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PHEOCHROMOCYTOMA

Introduction and Definition of Pheochromocytoma

Pheochromocytoma is a rare, usually benign neuroendocrine tumor originating from the chromaffin
cells of the adrenal medulla, although approximately ten percent of cases manifest in extra-adrenal
sympathetic ganglia, where they are specifically termed paragangliomas. This tumor type is
defined by its ability to synthesize, store, and excrete excessive amounts of catecholamines,
primarily norepinephrine and epinephrine, leading to profound systemic effects. The resulting
hormonal surge dictates the clinical presentation, which is typically characterized by paroxysmal or
sustained hypertension and severe, episodic symptoms mimicking extreme panic or anxiety.
Understanding pheochromocytoma requires recognizing it not merely as a localized growth but as
a source of powerful vasoactive substances that profoundly disrupt autonomic regulation
throughout the body, placing severe stress on the cardiovascular and nervous systems.

The adrenal medulla, the principal site for pheochromocytoma formation, is essentially a modified
sympathetic ganglion, dedicated to the rapid release of catecholamines into the bloodstream in
response to stress. These chromaffin cells, upon transformation into a tumor, lose their regulated
control over hormone release, resulting in unpredictable and often massive bursts of epinephrine
and norepinephrine. The consequences of this uncontrolled endocrine activity are severe, often
masking the underlying pathology by presenting initially as common disorders such as essential
hypertension or generalized anxiety disorder, thereby delaying appropriate diagnosis and
treatment. Early identification is crucial, as the sustained or intermittent exposure to high levels of
catecholamines carries a significant risk of cardiovascular morbidity and mortality, including
stroke, myocardial infarction, and irreversible organ damage.

While the vast majority of pheochromocytomas are benign and curative upon surgical resection,
the definition also encompasses malignant forms, which metastasize to distant sites such as bone,
liver, or lymph nodes. The clinical distinction between benign and malignant forms is often subtle
histologically, necessitating reliance on clinical behavior and the presence of metastases for
definitive classification. Furthermore, the disorder has a recognized hereditary component,
meaning that a significant percentage of cases are linked to identifiable germline mutations,
positioning pheochromocytoma as a critical element within the spectrum of familial tumor
syndromes. These genetic associations mandate thorough screening and counseling for affected
families, highlighting the importance of genetic testing in the overall management protocol for
newly diagnosed patients.

Pathophysiology and Catecholamine Overproduction

The core pathophysiology of pheochromocytoma revolves around the excessive and unregulated
biosynthesis and secretion of catecholamines--epinephrine, norepinephrine, and, less commonly,
dopamine. These hormones exert their physiological effects by binding to adrenergic receptors
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(alpha and beta receptors) located throughout the body, mediating the "fight or flight" response.
Norepinephrine, typically the predominant hormone secreted by pheochromocytomas, acts
primarily on alpha-1 receptors, causing intense vasoconstriction, which is the primary driver of
severe hypertension. Epinephrine, when secreted in large quantities, primarily affects beta
receptors, leading to increased heart rate (tachycardia), increased cardiac contractility, and
metabolic changes such as hyperglycemia due to glycogenolysis.

The episodic nature of the symptoms characteristic of pheochromocytoma is a direct result of the
sporadic release of these hormones. While some tumors secrete catecholamines continuously,
leading to sustained hypertension, many tumors release them in sudden, massive surges triggered
by internal or external stimuli. These triggers can include physical exertion, changes in posture,
stress, certain medications (such as tricyclic antidepressants or cold medications), or even
palpation of the tumor during examination. When such a surge occurs, the body is flooded with
supraphysiological levels of hormones, resulting in a hypertensive crisis that can acutely threaten
life through cerebral hemorrhage or acute heart failure. The intensity of these hormonal storms is
responsible for the feeling of impending doom or extreme anxiety frequently reported by patients,
illustrating the profound neurochemical imbalance induced by the tumor.

