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Abstract 
Pheochromocytomas are rare neuroendocrine tumors that can be challenging to diagnose due to their insidious 

presentation and ability to mimic other diseases. They belong to a heterogeneous group of chromaffin cell 

neoplasms with varying secretion profiles, locations, and potentials for malignancy depending on underlying 

genetic mutations. Biochemical diagnosis is based on detecting elevated levels of metanephrines, which are more 

sensitive and specific than catecholamines. Indeed, plasma and urine free metanephrines concentrations serve as 

a reliable indicator of tumor production, as they are minimally affected by factors such as renal insufficiency. 

Liquid chromatography coupled with tandem mass spectrometry is currently the preferred method for measuring 

metanephrine levels. However, their pre analytical phase can be challenging as a lot of interferences can occur . 

As for the treatment , it primarily involves surgical intervention with laparoscopic resection with or without partial 

adrenalectomy being the mainstay of management. 

Keywords: pheochromocytoma, metanephrines, catecholamines, liquid chromatography coupled with mass 

spectrometry. 
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I. Introduction 
Pheochromocytomas are highly rare neuroendocrine tumors, affecting approximately 0.46 individuals 

per 100,000. They have the potential to be dangerous if not diagnosed and treated early (C). These tumors are 

characterized by their ability to synthesize catecholamines (norepinephrine, epinephrine, and dopamine) from 

chromaffin cells located in the medullary area of the adrenal glands (1). This secretion is usually paroxysmal, 

either spontaneous or provoked, and can cause clinical symptoms such as headaches, palpitations, sweating, and 

high blood pressure (2). While most pheochromocytomas are benign, some forms can be severe. The only criterion 

for distinguishing between these two forms is the presence of chromaffin tissue metastases in sites where it is 

normally absent (3). Given the lack of clinical specificity, diagnosis mainly relies on biological investigations and 

imaging (4). The aim of this work is to provide an overview of this relatively rare pathology and present the 

different techniques, mainly biochemical ones, used for its diagnosis. 

 

Pathophysiology and clinical overview 
Catecholamines are a class of neurotransmitters and neurohormones essential for the regulation of many 

physiological processes, including the regulation of heart rate, blood pressure, and respiratory rate (2). There are 

three types: dopamine, norepinephrine, and epinephrine (1). Their synthesis begins with tyrosine, a common 

precursor, which is converted into dopamine by the enzyme tyrosine hydroxylase, then transformed into 

norepinephrine and finally into epinephrine by N-methylation (5). Sympathetic neurons mainly synthesize 

norepinephrine, while the adrenal medulla, located above the kidney, produces both norepinephrine and 

epinephrine. These are rapidly degraded within the tissues where they are synthesized, which explains their low 

blood levels (6). Moreover, the metabolites of catecholamines, including 3-methoxytyramine, normetanephrine, 

and metanephrine, are converted into sulfated conjugates and eliminated in urine (7). It should be noted that most 
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circulating metanephrines and some normetanephrines originate from the adrenal medulla (8). Additionally, any 

disturbance in their synthesis has numerous repercussions on the body (high blood pressure, hyperglycemia…). 

The increase in the synthesis of catecholamines can be associated with diseases such as pheochromocytoma (9). 

This term is preferably reserved for chromaffin tumors of the adrenal medulla (Pacak et al, 2007c) (10). These 

tumors are rare and sporadic in 70% of cases, while in 30% of cases they are part of genetic predisposition 

syndromes (multiple endocrine neoplasia type 2A and 2B (RET gene), von Hippel-Lindau disease (VHL gene), 

hereditary paraganglioma syndromes (SDHAF2, SDHB, SDHC, SDHD genes), type 1 neurofibromatosis (NF1 

gene)...) (11). 

The clinical presentation of pheochromocytoma is highly variable, dependent on factors such as tumor 

location, size, type, and degree of catecholamine hypersecretion (10). Hypersecretion is responsible for a range of 

symptoms, most notably the development of arterial hypertension (AH) (1). AH is paroxysmal in approximately 

one-third of cases, presenting as crises characterized by a constellation of symptoms including headaches, 

palpitations, profuse sweating, pallor, abdominal or thoracic pain, and visual disturbances (12). These crises can 

lead to serious complications such as cerebral and meningeal hemorrhages, acute pulmonary edema, myocardial 

infarction, arrhythmias, and even life-threatening conditions (1). Although more than half of cases exhibit 

permanent, severe, systolodiastolic, resistant, and unstable hypertension, its absence does not exclude the presence 

of a pheochromocytoma (12). The tumor can be discovered during the exploration of adrenal incidentalomas (4-

5% of cases), genetic screening investigations in first-degree relatives of affected individuals, or as part of the 

evaluation of syndromes such as multiple endocrine neoplasia, neurofibromatosis, or von Hippel-Lindau disease 

(6). Other clinical signs, while often nonspecific, may also contribute to the diagnosis. These include weight loss, 

a high frequency of the triad of headaches-palpitations-sweating, glucose intolerance or diabetes, and the 

occurrence of orthostatic hypotension (1). 

