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Pheochromocytomas and paragangliomas (PPGLs) are rare neuroendocrine

tumors with heterogeneous clinical presentations and potential lethal

outcomes. The diagnosis is based on clinical suspicion, biochemical testing,

imaging and histopathological confirmation. Increasingly widespread use of

imaging studies and surveillance of patients at risk of PPGL due to a hereditary

background or a previous tumor is leading to the diagnosis of these tumors at

an early stage. This has resulted in an increasing use of the term “silent” PPGL.

This term and other variants are now commonly found in the literature without

any clear or unified definition. Among the various terms, “clinically silent” is

often used to describe the lack of signs and symptoms associated with

catecholamine excess. Confusion arises when these and other terms are

used to define the tumors according to their ability to synthesize and/or

release catecholamines in relation to biochemical test results. In such cases

the term “silent” and other variants are often inappropriately and misleadingly

used. In the present analysis we provide an overview of the literature and

propose standardized terminology in an attempt at harmonization to facilitate

scientific communication.
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Introduction

Pheochromocytomas and paragangliomas (PPGLs) are

neuroendocrine tumors derived from chromaffin cells of the

adrenal medulla or extra-adrenal paraganglionic tissue. Clinical

presentation of PPGL depends on capacity of the tumors to

synthesize and release catecholamines to impact adrenergic

receptors in multiple tissues and organs (1). Signs and

symptoms vary accordingly and are highly heterogeneous.

Biochemical diagnosis depends primarily on measurements of

plasma or urinary metanephrines, the O-methylated metabolites

of catecholamines (2).

The past several decades have seen increased use of the term

“silent PPGL”, presumably reflecting increased discovery of tumors

that do not produce the usual signs and symptoms of catecholamine

excess consequent to their discovery as incidentalomas or during

routine surveillance based on hereditary risk or a previous tumor.

The term “silent PPGL” or other variants have become common in

the literature without any clear or consistent link to the clinical and

biochemical presentation of affected patients. In some cases, the

term “silent” is used to describe the absence of signs and symptoms

of catecholamine excess (3–5). In other cases, use of the terms

“silent” and “non-functioning” tumors have been employed

equivalently to describe patients with PPGL who present without

signs and symptoms but in whom it is not always clear whether the

tumors produce catecholamines (6–8). In other cases, the term

“non-secretory” or “non-secreting” has been employed to designate

patients with absence of secretory symptoms or lack of functional

activity (9–11). Appropriate definitions according to the ability of

the tumors to synthesize catecholamines (functional/non-

functional), release catecholamines (secretory/non-secretory) or

according to the presence of positive or negative biochemical test

results (biochemically positive/negative) are essential for

scientific communication.

The need for unified nomenclature to better describe “silent

PPGLs” has become increasingly important given the

widespread use of anatomic imaging and expansion of

surveillance programs for patients at risk of PPGL due to

genetic predisposition or a previous tumor (12, 13). The aim

of the present analysis is first to review the relevant literature and

then propose standardized terminology in an attempt to

improve scientific communication about PPGLs according to

their ability to synthesize, store, metabolize and secrete the

catecholamines responsible for the heterogeneous clinical

presentation of the tumors.
Overview of the literature

Two researchers (GC and VC) independently searched

PubMed for articles published in English from 1-1-1980 to 30-

08-2021 . The fo l lowing search te rms were used :
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((pheochromocytoma [MeSH Terms]) or (pheochromocytoma

[Title/Abstract]) or (paraganglioma [Title/Abstract])) AND

((silent [Title/Abstract]) or (nonfunctioning [Title/Abstract])).

Based on title and abstract, GC and VC independently selected

the papers that reported on patients with PPGLs. Subsequently,

full text articles were downloaded. Articles without extractable

data of individual cases were excluded. GC and VC accessed all

papers and extracted data. Items not explicitly reported were

noted as ‘not mentioned’. Three hundred ten articles were

initially identified through PubMed. One hundred twenty-nine

articles were excluded for lack of eligibility after review of the

title and abstract (not in English, not human related or no

abstract available) (Figure 1). Screening by title and article

excluded a further 61 articles, while screening after reading the

full text reduced the eligible articles to 85, which covered a total

of 157 cases in the final analysis. The PRISMA flow diagram is

shown in Figure 1. Due to data heterogeneity no meta-analysis

was carried out.
Patient characteristics

Among the 157 cases reported in the final analysis (Table 1),

48% were females. Patients presented more often with extra-

adrenal (62%) than adrenal tumors, whereas prevalence of

metastatic disease was 25%. The most common reasons for

biochemical testing were detection of incidental adrenal lesions

(62%) due to abdominal or other non-specific complaints.

Finally, in 36% of cases, diagnosis was established during

surveillance and follow up. There remained only 3 cases (2%)

where specific signs and symptoms of catecholamine excess

provided the initial reason for the diagnostic work up.
Terminology according to clinical and
biochemical phenotypes

In 56 patients (36%) the authors used the term ‘clinically

silent’ (3–9, 14–57) to describe the absence of the “classic triad”

and/or hypertension. In eight cases, although patients were

defined to have ‘clinically silent’ tumors, they presented with

symptoms that could have been related to catecholamine excess,

such as sweating, weight loss, vomiting and nausea (3, 5, 9, 15,

24, 31, 48, 57). In addition to the term “clinically silent” to define

the absence of signs and symptoms, other terms were used based

on biochemistry. In particular, 55 cases were defined by the

authors as “biochemically silent” (4, 11, 16, 18, 21, 22, 58–64), 59

as “non-functional” (6–8, 17, 19, 35–39, 41–50, 52–54, 65–89)

and two as “non-secretory” PPGL (9, 10) and 7 patients

presented “negative markers” (90).

Among 55 cases defined by the authors as “biochemically

silent”, test results of plasma metanephrines with respective

reference intervals were available in only 15 cases (11, 22, 58,
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59, 64) (Table 2). Among those 15 cases, test results and

reference intervals for plasma catecholamines and

metanephrines were reported in five cases (11, 58) and for

urinary metanephrines (+/- catecholamines) in 25 cases (16,

21, 22, 58, 59, 61, 63, 64). All plasma results showed values below

upper cut-offs of stipulated reference intervals. Urinary

metanephrines were below upper cut-offs of reference intervals

in all except one case when at the 3 year follow up the patient

presented with increased urinary normetanephrine (21). Finally,

test results and reference intervals for plasma and urinary

metanephrines were available in only eight cases (22, 58, 59,

64), whereas in only four patients test results and reference

intervals were available for catecholamines and metanephrines

in both plasma and urine (58). In all these patients the results

showed normal values.

Similarly, among 59 patients classified by the authors with

‘non-functional’ tumors (6–8, 17, 19, 35–39, 41–50, 52–54, 65–

89), test results and reference intervals for plasma

metanephrines were only mentioned in ten cases (65, 86, 89)

and for urinary metanephrines in fourteen (65, 79, 86, 87)

(Table 2). In one patient referred to as having a non-

functional tumor, both plasma and urinary measurements

indicated increased concentrations of normetanephrine (65),

while in another patient only plasma metanephrines were

measured and found to be increased (19). Two patients were

referred to as having ‘non-secretory’ PPGL (9, 10) while 7

patients presented with negative markers according to the

authors (90).
FIGURE 1

Flow chart after review of the literature. After screening and text analysis, 157 cases were included in the final analysis.
TABLE 1 Patient characteristics.

