
Biochemical Diagnosis of Pheochromocytoma: How to
Distinguish True- from False-Positive Test Results

GRAEME EISENHOFER, DAVID S. GOLDSTEIN, MCCLELLAN M. WALTHER, PETER FRIBERG,
JACQUES W. M. LENDERS, HARRY R. KEISER, AND KAREL PACAK

Clinical Neurocardiology Section, National Institute of Neurological Disorders and Stroke (G.E., D.S.G.); the Urologic
Oncology Branch, National Cancer Institute (M.M.W.); the Hypertension Endocrine Branch, National Heart Lung and Blood
Institute (H.R.K.); and the Pediatric and Reproductive Endocrinology Branch (K.P.), National Institute of Child Health and
Human Development, National Institutes of Health, Bethesda, Maryland 20892; the Department of Clinical Physiology
(P.F.), Sahlgren’s University Hospital, S-41345 Gothenburg, Sweden; and the Department of General Internal Medicine
(J.W.M.L.), St. Radboud University Hospital, 6525 GA Nijmegen, The Netherlands

Measurements of plasma normetanephrine and metaneph-
rine provide a highly sensitive test for diagnosis of pheochro-
mocytoma, but false-positive results remain a problem. We
therefore assessed medication-associated false-positive re-
sults and use of supplementary tests, including plasma
normetanephrine responses to clonidine, to distinguish true-
from false-positive results. The study included 208 patients
with pheochromocytoma and 648 patients in whom pheochro-
mocytoma was excluded. Clonidine-suppression tests were
carried out in 48 patients with and 49 patients without the
tumor. Tricyclic antidepressants and phenoxybenzamine
accounted for 41% of false-positive elevations of plasma
normetanephrine and 44–45% those of plasma and urinary
norepinephrine. High plasma normetanephrine to norepi-
nephrine or metanephrine to epinephrine ratios were

strongly predictive of pheochromocytoma. Lack of decrease
and elevated plasma levels of norepinephrine or normeta-
nephrine after clonidine also confirmed pheochromocytoma
with high specificity. However, 16 of 48 patients with pheo-
chromocytoma had normal levels or decreases of norepineph-
rine after clonidine. In contrast, plasma normetanephrine re-
mained elevated in all but 2 patients, indicating more reliable
diagnosis using normetanephrine than norepinephrine re-
sponses to clonidine. Thus, in patients with suspected pheo-
chromocytoma and positive biochemical results, false-posi-
tive elevations due to medications should first be eliminated.
Patterns of biochemical test results and responses of plasma
normetanephrine to clonidine can then help distinguish true-
from false-positive results. (J Clin Endocrinol Metab 88:
2656–2666, 2003)

DIAGNOSIS OF PHEOCHROMOCYTOMA depends
crucially on biochemical evidence of catecholamine

production by the tumor, best achieved using plasma or
urinary measurements of normetanephrine and metaneph-
rine, the respective O-methylated metabolites of norepineph-
rine and epinephrine (1). In particular, normal plasma con-
centrations of free metanephrines (normetanephrine and
metanephrine) exclude all but the smallest of pheochromo-
cytomas, whereas normal plasma or urinary catecholamines
do not (2–4).

A remaining problem, common to all biochemical tests
used for diagnosis of pheochromocytoma, is that a high value
for normetanephrine or metanephrine does not necessarily
prove the presence of a tumor. False-positive results must be
expected when the normal range for a test is set at anything
less than the 100% confidence intervals of a reference pop-
ulation. False-positive results usually, however, occur more
frequently than expected, probably due to differences in
clinical characteristics of reference and patient populations
and reduced control over sources of interference and sam-
pling conditions.

In one study, the specificity of plasma free metanephrines,
although higher than for plasma or urinary catecholamines
or urinary fractionated metanephrines, was as low as 82% in
patients with signs and symptoms suggesting pheochromo-
cytoma (4). Another study from an independent center con-
firmed the high diagnostic sensitivity of plasma-free meta-

nephrines, but noted a specificity of 85% that was less than
that for urinary catecholamines and total metanephrines (5).
At the usual low prevalence of pheochromocytoma among
patients tested for the tumor, such values for specificity mean
that false-positive results will greatly exceed true-positive
results. This high frequency of false-positive results poses a
diagnostic dilemma for clinicians, often requiring extensive
and costly follow-up tests, and in many cases instigating
unnecessary attempts to localize a suspected tumor. Before
imaging studies are undertaken, it is preferable to conclu-
sively establish the presence of a tumor by biochemical
testing.

The present study examined medication-associated causes
of false-positive results and the use of supplementary bio-
chemical tests to further exclude or confirm pheochromocy-
toma in patients where initial tests yielded positive, but
equivocal results. In particular, the study examined the util-
ity of measurements of plasma normetanephrine responses
to clonidine to distinguish positive results due to sympa-
thetic activation from those due to a pheochromocytoma.

Subjects and Methods
Subjects

Patients were tested for pheochromocytoma at the NIH (Bethesda,
MD), at St. Radboud University Medical Center (Nijmegen, The Neth-
erlands), or at Sahlgren’s University Hospital (Gothenburg, Sweden).
Testing was based solely on the presence of signs and symptoms sug-
gestive of pheochromocytoma (e.g. therapy-resistant or paroxysmal hy-
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pertension and sweating, headache or palpitations) in 401 patients or on
the incidental finding of an adrenal mass in 26 patients. In another 409
patients, testing was carried out as part of routine screening for hered-
itary pheochromocytoma or because of clinical suspicion of a tumor in
patients with a family history of pheochromocytoma. Similarly, testing
was carried out in a further 20 patients at high risk for pheochromo-
cytoma because of a previous history of sporadic pheochromocytoma.

