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PURPOSE: To assess the attenuation
of the adrenal gland with computed
tomography (CT) before and after
multiple phases of contrast enhance-

ment in both control subjects and
patients with adenomas and nonad-
enomas.

MATERIALS AND METHODS: Sev-
enty-two patients with 78 adrenal
masses (41 adenomas, 37 nonadeno-
mas) underwent helical CT. Forty
subjects served as controls. Unen-
hanced CT was performed followed
by enhanced CT at 30, 60, 90, and 180
seconds and 30 minutes.

RESULTS: At unenhanced CT, mean
attenuation was 4 HU ± 16 for adeno-
mas compared with 37 HU ± 12 for
the nonadenomas (P < .001) and 24
HU ± 3 for normal glands. Although

the mean attenuation of nonademo-
nas was significantly greater than
that of adenomas on 60- and 90-
second scans (P < .001), there was
greater overlap in attenuation of the
adenomas and nonadenomas than on
unenhanced images. At 180 seconds,
nonadenomas had higher attenuation
than adenomas (73 HU ± 17 vs 41

HU ± 18; P < .001). At 30 minutes,
all adenomas had attenuation less
than 37 HU, whereas all nonadeno-
mas had attenuation greater than
41 HU.

CONCLUSION: Delayed-enhanced
CT scans obtained 30 minutes after

administration of contrast material
can enable differentiation of adeno-
mas and nonadenomas.

DRENAL gland masses are often
found incidentally during cross-

sectional imaging of the abdomen (1).
Even when discovered in an oncologic
setting, many adrenal masses are benign
(2,3). Since the introduction of noninva-
sive cross-sectional imaging modalities,

invasive techniques such as adrenal bi-
opsy and sampling of blood from the
adrenal vein can be abandoned in cer-

tam instances. While some investigators

have emphasized the usefulness of con-
ventional computed tomography (CT)
to characterize adrenal masses (4-7),

others have used different magnetic
resonance (MR) imaging techniques for

differentiation of adrenal masses (8-13).

With the CT criteria of size and attenua-
tion, several studies have demonstrated
relatively high predictive values to dis-
criminate benign from malignant ache-
nal masses on unenhanced CT scans
(4-7,14). Recently, Korobkin et al (14)
have shown that a threshold value of 18
HU on unenhanced CT scans enabled
diagnosis of adenoma with a specificity
of 100% and a sensitivity of 85%. They
found little value in the enhanced CT
attenuation measurements because of
great overlap in the ranges of the two
groups, particularly for the smaller le-
sions.

Helical CT offers several advan-
tages for the evaluation of adrenal

I pathologic processes that include
minimizing respiratory misregistra-
tion and hence solving the problem
of overlooking small lesions due to
variations in the patient’s depth of

respiration on successive breath
holds. Another advantage of helical
CT is that the shortened time to com-
plete the examination of an area of
interest allows a more effective, focused
use of contrast material. Such use allows
finer control of the phase of intravascu-
lar contrast enhancement that is being
studied, and thus different vascular and
parenchymal information is obtained
depending on the mode of administra-
tion of contrast material and the scan-
ning delay time. Finally, the acquisi-
tion of volumetric data during a single

breath hold allows comparison of identi-
cal measurements from scans obtained
before and at multiple phases of contrast
enhancement.

To our knowledge, no data are avail-
able to document the possible advan-
tages of contrast material-enhanced he-
lical CT for characterization of adrenal
masses. Accordingly, the purpose of our

study was to assess the attenuation of

the adrenal gland before and after mul-
tiple phases of contrast enhancement in
both control subjects and patients with

adenomas and nonadenomas. Several
time windows were used to determine
whether early-enhanced and/or de-
layed-enhanced CT scans of the adrenal
gland may play a role in characteriza-
tion of adrenal masses.