Total Number 157

Female, n (%)* 58 (48%)

Age at initial diagnosis, years (SD) 45 (±14.7)

Location

Extra-adrenal 62% (74/157)

Adrenal 38% (60/157)

Head and Neck 15% (25/157)

Diagnostic setting

Incidentaloma 62% (97/157)

Abdominal complaints 48.3% (45/93)

Imaging performed for non-specific complaints 51.7% (48/93)

Surveillance/Follow up 36% (57/157)

Specific signs and symptoms 2% (3/157)

Tumor composition (reported in 29 cases)

Solid 31% (9/29)

Cystic 31% (9/29)

Hemorrhagic and/or necrosis 38% (11/29)

Maximal tumor diameter (cm) (reported in 81 cases) 5.5 (0.25-25)#

Metastatic disease (reported in 68 cases) 25% (17/68)

Plasma free metanephrines (reported in 45 cases)

Results within the normal range 89% (40/45)

Elevated results 11% (5/45)

Urinary metanephrines (reported in 57 cases)

Results within the normal range 75.4% (43/57)

Elevated results 24.5% (14/57)
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The method of measurement for plasma and urinary

catecholamines and metanephrines was mentioned only in

e ight s tud ie s , e i ther as h igh per formance l iqu id

chromatography (9, 29, 58, 59, 63) or liquid chromatography

with mass spectrometry (23, 61, 86).
Proposed definitions for a
standardized approach

Review of the literature revealed that the term “silent” was

used in a highly variable fashion according to widely differing

circumstances. The term “clinically silent” was mainly used to

describe the absence of symptoms of catecholamine excess,

which is appropriate. However, definitions according to the

ability of tumors to synthesize and/or release catecholamines

were inconsistently used according to biochemical test results. In

some cases, biochemical test results were not even mentioned. In

order to address these shortcomings, we propose use of

standardized terminology that may be useful in an attempt for

harmonized and more consistent descriptions of how patients

may present with silent PPGL.
Clinically silent PPGLs

“Clinically silent” PPGLs are more common than usually

apprec ia ted . S tar t ing in the 1980s pat i ents wi th

pheochromocytoma who were both normotensive and

asymptomatic began to be identified incidentally upon

imaging studies for purposes other than suspicion of the

tumor (91), a trend that has increased subsequently with the

broadening use of imaging studies (92). Before this, the almost
Frontiers in Endocrinology 04
exclusive mode of discovery was based on clinical suspicion

according to the presence of signs and symptoms (93).

Starting in the late 1980’s, with the advent of surveillance

programs involving patients with von Hippel Lindau (VHL)

syndrome or multiple endocrine neoplasia (MEN), it became

apparent that most patients identified in this way also had

clinically silent tumors (94–100). Discovery at an earlier stage

by positive biochemical tests and/or imaging studies when

tumors are small and secrete insufficient amounts of

catecholamines to produce typical manifestations of the tumor

provides the main explanation for such presentations. This

underlies the likelihood that all PPGLs start out without

eliciting signs and symptoms of catecholamine excess.

Nevertheless, some PPGLs can be relatively large and/or

secrete large amounts of catecholamines and still remain

clinically silent, indicating that other factors can contribute to

a normotensive and asymptomatic presentation (101–103).

Apart from tumor size and the extent of catecholamine

secretion, other factors that may contribute to the absence of

signs and symptoms in patients with PPGLs include the types

of catecholamines secreted, the sustained or episodic nature of

catecholamine secretion and adaptive physiological responses to

catecholamine secretion. About half of all pheochromocytomas

produce a combination of epinephrine and norepinephrine, while

most others and particularly paragangliomas produce nearly

exclusively norepinephrine (104). These differences depend on

expression of phenylethanolamine-N-methyltransferase (PNMT),

the enzyme that converts norepinephrine to epinephrine (105).

Some tumors that show minimal expression or complete lack of

dopamine-b-hydroxylase, the enzyme that converts dopamine to

norepinephrine, may produce and secrete combinations of

dopamine and norepinephrine or occasionally in some

paragangliomas only dopamine.
TABLE 2 Biochemical tests in patients according to authors’ classification of catecholamine biochemical activity.

Non-functional/Non-secretory/

Biochemically silent Negative markers

No TR RI References§ No TR RI References§

Plasma

Cat 1 1 1 16 9 2 1 87, 90¥

Met 36 15 25 22, 59,61*, 64 14 10 10 65¶, 86, 89,90¥

Cat& Met 5 5 5 11, 58 0 0 0 –

CgA 4 3 3 16, 58 1 1 1 9

Urine

Cat 3 0 0 – 6 1 1 84

Met 36 9 25 21¶, 22, 61*,64 16 16 14 9¥, 65¶, 79, 86, 87,90¥

Cat& Met 15 15 15 16, 58, 59, 63 2 1 1 43

VMA 2 0 0 - 9 3 3 36, 41, 88
No, total number of patients with; Cat, catecholamines; Met, metanephrines; CgA, chromogranin A; VMA, vanillylmandelic acid; TR, test result reported; RI, reference interval reported;
*referred to RI but had not test results, § references of manuscripts presenting RI and TR.
¶ increased concentration, ¥ referred to TR but had no RI.
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Dopamine has negligible actions on a- and ß-

adrenoreceptors and primarily elicits vasodepressor responses

via actions mediated by an array of dopamine receptors

particularly important in mesenteric and renal vascular beds

(106, 107). This clarifies why patients with dopamine-producing

paragangliomas may be asymptomatic and are usually

normotensive or may even suffer from hypotension (105, 108).

Epinephrine has variably more potent agonist actions on a- and
ß-adrenoreceptors than norepinephrine (109). Epinephrine has

particularly stronger actions than norepinephrine on ß2-

adrenoreceptors responsible for vasodilation in skeletal muscle.

According to studies involving intravenous (i.v.) infusions of

epinephrine and norepinephrine in healthy subjects, increases in

systolic blood pressure relative to the increased plasma

catecholamines are larger for epinephrine than norepinephrine

(110). On the other hand, diastolic blood pressure shows small

decreases compared to increases with norepinephrine.

With the above factors in mind, the lower potency of

norepinephrine than epinephrine on adrenoceptors may

contribute to the higher proportion of normotensive and

clinically silent norepinephrine-producing tumors in patients with

VHL syndrome than those with epinephrine-producing tumors in

MEN2 (95); however, there are other factors that can contribute to a

clinically silent phenotype among patients with PPGLs.

Among various factors to be considered to account for

clinically silent PPGL, it should not be overlooked that blood

pressure and other responses associated with increased plasma

concentrations of norepinephrine are much larger when due to

increased secretion of norepinephrine from sympathetic nerves

than associated with i.v. infusion of norepinephrine and

therefore presumably also secretion of norepinephrine from a

PPGL. For example, although a little more than 2-fold increase

in plasma norepinephrine to 3.6 nmol/L during sympathetic

activation results in a 25 mmHg increase in systolic blood

pressure (111), the same increase in norepinephrine during its

i.v. infusion results in only a 4 mmHg increase in systolic blood

pressure, while a 25 mmHg increase in blood pressure requires

circulating concentrations of norepinephrine of over 20 nmol/L

(110). These differences reflect concentration gradients of the

transmitter between sites of release at neuroeffector junctions in

the adventitia of blood vessels compared to the bloodstream and

differing geographic locations of adrenoceptors within blood

vessels impacted by neuronal versus hormonal secretion (112).

More than 80% of norepinephrine in the blood stream is derived

from neuronal rather than hormonal sources and circulating

norepinephrine is largely irrelevant as a hormone compared to

epinephrine, which also targets different populations of

adrenoceptors. The above considerations explain why increases

in plasma norepinephrine resulting from tumoral secretion of

the catecholamine may not evoke signs and symptoms of

catecholamine secretion until increases are reasonably large.

In addition to the aforementioned factors, physiological

adaptation can also contribute to a clinically silent
Frontiers in Endocrinology 05
presentation in the face of high circulating concentrations of

catecholamines. This can take the form of both hypovolemia or a

redistribution of blood volume as a compensatory response to

increased blood pressure or diminished responsiveness of

adrenoceptors to activation by catecholamines after prolonged

adrenergic stimulation (101, 113). Of additional relevance are

repeated observations that tumors that produce exclusively

norepinephrine tend to secrete the catecholamine in a

sustained manner whereas those that produce epinephrine

tend to more often show an episodic pattern of catecholamine

secretion (114–116). Sustained secretion of norepinephrine in

the former noradrenergic tumors might be expected to

contribute to tachyphylaxis more than in tumors that secrete

catecholamines in widely spaced episodes.