Pheochromocytoma was confirmed in 208 patients by pathological
examination of surgically resected or biopsied tumor tissue or a diag-
nosis of inoperable metastatic disease by imaging studies. Pheochro-
mocytoma was excluded in 648 patients by one or more of the following
criteria: negative abdominal imaging studies, pathological examination
of a surgically resected adrenal mass, normal biochemical results, or lack
of the tumor on patient follow-up 2 yr or more after initial testing.
Studies were approved by the appropriate Institutional Review Boards
and all patients gave informed consent.

Biochemical tests

Samples of blood were drawn into 10-ml heparinized tubes via a
forearm iv cannula with patients supine for at least 20 min before
sampling. Patients were instructed to fast and abstain from caffeinated
and decaffeinated beverages overnight before blood sampling. Plasma
was analyzed for concentrations of catecholamines and free metaneph-
rines using HPLC with electrochemical detection (6, 7). Twenty-four-
hour urine collections were also obtained in most patients and analyzed
for catecholamines or fractionated metanephrines by HPLC with elec-
trochemical detection (8). Upper reference limits for biochemical tests
were as established previously (2, 4).

Medication-associated false-positive results

All patients tested for pheochromocytoma were instructed to avoid
taking acetaminophen for 5 d before blood sampling because of known
analytical interference of the drug with assays of plasma free meta-
nephrines (7). Patients did not discontinue other medications but instead
were instructed to provide a listing of all medications taken at the time
of initial testing. Such listings were obtained from 510 patients in whom the
tumor was subsequently excluded according to the criteria outlined above.

Clonidine-suppression testing

Clonidine-suppression tests were carried out in 97 patients. Pheo-
chromocytoma was confirmed pathologically in 48 patients, including
20 with von Hippel-Lindau syndrome and 4 with multiple endocrine
neoplasia type 2. These patients were aged 34 � 16 yr (mean � sd) and
included 24 females and 24 males. The other 49 patients without the
tumor were aged 51 � 14 yr and included 27 females and 22 males. Five
had von Hippel-Lindau syndrome, and 44 underwent testing because of
signs and symptoms suggesting pheochromocytoma.

Several medications, including diuretics, tricyclic antidepressants,
and � blockers, have been described to interfere with norepinephrine
responses to the clonidine suppression test (9–11). Additionally, pro-
found hypotensive responses to clonidine can be troublesome in some
patients taking certain antihypertensive medications. When indicated,
such medications were withdrawn for a period of 1–5 d, depending on
the plasma half-life of the particular drug.

All clonidine suppression tests were carried out after an overnight
fast with patients supine. A baseline blood sample was drawn into a
10-ml heparinized tube through a forearm venous cannula after at least
20 min of supine rest. Clonidine was then given orally at a dose of 0.3
mg (for a 60–80 kg subject), adjusted for body weight as necessary. A
second blood sample was obtained 3 h after administration of clonidine
with patients remaining supine.

There are several criteria for what constitute positive or negative
results for the clonidine-suppression test. One criterion for a normal
response to clonidine is a fall in plasma norepinephrine to within the
normal range (12–15). Another is the magnitude of the fall of plasma
norepinephrine, with a fall to less than 50% of baseline values considered
normal (14–16). Used alone and in combination both criteria have lim-
itations (10, 14, 16–19). In the present study, we examined a combination
of the above criteria, and extended the analyses to use of plasma
normetanephrine responses to clonidine.

Statistical analysis

Data are presented as means � sd. Two-sided Student’s t tests, �2

tests, McNemar’s test, and ANOVA with Scheffé’s test were used to
compare results among groups.

Results
Patterns of biochemical test results

Patients with pheochromocytoma showed more consistent
elevations of plasma free metanephrines than of cat-
echolamines (Fig. 1). Forty-seven out of 208 (23%) patients
with pheochromocytoma had normal plasma concentrations
of norepinephrine (�498 ng/liter; �2.95 nmol/liter), com-
pared with only 8 (4%) with normal levels of normetaneph-
rine (�112 ng/liter; �0.61 nmol/liter). Similarly, 142 patients
(68%) had normal plasma concentrations of epinephrine
(�83 ng/liter; �0.45 nmol/liter), compared with 98 (47%)
with normal levels of metanephrine (�61 ng/liter; �0.31
nmol/liter). Among the 47 patients with normal plasma lev-
els of norepinephrine, epinephrine levels were also normal
in 36 patients.

FIG. 1. Plasma concentrations of metanephrines and catecholamines
in patients without pheochromocytoma (Pheo Excluded) and with
pheochromocytoma (Pheo Confirmed). Dashed horizontal lines show
the upper reference limits for each test. The gray areas above the
dashed lines illustrate the range of overlap of false-positive with
true-positive results. To convert values to nanomoles per liter, divide
by 183 for normetanephrine, 169 for norepinephrine, 197 for meta-
nephrine, and 183 for epinephrine.
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Twenty-five of the 36 patients (69%) with pheochromo-
cytoma who had normal plasma levels of norepinephrine
and epinephrine were tested because of a hereditary predis-
position for pheochromocytoma. Over half of these patients
(56%) were both asymptomatic and normotensive. However,
9 patients (36%) reported intermittent symptoms likely due
to pheochromocytoma, one of whom had a documented
paroxysmal increase in blood pressure recorded after the
onset of symptoms. This patient was otherwise normoten-
sive. In the two other patients with familial pheochromocy-
toma who had documented high blood pressure, hyperten-
sion was sustained and appeared unrelated to the tumor. An
additional 2 of the 36 patients (6%) with normal plasma
catecholamines were tested because of an adrenal inciden-
taloma. Both these patients were normotensive and asymp-
tomatic. Among the remaining nine patients with normal
plasma catecholamines, three were tested because of a pre-
vious history of pheochromocytoma and six were tested
because of signs and symptoms due to a subsequently
confirmed sporadic pheochromocytoma. In one of these
patients, hypertension was sustained and in two urinary
catecholamines were also normal, but plasma free metaneph-
rines were elevated.

