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Pheochromocytoma

Endocrinology Lecture, Year Four.

Pathophysiology and Diagnostic Challenges of
Pheochromocytoma

Pheochromocytoma is a rare neuroendocrine tumor characterized by the excessive secretion of
catecholamines, primarily adrenaline, noradrenaline, and, less frequently, dopamine. While the
classical definition of a rare disease requires a prevalence of fewer than one in 2,000 individuals,
the reported prevalence of pheochromocytoma varies significantly—often cited between one in
2,500 and one in 6,500—depending on the diagnostic rigor and screening protocols employed
within specific populations. Despite its low annual incidence, the clinical significance of the
disease remains profound, particularly in the context of incidental adrenal masses. Historical data
indicate that a substantial proportion of pheochromocytomas are identified only post-hoc during
the investigation of incidentally discovered adrenal lesions, underscoring the tumor’s reputation
as a clinical mimic.
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Biochemical Pathways and Malignancy Potential

The catecholamine biosynthetic pathway proceeds from tyrosine to L-DOPA, dopamine,
noradrenaline, and finally adrenaline. The metabolic degradation of these hormones results in the
production of normetanephrine, metanephrine, and vanillylmandelic acid. While traditional clinical
heuristics once suggested a 90-10 distribution regarding sporadic versus familial cases and
adrenal versus extra-adrenal (paraganglioma) locations, modern evidence suggests these ratios
are increasingly inaccurate. Current estimates indicate that at least 40% of cases are associated
with germline mutations, with over 20 causative genes identified in the last decade.

Crucially, the traditional binary classification of benign versus malignant is insufficient for
pheochromocytomas and paragangliomas, as all such tumors possess an inherent potential for
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malignancy. Histological assessment alone is often inadequate for predicting clinical behavior, as
there are no absolute pathognomonic criteria for malignancy. Instead, risk stratification relies on
an integrated analysis of tumor size, anatomical location—with paragangliomas generally
carrying a higher risk than adrenal pheochromocytomas—and specific genetic profiles. The Ki-67
proliferation index serves as a valuable, albeit limited, histological marker in this assessment.

Biosintesi e Metabolismo Catecolamine
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A detailed biochemical pathway diagram illustrating the biosynthesis and metabolism of catecholamines, including key
enzymes and intermediate metabolites.

Molecular Clusters and Genetic Syndromes

The genetic landscape of these tumors is categorized into distinct molecular clusters based on
underlying pathogenic mechanisms. The first major category, Cluster 1, is defined by
"pseudohypoxic" signaling, wherein cells activate molecular pathways typically reserved for
hypoxic conditions despite normal oxygenation levels. This cluster is further subdivided into
Cluster 1A, associated with succinate dehydrogenase (SDH) mutations, and Cluster 1B, primarily
linked to Von Hippel-Lindau (VHL) syndrome.

The mechanisms driving Cluster 1A involve disruptions in the Krebs cycle within the
mitochondria, affecting cellular energy metabolism. In contrast, Cluster 1B involves the activation
of hypoxia-inducible factors. Clinically, these tumors frequently manifest as extra-adrenal
paragangliomas. Unlike the classic adrenergic phenotype that presents with paroxysmal
hypertensive crises, these tumors often exhibit a noradrenergic or dopaminergic profile, resulting
in more stable, chronic hypertension. Other recognized genetic associations include mutations in
the *RET* proto-oncogene, characteristic of Multiple Endocrine Neoplasia (MEN) types 2A and
2B, as well as Neurofibromatosis type 1. Furthermore, mutations in *MAX* and *TMEM127* are
associated with familial forms, with *TMEM127* mutations generally correlating with a more
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favorable, benign clinical course. Among the SDH mutations, the SDHB variant is notably
associated with a more aggressive clinical phenotype.

Test Yourself

Given that all pheochromocytomas and paragangliomas are now considered to have inherent
malignant potential, why is it that a patient with a Cluster 1A (SDH-mutated) tumor might present
with a vastly different clinical profile—both in terms of biochemical phenotype and metastatic
risk—compared to a patient with a RET-associated tumor, and how does this complicate our
reliance on traditional histological markers for risk stratification?