It should also be appreciated that although noradrenergic

tumors show a usually more sustained pattern of catecholamine

secretion than adrenergic tumors, these tumors are also

characterized by lower secretory stores of catecholamines

(117); this might further impact the clinical presentation by

limiting overall secretory capacity.

Apart from head and neck paragangliomas that usually do

not produce appreciable catecholamines, relatively low tissue

catecholamine stores are particularly common in patients with

paragangliomas due to mutations of succinate dehydrogenase

subunit B and D (SDHB and SDHD) genes (117). Tumors due to

SDHB mutations show a particularly immature phenotype that

often involves relatively high tissue contents of dopamine. In

order to produce and secrete sufficient amounts of

catecholamines to cause related signs and symptoms, these

tumors often reach a large size before diagnosis, which may

contribute to their predisposition to metastasize. Also,

occasionally found are tumors that produce only dopamine

(108) or those that do not produce any catecholamines and

which remain clinically silent until they produce local

mass effects.

Finally, and as will be covered in more detail later, although

almost all PPGLs produce catecholamines, a significant

proportion do not secrete catecholamines in amounts sufficient

to produce diagnostically meaningful increases in plasma or

urinary catecholamines or related signs and symptoms of

catecholamine excess. These tumors typically can only be

detected by measurements of metanephrines in urine or more

ideally plasma. Most often these tumors are adrenergic in nature

and may only become apparent clinically after catecholamine

secretion is provoked.

Taking all the above into consideration, several factors may

contribute to the absence of clinical manifestations of PPGLs

including small tumor size and minimal catecholamine

secretion, as well as the type and pattern of catecholamine

secre t ion, adrenoceptor desensi t iza t ion and other

compensatory responses to the disease. However, in many

cases patients may present with nonspecific signs and

symptoms that are overlooked by clinicians, especially if there
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is coexistence of other clinically confusing conditions (e.g.,

diabetes, menopause, migraine). Based on our review of the

literature, most clinicians still focus their interest on the presence

or absence of hypertension (6, 8, 19, 21, 28, 30, 47, 56), although

it has been repeatedly shown that this feature has rather limited

value for triaging patients according to the likelihood of disease

(114, 118–120). On the other hand, symptoms such as

hyperhidrosis, palpitations, tremor, pallor, nausea or signs

such as low body mass index may be more useful in the

assessment of the clinical suspicion of a PPGL (120). A

detailed medical history for the detection of clinical signs and

symptoms related to catecholamine excess, is therefore

important before defining a PPGL as “clinically silent”.
Non-secretory PPGLs

Although the term “clinically silent” should be used to

describe the absence of signs and symptoms of catecholamine

excess, the term “non-secretory” is preferably used to describe

tumors that consistently show lack of catecholamine secretion

as manifest by repeated samplings of blood or 24-hour

urine specimens and measurements of catecholamines.

Catecholamines are actively secreted from chromaffin cells or

tumors, principally by a process involving exocytosis, which can

occur episodically or at low rates (121). Independent of their

secretion, catecholamines also leak continuously from storage

vesicles into the cytoplasm of chromaffin cells. Presence

of catechol-O-methyltransferase (COMT) within the

cytoplasm then leads to metabolism of norepinephrine to

normetanephrine and of epinephrine to metanephrine; the

metabolites then diffuse passively from chromaffin cells into

circulation (122, 123).

“Non-secretory” PPGLs are most often adrenergic tumors,

including those due to mutations of cluster 2 genes, that despite

the large amounts of tissue catecholamines (Figure 2A), show

dense distributions of both epinephrine and norepinephrine

vesicles, associated with low levels of secretory activity

(Figure 2B). Secretion is often less than 5% of all

catecholamine stores within one day (Figure 2C).

Consequently, such tumors may present with consistently

normal plasma concentrations or urinary outputs of

norepinephrine and epinephrine.

Although patients with adrenergic tumors are often

asymptomatic due to circulating catecholamines at entirely

normal concentrations, it is important to appreciate that such

“non-secretory” PPGLs remain functional with large amounts of

tissue catecholamines that continuously leak into cytoplasm. There

the catecholamines are metabolized to metanephrines, providing a

biochemical signal more useful than the catecholamines for

diagnosis (124). Also, although such tumors may be classified as

non-secretory in nature, it must be appreciated that any tumor that

synthesizes, stores and metabolizes catecholamines to
Frontiers in Endocrinology 06
metanephrines also has the capacity to secrete catecholamines if

provoked. Indeed, the highly differentiated nature of cluster 2

tumors means that the many components of the secretory

apparatus are intact and in place to limit catecholamine secretion

unless a signal is received (116). The intact secretory apparatus

includes receptors and secondary messenger systems that can

respond to many signals including dopamine D2 receptor

antagonists and glucagon (125). Provoked secretion of

catecholamines from these adrenergic tumors can thereby be

more easily achieved than from noradrenergic tumors or those

due to mutations of pseudohypoxia genes, which secrete

catecholamines more continuously than adrenergic tumors

(116, 117).

One illustrative case reported as a “non-secreting”

pheochromocytoma, based on consistently negative test results

for urinary and plasma catecholamines, involved a woman who

presented with hypertensive crises after administration of a

dopamine D2 receptor antagonist (9). The patient showed

complete recovery after a 2.5 cm adrenal mass was resected.

Thus, simply because catecholamines may be normal, this does

not imply that there is no tumor capable of secreting

catecholamines if provoked. In the above case additional tests

included plasma chromogranin A, urinary VMA and total

metanephrines, but these are also all insensitive tests of

catecholamine excess. Measurements of urinary fractionated

metanephrines, or more ideally mass spectrometric

measurements of plasma free metanephrines, more

appropriately establish functionality, but even the latter can be

negative in patients with small tumors (86).

Of course, plasma and urine catecholamines can also be

consistently normal in patients with large tumors; these can

include rare tumors that lack the biosynthetic machinery

required for catecholamine production and that also do not

produce increases in urinary fractionated or plasma free

metanephrines. Although such tumors might also be labeled as

“non-secretory” there are other terms as covered later that may

more accurately define the nature of their biochemical and

clinical presentation.
Biochemically negative PPGLs

Review of the literature shows that patients with PPGLs and

negative biochemical test results are often defined to have

“biochemically silent” tumors (4, 11, 16, 18, 21, 22, 58–63).

In most of the aforementioned studies, the authors define

PPGLs as “biochemically silent” according to measurements

of catecholamine-related biomarkers that do not exceed the

upper cut-offs. Although this may be appropriate in certain

circumstances, the term “biochemically silent” is often used

indiscriminately. In particular, a large proportion of patients

categorized with “biochemically silent” tumors simply have

false-negative biochemical test results as a consequence of
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inappropriate choice of biochemical markers, measurement

methods or even application of reference intervals. The

appropriate solut ion is to define these tumors as

“biochemically negative”. Such solutions should also clarify the

particular test, analytical measurement method and associated

reference intervals.

As established in the present literature review, the above

information is rarely provided in manuscripts reporting on

biochemically silent PPGLs. Even when some or all of the

above data are supplied, there may be errors or confusion. The

patient presented by Kota et al. (22) with a biochemically silent

adrenal incidentaloma that resulted in an intra-operative

hypertensive emergency, and was subsequently confirmed to

be a pheochromocytoma, provides an illustrative example. The

patient was reported to have normal pre-operative urinary

fractionated and plasma metanephrines. However, review of

the presented data reveals urinary metanephrines reported as a

s ingle value with reference intervals in l ine with

spectrophotometric measurements of total metanephrines

rather than contemporary measurements of the fractionated

metabolites. Even more strikingly, plasma measurements were

similarly reported as a single value of 34 µg/dL. Though lower

than the reported cut-off of 60 µL/dL, those values are more than

three orders of magnitude higher than established plasma

concentrations and also well beyond the range of either

normetanephrine or metanephrine for patients with

pheochromocytoma. Such reports are emblematic of a general

lack of clinical understanding of measurement methods and

biochemical tests.

