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Objective: Pheochromocytomas are characterized by a high attenuation value on unenhanced
computed tomography (CT). It is not known whether pheochromocytoma could be ruled out as a
cause of adrenal incidentalomas on the basis of unenhanced attenuation values only.

Design: We retrospectively evaluated the outcome of routine biochemical screening for pheo-
chromocytoma in a series of adrenal incidentalomas in relationship to the unenhanced attenuation
values on CT.

Methods: An unenhanced CT was available in 174 of 184 patients with 214 adrenal incidentalomas.
All patients were screened for pheochromocytoma with 24-h urinary metanephrines and normeta-
nephrines and for hypercortisolism (1 mg dexamethasone test and ACTH). Hypertensive patients
were screened for aldosterone overproduction (aldosterone to renin ratio and 24 h urinary aldo-
sterone). The results were compared between incidentalomas with high [�10 Hounsfield units
(HU)] and low (�10 HU) unenhanced attenuation values.

Results: One hundred forty-six incidentalomas in 115 patients had an unenhanced HU less than 10.
None of these patients had elevated 24-h fractionated urinary metanephrines or normetaneph-
rines suggesting pheochromocytoma. Sixty-eight incidentalomas in 59 patients had an unen-
hanced HU of 10 or greater, and nine (15.2%) of these patients had surgically and histologically
verified pheochromocytoma. Incidentalomas with a HU of 10 or greater were significantly larger
(2.6 � 1.5 vs. 2.3 � 1.2 cm; P � 0.001), more often functional (27.9 vs. 8.9%, P � 0.001), and more
often operated (44.1 vs. 10.2%; P � 0.001) than those with a Hounsfield unit less than 10.

Conclusion: The results of this study indicate that routine biochemical screening of pheochromo-
cytoma in small homogenous adrenal incidentalomas characterized by an unenhanced Hounsfield
unit value less than 10 HU may not be necessary. (J Clin Endocrinol Metab 97: 2077–2083, 2012)

Asymptomatic adrenal masses are a common inciden-
tal finding in imaging studies done for various rea-

sons not related to adrenal disease. The prevalence of ad-
renal incidentalomas increases with age, and it ranges
from 1 to 8.7% (1–6). Most adrenal incidentalomas are
lipid-rich cortical adenomas (1, 2, 6–8), which can be
differentiated from other adrenal masses on the basis of
their low unenhanced attenuation value ([�10 Hounsfield
units (HU)] on computed tomography (CT) (3, 5, 9–11).

About 5% of the adrenal incidentalomas represent
asymptomatic pheochromocytomas arising from neu-
roendocrine chromaffin cells of the adrenal medulla, but
some series reported a wide variation in the prevalence of
pheochromocytomas ranging from 0% to as high as
23.3% (1, 2, 7). Many recent statements on the evaluation
of adrenal incidentalomas therefore recommend measure-
ments of fractionated plasma or 24-h urinary metaneph-
rines and normetanephrines in all patients with adrenal

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2012 by The Endocrine Society
doi: 10.1210/jc.2012-1061 Received January 8, 2012. Accepted March 14, 2012.
First Published Online April 6, 2012

Abbreviations: CT, Computed tomography; HU, Hounsfield unit.

O R I G I N A L A R T I C L E

E n d o c r i n e C a r e

J Clin Endocrinol Metab, June 2012, 97(6):2077–2083 jcem.endojournals.org 2077

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/97/6/2077/2536710 by guest on 23 April 2024



incidentalomas (3–6, 12). However, pheochromocyto-
mas are characterized by a high unenhanced attenuation
value (�20 HU) on CT and only very rarely have a high
lipid content (11, 13–15). Whether pheochromocytoma
could be ruled out as a cause of adrenal incidentaloma on
the basis of unenhanced attenuation values only is unclear.
In this study we retrospectively evaluated the outcome of
routine biochemical screening for pheochromocytoma in
patients with adrenal incidentalomas that are character-
ized by a low unenhanced attenuation value (�10 HU) on
CT imaging.