 

 
Figure 1: Synthesis and degradation of catecholamine (5) 

 

Biochemical parameters explored in Pheochromocytoma 

 

Early diagnosis of pheochromocytoma is critical due to the potential risks associated with catecholamine 

hypersecretion, tumoral syndrome, possible genetic origin, and potential malignancy (13). Diagnosis is based on 

the detection of an increase in catecholamine secretion. Recommended tests measure the degradation products of 

catecholamines, which are more stable and less influenced by environmental stress factors (14).  

Metanephrines: While catecholamine secretion occurs intermittently, metanephrines and normetanephrines are 

continuously produced in pheochromocytomas and then released into the circulation (15). Although traditional 

biochemical tests used to measure urinary and plasma catecholamines or free urinary and plasma metanephrines 

(normetanephrine and metanephrine), current evidence suggests that the exclusive use of metanephrine assays is 

necessary for the diagnostic investigation of pheochromocytoma (6) (15) (16). In fact, plasma free metanephrines 

offer excellent sensitivity at 97% for pheochromocytoma diagnosis and diagnostic specificity between 80% and 

100% (16) (17). Different analytical techniques are used for the measurement of plasma and urinary 

metanephrines. Currently, most laboratories favor high-performance liquid chromatography coupled with 

electrochemical detection (HPLC-ECD) methods (18). On the other hand, liquid chromatography with tandem 
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quadrupole mass spectrometry (LC MS/MS) is increasingly used due to its greater precision (19). In fact, Perry et 

al. reported that the measurement of fractionated 24-hour urinary metanephrines by mass spectrometry has 

excellent sensitivity and specificity in the diagnosis of pheochromocytomas with respective percentages of 97% 

and 91% (20). Although differences in the diagnostic sensitivity and specificity of fractionated urinary and plasma 

metanephrines have been observed using these different analytical methodologies (18), to date, no direct 

multicenter comparison using the reference method of tandem liquid chromatography and mass spectrometry for 

this analysis has supported these observations (21). 

3-methoxytyramine (3MT): 3-MT, a dopamine metabolite, is a strong indicator of malignancy in the presence 

of a pheochromocytoma (22). It is measured by LC-MS/MS, with a prior solid phase extraction step, followed by 

ultra-high-performance liquid chromatography (UHPLC) in hydrophilic interaction mode (18). 

Chromogranin A: Elevated levels of circulating chromogranin A have been associated with nearly all types of 

neuroendocrine neoplasms, including pheochromocytomas (20). Plasma chromogranin A, measured by 

immunological assay, can be used in addition to metanephrine assays in the biological diagnosis of patients with 

pheochromocytoma, especially in subjects suspected or diagnosed with non-functional pheochromocytoma (23). 

Plasma/urinary catecholamines: They are poor indicators of the presence of a pheochromocytoma (24). Indeed, 

they are hormones widely secreted in situations of stress, leading to a significant number of "false positives" (17). 

Conversely, in patients with pheochromocytomas, they are extensively metabolized in the tumor, thus decreasing 

the amounts excreted and generating "false negatives". Thus, their measurement has little diagnostic value (22). 

However, measuring plasma catecholamines can be useful to exclude a pheochromocytoma if it is performed 

during a hypertensive crisis and shows low catecholamine levels (25). According to a study by Eisenhofer et al., 

this test has a good negative predictive value. Therefore, it is important to consider these limitations when 

interpreting the results of catecholamine measurements (22). 

 

Pre analytical and interference factors  

Studies such as the one carried out by Eisenhofer et al have shown that normal values of free 

normetanephrine in plasma vary with age (26). Thus, to improve test accuracy, it is recommended to use age-

adjusted reference interval thresholds (27). Although food intake has only a minor effect on test results, it is 

preferable to take samples in a fasting state (13). However, it should be noted that certain foods such as fruits 

(bananas and pineapples), nuts, and cereals contain significant amounts of biogenic amines that can lead to falsely 

positive test results ; in particular, the measurement of free plasma and urinary 3-MT, which may show a 

significant increase in concentrations after ingestion of these foods (28). Therefore, dietary restrictions are mainly 

necessary for the measurement of 3-MT (13). 