MATERIALS AND METHODS

Study Population

The study protocol was approved by
and in accordance with the recommenda-
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Figures 1-3. (1) Scattergram of sizes of adrenal masses. 0 = adenomas, z� = nonadenomas. (2) Graph shows comparison of mean attenuation

of normal adrenal glands (black bars), adrenal adenomas (gray bars), and nonadenomas (white bars) on unenhanced and enhanced scans. Note
the substantial difference in attenuation of adenomas and nonadenomas on unenhanced and enhanced CT images except at 30 seconds after
administration of contrast material. Error bars indicate standard deviation. (3) Scattergram of attenuation values on unenhanced CT images of
adrenal adenomas and nonadenomas. All masses with attenuation less than ii HU were adenomas. 0 = adenomas, L� = nonadenomas.
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tions of the Human Research Committee
at our institution. All patients gave written
informed consent.

One hundred six patients with ii2 adre-
nal masses were consecutively examined

with helical CT and considered for entry
into the protocol. The study group com-
prised 68 male and 38 female patients who
ranged in age from 12 to 83 years (mean,
61 years). Proof of individual masses was
based on biopsy results (n = 28), surgical

findings (n = I I), or both imaging (obser-
vation with repeated CT studies) and
clinical follow-up (n = 33). Stability docu-

mented at imaging follow-up for at least
12 months (mean, i3 months; range, 12-19
months) was also accepted as proof of a
diagnosis of benign adenoma. Patients in
whom neither imaging follow-up nor cy-
tologic or histologic analysis was possible
(n = 32) and patients with adrenal cysts

(�i = 2) were excluded from the study.

The remaining 72 patients (43 male and

29 female patients who ranged in age
from i2 to 83 years [mean, 60 years]) ful-
filled the criteria for inclusion into the
study protocol. At diagnostic investiga-
tion, 36 patients (with 42 masses) had
known malignant disease (three with
small cell lung carcinomas, 15 with squa-
mous cell lung carcinomas, four with
breast carcinomas, four with renal cell car-
cinomas, three with colorectal carcinomas,
two with non-Hodgkin lymphomas, one

with pancreatic carcinoma, one with
esophageal carcinoma, one with endome-
trial carcinoma, one with uterine sarcoma,
and one with undifferentiated carcinoma);
29 masses (in 29 patients) were found mci-
dentally (during CT performed for other
reasons), and only seven patients (with
seven masses) were examined because of
abnormal results at chemical analysis of
blood and urine (three patients with pheo-
chromocytomas, three with Cushing syn-
drome, and one with primary hyperaldo-

steronism). In all, there were 78 masses in
72 patients: 41 adenomas (37 nonhyper-
functioning adenomas, three cortisol-se-

creting adenomas, one aldosterone-secret-
ing adenoma) and 37 nonadenomas (30

metastases, three pheochromocytomas,
three adrenocortical carcinomas, one neu-

roblastoma).

In addition, the study population com-

prised 40 subjects (23 men and 17 women
who ranged in age from 42 to 69 years
[mean, 50 years]) with normal adrenal
glands who underwent CT for another
medically indicated reason. The absence of
adrenal disease was established by means
of normal helical CT findings and normal
findings from blood and urine analysis.

Imaging Protocol

All studies were performed with a So-
matom Plus 4 helical scanner (Siemens,

Erlangen, Germany). All scans were ob-
tamed at 292 mA and 120 kV. The helical
CT protocol consisted of a volumetric data
acquisition through the adrenal glands
(upper abdomen) with 5-mm collimation,
7.5 mm/sec table feed, and 4-mm incre-

ments before and after intravenous bolus
injection of contrast material in all pa-
tients. The scanning time for one revolu-
tion of the x-ray tube was 0.75 second. All
scans (acquisition time, 18-24 seconds per
scan) were obtained with the patient at
full inspiration to optimize the reproduc-
ibility of starting measurements. Initially,
unenhanced scans were obtained through
the adrenal glands. An 18- or 20-gauge

intravenous catheter (Angiocath; Becton
Dickinson, Franklin Lakes, NJ) was then

placed in an antecubital vein and tested
by rapidly infusing 10 mL of saline by
hand. Subsequently, 120 mL of nonionic
contrast material (iopromide 300, Ultravist;
Schering Pharmaceuticals, Berlin, Ger-
many) was infused at a rate of 2.5 mL/sec
with a power injector (MCT Plus; Medrad,
Pittsburgh, Pa).