Plasma concentrations of catecholamines and free meta-
nephrines in patients with pheochromocytoma were higher,
but showed some overlap with concentrations in patients in
whom the tumor was excluded (Fig. 1). The extent of overlap
was, however, smaller for plasma free metanephrines than
for catecholamines. Only 32% of patients with pheochromo-
cytoma had plasma concentrations of normetanephrine be-
low the highest false-positive level (400 ng/liter; 2.19 nmol/
liter) observed in patients without the tumor, compared with
67% for norepinephrine. Similarly, 62% of patients with
pheochromocytoma had plasma concentrations of meta-
nephrine below the highest false-positive level (236 ng/liter;
1.20 nmol/liter), compared with 87% for epinephrine.

In contrast to the higher frequency of true-positive results
for plasma metanephrines than catecholamines, there was a
lower frequency of false-positive results for metanephrines
than catecholamines (Fig. 1). There were 104 patients (16%)
with false-positive elevations of plasma norepinephrine
compared with 55 (8%) with false-positive elevations of
normetanephrine, these including 38 (6%) with false-positive
elevations of both amines. Other false-positive elevations
were observed in 36 patients for plasma epinephrine and 31
for plasma metanephrine, including 16 with false-positive
elevations of both amines.

Patients with pheochromocytoma who had elevations of
plasma metanephrines or catecholamines below the highest
respective levels in patients without pheochromocytoma
showed different patterns of biochemical results than those
observed in patients with false-positive results (Table 1). In
contrast to similar plasma levels of catecholamines, concen-
trations of metanephrines in patients with true-positive re-
sults were 7.5- to 9.1-fold higher (P � 0.001) than in patients
with false-positive results. Thus, ratios of plasma normeta-
nephrine to norepinephrine or of metanephrine to epineph-
rine were 6.8- to 7.7-fold higher (P � 0.001) in patients with
true-positive compared with false-positive results.

No patient with a false-positive elevation of normetaneph-

rine or norepinephrine had a normetanephrine to norepi-
nephrine ratio greater than 0.52, and no patient with a false-
positive elevation of metanephrine or epinephrine had a
metanephrine to epinephrine ratio greater than 4.2 (Fig. 2).
In contrast, normetanephrine to norepinephrine ratios were
greater than 0.52 in 20 of the 64 (31%) patients with pheo-
chromocytoma who had elevations of normetanephrine in
the false-positive range (112–400 ng/liter; 0.61–2.19 nmol/
liter); and metanephrine to epinephrine ratios were greater
than 4.2 in 6 of 39 (15%) patients with pheochromocytoma
who had elevations of metanephrine levels in the false-
positive range (61–236 ng/liter; 0.31–1.20 nmol/liter).

TABLE 1. Patterns of biochemical test results in patients with
true positive and false positive results

Biochemical measurement True positivea False positiveb

Plasma normetanephrine or
norepinephrine

(n � 141) (n � 121)

Normetanephrine (ng/liter) 1112 � 2330 123 � 64c

Norepinephrine (ng/liter) 929 � 556 710 � 311d

Plasma metanephrine or
epinephrine

(n � 93) (n � 51)

Metanephrine (ng/liter) 473 � 663 63 � 35c

Epinephrine (ng/liter) 123 � 99 128 � 92

Data are given as means � SD. To convert values to nanomoles per
liter, divide by 183 for normetanephrine, 169 for norepinephrine, 197
for metanephrine, and 183 for epinephrine.

a True positive results are restricted to data where either of a pair
of results for normetanephrine or norepinephrine or a pair of results
for metanephrine or epinephrine are lower than the highest results
in patients in whom pheochromocytoma was excluded.

b False positive results are restricted to data where either of a pair
of results for normetanephrine or norepinephrine or a pair of results
for metanephrine or epinephrine are above the upper reference limits
for those analytes.

c P � 0.001, compared with patients with true positive results.
d P � 0.05, compared with patients with true positive results.

FIG. 2. Ratios of plasma concentrations of normetanephrine to nor-
epinephrine (NMN/NE) and of metanephrine to epinephrine (MN/
EPI) in patients with false-positive results and true-positive results
within the equivocal range as shown in Fig. 1. Results are shown for
three groups of patients: (�) Patients with equivocal elevations of
normetanephrine (112–400 ng/liter; 0.61–2.19 nmol/liter) or meta-
nephrine (61–236 ng/liter; 0.31–1.20 nmol/liter) and normal plasma
concentrations of catecholamines; (�) patients with equivocal eleva-
tions of norepinephrine (498–2388 ng/liter; 2.95–14.13 nmol/liter) or
epinephrine (83–424 ng/liter; 0.45–2.32 nmol/liter) and normal
plasma concentrations of metanephrine; (F) Patients with equivocal
elevations of metanephrines and catecholamines. Dashed horizontal
lines show the highest ratio in patients with false-positive results.
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Medication-associated false-positive results

Phenoxybenzamine and tricyclic antidepressants were the
medications most frequently associated with false-positive
results, together accounting for 41–45% of all elevated
plasma levels of normetanephrine and norepinephrine in
patients without pheochromocytoma (Table 2). Patients tak-
ing these medications had 1.9- to 2.6-fold higher (P � 0.001)
plasma concentrations or urinary outputs of normetaneph-
rine and norepinephrine and 2.3- to 7.7-fold higher (P � 0.02)
likelihoods of false-positive results compared with patients
taking other drugs or no medications. These influences were
restricted to norepinephrine and normetanephrine and not to
epinephrine and metanephrine.