Materials and Methods

Materials
The study material consists of 184 patients who were re-

ferred to the outpatient Department of Endocrinology at the
Helsinki University Central Hospital between January 1,
2007, and December 31, 2009, because of an adrenal mass,
which had been detected incidentally on abdominal or chest
CT. Only adrenal masses of 10 mm or more were included in
the study. Patients diagnosed with or treated for any cancer
within 5 yr were excluded from the study. The clinical indi-
cations for the CT images performed are given in Table 1.
Acute abdominal pain was the most common indication, cov-
ering 25% of the cases. The clinical data and results of hor-
monal evaluation of the study patients were collected from the
patient records by the authors (C.S.-J. and T.S.).

Imaging studies
The initial CT imaging had been performed on different scan-

ners available at various hospitals in the Helsinki and Uusimaa
Hospital District, with a slice thickness ranging from 2.5 to 5
mm. In all study subjects, at least one repeat adrenal CT imaging
using a 3-mm-slice thickness was performed at the Department
of Radiology at the Helsinki University Central Hospital. Un-
enhanced adrenal CT images were available in 174 of the study
subjects (94.5%), who had altogether 214 separate adrenal
masses (Fig. 1). CT imaging data were evaluated by an experi-
enced adrenal radiologist (M.R.). The maximal diameter of the
adrenal mass was determined with a distance cursor in the axial
plane of the CT scan. The density of the adrenal mass expressed

as Hounsfield unit values was measured from unenhanced CT
scans by using a circular region-of-interest cursor placed over the
center of the adrenal incidentaloma, avoiding edges, calcifica-
tions, and cystic or necrotic lesions of the mass. One to three
region-of-interest measurements were obtained for each adrenal
mass, and the mean value of these measurements were used in the
final analysis.

Biochemical analysis
All laboratory measurements were performed at HUSLAB,

the laboratory of the Helsinki University Central Hospital, using
standard assays. For biochemical evaluation of the pheochro-
mocytoma, 24-h urine collections were performed in all study
subjects and fractionated urinary metanephrine (reference value
�1.7 �mol) and normetanephrine (reference value �4.0 �mol)
were measured by HPLC. For the evaluation of autonomous
cortisol production, an overnight dexamethasone suppression
test was performed with a dose of 1 mg, taken at 2300 h, and
blood samples for the determination of serum cortisol were
drawn at 0800 h the following morning. Serum cortisol was
measured with liquid chromatography-tandem mass spectrom-
etry. Plasma ACTH was determined with an immunochemilu-
mimetric assay. The cutoff criteria for autonomous cortisol pro-
duction were impaired suppression of serum cortisol greater than
100 nmol/liter after an overnight 1-mg dexamethasone suppres-
sion test and a low plasma ACTH concentration of less than 10
ng/liter (reference value �46 ng/liter). The plasma renin activity
and serum aldosterone were measured with RIA in hypertensive
patients. The criteria for aldosterone overproduction were an
increased aldosterone to renin ratio (�800) and an increased
diurnal aldosterone excretion (�40 nmol).

TABLE 1. The most common indications for
abdominal or chest CT scan in study patients

Indication
Number of

patients (%)
Abdominal pain 46 (25.0)
Pulmonary infection or unclear finding on

chest x-ray
29 (15.7)

Chest or loin pain or suspicion of renal colic 26 (14.0)
Abdominal infection 15 (8.1)
Follow-up of previous cancer 14 (7.6)
Fever of undetermined origin 12 (6.5)
Abdominal trauma or hemorrhage 11 (5.9)
Pulmonary embolism 7 (3.8)
Other unlisted indications altogether 24 (13.0)