Before collecting metanephrine samples, it is recommended that the patient rest in a supine position for 

at least 30 minutes (29). This measure is essential for obtaining accurate diagnostic results, especially for 

normetanephrine, which is the most sensitive plasma metanephrine to sympathoadrenal activation (7). If collection 

is done without rest or in a seated position, diagnostic accuracy may be compromised (29). It is also important 

that patients stop all medications that may alter urinary or plasma concentrations of catecholamines or 

metanephrines before collection (30). Some medications may interfere with measurements of plasma and urinary 

catecholamines, leading to falsely positive test results. This interference can be analytical or pharmacodynamic, 

and may be caused by the effects of medications on the secretion, metabolism, and excretion of catecholamines 

or their metabolites (13). For example, ephedrine, amphetamine, cocaine, caffeine, and nicotine are 

sympathomimetic agents that increase the release of metanephrines (31) (32).  

On the other hand, medications inhibiting the reuptake of norepinephrine, such as serotonin-

norepinephrine reuptake inhibitors and tricyclic antidepressants, may induce an increase in concentrations of 

norepinephrine and normetanephrine, leading to falsely positive test results (31) (33). Moreover, some 

antihypertensive and vasodilator medications such as dihydropyridine calcium ,channel blockers and selective 

alpha1-adrenergic receptor inhibitors, may cause falsely positive results for catecholamines due to reflex 

sympathetic activation (31). Indeed, these medications can induce compensatory stimulation of the sympathetic 

nervous system to maintain blood pressure, which may increase the secretion of catecholamines and their 

metabolites (29). On the other hand, L-DOPA, commonly used in the treatment of Parkinson's disease, may cause 

false elevations of 3-MT and metanephrines (27). It is therefore important that patients inform their doctor of all 

medications they are taking before collection, to avoid any interference in test results (31). In addition, it is 

recommended that patients do not modify their usual medication regimen before collection , unless specifically 

requested by their doctor (34). In all cases, test results should be interpreted with caution, taking into account all 

factors that may affect the measurement of catecholamines and their metabolites (31). 

In practice, it is recommended not to stop these medications before collection, unless specifically 

requested by the treating doctor. If initial test results are high, it may be necessary to repeat tests after a temporary 

cessation to confirm or refute the results (34). In all cases, it is important that the laboratory be informed of all 

medications taken by the patient before collection (32). 
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II. INTERPRETATION OF RESULTS: 
In symptomatic patients, normal test results for plasma or urinary metanephrines exclude the presence of 

a pheochromocytoma with great accuracy due to the high sensitivity of these tests. However, any positive result 

does not guarantee the presence of a tumor (17). A retrospective study by Hoffman et al. showed a false positive 

rate of 19% to 21% for plasma free and fractionated urinary metanephrines (2). Drug interference can also lead to 

falsely positive results for metanephrines (27). Plasma methoxy derivatives concentrations are generally 

moderately increased in case of drug interference, whereas an increase greater than four times the normal values 

is considered pathognomonic for the diagnosis and found in 80% of pheochromocytomas. For intermediate 

concentrations (1 to 4 times normal values), it is recommended to repeat the measurements and to couple plasma 

methoxy derivatives determination with that of urinary derivatives, which is less sensitive but of equivalent or 

higher specificity. As for the measuring of catecholamines, even though they are part of the diagnosis of 

pheochromocytoma, in pheochromocytomas with paroxysmal secretion, their measurement alone may not be 

sufficient because the tumor can secrete normal levels of catecholamines between paroxysms (25) 

 

III. MANAGEMENT OF PHEOCHROMOCYTOMA: 
The management of pheochromocytoma follows a multidisciplinary approach and should be carried out 

in a specialized setting by an experienced team involving an endocrinologist, surgeon, and anesthetist (35). The 

management will depend on the type of pheochromocytoma, its location, size, and the presence or absence of 

metastases. The treatment is surgical resection of the tumor (36). Preoperative treatment, including alpha-blockers 

or calcium channel blockers, may be administered to the patient to control blood pressure and prevent hypertensive 

crisis during the procedure (36). The procedure is usually performed by median laparotomy, which allows initial 

access to the venous effluent of the tumor and good exploration of neighboring organs. Laparoscopic surgery is 

feasible, however, in cases of small pheochromocytomas. Regular postoperative monitoring is necessary to detect 

recurrence or the development of metastases (35).The five-year survival rate is 97% in initially benign cases and 

23% in initially malignant cases (37). 

 

IV. CONCLUSION: 
Pheochromocytoma is a rare tumor with highly variable clinical expression and probably underestimated 

incidence. In recent years, significant progress has been made in biological assays, with metanephrine and 

normetanephrine being clearly the most efficient, which helped facilitating the diagnostic process. On the 

therapeutic level, progress remains to be made. Surgery is currently the only curative treatment. 

