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ABSTRACT

Aim To determine the most common indications for measuring
metanephrine and normetanephrine in plasma by gender and age
and to compare the concentrations of metanephrine and normeta-
nephrine by indication, gender and age.

Methods The study was conducted on 224 patients whose plasma
metanephrine and normetanephrine concentrations were measured
at the Clinical Institute for Laboratory Diagnostics at the Univer-
sity Hospital Centre Osijek for one year, until 1* January 2020.

Results The most frequent indications for biochemical testing
were adrenal incidentaloma, 138 (6.6 %), and symptoms of pheo-
chromocytoma, 41 (18.3%). Metanephrine concentration was
lower in females (p=0.009). No significant correlation was found
between age and metanephrine concentration, while age and nor-
metanephrine concentration were positively correlated (p=0.01).
Of the 224 patients, only one patient was diagnosed with pheoc-
hromocytoma, whose indication for measurement of metanephrine
and normetanephrine was adrenal incidentaloma.

Conclusion Adrenal incidentalomas and symptoms suggestive of
pheochromocytoma are very common in the general population,
while the incidence of pheochromocytoma is extremely low. Clear
guidelines for the referral of patients for biochemical testing are
needed to avoid unnecessary costs and to identify the correct dia-
gnosis promptly.
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INTRODUCTION

Pheochromocytomas are rare neuroendocrine tu-
mours that originate from chromaffin cells of the
medulla of the adrenal gland and secrete catecho-
lamines, most often adrenaline and noradrenaline
(1). These tumours can also arise from extra-adre-
nal chromaffin cells of the paravertebral ganglia
of the abdomen, pelvis and chest, in that case they
are called paragangliomas. Paragangliomas usu-
ally do not secrete adrenaline because they have
a reduced expression of the enzyme phenyletha-
nolamine N - methyltransferase (PNMT), which
converts noradrenaline into adrenaline (2). Given
that this enzyme is present only in the chromaffin
cells of the medulla of the adrenal gland, adrena-
line is almost exclusively produced in the adrenal
gland (3). Adrenaline, noradrenaline and dopami-
ne are degraded by catechol-O-methyltransferase
(COMT) to form their inactive metabolites me-
tanephrine, normetanephrine and 3-methoxytyra-
mine (3-MT). Measurement of their concentrati-
on in plasma or 24-hour urine represents the gold
standard for the biochemical diagnosis of pheoc-
hromocytoma (4, 5, 6).

The incidence is 2-9 per million inhabitants in
the general population, and it most often occurs
between the ages of thirty and fifty (4). Symptoms
of pheochromocytoma arise as a result of exce-
ssive secretion of catecholamines. Catecholami-
nes exert numerous cardiovascular and metabolic
effects through their receptors. They stimulate
adrenergic receptors in the heart leading to pulse
acceleration, increased conductivity and stronger
contractility, whereas in the blood vessels they
lead to vasoconstriction and an increase in blo-
od pressure (4,6). Sudden secretion occurs occa-
sionally meaning that the symptoms manifest in
paroxysms or seizures. Attacks most often occur
when getting out of bed, during physical work,
excitement and after eating. The first attacks occur
at intervals of several months and later they be-
come more frequent. Alcohol, medication such as
adrenaline and anaesthetics can cause it. During
the attack, the patient is excited, restless, pale and
sweaty (7). In 80 % of cases, they last about 1 hour,
but they may last less than a minute or longer than
a week. The characteristic triad of symptoms con-
sists of headache, palpitations and sweating (7,8).
Other symptoms include anxiety, panic attacks,
tremors, chest pain, epigastric pain, nausea, wea-

kness, fatigue, weight loss and dyspnoea (9). The
most common sign indicating pheochromocytoma
is hypertension, especially if it does not respond
to therapy and occurs before the age of twenty or
after the age of fifty. It can manifest as orthostatic
hypotension, tachycardia, reflex bradycardia and
hypertensive retinopathy. It can also manifest as
new-onset hyperglycaemia or worsening diabetes
(10). If cardiomyopathy, paroxysmal arrhythmias
or myocardial infarction occurs where no coronary
artery obstruction can be found, pheochromocyto-
ma should be suspected (11).

