute ischemic stroke.[71] Signs and symptoms of hypertensive encephalopathy
include headache, papilledema, altered mental status, and even cerebral infarction.
[69,72-73]

Renal
There is evidence suggesting that pheochromocytoma associates with renal complications
including renal failure. A study reports that a patient with a norepinephrine-secreting tumor
and hypertension also developed renal failure, which resolved after tumor removal.[74]

Vasoconstriction can cause muscle ischemia in pheochromocytoma patients. As a result of
the lack of oxygen flowing to the skeletal muscles, the patient can develop rhabdomyolysis
and acute tubular necrosis caused by myoglobinuria.[63] High serum levels of creatine
kinase together with high levels of urinary myoglobin may be reported in these patients.[75]

Renal artery stenosis can develop in patients with pheochromocytoma and hypertension.
Vasoconstriction of the renal artery caused by high levels of catecholamines may lead to
impaired kidney function and perhaps renal failure. The majority of tumors that cause this
have been found to be extra-adrenal and derived from sympathetic tissue.[76] These tumors
have been found mostly in adults and have been reported as benign pheochromocytomas.
[77]

Gastrointestinal
Pheochromocytoma can cause gastrointestinal complications, including intestinal ischemia.
Patients with intestinal ischemia usually present with severe, sharp, radiating pain in the
abdomen.[78] These tumors are usually large and secrete high amounts of catecholamines,
resulting in vasospasm in the visceral arterioles, which causes decreased blood flow and
visceral ischemia.[78-79]

Ocular
Pheochromocytoma patients that have arterial hypertension may also present with
hypertensive retinopathy, caused by retinal vasoconstriction, increased vascular
permeability, and secondary arteriosclerosis.[80-81] A retinal exam may reveal retinal
microaneurysms, hemorrhages, cotton wool spots, and venous bleeding.[82] Patients with
malignant hypertension more commonly show signs of vision problems than other groups.
[81]
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Multisystem organ failure
Pheochromocytoma patients will rarely present with cardiogenic shock, which is seen
mainly in epinephrine-secreting tumors.[83-85] It has been suggested that β-receptor down
regulation, caused by continuously increased catecholamine levels, can lead to a decrease in
contractility, which results in cardiogenic shock.[86]

Patients can also display pheochromocytoma multi-system crisis (PMC). Different from
cardiogenic shock, this complication consists of multiple organ system failure, a fever over
40°C, encephalopathy, and severe hypertension and/or hypotension.[87] PMC can be
masked to present as sepsis, which can delay surgery. surgery and resection of the tumor
have proven to be the ideal choice in regards to treatment.[88] While the specific cause of
PMC is unknown, all of the previously discussed complications in this section may present
in PMC and it is therefore important to mention them.

Diagnostic Approach
Pheochromocytoma has been called many names – from a friendly “great mimicker” to a
treacherous “cold-blooded killer” (the associated hypermetabolic state would actually make
it rather “warm-blooded”) and whatever fits in between, which mostly translates into our
fear of missing it, because of highly feasible fatal complications. Although the most
important part of pheochromocytoma diagnosis still remains timely clinical suspicion, the
level of its threshold continues to fluctuate. So, it is not just “think about it”, but rather
“think about it, when …” with the latter being a subject of debate. It is probably reasonable
to work up a hypertensive patient who does not respond to appropriate therapeutic trial (the
key word being “appropriate”), or has paroxysmal episodes, rapidly progressive or resistant
hypertension, severe hypertension, hypertension associated with systemic (sweating, pallor,
etc.), as well as postural reactions (hypotension or tachycardia). While this selection will
significantly reduce the number of patients with hypertension that will need workup for
pheochromocytoma, the addition of adrenal incidentalomas with any elevation in BP shoot
up the number of workups exponentially. The cost-effectiveness of the current approach is
still to be established. Diagnostic workup includes plasma or urinary metanephrines with or
without catecholamines and chromogranin A, followed if positive, by imaging studies. A
detailed diagnostic approach is outside the scope of this article and can be found elsewhere.
[12,89-91]

Pharmacological Treatment of Pheochromocytoma
While the ultimate treatment of pheochromocytoma is surgical, pharmacological therapy
still remains of vital significance in pre-operative and operative control of BP, as well as in
cases of inoperable metastatic disease (Table 2). It also important to remember that tumor
manipulations during surgery may associate with the release of tremendous amounts of
catecholamines into circulation, which might may be capable of overpowering the
pharmacological blockade. In order to control hypertension levels prior to an operation, even
in pre-operative normotensive patients, it is recommended that patients undergo pre-
operative pharmacological treatment.[92] Phenoxybenzamine (Dibenzyline) is a non-
competitive α1 and α2 blocker that reduces blood pressure fluctuation and eases
vasoconstriction, preventing an intraoperative hypertensive crisis.[93-95] Patients are
usually prescribed 10-30 mg twice daily until BP and other symptoms have stabilized, which
normally takes 10-14 days.[34,95]