Kinase-Driven Pathogenesis and Clinical Stratification

The second major molecular category, Cluster 2, is defined by the activation of kinase signaling
pathways, specifically the RAS/RAF/MAPK and PI3K/AKT/mTOR cascades. Unlike the
pseudohypoxic Cluster 1, these tumors are predominantly localized to the adrenal gland,
manifesting as pheochromocytomas rather than extra-adrenal paragangliomas. The clinical
presentation of Cluster 2 tumors typically aligns with the classic adrenergic phenotype,
characterized by paroxysmal hypertensive crises resulting from the episodic secretion of
epinephrine. Genetically, this cluster is frequently associated with mutations in the *NF1*, *RET",
*HRAS*, and *KIF1B* genes. While these mutations are often linked to hereditary syndromes
such as Multiple Endocrine Neoplasia type 2, they also appear as somatic mutations in sporadic
cases.

Emerging Molecular Classifications and Diagnostic
Implications

Recent research has identified a third, intermediate molecular cluster, which exhibits a distinct
profile in terms of both biological behavior and clinical aggressiveness. The integration of these
molecular classifications into clinical practice is essential for risk stratification and the
optimization of patient management. The identification of the specific molecular cluster informs
the intensity of post-surgical surveillance; for instance, tumors exhibiting the aggressive
characteristics of Cluster 1 require more frequent follow-up compared to the more indolent
variants found in other clusters.

Furthermore, the molecular profile dictates the selection of functional imaging modalities. While
fluorodopa PET/CT is highly effective for the classic adrenal-based pheochromocytomas of
Cluster 2, Gallium-68 labeled tracers are often superior for the detection of Cluster 1A tumors.
Beyond diagnostic imaging, the characterization of these genetic mutations provides a foundation
for personalized therapeutic strategies. In cases of progressive or metastatic disease, the
underlying molecular mechanism can guide the selection of targeted pharmacological
interventions or specialized nuclear medicine therapies, moving beyond the limitations of surgical
resection.
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S.Nolting et al. Endocrine Reviews 2021

Diagram comparing molecular, biochemical, imaging, follow-up, and treatment characteristics between Cluster 1 and
Cluster 2 PPGLs.

Clinical Utility of Genotype-Phenotype Correlation

Although the majority of these genetic conditions follow an autosomal dominant pattern of
inheritance—with some exhibiting parent-of-origin effects—the high cost of comprehensive
genetic screening necessitates a strategic approach. Clinicians can effectively narrow the scope
of genetic testing by utilizing the patient’s biochemical and clinical phenotype as a diagnostic
filter. By correlating the secretory profile (e.g., noradrenergic versus adrenergic) and the
anatomical location of the tumor with established molecular clusters, practitioners can prioritize
specific genetic panels. This targeted diagnostic strategy enhances cost-efficiency while ensuring
that patients receive appropriate prognostic counseling and long-term monitoring tailored to the
biological aggressiveness of their specific tumor subtype.
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Decision tree algorithm for genetic testing based on clinical predictors, familial history, and biochemical markers in
PPGL patients.

Test Yourself

If a patient presents with a tumor that is extra-adrenal and shows a noradrenergic secretory
profile, why would relying on a standard fluorodopa PET/CT scan potentially lead to a diagnostic
oversight, and how does this relate to the underlying molecular clustering of the disease?

Surgical Management and Organ-Sparing Strategies

The clinical management of bilateral adrenal pathology, particularly in the context of
pheochromocytoma, requires a nuanced approach that balances the necessity of tumor resection
with the preservation of endocrine function. In cases of bilateral adrenal involvement, such as
those associated with specific genetic syndromes, the immediate removal of both adrenal glands
is rarely the optimal initial strategy. Given the significant morbidity associated with permanent
adrenal insufficiency, clinicians should prioritize the resection of the dominant or most
symptomatic lesion while maintaining the contralateral gland under close surveillance. This
conservative strategy allows for the assessment of the contralateral tumor's growth trajectory and
secretory activity, potentially deferring or avoiding the need for total bilateral adrenalectomy.