Indications for biochemical testing are: signs or
symptoms that may be the result of an excess
of catecholamines, especially if they occur pa-
roxysmally, hypertension resistant to therapy,
hypertension that occurs before the age of twenty
or after the age of fifty, adrenal incidentaloma
with a density greater than 10 Hounsfield units
(HU), previous treatment for pheochromocytoma
or paraganglioma, hereditary risk of pheochro-
mocytoma or paraganglioma (11,12).

When there is an indication for biochemical te-
sting, metanephrine and normetanephrine meta-
bolites are measured in plasma or 24-hour urine.
Some studies showed that measurement of fracti-
onated metanephrines in plasma has high sensiti-
vity (97%) but lacks specificity (85%) compared
to metanephrines and catecholamines in 24-hour
urine (sensitivity 90%, specificity 98%). Accor-
dingly, the measurement of total catecholami-
nes and metanephrines in urine results in fewer
false-positive results (13,14). The specificity of
fractionated metanephrines in plasma decreases
to 77% in patients older than 60 years (13,15).

The aim of this study was to determine the most
common indications for measuring metanephrine
and normetanephrine in plasma by gender and
age; to investigate if gender and age affect me-
tanephrine and normetanephrine concentration;
to explore whether metanephrine and normeta-
nephrine concentrations differ in patients with
different indications for biochemical monitoring.

PATIENTS AND METHODS

Patients and study design

The study was organized as a cross-sectional stu-
dy with historical data. Participants were patients
whose plasma metanephrine and normetanephri-
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ne concentrations were obtained by accessing the
laboratory information system during one year
ending on 1 January 2020 at the Clinical Depar-
tment of Laboratory Diagnostics of University
Hospital Centre Osijek. The study included both
female and male patients older than 18 years.
The study was conducted respecting the Decla-
ration of Helsinki and was approved by the Et-
hics Committee of the Faculty of Medicine, Josip
Juraj Strossmayer University in Osijek, Croatia.

Methods

Data were collected for each patient from the De-
partment of Nephrology by accessing the hospi-
tal information system. The following data were
collected: indications for biochemical testing, gen-
der and age of the patient. Patients were divided
according to the following indications: signs or
symptoms of pheochromocytoma, hypertension
resistant to therapy, hypertension that occurs befo-
re the age of twenty or after the age of fifty, adrenal
incidentaloma with a density greater than 10 Ho-
unsfield units (HU), previous treatment for pheo-
chromocytoma or paraganglioma and hereditary
risk of pheochromocytoma or paraganglioma. Pla-
sma metanephrine and normetanephrine concen-
trations (metanephrine and normetanephrine re-
ference interval 0.05-0.36 nmol/L and 0.14-1.05
nmol/L) regarding the indications for biochemical

(Conover post-hoc) and according to the gender
by Mann—Whitney U test. The strength of the
correlation between plasma metanephrine and
normetanephrine concentration and gender was
measured by Spearman’s correlation coefficient,
Rho. All p values are two-sided. The significance
level was set at p=0.05.

RESULTS

The study included 224 patients, of whom 96
(42.9%) were males and 128 (57.1%) females.
The median age of the patients was 64 years (in-
terquartile range of 52 to 71 years) in the range of
18 to 87 years. The most common indications for
biochemical testing were adrenal incidentaloma,
in 138 (61.6%) and the presence of symptoms and/
or signs characteristic of pheochromocytoma in 41
(18.3%) patients, while other indications were pre-
sent in a smaller number of patients (Table 1).

No statistically significant difference was found
in the distribution of participants according to
gender and indications for biochemical testing.
Patients with adrenal incidentaloma and previo-
us treatment of pheochromocytoma were signifi-
cantly older than patients with a genetic risk for
pheochromocytoma and hypertension before the
age of 20 (p<0.001) (Table 2).