Metabolic consequences also form a significant part of the pathophysiology. Chronic exposure to
high levels of epinephrine can lead to persistent stimulation of beta-adrenergic receptors, which
promotes lipolysis and glycogenolysis, resulting in glucose intolerance or frank diabetes mellitus.
Furthermore, the sustained peripheral vasoconstriction caused by norepinephrine increases the
total peripheral resistance, forcing the heart to work harder. Over time, this chronic stress can
induce structural changes in the heart, including left ventricular hypertrophy, and eventually lead to
catecholamine-induced cardiomyopathy. This systemic exhaustion underscores why immediate
pharmacological intervention to block the effects of these hormones is mandatory before any
surgical manipulation of the tumor is attempted, mitigating the risk of intraoperative hemodynamic
collapse.

Etiology and Genetic Syndromes

While pheochromocytoma can occur sporadically, its hereditary nature is highly significant,
accounting for 30 to 40 percent of all cases. The recognition of these genetic links has
fundamentally altered the diagnostic approach, emphasizing the importance of family history and
genetic screening. The hereditary forms are often associated with specific germline mutations in
tumor suppressor genes or proto-oncogenes, and they frequently present as components of well-
defined familial cancer syndromes. These syndromes include Multiple Endocrine Neoplasia Type 2
(MEN 2), Von Hippel-Lindau (VHL) disease, Neurofibromatosis Type 1 (NF1), and mutations in the
succinate dehydrogenase (SDH) genes.
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MEN 2, caused by mutations in the RET proto-oncogene, is arguably the most recognized
association. Patients with MEN 2 are at high risk for developing pheochromocytoma, often
bilaterally, alongside medullary thyroid carcinoma and primary hyperparathyroidism. VHL disease,
linked to the VHL tumor suppressor gene, predisposes individuals to tumors in multiple organs,
including pheochromocytomas, retinal angiomas, and renal cell carcinomas. In contrast, NF1,
caused by mutations in the NF1 gene, leads to neurofibromas and café-au-lait spots, with
pheochromocytoma being a less common but important associated risk. The identification of these
genetic links provides crucial prognostic information, as patients with hereditary forms often
develop the tumors earlier in life and may require more intensive surveillance for malignancy or

recurrence.

A particularly important genetic discovery involves the succinate dehydrogenase (SDH) genes
(SDHB, SDHC, SDHD, SDHA). Mutations in these genes are strongly linked to the development of
extra-adrenal paragangliomas, especially those located in the head and neck, though they can also
cause adrenal pheochromocytomas. Specifically, the SDHB mutation carries a significantly higher
risk of malignancy compared to other genetic variants, necessitating aggressive follow-up and
management protocols. Given this strong genetic predisposition, standard practice now dictates
that all patients diagnosed with pheochromocytoma undergo genetic counseling and testing,
regardless of family history, due to the high likelihood of identifying a causative mutation, which
then guides the management and screening of asymptomatic relatives.

Clinical Manifestations and Symptomatic Presentation

The clinical presentation of pheochromocytoma is notoriously variable, earning it the moniker “the
great masquerader." Symptoms are directly attributable to the massive, often paroxysmal release
of catecholamines and can range from mild, intermittent anxiety to severe, life-threatening
hypertensive crises. The classic symptom triad, reported in roughly half of all patients, includes
episodic headaches (often throbbing and severe), excessive sweating (diaphoresis), and
palpitations (a rapid, forceful heart rate, or tachycardia). These episodes typically last minutes to
hours and resolve spontaneously, leaving the patient exhausted and anxious about the next
occurrence.

Beyond the classic triad, the cardiovascular system bears the brunt of the hormonal onslaught.
Hypertension is the most common sign, which may be sustained, paroxysmal, or a combination of
both. Paroxysmal hypertension is highly suggestive of the diagnosis, characterized by sudden,
dramatic spikes in blood pressure that are often resistant to conventional antihypertensive
medications. Other significant symptoms include visual blurring or disturbances, often indicative of
hypertensive retinopathy or cerebral ischemia during a crisis. Gastrointestinal symptoms, such as
abdominal pain, nausea, vomiting, and constipation, are also common, resulting from the
vasoconstrictive effects of norepinephrine on the splanchnic circulation.
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The psychological manifestations are particularly relevant, as the symptoms of a catecholamine
surge often mimic acute panic attacks or generalized anxiety disorder. Patients frequently report
feelings of anxiety, nervousness, tremor, pallor, and a profound sense of doom, leading to
misdiagnosis and inappropriate psychiatric treatment. This overlap is due to the shared
physiological pathway: both true panic and a pheochromocytoma crisis involve massive
sympathetic nervous system activation. However, unlike psychological panic attacks,
pheochromocytoma episodes are often accompanied by measurable objective signs, such as
extremely high blood pressure and profound tachycardia, and may be unresponsive to standard
anxiolytics. Careful differential diagnosis is therefore essential to distinguish between a primary
psychiatric disorder and an underlying, life-threatening neuroendocrine tumor.