Seven patients with elevated plasma concentrations of
norepinephrine and normetanephrine on phenoxyben-
zamine had consistently lower plasma concentrations of nor-
epinephrine (P � 0.011) and normetanephrine (P � 0.015)
when off the drug (Fig. 3). Also, compared with patients
taking tricyclics, those taking selective serotonin reuptake
blockers had lower plasma concentrations (P � 0.001) and
lower rates of false-positive results for plasma norepineph-
rine (P � 0.001) and normetanephrine (P � 0.016).

In contrast to the influence of phenoxybenzamine, selec-
tive �1-adrenoceptor blocking drugs such as doxazosin, tera-
zosin, and prazosin were not associated with an increased
frequency of false-positive results for plasma norepinephrine
or normetanephrine. These medications were, however, as-
sociated with a 4-fold higher (P � 0.017) frequency of false-
positive elevations of urinary norepinephrine (7% vs. 27%)
but were without influence on other urinary analytes.

�-Adrenoceptor blocking drugs, such as atenolol, meto-
prolol, propranolol, and including the combined �- and
�-adrenoceptor blocker, labetolol, were not associated with
an increased frequency of false-positive elevations of plasma
normetanephrine, norepinephrine or epinephrine, as mea-
sured using the assays in this study. However, as a group
these medications were associated with 60% (9/15) of all
false-positive elevations of plasma metanephrine. Although

TABLE 2. False positive test results in patients taking phenoxybenzamine or tricyclics

Biochemical measurement Controla (n � 338–452) Phenoxybenzamine (n � 16–28) Tricyclics
(n � 17–30)

Plasma normetanephrine
Concentration (ng/liter)b 62 � 33 115 � 66d 117 � 82d

False-positive ratec 7% (30/452) 46% (13/28)d 27% (8/30)d

Plasma norepinephrine
Concentration (ng/liter)b 294 � 163 639 � 389d 710 � 470d

False-positive ratec 9% (42/452) 57% (16/28)d 60% (18/30)d

Urinary normetanephrine
24-h output (�g/d)b 300 � 179 602 � 430d 783 � 564d

False-positive ratec 25% (87/344) 56% (9/16)e 71% (12/17)d

Urinary norepinephrine
24-h output (�g/d)b 44 � 32 98 � 20d 91 � 56d

False-positive ratec 7% (28/375) 54% (13/24)d 45% (9/20)d

a The control group represents patients in whom pheochromocytoma was excluded and in whom a listing of medications was available that
excluded phenoxybenzamine or tricyclic antidepressants.

b Plasma concentrations and 24-h urinary outputs are shown as means � SD. To convert values for plasma concentrations to nanomoles per
liter or urinary outputs to �moles/d, divide by 183 for normetanephrine and by 169 for norepinephrine.

c False positive rates are shown as percentage values calculated from the number of false positives divided by the total number of false positive
and true negative values shown in parentheses.

d P � 0.001, compared with control.
e P � 0.02, compared with control.

FIG. 3. Effects of phenoxybenzamine and tricyclic antidepressants on
plasma concentrations of norepinephrine and normetanephrine. The
effects of phenoxybenzamine were studied in seven patients without
pheochromocytoma, six studied while on and after discontinuation of
the drug and one studied before and after commencement of therapy.
The effects of tricyclic antidepressants (TRI) in 30 patients without
pheochromocytoma were compared with those of selective serotonin
uptake inhibitors (SSRI) in a separate group of 26 patients without
the tumor. The dashed horizontal lines show the upper reference
limits for each test. To convert values to nanomoles per liter, divide
by 183 for normetanephrine and 169 for norepinephrine.
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the frequency of elevated plasma concentrations of meta-
nephrine in patients taking �-adrenoceptor blockers was not
high, it was substantially higher (P � 0.001) than in patients
not taking these drugs (12.5% vs. 1.6%).

�-Adrenoceptor blockers were also associated with a 2.6-

fold higher (P � 0.03) frequency of false-positive elevations
of urinary norepinephrine, a 6.5-fold higher (P � 0.003) fre-
quency of false-positive elevations of urinary epinephrine, a
2.1-fold higher (P � 0.001) frequency of false-positive ele-
vations of urinary normetanephrine, and a 2.2-fold increase
(P � 0.024) in false-positive elevations of urinary metaneph-
rine. These influences did not appear to be associated with
any specific type of �-adrenoceptor blocker.

Calcium channel blockers were associated with a 3-fold
higher (P � 0.003) frequency of false-positive elevations of
plasma norepinephrine, but not plasma normetanephrine,
epinephrine, or metanephrine. These drugs were also asso-
ciated with a 3-fold higher (P � 0.01) frequency of false-
positive results for urinary norepinephrine, a 5-fold higher
(P � 0.02) frequency of false-positive elevations of urinary epi-
nephrine but had no effects on frequencies of false-positive
results for urinary normetanephrine and metanephrine. In con-
trast to the above antihypertensives, diuretics, angiotensin-
converting enzyme inhibitors, and angiotensin-1 receptor
blockers appeared to have little influence on frequencies of
false-positive biochemical results for any of the analytes mea-
sured in either plasma or urine.

All of 7 patients taking sympathomimetics (e.g. pseudo-
ephedrine) had false-positive elevations of urinary normeta-
nephrine or metanephrine compared with only 2 of 10 pa-
tients with elevations of plasma normetanephrine or
metanephrine. In three patients with highly elevated urinary
outputs of metanephrine (4393, 2561, and 1064 �g/d), the
cause was traced to buspirone, an anxiolytic agent known to
interfere with HPLC analysis of urinary metanephrine (20).
There were no effects of this drug on HPLC analysis of
plasma metanephrine.