Table 1. Basic characteristics of patients

. Characteristic
testing, gender and age were measured.
Gender (No; %)
. . Male 96 (42.9)
Statistical analysis Female 128 (57.1)
. . Median age (years) (interquartile range) 64 (52-171)
Ca'tegorlcal dat'a are presented in absolute 'anq re- Indication for biochemical testing (No: %)
lative frequencies. The normality of the distribu- Hypertension before the age of 20 522)
tion of numeric variables was examined using the Hereditary risk of pheochromocytoma 4(1.8)
. . . S ¢ d/or si f pheoch (¢ 41 (18.3
Shapiro—Wilk test. Numeric data were expressed YMPIOMmS ancor SISns of pheactiromoryioma (183)
. . ] . ] Adrenal incidentaloma 138 (61.6)
as median and interquartile range. Differences in Hypertension after the age of 50 4(18)
numeric variables by indication for biochemical Therapy-resistant hypertension 26 (11.6)
testing were tested with the Kruskal-Wallis’s test Previous treatment of pheochromocytoma 6@2.7)
Total 224 (100)
Table 2. Indications for biochemical testing regarding gender and age
No (%) of patients ian (i i in. —
Indication for biochemical testing (%) of p Median (interquartile  Min. - Max. p
Males Females Total range) age age (years)
Hypertension before the age of 20 5(5.2) 0 5(2.2) 0.11 20 (19-24.5) 19-26 <0.001*
Hereditary risk of pheochromocytoma 1(1) 3(2.3) 4(1.8) 29.5 (20-45.8) 18-50
Symptoms and/or signs of pheochromocytoma 22(22.9) 19(14.8) 41(18.3) 52 (41-65.5) 29-82
Adrenal incidentaloma 52 (54.2) 86(67.2) 138(61.6) 67 (60-73) 32-87
Hypertension after the age of 50 2(2.1) 2(1.6) 4(1.8) 62.5 (55.5-69.5) 54-71
Therapy-resistant hypertension 12 (12.5) 14(10.9) 26(11.6) 50.5 (35-65) 30-81
Previous treatment of pheochromocytoma 2(2) 4(3) 6(3) 63.5 (58-67.5) 49-69
Total 96 (100) 128 (100) 224 (100)

*at the level p<0.05, there was a significant difference between hypertension before the age of 20 and all other indications; between hereditary
risk of pheo chromocytoma and all other indications; between symptoms and/or signs of pheochromocytoma and adrenal incidentaloma; between

adrenal incidentaloma and therapy resistant hypertension
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Table 3. Plasma metanephrine and normetanephrine concentrations regarding the indications for biochemic al testing

Indication for
biochemical testing

Median (interquartile
range) plasma meta-
nephrine concentration

Median (interquartile
range) plasma normeta- Min.— Max. p
nephrine concentration

Min.—Max. p

Hypertension before the age of 20
Hereditary risk of pheochromocytoma

0.1(0.1-0.16)
Symptoms and/or signs of pheochromocytoma 0.14 (0.1-0.19)
Adrenal incidentaloma 0.135 (0.1-0.18)
Hypertension after the age of 50
Therapy-resistant hypertension

Previous treatment of pheochromocytoma 0.1 (0.068-0.33)

0.135 (0.065-0.205)

0.15 (0.123-0.185)
0.115 (0.088-0.198)

0.1-0.18 0.87 0.300 (0.175-0.395) 0.16-0.48 0.28
0.05-0.22 0.445 (0.24-0.575) 0.18-0.61
0.06-4.61 0.450 (0.34-0.675) 0.14-9.93
0.01-1.26 0.410 (0.29-0.553) 0.06-3.13
0.12-0.19 0.415 (0.395-0.548) 0.39-0.59
0.05-0.51 0.445 (0.305-0.595) 0.24-0.83
0.06-0.87 0.440 (0.2-0.635) 0.14-0.86

No statistically significant difference was obser-
ved in plasma metanephrine and normetanephri-
ne concentrations concerning the indications for
biochemical testing (Table 3).