When surgical intervention is indicated for unilateral or bilateral disease, particularly in non-
aggressive molecular subtypes such as those associated with *TMEM127* mutations, cortical-
sparing adrenalectomy represents a sophisticated surgical objective. This technique aims to
excise the pheochromocytoma while preserving sufficient functional adrenocortical tissue to
maintain endogenous steroidogenesis. Such an approach is particularly viable when the tumor
lacks aggressive, invasive characteristics, thereby minimizing the risk of recurrence within the
preserved cortical remnants. This strategy is essential for improving long-term quality of life by

o)
—

SbobifyAl



Endocrinology with Slides 6

mitigating the risks of chronic hypocortisolism and the associated dependence on lifelong
hormone replacement therapy.

Diagnostic Challenges in Extra-Adrenal Paragangliomas

The diagnostic landscape for catecholamine-secreting tumors extends significantly beyond the
adrenal glands. Extra-adrenal paragangliomas can manifest in diverse anatomical locations,
ranging from the skull base and head and neck region to the urinary bladder and thoracic cavity.
These tumors often present with severe, paroxysmal hypertensive crises, yet their localization
can be notoriously difficult, frequently eluding detection by conventional cross-sectional imaging
such as computed tomography (CT).

In instances where biochemical evidence of catecholamine excess is definitive—characterized by
markedly elevated urinary or plasma metanephrines and catecholamines—but standard imaging
remains negative, clinicians must employ advanced functional imaging modalities. The use of
radiolabeled tracers, such as meta-iodobenzylguanidine (MIBG) or specialized positron emission
tomography (PET) ligands, is critical for identifying occult paragangliomas.

The clinical complexity of these cases is exemplified by rare presentations, such as intracardiac
paragangliomas. These tumors may mimic other cardiovascular pathologies, such as thrombi or
structural heart disease, and require a multidisciplinary surgical approach. In scenarios where the
tumor is located within the cardiac chambers or is intimately associated with major coronary
vasculature, the surgical strategy must involve collaboration between endocrinologists,
cardiothoracic surgeons, and specialized imaging teams. Such cases underscore the necessity
of maintaining a high index of clinical suspicion for extra-adrenal sources of catecholamine
excess, even when initial anatomical imaging fails to reveal a primary lesion. The management of
these complex, ectopic tumors necessitates a shift from standard resection protocols toward
highly specialized, individualized surgical planning.
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Schematic diagram showing the typical extra-adrenal locations of paragangliomas along the sympathetic chain and
surrounding organs.

Test Yourself

If you have a patient with bilateral pheochromocytoma who is a candidate for a cortical-sparing
adrenalectomy, what specific clinical or molecular factors would make you lean toward that
approach versus a more conservative strategy of monitoring the contralateral gland, and how
does the risk of recurrence influence that decision?

Surgical Innovation in Cardiac Paraganglioma Management

The surgical management of cardiac paragangliomas, particularly those involving complex
anatomical structures, necessitates highly innovative interventions such as the *ex vivo*
resection technique. This procedure involves the complete removal of the heart, followed by the
excision of the tumor under extracorporeal circulation, and subsequent orthotopic cardiac
reimplantation. This approach is reserved for cases where the tumor is intimately associated with
critical cardiac structures, rendering standard *in situ* resection technically unfeasible. The
success of such a procedure relies heavily on the integration of cardiac transplantation protocols
with the specialized preoperative management required for catecholamine-secreting tumors.
Given the lack of extensive clinical data for such rare interventions, the risk assessment is
derived from a synthesis of heart transplantation outcomes and the established perioperative
management of pheochromocytomas.
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Medical journal cover featuring CT and PET imaging scans related to a retrocardiac catecholamine-producing
paraganglioma case.