BIBLIOGRAPHIE 
 

[1]. Lenders JW, Eisenhofer G, Manelli M, Pacak K. Phaeochromocytoma. Lancet, 2005, 366:665-75. 
[2]. EL., Bravo. Evolving concepts in the pathophysiology, diagnosis, and treatment of pheochromocytoma. Endocr Rev, 1994, 15:356–

68. 

[3]. Pacak K, Linehan M, Eisenhofer G,Walther MC, Goldstein DS. Recent advances in genetics, diagnosis, localization and treatment 
of pheochromocytoma. Ann Intern Med, 2001, 134:315-29. 

[4]. J.-B. Corcuff a, *, M. Monsaingeon b, B. Gatta b, G. Simonnet a. Diagnostic biochimique des phéochromocytomes. . Immuno-

analyse & Biologie spécialisée, 2002, 293–296. 

[5]. Nathalie Rouaix-Emery1 Catherine Tierny-Fontalirand1 Catherine Cardot-Bauters2 Bruno Carnaille3, 4 Jean-Louis 

Wemeau2,4 Michèle d’Herbomez1,4. Le diagnostic biologique de phéochromocytome en 2014. Ann Biol Clin, 2014, 72 (1) : 7-13. 

[6]. Eisenhofer G, Kopin IJ, Goldstein DS. Catecholamine metabolism: a contemporary view with implications for physiology and 
medicine. . Pharmacol Rev, 2004, 56(3):331e49. 

[7]. B., Baudin. Exploration biologique d’une hypertension artérielle. Feuillets Biologie, 2018, 343:15-25. 

[8]. Eisenhofer G, Friberg P, Pacak K, Goldstein DS, Murphy DL, Tsigos C, et al. s.l. Plasma metadrenalines: do they provide useful 
information about sympatho-adrenal function and catecholamine metabolism? Clin Sci Lond Engl, 1979 1995. 

[9]. G., Eisenhofer. s.l. Catecholamine Metabolism: A Contemporary View with Implications for Physiology and Medicine. Pharmacol 

Rev, 2004. 
[10]. Därr R, Lenders JW, Hofbauer LC, Naumann B, Bornstein SR, Eisenhofer G. Pheochromocytoma update on disease 

management. Ther Adv Endocrinol Metab, 2012, 3 : 11-26. 

[11]. Amar L, Gimenez-Roqueplo AP, Hernigou A, Plouin PF. Phéochromocytomes. In : Traité d’endocrinologie. Paris : Flammarion, 
2007, 380-6. 

[12]. Mantero F, Terzolo M, Arnaldi G, Osella G, Masini AM, Ali A, et al. A survey on adrenal incidentaloma in Italy. Study group on 

adrenal tumors of the Italian Society of Endocrinology. J Clin Endocrinol Metab, 2000, 85:637-44. 
[13]. KudvaYC, SawkaAM,YoungWF. The laboratory diagnosis of adrenal pheochromocytoma: the mayo clinic experience. J Clin 

Endocrinol Metab, 2003, 88:4533-9. 

[14]. Därr R, Kuhn M, Bode C, Bornstein SR, Pacak K, Lenders JWM, et al. Accuracy of recommended sampling and assay methods 
for the determination of plasma free and urinary fractionated metanephrines in the diagnosis of pheochromocytoma and 

paraganglioma: A systematic review. Endocrine, 2017, 56:495–503. 

[15]. Eisenhofer G, Huynh TT, Hiroi M, et al. Understanding catecholamine metabolism as a guide to the biochemical diagnosis of 
pheochromocytoma. Rev Endocr Metab Disord, 2001, 2(3):297e311. 



Biochemical exploration tools for Pheochromocytoma: an overview 

*Corresponding Author: Imane Benbella                                                                                                      5 | Page 

[16]. Sawka AM, Prebtani AP, Thabane L, et al. A systematic review of the literature examining the diagnostic efficacy of measurement 

of fractionated plasma free metanephrines in the biochemical diagnosis of pheochromocytoma . BMC Endocr Disord, 2004. 

[17]. Lenders JW, Pacak K, Walther MM, et al. Biochemical diagnosis of pheochromocytoma: which test is best? J Am Med Assoc, 
2002, 287(11):1427e34. 

[18]. Lenders JW, Eisenhofer G, Armando I, et al. Determination of metanephrines in plasma by liquid chromatography with 

electrochemical detection. Clin Chem, 1993, 39(1):97e103. 
[19]. Petteys BJ, Graham KS, Parnas ML, et al. Performance characteristics of an LC-MS/MS method for the determination of plasma 

metanephrines . Clin Chim Acta, 2012, 413(19e20):1459e65. 