Plasma metanephrine concentration was signifi-
cantly lower in the females (median difference of
-0.02, with a 95% confidence interval of -0.04 to
-0.01; p=0,009), while there was no significant
difference in plasma normetanephrine concentra-
tion concerning patients’ gender (Table 4).

Table 4. Plasma metanephrine and normetanephrine regard-
ing gender

Median Diff 95%
Variable (interquartile range) "' confidence p
Males Females interval
Plasma 0.150 0.12 -0.04 to
metanephrine (0.11 - 0.20) (0.09 - 0.17) -0.02 -0.01 0.009
Plasma A 0.43 0.41 0.03 -0.08 to 023
normetanephrine (0.33 —0.58) (0.28 — 0.57) 0.02

No significant correlation between age and pla-
sma metanephrine concentration was found. The
correlation between age and plasma normeta-
nephrine concentration was positive and signi-
ficant, but weak (Rho=0.171; p=0.01). Elderly
patients had a slightly higher plasma normeta-
nephrine concentration.

Of the 224 patients, only one patient was diagno-
sed with pheochromocytoma, whose indication
for the measurement of metanephrine and norme-
tanephrine was adrenal incidentaloma. In plasma,
metanephrine was detected at a concentration of
4.61 nmol/L.

DISCUSSION

Metanephrine and normetanephrine testing is of-
ten performed, although the prevalence of pheoc-
hromocytoma is extremely low.

This research included 224 patients whose con-
centration of metanephrine and normetanephrine
in the plasma were measured. The median age
was 64 years, which is higher than the average

age at which pheochromocytoma usually occurs
(between thirty and fifty years of age) (16). The
most common indication for biochemical testing
was incidentaloma of the adrenal gland (61.6
%). A more frequent prevalence of incidentalo-
ma was observed in older patients (average age
67 years) and more common in females than in
males. Earlier studies also recorded a higher pre-
valence of incidentalomas in females on avera-
ge ten years older than affected males; in most
cases, it is a benign formation (17). Adrenal
gland incidentaloma is found as an accidental
finding in 3 - 4% of abdominal CT scans (18). In
a patient with adrenal incidentaloma, pheochro-
mocytoma is found in 5% of cases (19, 20). Our
results showed that among 138 patients, elevated
metanephrine and normetanephrine values were
observed in only one in whom the diagnosis of
pheochromocytoma was confirmed. According to
the results of our research, the rational approach
in referring patients for biochemical testing is ne-
cessary, i.e. patients with formation density less
than 10 HU on CT should not be referred for bi-
ochemical testing.

Due to symptoms and signs, 18.3% of our patients
were biochemically tested; the average age was
52 years and symptoms occurred more often in
males than in females. It was observed in our stu-
dy that due to the symptoms of pheochromocyto-
ma, younger and middle-aged people were tested
more often. A possible explanation for this is the
highest prevalence of anxiety disorders, panic
attacks, and thyroid disease at that age, conside-
ring that the symptoms are very similar and so-
metimes impossible to distinguish (21, 22). Due
to the variety of symptoms, pheochromocytomas
are called "great imitators", therefore there are
many conditions and diseases that can be a diffe-
rential diagnosis of pheochromocytoma (23). It is
necessary to set clear guidelines on when to refer
the patient for biochemical testing and whether
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other, more common conditions that can lead to
the different symptoms should be ruled out first.

In this study, the hereditary risk of pheochro-
mocytoma was present in 1.8% of patients, with
an average age of 29.5 years. Pheochromocyto-
ma most often occurs sporadically, but in 35%
it is part of a hereditary syndrome. The most
common inherited syndromes include multiple
endocrine neoplasia type 2 (MEN 2), Von Hippel
Lindau (VHL) syndrome, neurofibromatosis type
1 (NF1) and mutations in genes encoding succi-
nate dehydrogenase B and D subunits (SDHD
and SDHB) (10,42). Genetic testing is necessary
if pheochromocytoma occurs at a younger age
with multifocal, extra-adrenal, bilateral tumours
and with a positive family history of pheochro-
mocytoma (25,26). Furthermore, any hypertensi-
on that occurs before the age of 20 should arise
the suspicion of pheochromocytoma (16,26).