For the second and third helical scans,
both subjects (n = 20 per group) and pa-
tients were assigned to two different
groups according to the following scan
delays: (a) 30 seconds and 90 seconds
(n = 3i patients; 18 adenomas, 13 nonad-
enomas) and (b) 60 seconds and 180 sec-
onds (n = 41 patients; 23 adenomas, 24
nonadenomas) after the start of the infu-
sion of contrast material, respectively. The
third helical scan was preprogrammed for
the same collimation, table feed, and dura-
tion used in the previous two scans.
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In addition, a fourth helical CT scan was
obtained in 20 subjects and the patients
with adenomas (n = 24) and nonadeno-
mas (n = 19) at 30 minutes (range, 24-36
minutes) after the start of the injection of
contrast material. Images were obtained
by using standard soft-tissue settings (win-

dow width, 400 HU; window level, 40 HU).

Image and Data Analysis

Image interpretation and size and at-
tenuation measurements were performed
with a commercially available Sparc 10
CT/MR workstation (Sienet MagicView
1100; Siemens) by two radiologists (D.H.S.,
F.K.) experienced in CT who did not
have knowledge of clinical, histologic, or
follow-up findings and who worked inde-
pendently. The size was recorded with a
distance cursor to measure the diameter in
the axial plane. The attenuation was mea-
sured in subjects and patients by means of

circular region-of-interest cursors placed
over the normal and pathologic area, re-
spectively. The region-of-interest circle
was made as large as possible, while
avoiding lesion edges to preclude partial
volume effects. Cystic, necrotic, and hem-
orrhagic components of the adrenal mass
were excluded whenever possible. The
measurements obtained by the two radi-
ologists were averaged.

Statistical analysis was performed by
using commercially available software
(StatView; Abacus Concepts, Berkeley,
Calif). Primary statistical analysis for the
pooled data was based on the paired t test

for mean differences in objective region-
of-interest measurements of attenuation
values between the different helical series.
A confirmatory analysis was performed by
using repeated measures of analysis of
variance (15). This method compares
means for more than one group when
measurements are obtained at more than
one point, providing for control of differ-
ences among patients, differences among
lesions within individual patients, and
interactions between patients and helical
scan sequences. The mean size, mean un-
enhanced CT attenuation value, and mean
enhanced CT attenuation value were cal-



Sensitivity versus Specificity at Several Thresholds for Diagnosis of Adenomas
with Unenhanced and Delayed-enhanced CT

CTStudy

Threshold
(HU)

Sensitivity
(%)

Specificity
(%)

Unenhanced CT ii
18

21

61
93

100

100
92

89
Delayed-enhanced CT (180 sec) 64

68
70

91
96

100

100
92
83

Delayed-enhanced CT (30 mm) 40 100 100

Note-At unenhanced CT, 41 adenomas and 37 nonadenomas were evaluated. At delayed-enhanced
CT, 23 adenomas and 24 nonadenomas were evaluated at 180 seconds, and 24 adenomas and 19 nonad-
enomas were evaluated at 30 minutes.

RESULTS
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culated for the groups and were analyzed
with the unpaired t test. A P value less
than .01 was considered to indicate a sta-
tistically significant difference. Scatter-
grams were generated to assess the reli-
ability of size and unenhanced and
enhanced CT attenuation values of the
adrenal mass to help distinguish adeno-
mas from nonadenomas.

Size

Figure 1 shows the maximum trans-

verse diameter of the adrenal mass in

all 78 cases. The adrenal masses were
1.1-14.0 cm in diameter. The mean
diameter of adenomas was 2.4 cm ±
0.9 (range, 1.1-3.5 cm) compared with
4.9 cm ±2.4 (range, 1.3-14.0 cm) for

nonadenomas (P < .001). The differ-
ence between the mean values for the
two groups was statistically signifi-

cant; however, this was due to the
presence of nine nonadenomas larger
than 6.0 cm in diameter. Given a

threshold level of 2.5 cm, the sensitiv-
ity versus specificity values for the

diagnosis of adrenal adenoma were
66% versus 84%.