[20]. Perry CG, Sawka AM, Singh R, et al. The diagnostic efficacy of urinary fractionated metanephrines measured by tandem mass 
spectrometry in detection of pheochromocytoma. Clin Endocrinol, 2007, 66(5):703e8. 

[21]. WF., Young Jr. Clinical practice. The incidentally discovered adrenal mass. N Engl J Med, 2007, 356(6):601e10. 

[22]. Eisenhofer G, Prejbisz A, Peitzsch M, et al. Biochemical diagnosis of chromaffin cell tumors in patients at high and low risk of 
disease: plasma versus urinary free or deconjugated O-methylated catecholamine metabolites . Clin Chem, 2018, 64(11):1646e56. 

[23]. Hickman PE, Leong M, Chang J, et al. Plasma free metanephrines are superior to urine and plasma catecholamines and urine 

catecholamine metabolites for the investigation of phaeochromocytoma. Pathology, 2009, 41(2):173e7. 
[24]. Eisenhofer G, Lenders JW, Linehan WM, Walther MM, Goldstein DS, Keiser HR. Plasma plasma catecholamines and urine 

catecholamine metabolites for the investigation of phaeochromocytoma. Pathology , 2009, 41(2):173e7. . 

[25]. Plouin PF, Duclos JM, Menard J, Comoy E, Bohuon C, Alexandre JM. Biochemical tests for diagnosis of phaeochromocytoma: 

urinary versus plasma determinations. Br Med J (Clin Res Ed) , 1981, 282:853–4. 

[26]. Peyrin L, Mornex R. Biological diagnosis of pheochromocytoma: impact of technological improvement. Ann Biol Clin , 1993, 

51:835–65. 
[27]. u R, Wei M. False positive test results for pheochromocytoma from 2000 to 2008. Exp Clin Endocrinol Diabetes, 2010, 

118(9):577e85. 

[28]. Eisenhofer G, Lattke P, Herberg M, et al. Reference intervals for plasma free metanephrines with an age adjustment for 
normetanephrine for optimized laboratory testing of phaeochromocytoma . Ann Clin Biochem, 2013, 50(Pt 1):62e9. 

[29]. Ito T, Imai T, Kikumori T, et al. Adrenal incidentaloma: review of 197 patients and report of a drug-related false- positive urinary 

normetanephrine result. Surg Today, 2006, 36(11):961e5. 
[30]. De Jong WH, Eisenhofer G, Post WJ et al. Diatery influences on plasma and urinary metanephrines: implications for diagnosis of 

catecholamine-producing tumors. Clin Endocrinol Metab, 2009, 94:2841-9. 

[31]. Neary NM, King KS, Pacak K. Drugs and pheochromocytoma-don't be fooled by every elevated metanephrine. N Engl J Med, 2011, 
364(23):2268e70. 

[32]. Emms H, Farah G, Shine B, et al. Falsely elevated plasma metanephrine in patients taking midodrine . Ann Clin Biochem, 2018, 

55(4):509e15. 
[33]. Eisenhofer G, Brown S, Peitzsch M, et al. Levodopa therapy in Parkinson's disease: influence on liquid chromato- graphic tandem 

mass spectrometric-based measurements of plasma and urinary normetanephrine, metanephrine and methoxytyramine . Ann Clin 

Biochem, 2014, 51(Pt 1):38e46. 

[34]. Eisenhofer G, Golstein DS, Walther MM, Friberg P, Lenders JW Keiser HR, et al. Biochemical diagnosis of pheochromocytoma: 

how to distinguish true from false-positive test results. J Clin Endocrinol Metab, 2003, 88:2656-66. 
[35]. Walz MK, Peitgen K, Neumann HP, Janssen OE, Philip T, Mann K. Endoscopic treatment of solitary, bilateral, multiple and 

recurrent pheochromocytoma and paragangliomas. World J Surg, 2002, 26:1005-12. 

[36]. Plouin PF, Azizi M, Day M, Duclos JM, Corvol P. The pathophysiological basis of current pheochromocytoma management. In : 
Pinsky MR, Dhainaut JFA, Eds. Patho-physiologic foundations of critical care. Baltimore : Williams & Wilkins, 1992, p. 917-24. 

[37]. Plouin PF, Chatellier G, Fofol I, Corvol P. Tumor recurrence and hypertension persistence after successful pheochromocytoma 

operation. Hypertension, 1997 , 29 : 1133-9. . 

 

 

 