Clinical Presentation and Pathophysiological Mechanisms

The classic clinical manifestation of a catecholamine-secreting paraganglioma during a
paroxysmal crisis is characterized by the triad of headache, palpitations, and diaphoresis. This
symptom cluster reflects the underlying hyperkinetic and vasoconstrictive state induced by
excessive catecholamine release. From a hemodynamic perspective, the systemic
vasoconstriction significantly increases peripheral vascular resistance, leading to severe
hypertension and a concomitant reduction in effective circulating blood volume. This state of
relative hypovolemia is a critical consideration in preoperative management. Failure to
adequately expand the intravascular volume and induce pharmacological vasodilation prior to
surgical intervention can lead to profound, potentially fatal, hypotension upon tumor removal, as
the sudden withdrawal of the catecholamine stimulus causes massive vasodilation in a volume-
depleted vascular bed.
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Sintomatologia
Sintomi % Segni %
Cefalea 76-100% Ipertensione 76-100%
Palpitazioni 51-75% Tachicardia 51-75%
Sudorazione 37-71% Ipotensione posturale 51-75%
Ansieta/nervosismo 26-50% Parossismi ipertensivi 26-50%
Dolore addome 14-62% Polipnea 26-50%
Dolore toracico 26-50% Iperglicemia a digiuno 26-50%
Nausea 10-42% Perdita di peso 1-25%
Dispnea 15-39% Pallore 1-25%
Tremori 13-38% Flushing 4-19%
Astenia 20-30%
Intolleranza al caldo 1-25%
Disturbi visivi 1-25%
Stipsi 1-25%

Adattato da Keiser In Endocrinology-DeGroot, 2001

Comprehensive table detailing the frequency and percentages of various symptoms and signs associated with the
condition.

Diagnostic Optimization and Biochemical Assessment

The diagnostic accuracy of biochemical testing is paramount in the management of
paragangliomas. Current clinical standards prioritize the measurement of plasma free
metanephrines, which are not conjugated to proteins or glucuronidated, as the gold standard for
diagnostic sensitivity and specificity. While urinary fractionated metanephrines remain a reliable
alternative, they generally exhibit lower sensitivity compared to plasma-based assays.
Catecholamine measurements themselves are often less sensitive and are primarily utilized for
retrospective confirmation.

A specific diagnostic challenge arises with dopamine-secreting paragangliomas, which frequently
present with a paucisymptomatic clinical profile, often eluding detection until advanced imaging
reveals the lesion. In these instances, standard catecholamine and metanephrine panels may be
insufficient. Consequently, the diagnostic workup must be tailored to include the specific
metabolites of dopamine, such as methoxytyramine, to ensure the identification of these more
insidious, biochemically distinct tumors. The selection of the appropriate biochemical panel is
essential for minimizing false-negative results and ensuring that the diagnostic strategy accounts
for the specific secretory profile of the underlying paraganglioma.

Test Yourself

If you were managing a patient with a dopamine-secreting paraganglioma, why might relying
solely on the standard plasma free metanephrine panel lead to a false-negative result, and what
specific biochemical markers would you need to include in your diagnostic workup to avoid this?
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Advanced Biochemical Markers and Diagnostic Protocols

Beyond standard metanephrine and catecholamine assays, the diagnostic armamentarium for
paragangliomas includes additional metabolites such as methoxytyramine, homovanillic acid, and
urinary free dopamine. Chromogranin A serves as a valuable, albeit less specific, pan-
neuroendocrine marker, particularly in the evaluation of head and neck paragangliomas. These
tumors, frequently associated with succinate dehydrogenase (SDH) subunit mutations, often
exhibit a paucisymptomatic or biochemically silent profile. In such cases, where traditional
catecholamine pathways are inactive, Chromogranin A levels and functional imaging—specifically
Gallium-68 labeled somatostatin receptor PET/CT—provide superior diagnostic utility due to the
high expression of somatostatin receptors in these lesions.

Pre-Analytical Considerations and Interference Management

The accuracy of biochemical testing is highly susceptible to pharmacological and environmental
interference. A rigorous washout period is mandatory for medications known to alter
catecholamine metabolism or reuptake, including tricyclic antidepressants, selective serotonin
and norepinephrine reuptake inhibitors, monoamine oxidase inhibitors, and various neuroleptic
agents. Furthermore, while dietary restrictions are not universally mandated due to the high
sensitivity of modern assays, it is prudent to advise patients to avoid excessive consumption of
specific foods—such as vanilla-containing products—during the 24-hour period preceding and
throughout the urine collection process to prevent potential false-positive results.