An alternative pre-operative approach is to avoid use of phenoxybenzamine, while
aggressively utilizing potent, short acting, intravenous, anti-hypertensive agents - sodium
nitropruside (Nitropress) and nitroglycerin (Nitrostat) - to control sudden changes in blood
pressure during surgery.[93,96] This approach is based on several reports of the seeming
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inefficacy of phenoxybenzamine during surgery, as well as well-known postoperative
hypotension and tachycardia, related to its use.[7,97] On the other hand, one should
remember that in the event of incomplete α-adrenergic receptor blockade and massive
release of catecholamines during surgery, phenoxybenzamine would be only partially
efficient. It could also be speculated that treatment with phenoxybenzamine was only in part
to blame for a case of postoperative hypovolemia and rapid cessation of
hypercatecholaminemia, with associated hypotension and tachycardia.

Specific α1-adrenergic receptor blockers, like prazosin hydrochloride (Minipres), terazosin
(Hytrin), or doxazosin (Cardura) can be used instead of phenoxybenzamine in an attempt to
prevent occurrence of tachycardia by allowing the natural negative feedback mechanism
through the unopposed α2-adrenergic receptors. They also are of a shorter duration of action,
which decreases the length of post-operative hypotension.

Calcium channel blockers - like diltiazem (Cardizem) - are effective vasodilators and can be
used in patients with pheochromocytoma to control blood pressure.[98] Unlike
phenoxybenzamine, calcium channel blockers will not cause dangerous hypotension and are
relatively short acting. It is especially useful for normotensive patients or those with very
mild hypertension. Combination of calcium channel blockers with prazosin, doxazosin, or
another α1-adrenergic receptor blocker would complement each other well during tumor
resection.

The use of a β-blockade can be utilized concomitantly with any of the α-adrenergic receptor
blockades, especially when used with phenoxybenzamine, to prevent reflex tachycardia.[94]
It is important, however, that β-blockade only be used subsequent to an α-blockade, because
unopposed β-blockade can result in a significant increase in arterial pressure.

Use of metyrosine (Demser) proved to be useful in decreasing the amount of synthesized
catecholamines by preoccupying tyrosine hydroxylase with substrate that is hydroxylated to
inactive metabolite. It is effective in pre-operative treatment, as well as in treatment of
patients with metastatic and inoperable disease.[97] The last group is also treated with
adrenergic blockers for symptomatic disease, as well as with chemo- and radiotherapy.

Conclusions
Pheochromocytoma is a tumor of the chromaffin cells in the adrenal medulla and
sympathetic paraganglia, which synthesizes and secretes catecholamines. Norepinephrine,
epinephrine, and dopamine all act on their target receptors, which causes a physiological
change in the body. High, circulating levels of catecholamines can lead to severe
hypertension and can have devastating effects on multiple body systems (cardiovascular,
cerebrovascular, etc.), and can lead to death if untreated. Although surgical treatment
represents the only modality of ultimate cure, pharmacological pre-operative treatment
remains the mainstay of successful outcome.
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Figure 1.
Diagram illustrating biosynthesis of the three major catecholamines that are secreted by
pheochromocytomas. DOPA, dihydroxyphenylalanine; PNMT, phenylethanolamine-N-
methyl transferase. Data from Eisenhofer G, Lenders JWM, Pacak K. Biochemical
Diagnosis of Pheochromocytoma. In: Lehnert H, ed. Pheochromocytoma. Pathophysiology
and Clinical Management. Front Horm Res. Vol 31. Basel: Karger; 2004:76-106.
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Table 1

Organ-specific complications of pheochromocytoma-related hypertension

Organ Syndrome Mechanism Receptor Receptor action

Heart Angina
Heart attack
Cardiomyopathies*
Myocarditis
Acute failure
Arrhythmias

Coronary spasm
Positive inotropy
Positive chronotropy
Unmatched O2 demand
Hypoperfusion

Coronary α1, β2
Conducting system β1, β2
Conducting system β1, β2
Cardiomyocyte β1, β2

Constriction
Increased conduction
Increased automaticity
Increased contractility

Brain Stroke
Encephalopathy

Vasoconstriction
Unmatched O2 demand
Hypoperfusion

Cerebral arterioles α1 Mild constriction
Most of effect related to
sytemic hypertension

Vascular Shock
Postural hypotension
Aortic dissection
Organ ischemia
Limb ischemia

Vasoconstriction
Unmatched O2 demand
Hypoperfusion

Skeletal muscle α1, α2, β2 Arteriolar constriction
Arteriolar dilation
Venous dilation

Kidneys ARF
Hematuria

Vasoconstriction
Unmatched O2 demand
Hypoperfusion

Vascular α1, α2, β1, β2 Dilation > Constriction
Renin secretion

Lungs Pulmonary edema
ARDS
Fibrosis (?)
Pulmonary HTN (?)