Diagnosis and Biochemical Confirmation

The definitive diagnosis of pheochromocytoma relies on biochemical confirmation of excessive
catecholamine secretion, followed by imaging studies to localize the tumor. The preferred initial
biochemical tests measure fractionated metanephrines and catecholamines in either a 24-hour
urine collection or plasma. Metanephrines, which are the stable, metabolized breakdown products
of epinephrine and norepinephrine, are often preferred because their levels fluctuate less
dramatically than the parent hormones, offering higher sensitivity and specificity, particularly in
ruling out the disease. Significant elevation (typically greater than twice the upper limit of normal)
strongly suggests the presence of a functioning tumor.

Once biochemical evidence confirms the diagnosis, imaging is necessary to determine the
location, size, and extent of the tumor. Computed Tomography (CT) and Magnetic Resonance
Imaging (MRI) are the primary modalities. MRI is often preferred, especially for young patients or
those with hereditary syndromes, as it avoids ionizing radiation and is highly effective in
differentiating adrenal masses. However, since approximately ten percent of pheochromocytomas
are extra-adrenal (paragangliomas), functional imaging is often required for definitive localization,
especially if initial anatomic scans are negative or if malignancy is suspected.

Functional imaging involves nuclear medicine techniques, most notably the use of lodine-123-
metaiodobenzylguanidine (1231-MIBG) scans. MIBG is a radiolabeled compound structurally
similar to norepinephrine, which is specifically taken up and concentrated by neuroendocrine
tissues, including pheochromocytomas. This technique is invaluable for detecting extra-adrenal
tumors, metastatic disease, or multifocal tumors, which are common in hereditary syndromes. In
cases where the diagnosis remains challenging or when surgical planning requires maximal
precision, Positron Emission Tomography (PET) scans utilizing specific tracers, such as 18F-FDG
or 18F-DOPA, may also be employed to confirm the metabolic activity and location of the tumor
cells.
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Treatment Modalities: Medical and Surgical Management

The definitive treatment for pheochromocytoma is surgical resection, typically an adrenalectomy,
which is curative in the majority of benign, localized cases. However, surgery carries a substantial
risk of inducing a fatal hypertensive crisis due to the manipulation of the tumor and the massive,
uncontrolled release of catecholamines into the circulation. Therefore, rigorous medical
preparation, known as alpha-blockade, is mandatory prior to surgery to stabilize the patient
hemodynamically.

Preoperative management usually lasts 10 to 14 days and focuses on blocking the effects of
norepinephrine on the vasculature. This is achieved using alpha-adrenergic blocking agents, such
as phenoxybenzamine (a non-selective, irreversible alpha-blocker) or selective alpha-1 blockers
like doxazosin. The goal of this blockade is to prevent extreme vasoconstriction, expand the
contracted plasma volume resulting from chronic catecholamine excess, and normalize blood
pressure. Once effective alpha-blockade is achieved (evidenced by orthostatic hypotension and
symptom resolution), beta-blockers may be introduced, but only after alpha-blockade is secured.
Administering a beta-blocker first without prior alpha-blockade can exacerbate hypertension
because blocking vasodilating beta-2 receptors leaves the potent vasoconstrictive alpha receptors
unopposed, leading to catastrophic blood pressure spikes.