Despite recommendations of the Endocrine Society clinical

practice guidelines that biochemical diagnosis of PPGLs should

be based on measurements of plasma free or urinary fractionated

metanephrines (2) many clinicians still rely on measurements of
Frontiers in Endocrinology 07
catecholamines, vanillylmandelic acid (VMA) and/or

chromogranin A (CgA) for diagnosis of PPGLs. As covered

earlier, metanephrines are produced within chromaffin cells by

COMT, an enzyme absent in sympathetic nerves. This means

that the O-methylated metabolites are much more specific for

chromaffin cells and PPGLs than their parent catecholamines or

any other catecholamine metabolites. Consequently, about 8-9%

of patients with sporadic PPGLs and 21-31% with hereditary

PPGLs, have normal plasma concentrations and/or urinary

outputs of catecholamines but show elevations of plasma

metanephrines (126). Apart from the importance of measuring

metanephrines rather than catecholamines, the benefits of

additional measurements of methoxytyramine in plasma

should also be considered. This assists not only with

confirmation of disease but also with detection of

predominantly dopamine producing tumors (108, 127).

Although the superiority of metanephrines over

catecholamines is clear, superiority of measurements in plasma

over urine was only recently clearly established. In particular,

Eisenhofer and colleagues (86), showed that urinary fractionated

metanephrines and methoxytyramine have a significantly lower

sensitivity (92.9%) compared to plasma free metanephrines and

methoxytyramine (97.9%). The above findings can be explained

by the large amounts of normetanephrine and dopamine formed

in the body that are produced and metabolized within

mesenteric organs (128). This confuses the diagnostic signal of

urinary normetanephrine and methoxytyramine, which are

commonly measured in urine after acid hydrolysis catalyzed

deconjugation of sulfate conjugated metabolites to free

metabolites. The sulfate-conjugated metabolites are the main

species present in urine and their synthesis from the actions of a

specific sulfotransferase isoenzyme, SULT1A3, localized to

gastrointestinal tissues, acts to dilute the signal of the free
B CA

FIGURE 2

Tumor tissue contents of catecholamines (A), rates of secretion of catecholamines from tumors (B) and catecholamine secretory rate constants
(C) for PPGLs from patients with hereditary (VHL, SDHx), and sporadic (SPOR) noradrenergic tumors versus hereditary (NF1, RET) and sporadic
(SPOR) adrenergic tumors. Secretory rate constants illustrate that for noradrenergic tumors over a third of all catecholamines in stores are
secreted within one day, whereas for adrenergic tumors less than 5% of stores are secreted within one day. (Reproduced with permission from
Eisenhofer G et al. Clin Biochem Rev 2017).
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metabolites produced elsewhere in the body including in

chromaffin cell tumors. The additional substantial impact of

dietary derived dopamine on sulfate conjugated metabolites of

dopamine and its metabolite methoxytyramine further reduces

any diagnostic signal for urinary methoxytyramine measured

after acid hydrolysis (129).

Apart from the appropriate choice of biochemical markers,

appropriate choice of measurement methods is also crucial for

the accurate diagnosis or exclusion of PPGLs. Among analytical

methods, liquid chromatography with electrochemical detection

(LC-ECD) (122), and liquid chromatography with tandem mass

spectrometry (LC-MS/MS) (130) offer superior diagnostic

performance compared to immunoassays (131). Although LC-

ECD is well established for measurements of urinary

fractionated metanephrines, many clinicians continue to rely

on immunoassay measurements of plasma metanephrines,

which is associated with false negative results in up to a

quarter of all patients with PPGL (131). The significant drop

in the diagnostic sensitivity is explained by problems with

calibration, in particular lack of commercially available L-

isomers, which resulted in measurements that are 60% lower

than true concentrations. The problem is further compounded

by use of inappropria te ly h igh upper cut-off s of

reference intervals.

Inappropriately high upper cut-offs can also be a problem for

other methods used for measurements of plasma free

metanephrines. In particular, some laboratories have set cut-

offs of reference intervals determined from blood samples

obtained from patients in the seated position, which results in

an activated sympathetic nervous system and increased plasma

concentrations of norepinephrine and normetanephrine. The

associated reference intervals are too high for reliable

confirmation of PPGL, as well as exclusion of PPGL, which as

recommended by Endocrine Society guidelines should be

established from samples taken in the supine position.

Although most of the “biochemically silent” PPGLs

described in the literature probably involve cases with false

negative test results, there are occasional patients with truly

“biochemically silent” PPGLs. Apart from the non-functional

tumors that are described in detail below, functional PPGLs of

small size (usually <1 cm) at an early stage of development

may present with negative biochemical test results. Indeed,

surveillance programs and widespread use of imaging

techniques have led to the increased detection of such small

PPGLs, which despite their functionality are still too small to

produce sufficient amounts of catecholamines and therefore

meaningful increases in plasma or urinary catecholamines and

their metabolites. This can be easily understood when the strong

association between tumor size and the extent of increases in

summed plasma concentrations of metanephrines is considered

(89). As mentioned above, this association is based on the

continuous production of metanephrines within the tumor cell

cytoplasm, which depends on passive leakage of catecholamines
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from vesicular stores, the size of which relate to tumor burden

(123, 124).
Non-functional PPGLs

Correct determination of functionality – in terms of whether

PPGL synthesize, store and have potential to secrete

catecholamines – can be important in determining need for

pre-operative a-adrenoceptor blockade to avoid potential

danger of catecholamine hypersecretion that might be

provoked during surgical intervention. Even a small PPGL or

those associated with normal biochemical test results can

produce dangerous increases in blood pressure (132–134).

Hypertensive crises during adrenalectomy have been reported

in patients with negative biochemical test results (8) including

one case involving development of pulmonary edema that

required a seven day intensive care unit recovery (4).

Increasingly inappropriate use of the term, “non-functional”,

may be misleading to some who may incorrectly determine lack

of need for a-adrenoceptor blockade.
“Non-functional” PPGLs, are tumors that neither synthesize

nor secrete catecholamines, often located in the head and neck

(HNPGL) or rarely the upper/anterior mediastinum (135). Only

3-4% of HNPGLs produce norepinephrine (136), though as

much as 1/3 of all HNPGLs may produce some dopamine

(137). In cases of total absence of catecholamine production,

HNPGLs can be defined as “non-functional”. Abdominal “non-

functional” PPGLs are extremely rare, but when found may be

due to SDHB mutations (58). Lack of catecholamine secretion

and metabolism by these tumors may result from a defect in the

synthesis of catecholamines due to absence of tyrosine

hydroxylase, rather than a defect in the storage or release

of catecholamines.

Tyrosine hydroxylase is responsible for conversion of L-

dopa to dopamine and represents the rate limiting enzyme in

catecholamine synthesis (138). Thus, absence of this or other

critical enzymes, such as dopamine beta-hydroxylase (139), is

expected to lead to absence of tumor tissue catecholamines and a

“non-functional” presentation (Table 3). Such tumors, similar to

those that produce predominantly dopamine, tend to reach a

large size before diagnosis, which is usually due to local mass

effects and incidental discovery on imaging. Biochemically

negative PPGL that are characterized by an immature

b iochemica l phenotype and low t i s sue s tore s o f

catecholamines, only some of which may be truly “non-

functional” (58), are associated with an aggressive phenotype

in terms of higher rates of malignancy (140–144).

With the above considerations in mind, the definitive

method to establish absence of functionality in a PPGL is

through measurements of tumor tissue catecholamines as

illustrated by Timmers et al. (58). Additional measurements of

tumor tissue tyrosine hydrolase activity can also be useful, as can
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be immunohistochemical analyses for the presence of

catecholamine-synthesizing enzymes (145, 146). However,

immunohistochemical presence of enzymes involved in

catecholamine synthesis does not always translate to functional

synthesis and storage of catecholamines in secretory granules

(121). Lack of secretory granules with electron microscopy can

also point to a non-functional paraganglioma. However,

presence of secretory granules may not necessarily indicate a

tumor with functional capacity to synthesize and store

catecholamines, since the electron dense nature of such

granules reflects presence of chromogranins and it can be

possible for granins to be present in secretory granules without

presence of catecholamines (58). Also, as reported in two studies

(147, 148), since dopamine is produced in the cytoplasm while

production of norepinephrine requires translocation of

dopamine into secretory granules, lack of secretory granules

but presence of tyrosine hydroxylase might be responsible for

some cases of exclusively dopamine-producing tumors. This

may also be the situation in HNPGLs that produce

methoxytyramine from dopamine (149).