In our study, 2.2% of patients were tested for
hypertension that occurred before the age of 20.
Hypertension occurs in 60-90% of children and
adolescents with pheochromocytoma (16,27).
Other more common causes of secondary hyper-
tension in young people are diseases of the renal
parenchyma and coarctation of the aorta (28).
Pheochromocytoma in children and adolescents
is in 80% of cases associated with gene mutati-
ons (27). The average age at which it occurs is
11-13 years, and it is twice as common in male
children. It is the cause of hypertension in 0.5-
2% of cases. Genetic testing and follow-up of the
patient throughout his life are necessary (2).

Due to previous treatment for pheochromocyto-
ma, 2.7 % of patients, with an average age of 63.5
years, were tested in this study. When the diagno-
sis is made, especially in younger patients, it is
necessary to decide on a need for genetic testing.
It is useful due to the possibility of identifying
patients who have an increased risk of multifocal,
recurrent, and metastatic disease (29). Although
the prognosis of benign tumours is excellent, re-
currence rates in 10 years are 16%, therefore bio-
chemical monitoring is required once a year (30).

Therapy-resistant hypertension was the indicati-
on for testing in 11.6% of our patients. The me-
dian age of onset was 50 years, with a slightly
higher prevalence in females. Only 5-10 % of
hypertension is secondary hypertension; it sho-
uld be suspected if it occurs at a younger age (<

30 years), with unexplained blood pressure varia-
bility and unexpected response to medication or
anaesthesia (31,32).

In our study, no significant differences in the
metanephrine and normetanephrine concentra-
tion in the plasma about the indication was fo-
und. The patients’ findings were mostly within
the reference values. Levels of normetanephrine
in plasma that are 4 times higher than the refe-
rence value and metanephrine 2.5 times higher,
indicate with great certainty that the cause is a
pheochromocytoma (33). Our patients’ plasma
metanephrine values increased 12 times, and nor-
metanephrine 9 times the reference value. Also,
urinary catecholamine levels 2-3 times higher
than reference values support this diagnosis (34).
Medication such as tricyclic antidepressants,
antipsychotics, serotonin and noradrenaline reu-
ptake inhibitors and levodopa can lead to false
positive results, so they should be discontinued
two weeks before the test (11).

Our results showed that metanephrine in plasma
was significantly lower in females, while no diffe-
rence was observed for normetanephrine in regar-
ds to gender. This is confirmed by earlier studies,
but it is not necessary to adjust the reference valu-
es of metanephrine and 3-methoxytyramine, even
though they are higher in males than in females
(19). On the other hand, normetanephrine referen-
ce values must be adjusted to the patient's age. In
young people, the upper limit value of normeta-
nephrine is 0.47 nmol/L, in middle-aged (40 - 49
years) 0.79 nmol/L, in 50-59 years 0.87 nmol/L
and elderly (>60 years) 1.05 nmol/L (19,35). In
our research, the association between age and pla-
sma normetanephrine concentration was confir-
med - significantly higher values were observed in
the elderly; no correlation between age and plasma
metanephrine concentration was observed. Ear-
lier studies report that there is weak relationship
between age and metanephrine concentration (35).

This study was conducted to determine the most
common indications for biochemical testing of
pheochromocytoma and to examine the diffe-
rence in the concentration of metanephrine and
normetanephrine in regards to indication. Given
that the indications for biochemical testing are
very common in the general population, research
should be repeated on a larger sample of patients.

In conclusion, pheochromocytoma is a rare dia-
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gnosis, but if it remains unrecognized, it can lead
to complications. Given the wide spectrum of
conditions that have similar symptoms to pheo-
chromocytoma, a rational approach and clear gu-
idelines are needed when biochemical testing of
patients is required.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Adler JT, Meyer-Rochow GY, Chen H, Benn DE, Ro-
binson BG, Sippel RS, Sidhu SB. Pheochromocyto-
ma: current approaches and future directions. The
Oncologist 2008; 13:779-93.