Clonidine-suppression testing

Clonidine decreased (P � 0.001) plasma norepinephrine
and normetanephrine in all patients without pheochromo-
cytoma (Fig. 4). Percent decreases in plasma norepinephrine
after clonidine varied from 16–91%, and on average were
larger (P � 0.001) than those of normetanephrine (65 � 19%
vs. 48 � 15%), which varied from 4–77%. Plasma concen-
trations of epinephrine showed variable responses to
clonidine, but on average were decreased(P � 0.001) by 33 �
51% (Table 3). In contrast, plasma concentrations of meta-
nephrine remained unchanged.

FIG. 4. Plasma concentrations of norepinephrine and normetaneph-
rine before and after clonidine in patients with and without pheo-
chromocytoma. Results in patients with (n � 48) and without (n � 49)
pheochromocytoma are shown at baseline (BL) compared with after
administration of clonidine (CLON). The dashed horizontal lines
show the upper reference limits for each test. False-positive test
results, either reflecting larger than 50% falls in norepinephrine or
40% falls in normetanephrine, or normal levels of both amines after
clonidine are indicated by the dotted lines. To convert values to nano-
moles per liter, divide by 183 for normetanephrine and 169 for nor-
epinephrine.

TABLE 3. Plasma concentrations of catecholamines and metanephrines before and after clonidine

Before clonidine After clonidine

Pheochromocytoma excluded (n � 49)
Norepinephrine (ng/liter) 546 � 309 189 � 144a

Normetanephrine (ng/liter) 112 � 57 57 � 29a

Epinephrine (ng/liter) 57 � 31 37 � 46a

Metanephrine (ng/liter) 33 � 18 33 � 20
Pheochromocytoma confirmed (n � 48)

Norepinephrine (ng/liter) 2040 � 1803 1960 � 2067
Normetanephrine (ng/liter) 1811 � 3691 1784 � 3605
Epinephrine (ng/liter) 88 � 141 95 � 179
Metanephrine (ng/liter) 368 � 888 355 � 936

Data are shown as means � SD. To convert values to nanomoles per liter, divide by 183 for normetanephrine, 169 for norepinephrine, 197
for metanephrine, and 183 for epinephrine.

a P � 0.001, compared with before clonidine.
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Most of the 48 patients with pheochromocytoma had little
change in plasma norepinephrine or normetanephrine after
clonidine (Fig. 4). However, nine patients with pheochro-
mocytoma had falls in norepinephrine of more than 50%,
including two with parallel falls of normetanephrine (Figs. 4
and 5). Among these nine patients, two had baseline levels
of norepinephrine that were moderately increased (1758 and
3397 ng/liter), 5 had slightly increased norepinephrine levels
(575–761 ng/liter) and two had normal baseline levels (� 498
ng/liter). An additional seven patients with pheochromo-

cytoma had normal plasma concentrations of norepineph-
rine after clonidine, with no or little change from normal
baseline levels (n � 5), or a small decrease from slightly
elevated baseline levels to normal levels after clonidine (n �
2). All had elevated plasma concentrations of normetaneph-
rine that were unaffected by clonidine.

Among the 16 patients with pheochromocytoma who had
normal suppression or normal plasma concentrations of nor-
epinephrine after clonidine, the tumor was sporadic in 8
patients, secondary to von Hippel-Lindau syndrome in 7
patients, and due to multiple endocrine neoplasia type 2 in
1 patient. In the 2 patients with pheochromocytoma and
normal suppression of plasma normetanephrine, the tumor
was sporadic in 1 patient and secondary to von Hippel-
Lindau syndrome in the other.

Because clonidine-induced falls in plasma normetaneph-
rine were less than those of norepinephrine, we defined a
positive response of plasma normetanephrine to clonidine as
a fall of less than 40% (compared with 50% for norepineph-
rine). These and other criteria of positive test results—values
after clonidine that remained above the upper reference lim-
its—were used to examine distributions of positive and neg-
ative test results as functions of the different defining criteria
(Fig. 5). These distributions were then used to compare the
diagnostic utility of plasma norepinephrine and normeta-
nephrine as end-point markers of the clonidine-suppression
test according to four different definitions of a positive result
(Table 4).

Use of plasma normetanephrine as an end-point marker of
the clonidine-suppression test provided higher sensitivities
than use of norepinephrine at all definitions of a positive
result (Table 4). The difference in sensitivity was particularly
significant (96% for normetanephrine vs. 67% for norepi-
nephrine, P � 0.001) when a positive result was defined as
a lack of clonidine-induced suppression combined with a
plasma concentration after clonidine remaining above the
upper reference limit. This definition of a positive result also
yielded high specificities (98–100%) for use of both normeta-
nephrine and norepinephrine as end-point markers. With
more relaxed definitions of a positive result, specificities
decreased, test sensitivity for norepinephrine increased, but
that for normetanephrine remained unchanged.

Similar diagnostic sensitivities and specificities were ob-
tained when patients with von Hippel Lindau syndrome or
multiple endocrine neoplasia type 2 were excluded from
analysis. For this restricted group of patients who were tested
because of suspicion of sporadic pheochromocytoma, diag-
nostic sensitivities were 96% for responses of plasma
normetanephrine and 67% for those of norepinephrine. Re-
spective specificities were 100% and 98%.

Values for diagnostic sensitivity were, however, lower
when data were restricted to patients with (n � 15) and
without (n � 20) pheochromocytoma who had baseline val-
ues for plasma normetanephrine in the equivocal range (112–
400 ng/liter; 0.61–2.19 nmol/liter). For these patients, the
diagnostic sensitivities were 87% for responses of plasma
normetanephrine and only 33% for those of norepinephrine.
Respective specificities were 100% and 95%.

