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ABSTRACT

A 61-year old female presented with paroxysmal hypertension and a 4.5cm left adrenal mass on CT
scan. Repeated measurements of 24-hour urinary fractionated metanephrines, total catecholamines
and vanillylmandelic acid (VMA) were within normal range. A further scintigraphic study with *'I
-metaiodobenzylguanidine (*'I-MIBG) revealed selective concentration of the radiotracer, corre-
sponding to the CT mass. After adequate preoperative treatment, successful surgical excision of
the tumor was performed and the pathological examination confirmed the diagnosis of a cystic
pheochromocytoma with a 2cm solid tumor. On reevaluation three months later using “*'I-MIBG,
no evidence of remaining or recurrent disease was found. The patient, off any antihypertensive
medication, reported mild recurrent hypertension and panic attacks that were adequately con-
trolled with antidepressants. This is a rare case of a symptomatic pheochromocytoma without ele-
vated urine catecholamines and metanephrines. According to the literature, plasma free meta-
nephrines would be the ideal test for biochemical detection of the tumor. However, in the event that
they are not available and there is a high clinical suspicion for the presence of pheochromocytoma,
as in our patient, we suggest performance of a functional nuclear medicine study, such as “'I-

MIBG, to confirm the clinical diagnosis.
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INTODUCTION

Pheocromocytomas are chromaffin cell tumors typ-
ically arising in the adrenal glands and characterized
by excessive production of catecholamines. Although
occurring in less than 0.2 percent of patients with hy-
pertension, their presence must be ruled out because
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if not diagnosed or if left untreated, they can have
devastating consequences'. The classic triad of symp-
toms consists of episodic headache, sweating and ta-
chycardia'’. About half of the patients have paroxys-
mal hypertension, most of the rest have persistent
hypertension and some can be completely asymptom-
atic. Orthostatic hypotension can be present as well,
particularly in epinephrine-secreting tumors®*. Pheo-
chromocytomas can also produce other vasoactive
compounds (e.g. neuropeptide Y, calcitonin gene-re-
lated peptide, vasoactine intestinal peptide, adrenom-
edullin, atrial natriuretic peptide) that could affect
vascular responsiveness and, consequently, the blood



Pheochromocytoma with normal biochemical tests

pressure™. Exclusively dopamine-producing tumors
are extremely rare. Elevations in plasma or urinary
dopamine, however, should arouse suspicion of met-
astatic disease, although it is not a particularly sensi-
tive or specific marker of malignancy®’.

In a clinically suspected pheochromocytoma, the
diagnosis is confirmed by measurements of urinary
and plasma catecholamines and their metabolites,
followed by radiological evaluation to locate the tu-
mor"®®, Most patients with clinically evident tumors
have clearly abnormal values in any of the commonly
used tests. Cases of pheochromocytoma without pos-
itive biochemical results have been attributed to peri-
odically secreting tumors, small tumors with rapid
turnover rate or nonfunctional tumors. We report a
61-year old female with classic clinical manifestations
of pheochromocytoma and a left adrenal mass, nega-
tive urinary biochemical tests, but positive *'I-MIBG
scintigraphy for pheochromocytoma. Pathological ex-
amination of the surgically excised tumor confirmed
the diagnosis.

CASE REPORT

A 61-year old female was admitted to our depart-
ment because of paroxysmal hypertension and a left
adrenal mass. Her 15-year history of poorly controlled
hypertension (170-180/90-110mmHg) had been exac-
erbated during the past 12 months by spells in spite of
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her being on intensive treatment with felodipine/me-
toprolol and enalapril/hydrochlorothiazide. She also
reported orthostatic hypotension and three recent
episodes of loss of consciousness. A CT scan of the
abdomen revealed a mass of 4.5 cm at the upper pole
of the left kidney (Figure 1), with areas of calcifica-
tion. Areas of low-attenuation were not detected, but
no contrast material was used. Her past medical his-
tory included dyslipidemia treated with atorvastatin
10mg o.d., and depression treated with venlafaxine
50mg o.d. for the last 12 months. No smoking or alco-
hol drinking was reported. There was a family history
of hypertension and cardiovascular mortality in both
parents and her four sisters also suffered from hyper-
tension. Upon admission, all medication was discon-
tinued for the appropriate hormonal testing to be re-
liably carried out. During the first hospital days the
patient experienced repeated episodes of paroxysmal
hypertension with headaches, sweating, palpitations
and anxiety (without clinically significant ECG abnor-
malities suggesting ischemia) that were efficiently
controlled with nifedipine. On examination between
episodes, the patient was weak and anxious and could
hardly stand. BMI was 26kg/m* (W: 71kg, H: 165cm).
Skin and conjunctivae were pale with cold, sweaty ex-
tremities. Body temperature was normal, BP was 170/
100mmHg with postural drop to 120/60mmHg and
pulse rate 88/min and 90/min, respectively. Routine
biochemical investigations and full blood count at the