Pre-operatively, lack of functionality may be suspected

through considerations of tumor size and plasma metanephrines

(89). Since the sum of plasma free metanephrines is positively

related to tumor size it can be possible to identify which tumors

are likely to be non-functional rather than simply biochemically

negative (Figure 3). For instance, in the study of Gruber et al. (64),

the authors defined seven patients with pheochromocytomas

and biochemical negative results as biochemically “silent”. On

inspection of the relationship of tumor size with the sum of

plasma metanephrines (Figure 3A), it could be determined that

for all seven patients the sum of plasma metanephrines falls

within the expected relationship with tumor size, indicating

that the negative biochemical signal for the tumors in those

patients most likely reflected their small size rather than any lack

of functional production of catecholamines. In other words,

tumor size was small and the associated total catecholamine

contents were unlikely sufficient to produce a positive

biochemical signal.

In the report that assessed functionality according to tumor

size in relation to plasma metanephrines (89), one of 207 patients
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(0.5%) with pheochromocytoma and another one of 45 patients

(2.2%) with paragangliomas were defined as having non-

functional tumors based on negative biochemical test results

and a mean tumor diameter of larger than 2 cm. This

compared to 12 of 43 patients (28%) with HNPGL defined to

have non-functional tumors by the same criteria. Other patients

with negative biochemical test results and mean diameters less

than 2 cm, including 11 of the 43 patients with HNPGL (26%),

were defined as having indeterminate catecholamine biochemical

phenotypes. Thus, in those patients as well as 3 of 207 patients

with pheochromocytoma who had negative biochemistry,

functionality could not be excluded. In another report by

Heavner et al. (90) in which seven pheochromocytomas were

appropriately defined as biomarker negative, there were two

patients reported with biochemically negative results for plasma

metanephrines, one with a 1.7 cm tumor and the other with a

15 cm tumor. The latter large tumor could therefore be defined as

non-functional, while for the former 1.5 cm tumor lack of function

could not be determined. There was another patient with a 6.3 cm

tumor in whom tests of plasma free metanephrines were indicated

as normal, though not reported. That patient most likely also had

a non-functional tumor. For the other four cases, either

biochemical tests were inadequate or tumors were too small to

determine functionality.

As illustrated in Figure 3B, a selection of cases from the

above two reports (89, 90) serves to clarify situations,

other than those that verify absence of tyrosine hydroxylase

and tumor tissue catecholamines, where the term “non-

functional” might be applied to patients with PPGL who

present with negative biochemical test results for plasma

free metanephrines.

Relationships of tumor size with urinary metanephrines have

yet to be adequately determined. Therefore, determinations of

non-functional versus functional status are more difficult for

urinary than plasma measurements. Also, among 236 patients

with PPGLs in a previous report (86), 16 patients had negative test

results for urinary fractionated metanephrines compared to 5 with

negative results for plasma free metanephrines. Thus, negative test

results for measurements of urinary metanephrines more usually

do not indicate a non-functional tumor, but rather reflect relative
TABLE 3 Expected biochemical test results and features in biochemically negative, non-secretory and non-functional tumors.

Tumor type Plasma or urinary
catecholamines

Plasma or urinary
metanephrines

Catecholamine
synthesizing enzymes

Tumor tissue
catecholamines

Biochemically
negative

Normal Normal Present if functional Present if functional

Non-secretory Normal Elevated Present Present

Non-functional Normal Normal* Absent/undetectable Undetectable/low†
*If tumor tissue catecholamines and/or catecholamine synthesizing enzymes cannot be assessed, then a non-functional tumor may be defined by plasma or urinary metaneprhrines that are
too low according to relationships with tumor size. †Catecholamines are potentially measureable in any human tissue, but for a tumor that is non-functional tissue catecholamines are
considerably lower than in functional PPGLs.
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lack of diagnostic sensitivity. Moreover, in that study two of the

five patients with previously negative results for plasma free

metanephrines showed positive test results after three to six

years of further testing when tumors enlarged.

For plasma or urinary catecholamines such determinations

of functionality from relationships with tumor size are not

possible. Thus, for these and most other situations involving

biochemical test results that fall below upper cut-offs of reference

intervals, rather than defining the tumors as non-functional or

non-secretory, it is more appropriate to indicate the tumors as

biochemically negative.
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Summary of proposed
nomenclature

To facilitate scientific communication and consistent

interpretation, we propose definitions for the various types of

“silent” PPGLs as illustrated in Figure 4 and outlined below.
• “Clinically silent” PPGLs are those characterized by the

absence of signs and symptoms associated with

catecholamine excess.
BA

FIGURE 3

(A) Correlation of original tumor size with the sum of plasma normetanephrine and metanephrine (nmol/l) in seven patients (*) with
biochemically negative PPGLs from the study of Gruber et al. (64). (B) Correlation of original tumor size with the sum of plasma
normetanephrine and metanephrine (nmol/l) in seven patients (△) with head and neck paraganglioma (HNPGLs), one (¤) with abdominal
paraganglioma (PGL) and two with pheochromocytomas (PHEO), from the study of Eisenhofer et al. (89) and Heavner et al. (90). In circle are
shown two patients with questionable tumor functionality. (Reproduced with permission from Eisenhofer G et al. Clin Chem 2015).
FIGURE 4

Chart flow with proposed standardized terminology for various types of “silent” PPGLs.
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• “Non-secretory” tumors are those with absence of clear

catecholamine secretory activity, often adrenergic and

presenting with normal plasma and/or urinary

catecholamines over multiple sampling time points.

• “Biochemically negative PPGLs are those characterized

by plasma or urinary metanephrines below the upper

cut-offs of reference intervals. If only catecholamines are

measured the same term may be used with clarification

• “Non-functional” tumors are those with absent

catecholamine synthesis as determined from

measurements of catecholamines in the tumor tissue,

assessments of tumor tissue tyrosine hydroxylase or

large size in association with negative results for

plasma or urinary metanephrines.
The above aspects are important to consider in daily

clinical practice for individualized management and

treatment of patients with PPGLs. In particular, “clinically

silent” and “non-secretory” tumors are usually functional, and

pre-surgical treatment with a-adrenoceptor blockade is

essential to minimize intraoperative hemodynamic instability.

In patients presenting with negative biochemical test result, the

reliability of measurements should be verified. A negative

biochemical test result cannot alone exclude functionality,

especially for smaller PPGLs (<2 cm). Unless, functionality is

correctly excluded, pre-operative blockade of adrenoreceptors

remains important.
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding authors.
tiers in Endocrinology 11
Author contributions

Conceptualization, GC and CP. Methodology, VC, TS. data

curation, CPr, TS. Writing—original draft preparation, GC, VC,

CP. Writing—review and editing GC, GE, JL, CP. Supervision,

GE, JL, CP, SB. All authors contributed to the article and

approved the submitted version.