FIG. 5. Scatter plots showing distributions of clonidine-suppression
test end-points for plasma norepinephrine and normetanephrine in
patients with and without pheochromocytoma. Patients with pheo-
chromocytoma are represented by the filled circles and those without
pheochromocytoma by the open circles. The dashed horizontal lines
represent test end-points for plasma concentrations of norepineph-
rine (498 ng/liter) or normetanephrine (112 ng/liter) after clonidine.
The dashed vertical lines represent test end-points for percent
changes in plasma concentrations of norepinephrine (50% decrease)
or normetanephrine (40% decrease) after clonidine. The four quad-
rants (a–d) bound by the dashed horizontal and vertical lines illus-
trate how differing definitions of positive test results lead to the
different test characteristics for the clonidine-suppression test shown
in Table 4. To convert values to nanomoles per liter, divide by 183 for
normetanephrine and 169 for norepinephrine.
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Discussion

This study establishes new and improved procedures for
confirming or excluding pheochromocytoma in patients with
positive but equivocal biochemical test results after initial
testing for the tumor (Fig. 6). More specifically, we identify
medications that are commonly associated with false-posi-
tive results and show how differences in plasma free meta-
nephrines and catecholamines can be used to distinguish
false-positive from true-positive results. We further show
that measuring plasma-free normetanephrine, in conjunction
with the clonidine-suppression test, improves diagnosis of
pheochromocytoma in difficult cases where preliminary test-
ing yields equivocal results.

When is follow-up testing necessary?

Follow-up testing should depend primarily on findings of
positive results of initial biochemical tests, which should
include measurements of plasma-free metanephrines, or if
unavailable, measurements of urinary fractionated meta-
nephrines as the next best test. These recommendations are
based on the high diagnostic sensitivity of measurements of
plasma free or urinary fractionated metanephrines and find-
ings of normal catecholamines and elevated metanephrines
in about 20% of patients with pheochromocytoma, particu-
larly those screened because of a hereditary syndrome or an
adrenal incidentaloma (2–5, 21). Such patients are usually
normotensive and asymptomatic. However, as we describe
here and others have reported elsewhere (22–24), there are
also occasional sporadic cases of pheochromocytoma where
plasma and urinary catecholamines may be normal, despite
signs and symptoms of the tumor.

Normal plasma and urinary catecholamines therefore do
not exclude pheochromocytoma, even when testing is done
because of hypertension and symptoms suggestive of the
tumor. In contrast, levels of normetanephrine, metanephrine,
or both metabolites are increased in almost all patients with
pheochromocytoma. Exceptions include patients with small
or microscopic tumors (�1 cm) that produce only small
amounts of catecholamines, who may be encountered during

screening because of a hereditary predisposition or a previ-
ous history for pheochromocytoma (2, 4). In such patients,
follow-up testing at a later date remains mandatory and
likely will lead to a positive diagnosis as the disease
progresses. Other more rare exceptions include patients with
pheochromocytomas that do not produce norepinephrine or
epinephrine (5). Normal plasma levels of normetanephrine
and metanephrine otherwise exclude pheochromocytoma,

FIG. 6. Algorithm for biochemical diagnosis of pheochromocytoma.
To convert values to nanomoles per liter, divide by 183 for normeta-
nephrine, and 197 for metanephrine.

TABLE 4. Clonidine-suppression test characteristics

Norepinephrine Normetanephrine

Positive result (elevated plasma concentration after clonidine and lack of suppression)a

Sensitivity 67 (32/48) 96 (46/48)e

Specificity 98 (48/49) 100 (49/49)
Positive result (elevated plasma concentration after clonidine)b

Sensitivity 71 (34/48) 96 (46/48)e

Specificity 94 (46/49) 96 (47/49)
Positive result (lack of suppression)c

Sensitivity 81 (39/48) 96 (46/48)f

Specificity 82 (40/49) 71 (35/49)
Positive result (elevated plasma concentration after clonidine or lack of suppression)d

Sensitivity 85 (41/48) 96 (46/48)
Specificity 78 (38/49) 67 (33/49)

Results are percentages (numbers/total number).
a Positive results are defined as values falling in quadrants b and negative results those falling in quadrants a, c, or d of Fig. 5.
b Positive results are defined as values falling in quadrants a or b and negative results those falling in quadrants c or d of Fig. 5.
c Positive results are defined as values falling in quadrants b or d and negative results those falling in quadrants a or c of Fig. 5.
d Positive results are defined as values falling in quadrants a, b, or d and negative results those falling in quadrants c of Fig. 5
e P � 0.001, compared with sensitivity for norepinephrine responses.
f P � 0.02, compared with sensitivity for norepinephrine responses.
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so that no immediate further testing for the tumor should
usually be necessary.

Although problems of false-negative results in the diag-
nosis of pheochromocytoma are virtually eliminated by
measurements of plasma free metanephrines, false-positive
results remain a commonly encountered and potentially
time-consuming and expensive problem for follow-up. The
nature of this problem is illustrated in this study by the
substantial overlap of biochemical results in patients with
and without pheochromocytoma. For all biochemical tests
there is a gray area where positive results in patients with the
tumor are difficult to distinguish from positive results in
patients without the tumor.

As shown here, the gray area for measurements of plasma
free metanephrines extends from the upper reference limits
of normal to 400 ng/liter (2.19 nmol/liter) for normetaneph-
rine and to 236 ng/liter (1.2 nmol/liter) for metanephrine. In
another independent study, the highest false-positive result
was about 467 ng/liter (2.55 nmol/liter) for normetaneph-
rine and about 158 ng/liter (0.8 nmol/liter) for metanephrine
(5). In our experience, close to 80% of patients with pheo-
chromocytoma have plasma concentrations of normetaneph-
rine, metanephrine or both above these equivocal ranges (4).
In such patients, the probability of pheochromocytoma is so
high that the immediate task is to locate the tumor. In the
remaining patients with elevated levels that fall within the
equivocal ranges, additional tests are required to confirm or
exclude the tumor.