Attenuation

Figure 2 shows the average attenu-

ation (in Hounsfield units) and stan-
dard deviations of the normal adrenal

gland, the adenomas, and the nonad-

enomas from both unenhanced and
enhanced CT scans.

LJnenhanced CT-The mean attenu-

ation of the normal adrenal gland on

unenhanced CT scans was 24 HU ± 3.

The 41 adenomas had a mean attenu-
ation of 4 HU ± 16 compared with 37

HU ± 12 for the 37 nonadenomas

(P < .001). Figure 3 shows the attenu-

ation values on the unenhanced CT

images. None of the 37 nonadenomas

had an attenuation less than 11 HU,

whereas 25 of the 41 (61%) adenomas
did. The sensitivity versus specifity

values, therefore, for the diagnosis of

adrenal adenoma were 61% versus
100% at a threshold of 11 HU. The
positive predictive value was 100%,

and the negative predictive value was

70%.

With a threshold of 18 HU, as re-
cently proposed by Korobkin et al
(14), three (two metastases of small
cell lung carcinoma, one metastasis of
colorectal carcinoma) of the 37 (8%)
nonadenomas and 38 of the 41 (93%)

adenomas had an attenuation less
than 18 HU. Three adenomas (two
nonhyperfunctioning adenomas, one
cortisol-secreting adenoma), however,
had an attenuation above 18 HU.

Thus, the sensitivity versus specificity
values for the diagnosis of adrenal

adenoma were 93% versus 92% at a

threshold of 18 HU. The positive pre-
dictive value was 93%, and the nega-
tive predictive value was 92%. The
Table provides the sensitivity versus
specificity values at several thres-
holds for diagnosis of adenomas with
unenhanced and delayed-enhanced
CT.

Early-enhanced CT-After adminis-

tration of contrast material, the nor-

mal gland exhibited higher attenua-
tion during the first 90 seconds than
both adenomas and nonadenomas
(Fig 2). Average attenuation between
adenomas (41 HU ± 14) and nonad-
enomas (49 HU ± 19) at 30 seconds

after injection of contrast material was
slightly but not significantly different
(P = .024). Peak attenuation values

were observed in all groups at 60 sec-
onds after injection of contrast mate-
rial. The adrenal glands in the 20 sub-
jects had a mean attenuation of 90

HU ± 26, whereas the 23 adenomas
had a mean attenuation of 60 HU ±

30 and the 24 nonadenomas had a

mean attenuation of 81 HU ± 30. Al-
though average attenuation of the
nonadenomas was significantly greater

than that of the adenomas on the 60-
second and 90-second scans (74 HU ±

30 vs 46 HU ± 20, respectively) (P <

.001), there was much greater overlap
in the attenuation values of the ad-
enomas and nonadenomas on early-
enhanced images than on the unen-
hanced images. Figure 4 shows the

attenuation values on the early-
enhanced CT images.

Delayed-enhanced CT-At 180 sec-

onds after injection of contrast mate-
nal, normal adrenal glands and non-

adenomas had similar attenuation
(71 HU ± 16 and 73 HU ± 17, respec-

tively), while adenomas had signifi-

cantly less attenuation (41 HU ± 18)
(P < .001). With a threshold of 64 HU

at 180 seconds after administration of
contrast material, 21 of the 23 (91%)
adenomas had attenuation below the
threshold, while all 24 (100%) nonad-
enomas had attenuation above the
threshold (Fig 5). Thus, the sensitivity
versus specificity values for the diag-
nosis of adrenal adenoma were 91%
versus 100% at a threshold of 64 HU
(Table). The positive predictive value
was 100%, and the negative predic-
tive value was 92%.

At 30 minutes after administration

of contrast material, however, all ad-

enomas (n = 24) exhibited attenua-
tion less than 37 HU (mean, 20 HU ±
10), whereas all nonadenomas (n =

19) had attenuation above 41 HU
(mean, 59 HU ± 19) (Fig 6). With a

threshold level of 40 HU at 30 mm-

utes after administration of contrast
material, the sensitivity versus speci-
ficity values for the diagnosis of adre-

nal adenoma were 100% versus 100%

(Table). The mean attenuation of the

normal adrenal gland at 30 minutes
after administration of contrast mate-

rial was 49 HU ± 18.