Funding

This work was supported by the Deutsche Forschungs

gemeinschaft (CRC/Transregio 205/2; to GC, SB, JL, GE, CP).
Acknowledgments

This work is part of a Master’s thesis of the Master’s

Program in Clinical Research, Dresden International

University, Dresden, Germany.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Lenders JW, Eisenhofer G, Mannelli M, Pacak K. Phaeochromocytoma.
Lancet. (2005) 366(9486):665–75. doi: 10.1016/S0140-6736(05)67139-5

2. Lenders JW, Duh QY, Eisenhofer G, Gimenez-Roqueplo AP, Grebe SK,
Murad MH, et al. Pheochromocytoma and paraganglioma: an endocrine society
clinical practice guideline. J Clin Endocrinol Metab (2014) 99(6):1915–42. doi:
10.1210/jc.2014-1498

3. Li C, Chen Y, Wang W, Teng L. A case of clinically silent giant right
pheochromocytoma and review of literature. Can Urol Assoc J (2012) 6(6):E267–9.
doi: 10.5489/cuaj.132

4. Aggarwal S, Talwar V, Virmani P, Kale S. Anesthetic management of
clinically silent familial pheochromocytoma with MEN 2A: A report of four
cases. Indian J Surg (2016) 78(5):414–7. doi: 10.1007/s12262-016-1539-1

5. Lee PH, Blute RJr., Malhotra R. A clinically "silent" pheochromocytoma with
spontaneous hemorrhage. J Urol (1987) 138(6):1429–32. doi: 10.1016/S0022-5347
(17)43663-9

6. LH A, Geeta KA KA, PA K, Deepa MR. Extra- adrenal silent retroperitoneal
paraganglioma: report of a rare case. J Clin Diagn Res (2014) 8(11):Fd06–7. doi:
10.7860/JCDR/2014/10133.5138
7. Gannan E, van Veenendaal P, Scarlett A, Ng M. Retroperitoneal non-
functioning paraganglioma: A difficult tumour to diagnose and treat. Int J Surg
Case Rep (2015) 17:133–5. doi: 10.1016/j.ijscr.2015.11.004

8. Gellad F, Whitley J, Shamsuddin AK. Silent malignant intrathoracic
pheochromocytoma. South Med J (1980) 73(4):513–4. doi: 10.1097/00007611-
198004000-00030

9. Montemurro D, Rossi GP. Veralipride-induced acute coronary syndrome
unmasking a non-secreting pheochromocytoma. J Endocrinol Invest (2006) 29
(7):650–2. doi: 10.1007/BF03344166

10. Singh S, Kumar A, Mehrotra A, Rao RN, Behari S. Nonsecretory
paraganglioma in cavernous sinus masquerading as meningioma. World
Neurosurg (2019) 126:399–404. doi: 10.1016/j.wneu.2019.02.111

11. Montebello A, Ceci Bonello E, Giordano Imbroll M, Gruppetta M.
Biochemically silent phaeochromocytoma presenting with non-specific loin pain.
BMJ Case Rep (2021) 14(8):e244258. doi: 10.1136/bcr-2021-244258

12. Amar L, Pacak K, SteichenO, Akker SA, Aylwin SJB, Baudin E, et al. International
consensus on initial screening and follow-up of asymptomatic SDHx mutation carriers.
Nat Rev Endocrinol (2021) 17(7):435–44. doi: 10.1038/s41574-021-00492-3
frontiersin.org

https://doi.org/10.1016/S0140-6736(05)67139-5
https://doi.org/10.1210/jc.2014-1498
https://doi.org/10.5489/cuaj.132
https://doi.org/10.1007/s12262-016-1539-1
https://doi.org/10.1016/S0022-5347(17)43663-9
https://doi.org/10.1016/S0022-5347(17)43663-9
https://doi.org/10.7860/JCDR/2014/10133.5138
https://doi.org/10.1016/j.ijscr.2015.11.004
https://doi.org/10.1097/00007611-198004000-00030
https://doi.org/10.1097/00007611-198004000-00030
https://doi.org/10.1007/BF03344166
https://doi.org/10.1016/j.wneu.2019.02.111
https://doi.org/10.1136/bcr-2021-244258
https://doi.org/10.1038/s41574-021-00492-3
https://doi.org/10.3389/fendo.2022.1021420
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Constantinescu et al. 10.3389/fendo.2022.1021420
13. Plouin PF, Amar L, Dekkers OM, Fassnacht M, Gimenez-Roqueplo AP,
Lenders JW, et al. European Society of endocrinology clinical practice guideline for
long-term follow-up of patients operated on for a phaeochromocytoma or a
paraganglioma. Eur J Endocrinol (2016) 174(5):G1–g10. doi: 10.1530/EJE-16-0033

14. Munakomi S, Rajbanshi S, Adhikary PS. Case report: A giant but silent
adrenal pheochromocytoma - a rare entity. F1000Res. (2016) 5:290. doi: 10.12688/
f1000research.8168.1

15. Wang Z, Cai Q, Li G, Jiang N, Niu Y. Giant pheochromocytoma with
leukemoid reaction: A case report. Urology. (2017) 99:e17–e9. doi: 10.1016/
j.urology.2016.08.021

16. Sundahl N, Van Slycke S, Brusselaers N. A rare case of clinically and
biochemically silent giant right pheochromocytoma: case report and review of
l i t e ra ture . Acta Chir Be l g (2016) 116(4) :239–42 . do i : 10 .1080/
00015458.2016.1139838

17. Gupta A, Bains L, Agarwal MK, Gupta R. Giant cystic pheochromocytoma:
A silent entity. Urol Ann (2016) 8(3):384–6. doi: 10.4103/0974-7796.184886

18. El-Doueihi RZ, Salti I, Maroun-Aouad M, El Hajj A. Bilateral biochemically
silent pheochromocytoma, not silent after all. Urol Case Rep (2019) 24:100876. doi:
10.1016/j.eucr.2019.100876

19. Ranjan R, Mittal A, Panwar V, Narain TA, Talwar HS, Mammen KJ.
Extending horizon of robotic surgery to bladder-preserving approach for vesical
paraganglioma: Rare case with unusual presentation. J Endourol Case Rep (2020) 6
(4):319–21. doi: 10.1089/cren.2020.0077

20. Petramala L, Concistrè A, Olmati F, Saraceno V, Iannucci G, Ciardi A, et al.
Silent adrenal pheochromocytoma coexistent with corticomedullary hyperplasia: A
case incidentally discovered. Eur J Case Rep Intern Med (2017) 4(10):000714. doi:
10.12890/2017_000714

21. Spiro A, Usman A, Ajmal A, Hoang TD, Shakir MKM. Asymptomatic and
biochemically silent pheochromocytoma with characteristic findings on imaging.
Case Rep Endocrinol (2020) 2020:8847261. doi: 10.1155/2020/8847261

22. Kota SK, Kota SK, Panda S, Modi KD. Pheochromocytoma: an uncommon
presentation of an asymptomatic and biochemically silent adrenal incidentaloma.
Malays J Med Sci (2012) 19(2):86–91.

23. Ohara N, Kaneko M, Yaguchi Y, Ishiguro H, Ishizaki F, Maruyama R, et al.
A case of normotensive incidentally discovered adrenal pheochromocytoma. Clin
Case Rep (2018) 6(12):2303–8. doi: 10.1002/ccr3.1772

24. Babinska A, Peksa R, Sworczak K. Primary malignant lymphoma combined
with clinically "silent" pheochromocytoma in the same adrenal gland.World J Surg
Oncol (2015) 13:289. doi: 10.1186/s12957-015-0711-6

25. Nagashima F, Hayashi J, Araki Y, Sugihara T, Nomura M, Morichika Y,
et al. Silent mixed ganglioneuroma/pheochromocytoma which produces a
vasoactive intestinal polypeptide. Intern Med (1993) 32(1):63–6. doi: 10.2169/
internalmedicine.32.63

26. Ren X, Shang J, Ren R, Zhang H, Yao X. Laparoscopic resection of a large
clinically silent paraganglioma at the organ of zuckerkandl: a rare case report and review
of the literature. BMC Urol (2020) 20(1):156. doi: 10.1186/s12894-020-00732-0

27. Kumar S, Parmar KM, Aggarwal D, Jhangra K. Simple adrenal cyst
masquerading clinically silent giant cystic pheochromocytoma. BMJ Case Rep
(2019) 12(9):e230730. doi: 10.1136/bcr-2019-230730

28. Kashyap AS. Phaeochromocytoma unearthed by fluoxetine. Postgrad Med J
(2000) 76(895):303. doi: 10.1136/pmj.76.895.303

29. Yoshida K, Sasaguri M, Kinoshita A, Ideishi M, Ikeda M, Arakawa K. A case
of a clinically "silent" pheochromocytoma. Jpn J Med (1990) 29(1):27–31. doi:
10.2169/internalmedicine1962.29.27