Sample integrity is equally critical. Catecholamines, metanephrines, and vanillylmandelic acid are
unstable in neutral or alkaline pH environments. Consequently, the acidification of urine collection
containers with hydrochloric acid is the preferred standard to prevent analyte degradation. If pre-
acidified containers are unavailable, samples must be stored in a cool, dark environment, ideally
refrigerated, to maintain biochemical stability until laboratory analysis can be performed.
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Farmaci che possono determinare aumento cate/meta

Farmaci/Sostanze Meccanismo di Interferenza

Antidepressivi triciclici (TCA) Amitriptilina, Imipramina  Inibizione del reuptake della
noradrenalina

SSRI/SNRI Venlafaxina, Sertralina Inibizione del reuptake di NA/5-HT

IMAO Tranilcipromina, Fenelzina Inibizione del catabolismo delle
catecolamine

Simpaticomimetici Efedrina, Amfetamina, Stimolazione rilascio catecolamine
Cocaina

Xantine / Psicostimolanti Caffeina, Teofillina Attivazione simpatica

Antipsicotici Clozapina, Risperidone Effetti adrenergici variabili

Cardiovascolari Labetalolo, Carvedilolo Interferenza metabolica/recettoriale

Altri Levodopa, Metildopa, Interferenze analitiche o aumenti
Paracetamolo secondari

Table of medications and substances causing interferences with catecholamines and metanephrines.

Interpretation of Biochemical Thresholds

Clinical interpretation of biochemical results requires a nuanced understanding of assay
sensitivity. Marginal elevations—typically less than twice the upper limit of normal—are frequently
non-specific and may necessitate repeat testing or further clinical correlation. Conversely, values
exceeding three times the upper limit of normal are highly suggestive of a catecholamine-
secreting tumor and warrant immediate progression to anatomical and functional imaging. Values
falling between these thresholds require clinical judgment, often involving a repeat collection to
confirm the persistence of the biochemical abnormality.
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Diagnosi biochimica: qual e il miglior test?

Metanefrine plasmatiche libere 97% 89%
Metanefrine urinarie frazionate (24h) 90% 91.4%
Catecolamine plasmatiche totali 95% 70.7%
Catecolamine urinarie totali (24h) 86% 87.8%

Acido vanilmandelico (VMA) urinario (24h) 64% 95%

Houssein et al, Cureus 2024; Lenders et al JAMA 2002; Witteles et al JAMA 2000

Comparison table presenting sensitivity and specificity values for different biochemical tests used in diagnosis.

Functional Imaging and Diagnostic Algorithms

While anatomical imaging via computed tomography (CT) or magnetic resonance imaging (MRI)
offers high sensitivity for tumor localization, these modalities lack biochemical specificity.
Definitive diagnosis is achieved through functional imaging, which exploits the unique metabolic
and receptor-expression profiles of these tumors. The selection of the appropriate radiotracer is
guided by the tumor’s underlying molecular phenotype: 18F-fluorodopa PET is generally
preferred for adrenal pheochromocytomas, particularly those associated with specific genetic
mutations; 68Ga-labeled somatostatin analog PET is indicated for extra-adrenal paragangliomas;
and 18F-fluorodeoxyglucose (FDG) PET is reserved for the assessment of aggressive or
metastatic disease. Although there is significant overlap in tracer uptake across these subtypes,
these preferences optimize diagnostic yield. Once a biochemical and radiological diagnosis is
established, the clinical focus shifts to the mandatory preoperative stabilization of the patient’s
hemodynamic status prior to surgical intervention.
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Localizzazione del PPGL - Imaging

TC RMN
Sensibilita Sensibilita
* 93-100% feo surrenalico + = TAC feo surrenalico
* ~90% feo extrasurrenalico * 2TAC feo extrasurrenalico
Sia TC che RMN
hanno una

limitata specificita

MIBG
* Specificita > TCe RMN ( 98 — 100 %)
« Sensibilitd < TC e RMN (90%)
» Utile nella diagnosi di tumori extrasurrenalici e di metastasi

PET/TC con [*®F]-fluorodopa: Sensibilita > MIBG, preferibile nei feo surrenalici
PET/TC con [68G] DOTATATE per PPGL con recettori SST, preferibile nei PGL
PET/TC con FDG: mutazioni SDHB, forme aggressive

Overview of imaging modalities including CT, MRI, MIBG, and PET/CT for PPGL localization.