Medication-associated false-positive results

Before additional biochemical tests are implemented,
some consideration should be given to possible causes of
false-positive results, including accompanying medical con-
ditions, medications, inappropriate sampling conditions,
and diet. In our study, the latter two causes of false-positive
results were minimized by adherence to an overnight fast
before blood sampling, which was carried out with patients
resting supine.

Biochemical testing for pheochromocytoma should ideally
be carried out after discontinuation of medications known to
elevate levels of catecholamines and their metabolites or
interfere directly with biochemical analyses. Patient safety
considerations often, however, make this impractical. It is
also often difficult to identify which medications interfere
with a given test, particularly as new tests and drugs are
developed.

Among our patients, phenoxybenzamine and tricyclic an-
tidepressants accounted for up to 45% of false-positive ele-
vations of plasma or urinary norepinephrine and normeta-
nephrine. Tricyclic antidepressants are established causes of
false-positive results (25), whereas phenoxybenzamine has
not until now been recognized as an important problem.

The high rates of false-positive results in patients taking
tricyclic antidepressants are probably due to the primary
actions of these agents to inhibit monoamine reuptake (26,
27). These drugs also profoundly suppress release of nor-
epinephrine from sympathetic nerves so that plasma con-
centrations of norepinephrine are usually decreased and not
increased after acute administration (26). This influence,

however, lessens after chronic administration (27). The pri-
mary action of these drugs to block monoamine reuptake
then predominates resulting in increased escape of norepi-
nephrine from sympathetic nerve terminals into the blood-
stream. These complex actions may be responsible for the
blood pressure disturbances that can accompany use of tri-
cyclic antidepressants (28), and which may contribute to
suspicion of pheochromocytoma. As we show here, selective
serotonin reuptake inhibitors are not a significant cause of
false-positive results and may provide an alternative med-
ication when biochemical testing for pheochromocytoma is
necessary.

Phenoxybenzamine is a nonspecific �-adrenoceptor
blocker commonly used to treat patients with pheochromo-
cytoma. Presumably, the drug elevates norepinephrine and
normetanephrine by attenuating �2-adrenoceptor-mediated
feedback inhibition of norepinephrine release, possibly com-
bined with reflexive sympathetic activation. Our findings of
high rates of false-positive results associated with phenoxy-
benzamine lead us to suggest that this drug be avoided until
biochemical testing is complete. As advocated elsewhere (15,
29, 30), alternative medications for blood pressure control
include calcium channel blockers and selective �1-adreno-
ceptor blockers such as doxazosin. As we show here, false-
positive elevations of plasma metanephrines and cat-
echolamines with selective �1-adrenoceptor blockers are not
a problem and with calcium channel blockers appear re-
stricted to norepinephrine, an effect most likely due to the
reflexive sympathetic activation occurring with the short-
acting agents (31).

Most other antihypertensive medications were not signif-
icant sources of false-positive elevations of plasma meta-
nephrines or catecholamines. However, �-adrenoceptor
blockers were associated with 60% of all false-positive ele-
vations of plasma metanephrine. Nevertheless, the false-
positive rate was not high (12.5%) and does not appear to
justify withdrawing these medications unless an equivocal
result has been obtained and repeat testing is necessary.

Patterns of biochemical test results

After the potential confounding influence of medications
or other causes of false-positive results have been eliminated,
some consideration should be given to the choice of addi-
tional biochemical tests most appropriate for more firmly
establishing or refuting the diagnosis of pheochromocytoma.
When initial testing yields an elevated plasma metanephrine
or normetanephrine, this may be corroborated by a similar
pattern of results after additional measurements of urinary
normetanephrine and metanephrine. Conversely, when ini-
tial testing yields a positive result for measurements of uri-
nary normetanephrine and metanephrine, additional mea-
surements of plasma free metanephrines are useful.

As we show here, patterns of increases in plasma-free meta-
nephrines and catecholamines can provide additional informa-
tion for confirming pheochromocytoma in patients where ini-
tial tests of plasma free metanephrines are positive but are
insufficiently elevated for a firm diagnosis. More specifically,
patients with pheochromocytoma usually have larger relative
increases in metanephrines than catecholamines, whereas pa-
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tients with false-positive results due to sympathoadrenal acti-
vation usually have larger increases in catecholamines than
metanephrines.

The above differences are partly due to the substantial
amounts of free metanephrines formed continuously within
pheochromocytoma tumor cells and released into the circula-
tion independently of variations in release of the parent cat-
echolamines (32). Another factor is the large contribution of the
adrenal medulla to normal circulating levels of metanephrine
(91%) and normetanephrine (23%), a contribution that is again
independent of catecholamine release (33). Thus, during sym-
pathoadrenal activation, increases in plasma-free metanephrine
are negligible and increases of normetanephrine are smaller
than those of the respective parent amines (34).

The above explains why, contrary to usual considerations
(35), a patient with an elevated plasma normetanephrine or
metanephrine, but normal or slightly elevated norepineph-
rine or epinephrine is more likely to have a pheochromocy-
toma than a patient with a highly elevated norepinephrine or
epinephrine and slightly elevated normetanephrine or meta-
nephrine. As we show here, a plasma normetanephrine to
norepinephrine ratio above 0.52 or a metanephrine to epi-
nephrine ratio above 4.2 can provide confirmatory evidence
of pheochromocytoma in up to 30% of patients where in-
creases in plasma metanephrines are insufficient to conclu-
sively prove the tumor. However, because some tumors se-
crete relatively large amounts of catecholamines compared
with metanephrines, use of the reverse pattern to exclude
pheochromocytoma is unreliable. Other tests, such as the
clonidine-suppression test, remain essential.