30. Suga K, Motoyama K, Hara A, Kume N, Ariga M, Matsunaga N. Tc-99m
MIBG imaging in a huge clinically silent pheochromocytoma with cystic
degeneration and massive hemorrhage. Clin Nucl Med (2000) 25(10):796–800.
doi: 10.1097/00003072-200010000-00009

31. Maharaj R, Parbhu S, Ramcharan W, Baijoo S, Greaves W, Harnanan D,
et al. Giant cystic pheochromocytoma with low risk of malignancy: A case report
and literature review. Case Rep Oncol Med (2017) 2017:4638608. doi: 10.1155/2017/
4638608

32. Oakes A, Witt B, Adler DG. Metastatic carotid body paraganglioma detected
during evaluation for biliary stone disease. Diagn Cytopathol (2014) 42(10):868–71.
doi: 10.1002/dc.23038

33. Wen J, Li HZ, Ji ZG, Mao QZ, Shi BB, YanWG. A case of large "silent" extra-
adrenal retroperitoneal paraganglioma resected laparoscopically. Chin Med Sci J
(2010) 25(1):61–4. doi: 10.1016/S1001-9294(10)60023-5

34. Rashid S, Youssef H, Ali A, Apakama I. Previously clinically "silent" adrenal
phaeochromocytoma presenting as hypovolemic shock with paradoxical
hypertension. Libyan J Med (2007) 2(3):150–1. doi: 10.4176/070606.

35. Lin MW, Chang YL, Lee YC, Huang PM. Non-functional paraganglioma of
the posterior mediastinum. Interact Cardiovasc Thorac Surg (2009) 9(3):540–2. doi:
10.1510/icvts.2009.206169
Frontiers in Endocrinology 12
36. Law NW, Alfano L. Non-functioning retroperitoneal paraganglioma. J R Soc
Med (1987) 80(4):246–7. doi: 10.1177/014107688708000416

37. Hajri A, Ballati A, Essaidi Z, Errguibi D, Boufettal R, Rifki El Jai S, et al.
Non-functional retroperitoneal paraganglioma: A report of case with literature
review. Ann Med Surg (Lond) (2021) 65:102360. doi: 10.1016/j.amsu.2021.102360

38. AlMarzooqi R, AlJaberi L, Rosenblatt S, Plesec T, Berber E. A rare case of
paraganglioma of the cystic duct. Int J Surg Case Rep (2018) 52:16–9. doi: 10.1016/
j.ijscr.2018.09.041

39. Moslemi MK, Abolhasani M, Vafaeimanesh J. Malignant abdominal
paraganglioma presenting as a giant intra-peritoneal mass. Int J Surg Case Rep
(2012) 3(11):537–40. doi: 10.1016/j.ijscr.2012.07.007

40. Muñoz-Largacha JA, Glocker RJ, Moalem J, Singh MJ, Litle VR. Incidental
posterior mediastinal paraganglioma: The safe approach to management, case
report. Int J Surg Case Rep (2017) 35:25–8. doi: 10.1016/j.ijscr.2017.03.040

41. KhanMR, Raza R, Jabbar A, AhmedA. Primary non-functioning paraganglioma
of liver: a rare tumour at an unusual location. J Pak Med Assoc (2011) 61(8):814–6.

42. Hasselager T, Horn T, Rasmussen F. Paraganglioma of the prostate. a case
report and review of the literature. Scand J Urol Nephrol (1997) 31(5):501–3. doi:
10.3109/00365599709030651

43. Arrabal-Polo MA, Arrabal-Martin M, Lopez-Leon VM, Abad-Menor F,
Valle-Diaz de la Guardia F, Mijan-Ortiz JL, et al. Spontaneous retroperitoneal
abscess as the first clinical manifestation of a non-functioning retroperitoneal
paraganglioma. Ann R Coll Surg Engl (2010) 92(3):W17–9. doi: 10.1308/
147870810X12659688851555

44. Alataki D, Triantafyllidis A, Gaal J, Rodiou C, Vouros J, Papathanasiou A,
et al. A non-catecholamine-producing sympathetic paraganglioma of the spermatic
cord: the importance of performing candidate gene mutation analysis. Virchows
Arch (2010) 457(5):619–22. doi: 10.1007/s00428-010-0966-9

45. Hong SW, Lee WY, Lee HK. Hepatic paraganglioma and multifocal
gastrointestinal stromal tumor in a female: Incomplete Carney triad. World J
Gastrointest Surg (2013) 5(7):229–32. doi: 10.4240/wjgs.v5.i7.229

46. Hudson I, Phillips RK, Williams EJ. Non-functioning paraganglioma in wall
of abdominal aortic aneurysm: a source of diagnostic confusion. J R Soc Med (1987)
80(10):648–9. doi: 10.1177/014107688708001018

47. Shidei H, Maeda H, Isaka T, Matsumoto T, Yamamoto T, Nagashima Y,
et al. Mediastinal paraganglioma successfully resected by robot-assisted
thoracoscopic surgery with en bloc chest wall resection: a case report. BMC Surg
(2020) 20(1):45. doi: 10.1186/s12893-020-00701-2

48. Mohd Slim MA, Yoong S, Wallace W, Gardiner K. A large mesenteric
paraganglioma with lymphovascular invasion. BMJ Case Rep (2015) 2015:
bcr2015209601. doi: 10.1136/bcr-2015-209601

49. Belhamidi MS, Ratbi MB, Tarchouli M, Adioui T, Ali AA, Zentar A, et al. An
unusual localization of retroperitoneal paraganglioma: a case report. Pan Afr Med J
(2015) 22:12. doi: 10.11604/pamj.2015.22.12.7437

50. Matsumoto J, Tanaka N, Yoshida Y, Yamamoto T. Resection of an
intrapericardial paraganglioma under cardiopulmonary bypass. Asian Cardiovasc
Thorac Ann (2013) 21(4):476–8. doi: 10.1177/0218492312459641

51. Tomulic K, Saric JP, Kocman B, Skrtic A, Filipcic NV, Acan I. Successful
management of unsuspected retroperitoneal paraganglioma via the use of
combined epidural and general anesthesia: a case report. J Med Case Rep (2013)
7:58. doi: 10.1186/1752-1947-7-58

52. Martinez JD, Zendejas B, Luna JP, Lopez J, Luna SS, Mendoza-Sánchez F,
et al. Left subdiaphragmatic paraganglioma supplied by contralateral right renal
artery. Int J Surg Case Rep (2012) 3(7):333–7. doi: 10.1016/j.ijscr.2012.03.028

53. Hakimian SM, Naimi A, Emami SM, Rozatii G, Goharian V. Large
Retroperitoneal paraganglioma concurrent with periampullary adenocarcinoma.
J Res Med Sci (2013) 18(12):1114–6.

54. Minagawa T, Sato T, Furuhata M, Hirabayashi N, Kato H. Extra-adrenal
pheochromocytoma (paraganglioma) of the urinary bladder: a case report.
Hinyokika Kiyo (2004) 50(11):787–90.

55. Guo Q, Li B, Guan J, Yang H, Wu Y. Intraoperative diagnosis of functional
retroperitoneal multiple paraganglioma: A case report. Oncol Lett (2012) 4(4):829–
31. doi: 10.3892/ol.2012.795

56. Brown H, Goldberg PA, Selter JG, Cabin HS, Marieb NJ, Udelsman R, et al.
Hemorrhagic pheochromocytoma associated with systemic corticosteroid therapy
and presenting as myocardial infarction with severe hypertension. J Clin Endocrinol
Metab (2005) 90(1):563–9. doi: 10.1210/jc.2004-1077

57. Shen SJ, Cheng HM, Chiu AW, Chou CW, Chen JY. Perioperative
hypertensive crisis in clinically silent pheochromocytomas: report of four cases.
Chang Gung Med J (2005) 28(1):44–50.