Figure 1. CT of the abdomen demonstrating a mass of 4.5cm (arrow 1A) at the upper pole of the left kidney with area of calcification (arrow,
1B). No contrast material was used. No definite abnormalities of the adjacent pancreas, the left and right kidney, the right adrenal or the liver
were noted.



134

D. ZIANNI ET AL

time of presentation revealed normocytic, normochro-
mic anemia, moderately elevated ESR and dyslipi-
demia. The urine gave a +/- test for protein and he-
moglobin. The echocardiogram revealed symmetrical
left ventricular hypertrophy, and the ejection fraction
was 60%. Specific laboratory investigation included
measurement of 24-hour urinary fractionated meta-
nephrines (HPLC), total catecholamines and vanillyl-
mandelic acid (VMA, spectophotometry) on three
consecutive days. In addition, twenty-four hour uri-
nary excretion of dopamine and homovanillic acid
(HVA, spectophotometry) were measured. All the
results were within normal range (Table 1). Plasma
catecholamine or metanephrine levels were not de-
termined because pertinent methodology was not
available in our institution. Despite the normal levels
of urinary catecholamines and their metabolites, sus-
picion of pheochromocytoma remained very strong on
clinical grounds. An imaging study with "*'I-metaiodo-
benzylguanidine ("*'I-MIBG) scintigraphy was per-
formed and revealed selective concentration of the
radiotracer, corresponding to the CT mass, on the 24-
to-72-hour images (Figure 2). After adequate adren-
ergic blockade and hydration, successful surgical ex-
cision of the tumor was performed through a transab-
dominal incision. Immediate dissection of the mass
revealed extensive cystic degeneration. Macroscopi-
cally, pathological examination revealed a specimen
19.2gr in weight containing a deep red neoplasm 2cm
in maximum diameter. Microscopical examination
revealed a neoplasm of the left adrenal medulla, with
morphologic and immunophenotypic characteristics
of pheochromocytoma (Syn +, Chrom +, S-100+ on
supportive cells) with central hemorrhagic infiltration.
Indications of malignancy (mitosis, necrosis, vascular
or capsular infiltration) were not detected. The spec-

Figure 2. 'I-metaiodobenzylguanidine (*'I-MIBG) scintigraphy
demonstrating selective concentration of the radiotracer, anatomi-
cally corresponding to the CT mass (arrow), on the 24- to 72-hour
images.

imen contained a peripheral rim of adrenal cortex.
The patient was discharged a few days later without
any antihypertensive medication. She experienced no
spells of hypertension and her blood pressure re-
mained normal with no clinically important postural
drop. On the follow-up three months later, she had
mild recurrent hypertension, asymptomatic orthostatic
hypotension and reported panic attacks. Repeated
biochemical and imaging studies (*'I-MIBG scan, tho-
racic and abdominal MRI) showed no evidence of re-
maining or recurrent disease. Psychiatric assessment
resulted in the diagnosis of persistent depression and
the patient was started on appropriate treatment with

Table 1. 24-hour urinary outputs of catecholamines and their metabolites in 3 consecutive collections (V,, V., v, )

V,:1820ml V,:2280ml V,: 2880ml Normal values
Total catecholamines 28 39 29 14-108ug/24h
Fractionated metanephrines
Normetanephrine 93 343 313 88-444ug/24h
Metanephrine 26 91 89 52-341ug/24h
VMA 2,7 29 29 1.8-6.7mg/24h
Dopamine 126 131 122 65-400pg/24h
HVA 4.1 45 4.4 <6.2mg/24h

VMA: Vanillylmandelic acid, HVA: Homovanillic acidLegends
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good clinical response.