Study cohort

184 patients
225 adrenal masses

174 patients
214 adrenal masses

Patients with 
unenhanced CT

10 patients without
unenhanced CT

115 patients
146 separate masses

AI with attenuation
value < 10 HU

AI with attenuation value
≥ 10 HU (59 patients; 
68 separate masses)

FIG. 1. The original study cohort with adrenal incidentaloma (AI) and
number of patients from whom unenhanced attenuation values on CT
were available and who were included in the final analyses.
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Ethics
The study was approved by the Ethics Committee of the Hel-

sinki University Central Hospital and the Board of the Depart-
ment of Internal Medicine. All results are given as means � SD.
The statistical difference between the subgroups was analyzed
with the Student’s t test when appropriate and with �2 and a
Kruskal Wallis test for categorical data. Correlation analysis was
based on a Pearson’s correlation test. Statistical analyses were
performed with the SPSS version 19.0 for Windows (SPSS Inc.,
Chicago, IL). A value of P � 0.05 was considered statistically
significant.

Results

Clinical characteristics and localization of adrenal
incidentalomas

The demographic data of the184 study patients are
shown in Table 2. The age range was 19–88 yr, and the
majority was females (59.2%). The total number of sep-
arately detected adrenal masses on CT was 225. Of all
study patients, 151 (82%) had either one (n � 145) or two
(n � 6) separate unilateral adrenal incidentalomas, and 33
patients (18%) had either two (n � 31) or even three (n �
2) separate incidentalomas bilaterally. Of all 225 adrenal
masses, 136 (60.4%) were located in the left adrenal gland
and 89 (39.6%) in the right adrenal gland. The mean size
was 2.3 � 1.2 cm, but 108 (48%) of the incidentalomas
were 2 cm or less in size. Only 18 of the adrenal inciden-
talomas (8%) were larger than 4 cm.

Adrenal incidentalomas with an unenhanced
attenuation value less than 10 HU

A noncontrast CT was available in 174 patients having
214 separate adrenal masses (Fig. 1). Of all incidentalo-

mas, 146 masses in 115 patients (68.2%) had an unen-
hanced attenuation value less than 10 HU (lipid rich in-
cidentalomas). The size of the lipid-rich incidentalomas
ranged from 1.0 to 6.9 cm and half of them were of 2 cm
or less in size (Table 2). The proportion of large tumors
(diameter � 4 cm) among lipid-rich incidentalomas was
small, 3.4%. Functional activity was verified in 11 of the
lipid-rich tumors (nine with cortisol and two with aldo-
sterone overproduction). These were laparoscopically re-
moved and histologically verified as cortical adenomas.
Moreover, two other incidentalomas with low attenua-
tion on CT were removed due to their large size (�4 cm).
One of them was a nonfunctional large adenoma and the
other one proved to be a remnant of an old adrenal
hematoma.

The results of the urinary metanephrine and
normetanephrine measurements in patients with an in-
cidentaloma characterized by a low unenhanced atten-
uation value (�10 HU) are shown in Fig. 2. Slightly
elevated 24-h urinary metanephrine or normetaneph-
rine secretion was observed in only one patient each. In
both patients, control measurements of 24-h urinary
metanephrine and normetanephrine were normal.
None of the 115 patients with low unenhanced atten-
uation had a pheochromocytoma.

Adrenal incidentaloma with an unenhanced
attenuation value of 10 HU or greater

Of the 174 patients from whom unenhanced CT im-
aging was available, 68 incidentalomas were character-
ized by a Hounsfield unit value of 10 or greater (Table 2).
The age and sex distribution did not differ from the sub-
jects with lipid-rich incidentalomas (HU �10; n � 115),

TABLE 2. Clinical data of study patients with adrenal incidentalomas

All patients with
incidentaloma

Patients with unenhanced
attenuation value <10 HU

Patients with unenhanced
attenuation value >10 HU

Number of patients 184 115 59
Age (yr) 60.7 � 10.8 61.2 � 10.2 59.2 � 10.8
Sex (males/females) 75/109 49/66 22/37
Body mass index (kg/m2) 28.2 � 6.2 28.4 � 6.2 27.7 � 5.9
History of hypertension (%) 90 (40%) 56 (38.2%) 26 (38.4%)
Number of tumors 225 146 68
Diameter, mean (cm) 2.3 � 1.2 2.1 � 1.0 2.6 � 1.5a