58. Timmers HJ, Pacak K, Huynh TT, Abu-Asab M, Tsokos M, Merino MJ,
et al. Biochemically silent abdominal paragangliomas in patients with mutations in
the succinate dehydrogenase subunit b gene. J Clin Endocrinol Metab (2008) 93
(12):4826–32. doi: 10.1210/jc.2008-1093
frontiersin.org

https://doi.org/10.1530/EJE-16-0033
https://doi.org/10.12688/f1000research.8168.1
https://doi.org/10.12688/f1000research.8168.1
https://doi.org/10.1016/j.urology.2016.08.021
https://doi.org/10.1016/j.urology.2016.08.021
https://doi.org/10.1080/00015458.2016.1139838
https://doi.org/10.1080/00015458.2016.1139838
https://doi.org/10.4103/0974-7796.184886
https://doi.org/10.1016/j.eucr.2019.100876
https://doi.org/10.1089/cren.2020.0077
https://doi.org/10.12890/2017_000714
https://doi.org/10.1155/2020/8847261
https://doi.org/10.1002/ccr3.1772
https://doi.org/10.1186/s12957-015-0711-6
https://doi.org/10.2169/internalmedicine.32.63
https://doi.org/10.2169/internalmedicine.32.63
https://doi.org/10.1186/s12894-020-00732-0
https://doi.org/10.1136/bcr-2019-230730
https://doi.org/10.1136/pmj.76.895.303
https://doi.org/10.2169/internalmedicine1962.29.27
https://doi.org/10.1097/00003072-200010000-00009
https://doi.org/10.1155/2017/4638608
https://doi.org/10.1155/2017/4638608
https://doi.org/10.1002/dc.23038
https://doi.org/10.1016/S1001-9294(10)60023-5
https://doi.org/10.4176/070606
https://doi.org/10.1510/icvts.2009.206169
https://doi.org/10.1177/014107688708000416
https://doi.org/10.1016/j.amsu.2021.102360
https://doi.org/10.1016/j.ijscr.2018.09.041
https://doi.org/10.1016/j.ijscr.2018.09.041
https://doi.org/10.1016/j.ijscr.2012.07.007
https://doi.org/10.1016/j.ijscr.2017.03.040
https://doi.org/10.3109/00365599709030651
https://doi.org/10.1308/147870810X12659688851555
https://doi.org/10.1308/147870810X12659688851555
https://doi.org/10.1007/s00428-010-0966-9
https://doi.org/10.4240/wjgs.v5.i7.229
https://doi.org/10.1177/014107688708001018
https://doi.org/10.1186/s12893-020-00701-2
https://doi.org/10.1136/bcr-2015-209601
https://doi.org/10.11604/pamj.2015.22.12.7437
https://doi.org/10.1177/0218492312459641
https://doi.org/10.1186/1752-1947-7-58
https://doi.org/10.1016/j.ijscr.2012.03.028
https://doi.org/10.3892/ol.2012.795
https://doi.org/10.1210/jc.2004-1077
https://doi.org/10.1210/jc.2008-1093
https://doi.org/10.3389/fendo.2022.1021420
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Constantinescu et al. 10.3389/fendo.2022.1021420
59. Havekes B, van der Klaauw AA, Weiss MM, Jansen JC, van der Mey AG,
Vriends AH, et al. Pheochromocytomas and extra-adrenal paragangliomas
detected by screening in patients with SDHD-associated head-and-neck
paragangliomas. Endocr Relat Cancer (2009) 16(2):527–36. doi: 10.1677/ERC-09-
0024

60. Marzola MC, Chondrogiannis S, Grassetto G, Rampin L, Maffione AM,
Ferretti A, et al. 18F-DOPA PET/CT in the evaluation of hereditary SDH-
deficiency paraganglioma-pheochromocytoma syndromes. Clin Nucl Med (2014)
39(1):e53–8. doi: 10.1097/RLU.0b013e31829aface

61. Turkova H, Prodanov T, Maly M, Martucci V, Adams K, Widimsky JJr.,
et al. Characteristics and outcomes of metastatic sdhb and sporadic
pheochromocytoma/paraganglioma: an national institutes of health study.
Endocr Pract (2016) 22(3):302–14. doi: 10.4158/EP15725.OR

62. Dreijerink KMA, Rijken JA, Compaijen CJ, Timmers H, van der Horst-
Schrivers ANA, van Leeuwaarde RS, et al. Biochemically silent sympathetic
paraganglioma, pheochromocytoma, or metastatic disease in SDHD mutation
carriers. J Clin Endocrinol Metab (2019) 104(11):5421–6. doi: 10.1210/jc.2019-
00202

63. van Duinen N, Kema IP, Romijn JA, Corssmit EP. Plasma chromogranin a
levels are increased in a small portion of patients with hereditary head and neck
paragangliomas. Clin Endocrinol (Oxf). (2011) 74(2):160–5. doi: 10.1111/j.1365-
2265.2010.03914.x

64. Gruber LM, Hartman RP, Thompson GB, McKenzie TJ, Lyden ML, Dy BM,
et al. Pheochromocytoma characteristics and behavior differ depending on method
of discovery. J Clin Endocrinol Metab (2019) 104(5):1386–93. doi: 10.1210/jc.2018-
01707

65. Curfman KR, Di Como JA, Chung TR, Dumire RD. Functionally silent,
giant pheochromocytoma presenting with varicocele. Am Surg (2021) 87(1):97–
100. doi: 10.1177/0003134820945274

66. Gong J, Wang X, Chen X, Chen N, Huang R, Lu C, et al. Adrenal and extra-
adrenal nonfunctioning composite pheochromocytoma/paraganglioma with
immunohistochemical ectopic hormone expression: comparison of two cases.
Urol Int (2010) 85(3):368–72. doi: 10.1159/000317312

67. Abou Chaar MK, Khanfer A, Almasri NM, Abu Shattal M, Alibraheem AO,
Al-Qudah O. Metastatic non-functional paraganglioma to the lung. J Cardiothorac
Surg (2020) 15(1):82. doi: 10.1186/s13019-020-01113-2

68. Soomro NH, Zahid AB, Zafar AA. Non-functional paraganglioma of the
mediastinum. J Pak Med Assoc (2016) 66(5):609–11

69. Chattoraj AK, Rao UM, Sarkar N, Jakka S. Non-functional retroperitoneal
paraganglioma: A case report. J Family Med Prim Care (2019) 8(4):1497–9. doi:
10.4103/jfmpc.jfmpc_189_19

70. Bacalbasa N, Balescu I, Tanase A, Brezean I, Vilcu M, Brasoveanu V.
Successful resection of a non-functional paraganglioma with celiac trunk invasion
followed by common hepatic artery reimplantation - a case report and literature
review. In Vivo. (2018) 32(4):911–4. doi: 10.21873/invivo.11328

71. Verma A, Pandey D, Akhtar A, Arsia A, Singh N. Non-functional
paraganglioma of retroperitoneum mimicking pancreatic mass with concurrent
urinary bladder paraganglioma: an extremely rare entity. J Clin Diagn Res (2015) 9
(2):Xd09–xd11. doi: 10.7860/JCDR/2015/11156.5570

72. Holden A. Non-functional malignant extra-adrenal retroperitoneal
paraganglioma. Australas Radiol (1995) 39(4):392–5. doi: 10.1111/j.1440-
1673.1995.tb00319.x

73. D'John M, Jabbar F. Primary gallbladder paraganglioma: A case report and
review of literature. Int J Surg Case Rep (2020) 75:451–3. doi: 10.1016/
j.ijscr.2020.09.095

74. Peng C, Bu S, Xiong S, Wang K, Li H. Non-functioning paraganglioma
occurring in the urinary bladder: A case report and review of the literature. Oncol
Lett (2015) 10(1):321–4. doi: 10.3892/ol.2015.3222

75. Katiyar R, Dwivedi S, Trivedi S, Patne SC, Dwivedi US. Non-functional
paraganglioma of the urinary bladder treated by transurethral resection: Report of two
cases. J Clin Diagn Res (2016) 10(2):Xd01–xd3. doi: 10.7860/JCDR/2016/17953.7219
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