Davison AS, Jones DM, Ruthven S, Helliwell T, Sho-
re SL. Clinical evaluation and treatment of phaeoc-
hromocytoma. Ann Clin Biochem 2018; 55:34-48.
van Berkel A, Lenders JW, Timmers HJ. Diagnosis of
endocrine disease: biochemical diagnosis of phaeoc-
hromocytoma and paraganglioma. Eur J Endocrinol
2014; 170:R109-19.

Tevosian SG, Ghayee HK. Pheochromocytomas and
Paragangliomas. Endocrinol Metab Clin North Am.
2019; 48:727-750.

Reisch N, Peczkowska M, Januszewicz A, Neumann
HP. Pheochromocytoma: presentation, diagnosis and
treatment. J Hypertens. 2006; 24:2331-9.

Sbardella E, Grossman AB. Pheochromocytoma: an
approach to diagnosis. Best Pract Res Clin Endocri-
nol Metab 2020; 34:101346.

Manger WM, Gifford RW. Pheochromocytoma. J
Clin Hypertens 2002; 4:62-72.

Soltani A, Pourian M, Davani BM. Does this patient
have pheochromocytoma? A systematic review of
clinical signs and symptoms. Diabetes Metab Disord
2016; 15:6.

Lawrence D, Salimian K, Leucker T, Martin S. Un-
common presentation, rare complication and previo-
usly undescribed oncologic association of pheochro-
mocytoma; the great masquerader. BMJ Case Rep
2018; 2018:bcr2017223993.

Fishbein L. Pheochromocytoma/Paraganglioma:
is this a genetic disorder? Curr Cardiol Rep 2019;
21:104.

Lenders JWM, Eisenhofer G. Update on modern ma-
nagement of pheochromocytoma and paraganglioma.
Endocrinol Metab (Seoul) 2017; 32:152-61.
Eisenhofer G. Screening for pheochromocytomas and
paragangliomas. Curr Hypertens Rep 2012; 14:130-7.
Sawka AM, Jaeschke R, Singh RJ, Young WF Jr.
A comparison of biochemical tests for pheochro-
mocytoma: measurement of fractionated plasma
metanephrines compared with the combination of
24-hour urinary metanephrines and catecholamines. J
Clin Endocrinol Metab 2003; 88:553-8.

Farrugia FA, Martikos G, Tzanetis P, Charalampopo-
ulos A, Misiakos E, Zavras N, Sotiropoulos D. Pheo-
chromocytoma, diagnosis and treatment: Review of
the literature. Endocr Regul 2017 Jul 1; 51:168-181.
Aygun N, Uludag M. Pheochromocytoma and Para-
ganglioma: From Clinical Findings to Diagnosis. Sisli
Etfal Hastan Tip Bul 2020 Sep 8; 54:271-280.
Farrugia FA, Charalampopoulos A. Pheochromocyto-
ma. Endocr Regul 2019; 53:191-212.

FUNDING

No specific funding was received for this study.

TRANSPARENCY DECLARATION

Conflict of interests: None to declare.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Almeida MQ, Bezerra-Neto JE, Mendon¢a BB, La-

tronico AC, Fragoso MCBYV. Primary malignant tu-
mors of the adrenal glands. Clinics (Sao Paulo) 2018;
73:€756s.

Kraljevi¢ I. Klini¢ka i hormonska obiljezja incidenta-
loma nadbubrezne zlijezde (Clinical and biochemical
caracteristics of patients with adrenal incidentalomas)
[in Croatian]. Sveuciliste u Zagrebu, Medicinski fa-
kultet, Zagreb 2015; Ph. D. thesis

. Jain A, Baracco R, Kapur G. Pheochromocytoma and

paraganglioma-an update on diagnosis, evaluation,
and management. Pediatr Nephrol 2020; 35:581-594.
Kantorovich V, Pacak K. New insights on the patho-
genesis of paraganglioma and pheochromocytoma.
F1000Res 2018; 7:F1000 Faculty Rev-1500.