� 2 (%) 108 (48.0%) 74 (52.1%) 27 (39.7%)
2–4 (%) 101 (44.9%) 67 (44.5%) 31 (45.6%)
�4 (%) 16 (7.1%) 5 (3.4%) 10 (14.7%)a

Side
Left (%) 136 (60.4%) 91 (62.3%) 38 (55.9%)
Right (%) 89 (39.6%) 55 (37.7%) 30 (44.1%)

Functional (percent of tumors) 41 (18.2%) 13 (8.9%) 19 (27.9%)b

Operated (percent of tumors) 52 (23.1%)c 15 (10.2%) 30 (44.1%)b,c

a P � 0.01 for the difference between the subgroups.
b P � 0.001 for the difference between the subgroups.
c Bilateral tumors were removed in one patient.
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but the mean diameter of the incidentaloma was signifi-
cantly longer (P � 0.01), and there was a higher propor-
tion of incidentalomas larger than 4 cm (P � 0.01) (Table
2). In addition, incidentalomas with a high unenhanced
Hounsfield unit value were significantly more often func-

tional and operated compared with those with a low at-
tenuation value (P � 0.001; Table 2).

Pheochromocytoma was biochemically verified and
operated in nine patients with an unenhanced HU greater
than 20 and in one patient from whom only enhanced CT
imaging was available (Table 3). The pheochromocytoma
was located in the right adrenal gland in seven (77.7%)
and in the left adrenal in one patient. One male patient had
bilateral pheochromocytoma due to previously undiag-
nosed multiple endocrine neoplasia-2A syndrome. Anti-
hypertensive agents were as common in patients with
pheochromocytoma as in patients with lipid-rich inciden-
talomas. Eighteen other patients were characterized by a
high unenhanced Hounsfield unit of 10 or greater and
operated due to either large size (�4 cm) or atypical ra-
diological appearance or increase in size during follow-up.
Ten of the patients had lipid-poor adenomas, two adre-
nocortical carcinomas, two hematomas, and one each a
schwannoma, ganglioneuroma, or bilateral B cell lym-
phoma. One patient had an adrenal metastasis of renal
cancer. The primary tumor had been operated 6 yr earlier
without any signs of recurrence on follow-up.

Change in size of nonoperated adrenal
incidentalomas during follow-up

One hundred thirty-one incidentalomas with an unen-
hanced Hounsfield unit value of less than 10 were not
operated and followed up by a repeat CT performed on
average 15.8 months (median 13, range 0–60 months)
later. In some of these patients, the incidentaloma could
retrospectively be identified on previously done CT. The
mean diameter of the lipid-rich incidentalomas did not
increase (change 0.0 � 0.1 cm) during follow-up and none
grew more than 0.5 cm in size. Forty incidentalomas with
an unenhanced Hounsfield unit value of 10 or greater were
not operated and followed up with a CT performed on
average 22.6 months (range 3–52 months) later. No in-

FIG. 2. Distribution of 24-hr fractionated urinary metanephrine (A)
and normetanephrine (B) in patients with adrenal incidentaloma and
an unenhanced HU less than 10.