Test Yourself

If you were evaluating a patient with a suspected head and neck paraganglioma who presents
with normal plasma metanephrine levels, why might relying solely on catecholamine-based
assays lead to a diagnostic failure, and how would you adjust your diagnostic strategy to account
for the specific molecular phenotype often associated with these tumors?

Preoperative Hemodynamic Stabilization

The transition from diagnostic confirmation to surgical intervention requires rigorous
hemodynamic optimization. Historically, the management of catecholamine-secreting tumors was
associated with significant perioperative mortality; however, contemporary clinical protocols have
effectively mitigated these risks. The cornerstone of modern management is the mandatory
preoperative blockade of adrenergic receptors, which prevents the life-threatening cardiovascular
instability that can occur during tumor manipulation and the subsequent release of catecholamine
surges.

The clinical objective of preoperative preparation is to achieve a state of pharmacological
blockade that renders the patient hemodynamically stable and resistant to the hypertensive
crises historically associated with surgical resection. This process involves a systematic
approach to alpha-adrenergic blockade, typically initiated well in advance of the scheduled
procedure. The titration of these agents must be precise; excessive or rapid administration can
lead to profound hypotension, necessitating the use of vasopressors, while inadequate blockade
leaves the patient vulnerable to hypertensive emergencies during induction or tumor handling.

Evolution of Clinical Management and Diagnostic Paradigms
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The evolution of clinical practice in this domain reflects a broader historical shift from invasive,
low-resolution diagnostic techniques—such as retroperitoneal air insufflation and plain-film
radiography—to the current precision of molecular imaging. While modern diagnostic algorithms
rely on sophisticated PET tracers, the underlying clinical necessity remains the same: the
integration of biochemical evidence with anatomical localization.

Although various radiotracers, including 18F-fluorodopa, 68Ga-labeled somatostatin analogs,
and 18F-fluorodeoxyglucose, exhibit distinct affinities based on the tumor’s molecular phenotype
and genetic profile, they often demonstrate overlapping uptake patterns in complex clinical
presentations. Consequently, the choice of imaging modality should be tailored to the individual
patient’'s profile, particularly in cases where standard diagnostic pathways yield ambiguous
results. Clinicians must maintain a comprehensive understanding of these diagnostic tools,
recognizing that while current methodologies represent a significant advancement over historical
practices, they remain subject to future refinement. The maintenance of clinical rigor, combined
with an appreciation for the historical development of these protocols, is essential for ensuring
patient safety and diagnostic accuracy.

Test Yourself

Given that preoperative alpha-adrenergic blockade is essential for preventing hemodynamic
instability during tumor manipulation, how would you justify the clinical decision-making process
when choosing between different molecular imaging tracers—Iike 68Ga-labeled somatostatin
analogs versus 18F-fluorodopa—if a patient presents with an ambiguous biochemical profile that
might complicate the expected surgical management?

Pharmacological Strategies for Preoperative Adrenergic
Blockade

The management of patients with catecholamine-secreting tumors necessitates a structured
pharmacological approach to mitigate the risks of intraoperative hypertensive crises and
cardiovascular instability. The primary objective of preoperative preparation is the induction of a
controlled state of alpha-adrenergic blockade, typically maintained over a period of seven to
fourteen days. This duration is critical for the restoration of intravascular volume, which is often
depleted due to chronic vasoconstriction, and for the protection of myocardial function.

Selection of Alpha-Adrenergic Antagonists

While historical protocols favored phenoxybenzamine—a non-selective, long-acting alpha-
blocker—contemporary practice increasingly utilizes selective alpha-1 antagonists such as
doxazosin. Doxazosin offers a favorable side-effect profile and allows for precise titration, with
dosages often escalated to 12 mg or higher to achieve therapeutic efficacy. Although
phenoxybenzamine remains a viable option, its non-selective nature, which involves both alpha-1
and alpha-2 receptors, often results in more pronounced adverse effects. Alternative agents,
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such as phentolamine, may be utilized in acute settings or specialized hospital environments,
while calcium channel blockers serve as effective adjunctive therapies, particularly in
paucisymptomatic patients. Agents such as metyrosine, which inhibit catecholamine synthesis,
are theoretically potent but are rarely employed in clinical practice due to limited availability and
practical constraints.