The surgery itself is often performed laparoscopically, which minimizes invasiveness and recovery
time for localized tumors. During the procedure, the anesthesia and surgical teams must be
prepared for extreme hemodynamic fluctuations, including sudden hypertension upon tumor
manipulation and profound hypotension immediately following tumor removal, as the source of
massive vasoconstrictors is eliminated. For malignant or metastatic disease, treatment is
significantly more complex, involving combinations of surgery, radiation therapy, and systemic
therapies, including chemotherapy or targeted radionuclide therapy (such as high-dose MIBG
therapy) to manage the tumor burden and control hormonal symptoms.

Differential Diagnosis and Related Neuroendocrine Tumors

Differentiating pheochromocytoma from other conditions that mimic sympathetic overactivation is
crucial, as misdiagnosis can lead to inappropriate and dangerous treatment. Given the paroxysmal
nature of its symptoms--palpitations, anxiety, sweating, and hypertension--the disorder frequently
enters the differential diagnosis for conditions ranging from essential hypertension and
hypertensive emergencies to primary psychiatric disorders. Conditions commonly confused with
pheochromocytoma include panic disorder, severe migraine headaches, menopausal hot flashes,
hyperthyroidism, and the use of illicit substances that stimulate the sympathetic nervous system,
such as cocaine or amphetamines.

The key distinguishing factor often lies in the severity and measurement of blood pressure during
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an acute episode, coupled with biochemical evidence. While panic attacks can cause mild blood
pressure elevations, they rarely reach the extreme, crisis-level readings seen in
pheochromocytoma. Furthermore, the absence of elevated plasma or urinary metanephrines
effectively rules out pheochromocytoma in symptomatic patients. However, the differentiation
becomes more complex when considering other neuroendocrine tumors that also secrete
vasoactive substances, such as carcinoid tumors, which secrete serotonin and cause flushing and
diarrhea, or mastocytosis, which releases histamine and causes pruritus and hypotension.

In the context of the adrenal gland, pheochromocytoma must be differentiated from non-functioning
adrenal incidentalomas (benign tumors discovered incidentally) and other functional adrenal
masses, such as aldosterone-producing adenomas or cortisol-producing adenomas (Cushing's
syndrome). The initial screening for any adrenal mass often involves biochemical testing for all
functional possibilities, including pheochromocytoma, regardless of the patient's symptoms. This
thorough investigation ensures that a potentially life-threatening but treatable cause of secondary
hypertension is not overlooked before proceeding with observation or surgical removal.

Psychological and Neurocognitive Implications

The chronic and acute neurochemical disruption caused by pheochromocytoma has significant
psychological ramifications that extend beyond the initial misdiagnosis of anxiety. The sustained or
episodic flooding of the central nervous system with catecholamines fundamentally alters mood
regulation, sleep patterns, and cognitive function. Patients often experience chronic states of
hyperarousal, irritability, and profound sleep disturbances, including difficulty initiating and
maintaining sleep, due to the constant sympathetic overdrive. This persistent state of physiological
stress contributes significantly to reduced quality of life, even between symptomatic episodes.

Furthermore, the experience of recurrent, severe crises--characterized by terrifying physical
sensations and the feeling of imminent death--can lead to the development of secondary
psychological disorders, notably post-traumatic stress disorder (PTSD) or specific phobias related
to the triggers of their attacks. Patients may develop anticipatory anxiety regarding future episodes,
leading to avoidance behaviors and social isolation. The psychological burden is compounded by
the rarity of the disease, which often results in patients feeling dismissed or misunderstood by
medical professionals prior to definitive diagnosis, fostering distrust and emotional distress.

Even after successful surgical removal of the tumor, psychological recovery can be protracted.
While the immediate physiological symptoms resolve, the neurocognitive system requires time to
adjust to the sudden cessation of chronic, high-level catecholamine exposure. Some patients
report a period of lethargy or depression post-operatively as their body adapts to normal hormone
levels. Comprehensive care for pheochromocytoma must therefore include psychological support
and counseling, addressing not only the acute anxiety caused by the hormonal surges but also the
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long-term emotional and cognitive sequelae resulting from chronic illness and the trauma
associated with life-threatening hypertensive crises.

Encyclopedia of psychology encyclopedia.arabpsychology.com



https://encyclopedia.arabpsychology.com/?p=19129
https://encyclopedia.arabpsychology.com
https://encyclopedia.arabpsychology.com