Cardiac decompensation
Increased permeability

Vascular α1, β2
Smooth muscle β2

Dilation > Constriction
Bronchodilation

GI Intestinal ischemia
(necrosis, peritonitis)

Vasoconstriction
Unmatched O2 demand
Hypoperfusion

Visceral arterioles α1, β2 Constriction

Ocular Acute blindness
Retinopathy

Vasoconstriction ?

AMF All of the above

ARDS Acute respiratory disstress syndrome

HTN Hypertension

ARF Atute renal failure

AMF Acute multiorgan failure

Data from [1-10]

1. Petrak O, Strauch B, Zelinka T, et al. Factors influencing arterial stiffness in pheochromocytoma and effect of adrenalectomy. Hypertens Res.
2010;33(5):454-459.

2. Zelinka Ta, Strauch Ba, Petrak Oa, et al. Increased blood pressure variability in pheochromocytoma compared to essential hypertension patients.
[Article]. Journal of Hypertension November. 2005;23(11):2033-2039.

3. O’Callaghan CJa, Williams Bb. The regulation of human vascular smooth muscle extracellular matrix protein production by [alpha]- and [beta]-
adrenoceptor stimulation. [Article]. Journal of Hypertension February. 2002;20(2):287-294.

4. Brouwers FM, Lenders JWM, Eisenhofer G, et al. Pheochromocytoma as an Endocrine Emergency. Reviews in Endocrine & Metabolic
Disorders. 2003;4(2):121-128.

5. Brilakis ES, YoungJr WF, Wilson JW, et al. Reversible catecholamine-induced cardiomyopathy in a heart transplant candidate without persistent
or paroxysmal hypertension. The Journal of Heart and Lung Transplantation. 1999;18(4):376-380.

6. Tack CJJ, Lenders JWM. Pheochromocytoma as a Cause of Blue Toes. Arch Intern Med. September 13, 1993 1993;153(17):2061-a-.

7. Januszewicz W, Wocial B. Clinical and Biochemical Aspects of Pheochromocytoma. Cardiology. 1985;72(Suppl. 1):131-136.

8. Radtke WE, Kazmier FJ, Rutherford BD, et al. Cardiovascular complications of pheochromocytoma crisis. The American Journal of Cardiology.
1975;35(5):701-705.

9. Kwong YL, Yu YL, Lam KSL, et al. CT appearance in hypertensive encephalopathy. Neuroradiology. 1987;29(2):215-215.
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*
Cardiomyopathies Including Acute – (dilated, tako-tsubo) and chronic (hypertrophic, ischemic, obstructive)
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Table 2

Approach to treatment of pheochromocytoma-related hypertension

Stage Goal Primary Rx Supplementary/Alternative* Rx

Initial trx (A) Normalization of BP
Minimal organ complications

In the following order:
Phenoxybenzamine PO
β blocker PO
Metyrosine PO

Alternative α blocker (see text)
Calcium channel blocker
Labetalol PO

Pre-operative trx Normal BP
Normovolemia
Optimized cardiac performance

As in (A)
Fluids to normovolemia

As in (A)

Intra-operative trx Prevention of the following:
Severe hypercatecholaminemia
Severe hypertension
Severe hypotension

Nitroprusside IV
β blocker IV
Aggressive fluid replacement

Labetalol IV
Nitroprusside IV

Post-operative trx Prevention of hypotension
Prevention of hypoglycemia

Aggressive fluid replacement
Glucose Replacement

Trx of inoperable disease Maintanence of normal BP
Treatment of metastatic disease

Chemotherapy
Radiotherapy
Debulking

Experimental Therapy

Trx Treatment

BP Blood pressure

Supplementary Rx Added to meet the goal for BP control

Alternative Rx Denotes alternative treatment based on center-specific preferences

Metyrosine α-methyl-L-tyrosine (α-MPT, Demser). For mechanism of action, please see text

Data from [1-8]
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