DISCUSSION

In most cases, the diagnosis of pheochromocyto-
ma is not difficult due to the typical clinical symptoms
and signs of catecholamine excess and positive bio-
chemical and imaging results. However, in some pa-
tients the biochemical diagnosis and localization of a
tumor can be challenging. As presented in this case, a
patient with a large mass located in the adrenal gland
was found to have negative urine catecholamines and
metanephrines. Based on detailed review of the liter-
ature, we here present some explanations for such find-
ingsb,‘)-lo.

The first and rate-limiting step in catecholamines
synthesis is conversion of tyrosine to DOPA by tyrosine
hydroxylase (Figure 3). DOPA is then converted to
dopamine, translocated into storage vesicles, and fur-
ther converted to norepinephrine. The additional ac-
tions of phenylethanolamine N-methyltransferase
(PNMT), an enzyme mainly localized in chromaffin
cells of the adrenal medulla, leads to conversion of
norepinephrine to epinephrine. Catecholamines are
metabolized by multiple enzymes (Figure 4). Deami-
nation by monoamine oxidase (MAO) to dihydroxy-
phenylglycol (DHPG) and catechol-O-methyltrans-

Dopamine =————3 Norepinephrine
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Figure 3. Diagram illustrating the catecholamines biosynthetic path-
way in a chromaffin cell. Conversion of L-tyrosine to DOPA takes
place in the dopaminergic and noradrenergic neurons of the central
nervous system, sympathetic nerves, adrenal and extra-adrenal chro-
mafin cells, and in the gastrointestinal tract and kidney. In chromaf-
fin cells of the adrenal medulla, norepinephrine is converted to epi-
nephrine, both of which are stored in secretory granules. TH, ty-
rosine hydroxylase; L-AADC, L-aromatic amino acid decarboxylase;
DBH, dopamine p-hydroxylase; PNMT, phenylethanolamine-N-
methyltransferase
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Figure 4. Simplified diagram illustrating catecholamines metabolic pathways. Most of catecholamines metabolism takes place within the
same cells where they are synthetized. In sympathetic nerves, MAO is the only metabolizing enzyme. In adrenal medullary chromaffin cells
and pheochromocytoma tumor cells, where COMT is prevails, free metanephrines are the main metabolic product. The metabolites produced
by MAO can be further metabolized by COMT. The actions of aldose or aldehyde reductase, aldehyde and alcohol dehydrogenaase and the
pathways of sulfate conjugation are not shown. DBH, dopamine f-hydroxylase; PNMT, phenylethanolamine-N-methyltransferase; MAO,
monoamine oxidase; COMT, catechol-O-methyltransferase; DHPG, 3,4-dihydroxyphenylglycol.
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ferase (COMT)-catalyzed O-methylation of norepi-
nephrine to normetanephrine, and epinephrine to
metanephrine represent the two most important met-
abolic pathways. With the exception of VMA, which
is the principal end product of norepinephrine and
epinephrine metabolism in humans, all catechola-
mines and their metabolites are further converted to
sulfate conjugates. The circulatory clearance of cate-
cholamines and their free metabolites is very rapid
and their half-lives short, due to active uptake and
metabolism throughout the body. In the liver, mainly
deaminated metabolites provide the bulk of VMA
measurements, while plasma free metanephrines be-
come sulfate-conjugated and return to the blood-
stream to be added to the substantial amounts of sul-
fate-conjugated metabolites derived from the mesen-
teric organs. They are efficiently handled for elimina-
tion by the kidneys and measured by HPLC after a
first deconjugation step of acid hydrolysis as a whole
(free plus sulfate-conjugated). Thus, they largely re-
flect levels of sulfate-conjugated metabolites that are
produced outside a tumor site. As the circulatory clear-
ance of the end products (sulfate conjugates, VMA)
is almost exclusively dependent on renal extraction, it
is rather slow and their plasma half-lives relatively
long. As a result, plasma concentrations of VMA and
sulfate conjugates are much higher than their precur-
sor metabolites and do not accurately reflect relative
rates of production. More recent developments in-
clude liquid chromatographic measurements of plas-
ma-free metanephrines'™, the single largest source
of which are adrenal chromaffin cells. In patients with
pheochromocytoma, free metanephrines are produced
within tumor cells continuously during the metabolic
process and independently of variations in exocytotic
catecholamine release caused by sympathoadrenal
activation. Although their concentrations in plasma
are more than 3 orders of magnitude lower than those
measured in the urine, and therefore assays are not
easy to establish and run on a routine basis, sensitivi-
ty is higher for plasma free metanephrines than for
any other test for equivalent levels of specificity”. For
a patient harboring a pheochromocytoma, a missed
diagnosis due to a false-negative result could have
serious health consequences. Therefore an appropri-
ately sensitive test should be the first choice for the
diagnosis, even if diagnostic specificity is less than ide-
al"". Elimination of false-positive elevations due to
medication and use of supplementary tests, such as