TABLE 3. Clinical data of patients with surgically proven pheochromocytoma

Sex Age (yr)

Previous
treatment of
hypertension

Blood
pressure
(mm Hg)a

Size
(cm) Side

Attenuation
value (HU)

24-h urine
metanephrines (�mol)
(reference <1.7 �mol)

24-h urine
normetanephrines (�mol)

(reference <4 �mol)
F 88 Yes 152/63 3.2 Right 36.5 6.4 4.4
M 40 No 134/77 5.1 Right 51.8 9.0 29.0
M 62 Yes 150/98 6.7 Right 40.9 40.0 102
F 55 No 130/80 3.4 Right 41.0 9.5 2.8
M 77 Yes 147/102 5.4 Right 0.2 15.7
F 63 No 142/88 2.2 Left 38.7 3.8 2.4
M 54 No 140/86 4.8 Right 25.2 32.3 13.7

2.4 Left 26.3
M 49 No 163/108 4.5 Right 66.6 0.4 15.5
F 59 No 140/90 2.6 Right 34 3.1 3.4

a Measured at the Outpatient Clinic at the Endocrine Department, Helsinki University Central Hospital.
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crease in mean size (0.0 � 0.1 cm) was observed. Only two
of these incidentalomas increased more than 0.5 cm in size.

Discussion

We here report, for the first time, the outcome of routine
biochemical screening for pheochromocytoma in adrenal
incidentalomas with a low unenhanced attenuation value
on CT. Adrenal incidentalomas with a low unenhanced
attenuation value on CT are usually nonfunctioning or
functioning benign cortical adenomas. In our study co-
hort, about half of the incidentalomas with a low unen-
hanced Hounsfield unit were less than 2 cm in size. We
demonstrate that none of these 115 patients, having alto-
gether 145 separate lipid-rich incidentalomas (unen-
hanced HU �10), had constantly elevated 24-h urinary
metanephrines or normetanephrines as a biochemical
marker of pheochromocytoma. In the present study,10
pheochromocytomas were surgically and histologically
confirmed, but none of the nine patients evaluated with
unenhanced CT was characterized by a Hounsfield unit
value less than 10.

Our study cohort included consecutive patients re-
ferred to a tertiary care setting because of an adrenal in-
cidentaloma during a time period of 3 yr. The indications
for CT scanning were either abdominal symptoms or sus-
picion of chest disease; our study cohort can therefore be
considered representative without selection bias. In line
with this, the prevalence of cortical carcinomas was low
(1.1%) and close to that of 1.9% given in a very recent
review by Zeiger et al. (5). Furthermore, mean age and
sex distribution of our study patients were very close to
that of a large Italian survey on 1004 adrenal inciden-
talomas (7). Female predominance also has been re-
ported in other series (2). Interestingly, in our study
cohort, the incidentaloma was more often found in the
left and not the right adrenal; this finding differs from
what has been reported in other series (2). The preva-
lence of pheochromocytomas in our study was 4.8%,
which also is in close line with that reported in many
recent reviews and meta-analyses (2, 3, 10).

Of all patients with pheochromocytomas, approxi-
mately 10% are discovered incidentally. On CT, pheo-
chromocytomas usually appear round and smooth but
may include cystic, necrotic, or even hemorrhagic areas.
On contrast-enhanced CT, they enhance avidly but en-
hancement is often heterogeneous (3, 16). Regardless of
whether the pheochromocytoma was symptomatic or dis-
covered incidentally, the unenhanced attenuation value of
pheochromocytomas on CT is usually greater than 30 HU
as reported in many series (8, 9, 11, 17, 18). Of altogether

146 symptomatic or incidentally discovered adrenal pheo-
chromocytomas reported in the literature, all were char-
acterized by an unenhanced attenuation value of 10 HU or
greater (9, 11, 17–21). This was the case also in a recently
reported patient with a small slowly growing pheochro-
mocytoma (22). During the present study period (years
2007–2009), 19 symptomatic patients were diagnosed
with and operated for pheochromocytoma in our hospital.
A noncontrast CT was performed before the operation in
10 of these patients. In line with the findings of the inci-
dentally discovered pheochromocytomas, they were all
characterized by an unenhanced HU greater than 10 and
a heterogeneous appearance on CT.