PPGL: antagonisti adrenergici

o recettori recettorl

Antagonisti utilizzati nel feocromocitoma

Doxazosina Atenololo
D — Metoprololo
Bisoprololo
Fenossibenzamina
Fentolamina Propranololo

Labetalolo Labetalolo
Carvedilolo Carvedilolo

Comparison table categorizing various adrenergic antagonists by their specificity for alpha and beta receptors.

Contraindications and Risks of Beta-Adrenergic Blockade

The administration of beta-adrenergic blocking agents prior to the establishment of adequate
alpha-blockade is strictly contraindicated. This caution is rooted in the physiological role of beta-2
receptors, which facilitate vasodilation. The use of non-selective beta-blockers, or even selective
beta-blockers at high doses, can inadvertently antagonize these vasodilatory pathways. In the
presence of high circulating catecholamines, this blockade leads to unopposed alpha-adrenergic
stimulation, resulting in severe, paradoxical hypertension. Furthermore, while beta-1 selective
agents may be used to manage tachycardia, they must only be introduced after alpha-blockade
has been firmly established to prevent exacerbation of the patient's hemodynamic state.

Clinical Considerations and Lifestyle Management

The clinical management of these patients extends beyond pharmacological titration to include
the regulation of physiological stressors. Patients must be advised to avoid activities or
substances that stimulate the sympathetic nervous system, as these can precipitate hypertensive
crises. Unlike standard protocols for essential hypertension, sodium restriction is generally
contraindicated in patients with catecholamine-secreting tumors; because the therapeutic goal is
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to induce systemic vasodilation and expand the plasma volume, maintaining adequate sodium
and fluid intake is essential to prevent profound hypotension during the preoperative phase.
Adherence to these guidelines, as established in international consensus statements, remains
the standard of care for ensuring patient safety and minimizing perioperative morbidity.

Test Yourself

If we know that beta-2 receptors facilitate vasodilation, why does the administration of a beta-
blocker before alpha-blockade lead to such a dangerous hypertensive crisis, and how does this
mechanism differ from the hemodynamic goals we are trying to achieve by expanding the
patient's plasma volume?

Pharmacological Titration and Postoperative Fluid
Management

The clinical preparation of patients with catecholamine-secreting tumors requires strict avoidance
of medications known to interfere with catecholamine metabolism or receptor activity. The
primary therapeutic objective during the preoperative phase is the achievement of stable alpha-
adrenergic blockade. Dosage titration of alpha-adrenoceptor antagonists, such as
phenoxybenzamine or doxazosin, must be individualized based on the patient's hemodynamic
response. If the patient exhibits signs of symptomatic hypotension, the dosage should be
reduced accordingly, provided that adequate alpha-blockade is maintained. Once effective alpha-
blockade is established and the patient remains tachycardic, the subsequent introduction of beta-
adrenergic blocking agents is indicated to stabilize heart rate.

Following the surgical resection of the tumor, the sudden withdrawal of the catecholamine source
frequently results in profound vasodilation. This hemodynamic shift often necessitates aggressive
fluid resuscitation, with patients frequently requiring the administration of four to five liters of
intravenous fluids within the first 24 to 48 hours postoperatively. Due to the long half-life of
irreversible alpha-blockers like phenoxybenzamine, the use of exogenous vasopressors, such as
dopamine, is generally ineffective and unnecessary, as the alpha-receptors remain blocked
despite the removal of the tumor. Consequently, intensive care monitoring is mandatory during
this period to manage potential fluid overload and hemodynamic instability.

Long-term Surveillance and Follow-up Protocols

The management of patients with catecholamine-secreting tumors does not conclude with
surgical recovery; long-term biochemical and radiological surveillance is essential to detect
potential recurrence or metastatic disease. Patients must undergo annual screening for plasma
or urinary metanephrines. The frequency and duration of imaging studies are determined by
individual risk factors, including genetic predisposition, tumor size, anatomical location, and the
presence of specific biomarkers associated with malignancy.

While a minimum follow-up duration of ten years is standard, lifelong surveillance is
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recommended for patients with high-risk phenotypes or those with a history of malignant disease.
Comprehensive clinical guidelines provide stratified protocols for follow-up, tailoring the intensity
of biochemical testing and diagnostic imaging to the patient’s specific genetic profile and the
clinical characteristics of the primary tumor. Consistent adherence to these longitudinal
monitoring strategies is critical for the early identification of recurrent disease and the
optimization of long-term patient outcomes.