Lader MH. Assessment methods and the differential
diagnosis of anxiety. J Clin Psychopharmacol 1981;
1:342-9.

Sullivan PA, Procci WR, DeQuattro V, Schoentgen S,
Levine D, van der Meulen J, Bornheimer JF. Anger,
anxiety, guilt and increased basal and stress-induced
neurogenic tone: causes or effects in primary hyper-
tension? Clin Sci (Lond) 1981; 7:389s-392s.
Roncevi¢ T, Zeljkovié-Vrkié T, Kos J, Fistrek M. Fe-
okromocitom — dijagnosticki i terapijski izazov koji
traje. (Pheochromocytoma — Ongoing Diagnostic and
Therapeutic Challenges) [in Croatian] Medicus 2007;
:205-210.

Mercado-Asis LB, Wolf KI, Jochmanova I, Taieb D.
Pheochromocytoma: a genetic and diagnostic update.
Endocr Pract 2018; 24:78-90.

Aufforth RD, Ramakant P, Sadowski SM, Mehta A,
Trebska-McGowan K, Nilubol N, Pacak K, Kebebew
E. Pheochromocytoma screening initiation and frequ-
ency in von Hippel-Lindau syndrome. J Clin Endocri-
nol Metab 2015; 100:4498-504.

Marusi¢ R, Oluji¢ M, Bacun T. Pheochromocytoma in
pregnancy - a rare but dangerous diagnosis. Med Glas
(Zenica) 2022; 19:100-105.

Bholah R, Bunchman TE. Review of Pediatric Pheo-
chromocytoma and Paraganglioma. Front Pediatr
2017; 5:155.

Charles L, Triscott J, Dobbs B. Secondary hypertensi-
on: discovering the underlying cause. Am Fam Physi-
cian 2017; 96:453-461.

Lenders JWM, Langton K, Langenhuijsen JF, Eise-
nhofer G. Pheochromocytoma and Pregnancy. En-
docrinol Metab Clin North Am 2019; 48:605-617.
Gruber LM, Hartman RP, Thompson GB, McKenzie
TJ, Lyden ML, Dy BM, Young WEF, Bancos I. Pheo-
chromocytoma characteristics and behavior differ de-
pending on method of discovery. J Clin Endocrinol
Metab 2019; 104:1386-1393.

133



134

Medicinski Glasnik, Volume 20, Number 2, August 2023

31

32.

33.

Alface MM, Moniz P, Jesus S, Fonseca C. Pheochro-
mocytoma: clinical review based on a rare case in ado-
lescence. BMJ Case Rep 2015; 2015:bcr2015211184.
Eisenhofer G, Walther MM, Huynh TT, Li ST, Born-
stein SR, Vortmeyer A, Mannelli M,Goldstein DS, Li-
nehan WM, Lenders JW, Pacak K. Pheochromocyto-
mas in von Hippel Lindau syndrome and multiple
endocrine neoplasia type 2 display distinct biochemi-
cal and clinical phenotypes. J Clin Endocrinol Metab
2001; 86:1999-2008.

Pacak K, Linehan M, Eisenhofer G, Walther MM,
Goldstein DS. Recent Advances in Genetics, Diagno-
sis, Localization, and Treatment of Pheochromocyto-
ma. Ann Intern Med 2001; 134:315-329.

34. Sturgeon C, Angelos P. Current approach to pheo-

35.

chromocytoma. Oncology (Williston Park) 2006;
20(11):1444,1446,1450-1.

Eisenhofer G, Lattke P, Herberg M, Siegert G, Qin
N, Darr R, Hoyer J, Villringer A, Prejbisz A, Janu-
szewicz A, Remaley A, Martucci V, Pacak K, Ross
HA, Sweep FC, Lenders JW. Reference intervals for
plasma free metanephrines with an age adjustment
for normetanephrine for optimized laboratory testing
of phaeochromocytoma. Ann Clin Biochem 2013;
50:62-9.