plasma metanephrines responses to clonidine, can help
distinguish true from false-positive results' and re-
duce costs of the diagnostic workup.

Measurement of urinary excretion of catechola-
mines and metanephrines has been considered for
many years the gold standard for biochemical detec-
tion of pheochromocytoma. Urinary fractionated
metanephrines seem to be the most useful for exclu-
sion of pheochromocytoma due to high sensitivity
(97%)". Their specificity is, however, very low. Uri-
nary catecholamines provide good sensitivity as well
as high specificity (99%)'*". Urinary VMA is mostly
useful for confirmation of the diagnosis due to its high
specificity (95%). The fact that it is present in urine
at high concentrations, which makes measurement
simple, has made urinary VMA a time-honored,
though not necessarily sensitive (63%), biochemical
test”. However, 24-hour urine collection may not al-
ways be accurate, as e.g. in pediatric patients. Correc-
tion of urinary outputs of catecholamines or meta-
nephrines for creatinine excretion can be even more
confounding due to dependence of creatinine on diet,
muscle mass, physical activity and diurnal variation'.

Although in most cases biochemical results are di-
agnostic, in a small number of patients they can be
normal despite the presence of pheochromocytoma.
In particular, small tumors are more likely to release
unmetabolized catecholamines due to more rapid
turnover rate, giving normal values of catecholamine
metabolites®. Plasma and urinary catecholamines can
be normal in episodically secreting tumors, when mea-
sured between paroxysmal attacks®, also in the pres-
ence of so-called “non functional” or “silent” tumors™
or, finally, when screening for hereditary tumors. Our
patient had been overtly symptomatic during urine
collections, thus excluding the possibility of missing a
positive test due to episodic secretion. The likelihood
of error in the assays applied was virtually eliminated
by collecting three consecutive 24-hour urine samples
and repeating determination of catecholamines and
metanephrines in every sample. Eventually the tumor
proved to be cystic with a 2cm solid component. Our
hypothesis is that released unmetabolized catechola-
mines or small amounts of metabolic products were
not high enough to provide abnormal urinary values,
although they were sufficient to provoke the typical
symptomatology. It is well known®* that the severity
of clinical symptoms is not correlated with the amount
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of catecholamines released from the tumor. The "'I-
metaiodobenzylguanidine (MIBG) scintigraphy, which
is a functional, hence highly specific, test (95-100%)
used to locate chromaffin tissue throughout the body,
as in multifocal disease or metastases™?, proved pos-
itive and pathological examination confirmed the di-
agnosis.

In conclusion, this case shows that some patients
with pheochromocytoma do not have elevated urine
catecholamines and metanephrines. As discussed
above, the measurement of plasma free metaneph-
rines would be an ideal test for biochemical detection
of a tumor but this test is currently available at only a
few European institutions. Thus, should plasma free
metanephrines not be available and there is a high
suspicion for the presence of pheochromocytoma, we
suggest the performance of a specific nuclear medi-
cine study, such as "'I-MIBG, to detect the tumor.
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