PPGL: follow-up postoperatorio e Cluster molecolari

Table 4. Follow-up of asymptomatic SDHx mutation carriers

CLUSTER 1

Adults Children

Initial screening Clinical examination (i
testing, MRI (basc «
[**Ga)-DOTA-SSA PET!

Abbreviations: bp, blood pressure; MRI, magnetic resonance imaging: PETACT, positron emission tomography/computed tomograp!

Table 5. Follow-up of cluster 1A/1B mutation carriers with a history of a PPGL

Follow-up of duster 1 mutation History of metastatic PPGL, history of  History of head and neck PGL, SDHC/D/AF2, VHL
carriers with a bistory of a PPGL sympathetic PGL, SDHA/B, FH HIF2A/
EPASLrelated PPGLs

Biochemistry 61 F2A/EPASI 12 months

¢ of the skull ro

Imaging (MRI
P ancer, consider

w
hest CT plus MRI

he skull, neck, abdomen, examination eves

wptic fundus
months; CNS tumors, CNS MRI

every 24-36 months.

m; CT, computed tomography; MRI, magnetic resonance imaging: PGL, paraganglioma; PPGL, pheochromocytomay

S.Nolting et al. Endocrine Reviews 2021

Follow-up guidelines and recommendations for asymptomatic SDHx mutation carriers and cluster 1 mutation carriers.

Test Yourself

Given that phenoxybenzamine acts as an irreversible alpha-adrenoceptor antagonist, why would
attempting to treat postoperative hypotension with exogenous vasopressors like dopamine be
clinically ineffective, and what does this imply about the physiological priority for managing the
patient's hemodynamic stability immediately following tumor resection?

Review Questions

1. Given that all pheochromocytomas and paragangliomas are now considered to have inherent
malignant potential, why is it that a patient with a Cluster 1A (SDH-mutated) tumor might
present with a vastly different clinical profile—both in terms of biochemical phenotype and
metastatic risk—compared to a patient with a RET-associated tumor, and how does this
complicate our reliance on traditional histological markers for risk stratification?

2. If a patient presents with a tumor that is extra-adrenal and shows a noradrenergic secretory
profile, why would relying on a standard fluorodopa PET/CT scan potentially lead to a
diagnostic oversight, and how does this relate to the underlying molecular clustering of the
disease?

3. If you have a patient with bilateral pheochromocytoma who is a candidate for a cortical-sparing
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adrenalectomy, what specific clinical or molecular factors would make you lean toward that
approach versus a more conservative strategy of monitoring the contralateral gland, and how
does the risk of recurrence influence that decision?

4. If you were managing a patient with a dopamine-secreting paraganglioma, why might relying
solely on the standard plasma free metanephrine panel lead to a false-negative result, and
what specific biochemical markers would you need to include in your diagnostic workup to
avoid this?

5. If you were evaluating a patient with a suspected head and neck paraganglioma who presents
with normal plasma metanephrine levels, why might relying solely on catecholamine-based
assays lead to a diagnostic failure, and how would you adjust your diagnostic strategy to
account for the specific molecular phenotype often associated with these tumors?

6. Given that preoperative alpha-adrenergic blockade is essential for preventing hemodynamic
instability during tumor manipulation, how would you justify the clinical decision-making
process when choosing between different molecular imaging tracers—like 68Ga-labeled
somatostatin analogs versus 18F-fluorodopa—if a patient presents with an ambiguous
biochemical profile that might complicate the expected surgical management?

7. If we know that beta-2 receptors facilitate vasodilation, why does the administration of a beta-
blocker before alpha-blockade lead to such a dangerous hypertensive crisis, and how does
this mechanism differ from the hemodynamic goals we are trying to achieve by expanding the
patient's plasma volume?

8. Given that phenoxybenzamine acts as an irreversible alpha-adrenoceptor antagonist, why
would attempting to treat postoperative hypotension with exogenous vasopressors like
dopamine be clinically ineffective, and what does this imply about the physiological priority for
managing the patient's hemodynamic stability immediately following tumor resection?
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