Lipid degeneration, mimicking lipid-rich cortical ade-
nomas, has only very rarely been discovered histologically
in pheochromocytoma (13, 23). The first two reports of
lipid-rich pheochromocytomas were in young symptom-
atic patients with hereditary pheochromocytomas (12,
23). However, data on CT attenuation were not reported
for these two cases. Blake et al. reported that in two of nine
patients with symptomatic adrenal pheochromocytoma,
unenhanced attenuation was less than 10 HU (14). How-
ever, these tumors were very small in size, less than 1.5 cm
and one of the reported patients had in fact adrenal med-
ullary hyperplasia and not pheochromocytoma (11).
Karstaedt et al. (24) reported four patients with symp-
tomatic pheochromocytomas and a low attenuation value
on a CT scan performed with 1-cm slices. Two of them
were heterogenous and had a well-defined rim of higher
density. However, the pathology specimens demonstrated
also necrotic tissue, which accounted for the low density
of these pheochromocytomas. To date, it is well recog-
nized that necrotic tumor areas should be avoided when
evaluating the density.

To the best of our knowledge, there are no reports of
incidentally discovered pheochromocytomas character-
ized by a low unenhanced attenuation value in the litera-
ture. Most of the large clinical case series on adrenal in-
cidentalomas do not include data on CT attenuation. In
the present study, none of the incidentally found pheo-
chromocytomas were characterized by low unenhanced
attenuation on CT. On the other hand, we cannot com-
pletely exclude the possibility of pheochromocytoma
among lipid-rich adrenal tumors. However, this seems un-
likely because we did follow the patients with lipid rich
adrenal tumors for an average of 15 months, and none of
these patients showed clinical symptoms of pheochromo-
cytoma or had an increase in size of their adrenal mass
during this time period.

There is consensus that fractionated urinary metaneph-
rines instead of total metanephrines should be measured
because this method is more sensitive (5, 6, 25). However,
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the issue of whether plasma-free or fractionated urinary
metanephrines offer the best initial screening test remains
largely unsolved (24). Measurements of plasma-free meta-
nephrines are a more recent method, with a sensitivity of
99 vs. 97% for fractionated urinary metanephrines, with
a higher specificity (26, 27). In the present study, we used
24-h urine metanephrine and normetanephrine measure-
ments as suggested in a very recent review and position
statement for the evaluation of adrenal incidentalomas (5,
6). The patients included in the present study were
screened for pheochromocytoma during the years 2007–
2009, when measurements of plasma free metanephrines
were not yet available at the Helsinki University Central
Hospital Laboratory. Although the question remains the-
oretical, there is a slight possibility that determination of
plasma free metanephrines would have performed differ-
ently. It has been suggested that plasma metanephrines
should be used in populations at high risk of pheochro-
mocytoma, such as in relatives of patients with hereditary
pheochromocytoma (28). We are not aware of any studies
in patients with adrenal incidentalomas only where these
two methods would have been directly compared.

In conclusion, this is the first study evaluating the ben-
efit of routine biochemical screening of pheochromocyto-
mas in patients with adrenal incidentalomas characterized
by a low unenhanced Hounsfield unit value on CT. Ac-
cording to our data, the routine measurements of frac-
tionated urinary metanephrines in an asymptomatic pa-
tient with incidentally discovered small adrenal masses
may not be necessary, provided that the unenhanced at-
tenuation value on CT is less than 10 HU and that the
appearance of the adrenal mass is homogenous. However,
if the incidentaloma is first discovered on contrast-en-
hanced CT imaging or if it has heterogeneous appearance
on noncontrast CT, measurements of urinary or plasma
fractionated metanephrines is mandatory to rapidly ex-
clude the possibility of pheochromocytoma. If biochemi-
cal screening indicates pheochromocytoma, there is no
need for an unenhanced CT imaging in addition to the
enhanced scan, and unnecessary exposure to ionization
radiation can thus be avoided. It is important to confirm
the results of the present study in larger case series in the
future.
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