Clonidine-suppression testing

The clonidine-suppression test was introduced by Bravo et
al. (12) to address the problem of how to distinguish patients
with pheochromocytoma from those with false-positive bio-
chemical results after initial testing for the tumor. By acti-
vating �2-adrenoceptors in the brain and on sympathetic
nerve endings, clonidine suppresses norepinephrine release
by sympathetic nerves. Decreases in elevated plasma nor-
epinephrine concentrations after clonidine therefore suggest
sympathetic activation, whereas a lack of decrease suggests
pheochromocytoma.

The normal suppression of plasma norepinephrine after
clonidine in many of our patients with pheochromocytoma,
but particularly those with mildly elevated or normal base-
line levels, agrees with several other reports documenting
similar limitations of the clonidine-suppression test (13, 14,
36–38). Presumably, normal suppression occurs because
much of the norepinephrine is derived from sympathetic
nerves and remains responsive to clonidine. The clonidine-
suppression test is therefore recommended for patients with
plasma catecholamine levels over 1000 ng/liter (5.9 nmol/
liter), with a normal response defined as a fall to within the
normal range (39).

The above recommendation makes it problematic to use
the clonidine-suppression test in patients with normal or
only mildly elevated plasma norepinephrine levels. This is
particularly troublesome because such patients represent

those in whom it is most difficult to conclusively diagnose
pheochromocytoma (18, 36). To overcome this limitation,
another criterion for a normal response has been a fall in
plasma norepinephrine after clonidine of more than 50% (14,
16). Although this allows identification of additional patients
with pheochromocytoma who have normal or mildly in-
creased norepinephrine levels, the trade-off, as shown here
and elsewhere (10, 14, 16, 19), is increased numbers of false-
positive results and reduced diagnostic specificity. Also, the
gain in diagnostic sensitivity is offset by false-negative re-
sults in patients with episodically secreting pheochromocy-
tomas, who can show apparent suppression due to sampling
after clonidine on a downward swing in norepinephrine
release by a tumor.

The above limitations led us to consider whether the
clonidine-suppression test might be improved by measure-
ments of plasma normetanephrine. Because pheochromocy-
tomas cause larger, more consistent, and less episodic in-
creases of plasma normetanephrine than of norepinephrine
(3, 32, 40), we hypothesized that the metabolite would pro-
vide a better end-point marker for the clonidine-suppression
test than the parent amine, but that this would depend on the
normal responsiveness of the metabolite to clonidine. Be-
cause over 90% of circulating metanephrine is normally de-
rived from metabolism of epinephrine within adrenal chro-
maffin cells, a process that is independent of epinephrine
release (33, 34), we did not expect plasma levels of meta-
nephrine to decrease after clonidine. However, because
about 76% of plasma normetanephrine is derived from nor-
epinephrine released by sympathetic nerves (33, 34), we did
expect this metabolite to respond to clonidine in patients
without pheochromocytoma.

Our expectations were confirmed by absent decreases in
plasma metanephrine and consistent decreases in normeta-
nephrine after clonidine in patients without pheochromocy-
toma. Thus, similar to the findings for norepinephrine, lack
of decrease of plasma normetanephrine combined with a
high plasma level after clonidine establishes a high proba-
bility of pheochromocytoma. More importantly, plasma
normetanephrine concentrations did not fall and remained
elevated after clonidine in 96% of patients with pheochro-
mocytoma compared with only 67% for norepinephrine.
Thus, normetanephrine responses to clonidine confirmed
over 40% more pheochromocytomas and enabled more re-
liable exclusion of the tumor than did use of norepinephrine
responses.

A remaining minor limitation is that responses of plasma
metanephrine to clonidine cannot be used to distinguish true-
from false-positive results for this metabolite. Clonidine-
induced changes of epinephrine also offer limited help (17, 41).
However, our experience shows that normetanephrine is the
metabolite that is invariably increased and for which confir-
mation of pheochromocytoma is most important. Nevertheless,
rather than replacing measurements of catecholamines, we rec-
ommend that measurements of plasma normetanephrine be
included to optimize performance and extend the range of the
test to patients where plasma norepinephrine is insufficiently
elevated for reliable use.
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Conclusions

The present findings suggest a new and improved strategy
for biochemical diagnosis of pheochromocytoma (Fig. 6). As
described elsewhere (4), findings of plasma levels of
normetanephrine less than 112 ng/liter (0.61 nmol/liter) and
of metanephrine less than 61 ng/liter (0.31 nmol/liter) vir-
tually excludes pheochromocytoma so that no immediate
further testing for the tumor should be necessary. With
plasma concentrations of normetanephrine above 400 ng/
liter (2.19 nmol/liter) or of metanephrine above 236 ng/liter
(1.20 nmol/liter), the probability of pheochromocytoma is so
high that the immediate task is to locate the tumor. The key
problem until now has been conclusive diagnosis in patients
with plasma concentrations of normetanephrine or meta-
nephrine between the above levels, where numbers of false-
positive results can exceed those of true-positive results.

The present study illustrates that consideration of medi-
cations, particularly phenoxybenzamine, tricyclic antide-
pressants, and �-adrenoceptor blockers can be useful in iden-
tifying many patients with false-positive results. Additional
appropriately selected biochemical tests and patterns of test
results can provide further information for firmly establish-
ing a diagnosis. Conclusive diagnosis of pheochromocytoma
in most of the remaining patients can then be achieved by
coupling the clonidine-suppression test with measurements
of plasma normetanephrine, in addition to standard mea-
surements of norepinephrine. This considerably extends the
range of the test to patients in whom plasma norepinephrine
is not sufficiently elevated for reliable diagnosis. The above
strategy should minimize delay in diagnosis of pheochro-
mocytoma and avoid expensive, time-consuming, and im-
perfect imaging studies in patients who do not have the
tumor.
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