DISCUSSION

Benign adrenal masses are rela-
tively common, present on 1%-3% of
CT scans. The importance of and ap-
proach to management of adrenal

masses remains a diagnostic dilemma
despite continuous refinements in CT
and MR imaging technology and pro-
tocols, particularly in the presence of
a primary extraadrenal cancer. To our

knowledge, this is the first study to
prospectively evaluate the CT attenu-
ation of adrenal masses and the nor-

mal adrenal gland on identically colli-
mated helical CT scans before and
during several phases of adrenal en-
hancement.

Our results can be summarized as

follows: The size, a commonly used
criterion for characterization of an ad-
renal mass, is a poor predictor of be-
nignity and is not useful in differenti-
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ating adenomas from nonadenomas.

A threshold of 18 HU on unenhanced
CT scans for differentiation of adeno-
mas from nonadenomas provides

both acceptable sensitivity and speci-

ficity but is still associated with the

risk of misdiagnosis of adrenal masses.
Normal adrenal glands exhibit higher
attenuation during the first 90 sec-

onds after administration of contrast

material than both adenomas and
nonadenomas. During the early phase
of contrast enhancement ( � 90 sec-

onds), adrenal adenomas could not be
distinguished from nonadenomas be-
cause of great overlap in attenuation,
and hence, early-enhanced CT was
not helpful for characterizing adrenal

masses.

However, there were statistically
significant differences in attenuation

between adenomas and nonadeno-

mas at delayed-enhanced CT. With a

threshold of 64 HU at 180 seconds

after administration of contrast mate-
rial, 21 of the 23 adenomas had at-

tenuation below this threshold, while
all 24 nonadenomas had attenuation
above the threshold. With the thresh-
old value of 40 HU at 30 minutes after

administration of contrast material,
however, the sensitivity versus speci-
ficity values for the diagnosis of adre-

nal adenoma were 100% versus 100%.
To our knowledge, no data are

available with regard to the value of
helical CT performed before and dur-
ing several phases of contrast en-
hancement to differentiate adrenal
adenomas from nonadenomas. Previ-
ous reports have indicated variable

success in differentiating benign from
malignant adrenal masses with the
use of conventional CT criteria (4-7).

More recently, Korobkin et al (14)
have shown that unenhanced CT at-
tenuation values at a threshold of 18

90

(1)

� 70

.� � 50

�.2 30

�

(5 10

HU can enable characterization of an
adrenal mass as a benign adenoma

with high specificity and acceptable
sensitivity. Our findings provide simi-

lar information compared with that

(14) and other published reports (4-7)

on the attenuation of adrenal masses
on unenhanced CT scans.

Although the accuracy of unen-

hanced CT in distinguishing adeno-
mas from nonadenomas is high, some

lesions will still be incorrectly classi-

fled. Therefore, the threshold should
be further defined. As shown in Fig-

ure 3, there were three low-attenua-
tion (threshold <18 HU) nonadeno-
mas and three high-attenuation

(threshold >18 HU) adenomas,
which permitted a specific diagnosis
of adrenal adenoma on the basis of
the unenhanced CT attenuation value
alone. With a threshold of 18 HU for
our series, the sensitivity versus speci-
ficity values for the diagnosis of ad-

enoma were 93% versus 92%. Korobkin
et al (14) also found little value in the
enhanced CT attenuation for discrimi-
nating adenomas and nonadenomas;
this limited value has been attributed to
differential enhancement in the two
groups or to the variable interval be-
tween injection of contrast material
and imaging of the adrenal glands.

To our surprise, none of the previ-

ously published series that evaluated
CT attenuation values of adrenal
masses presented data on enhanced
CT values measured at a later phase
of contrast enhancement. Our data

are supported by those of Krestin et al
(11), who used contrast-enhanced fast
gradient-echo MR imaging to differ-
entiate adrenal masses. They found a
mild enhancement and quick wash-
out of MR contrast medium in adeno-
mas, while a strong enhancement and

slower washout of gadopentetate

dimeglumine were observed in non-
adenomas. These differences in con-
trast material dynamics have been
attributed to higher perfusion and
increased capillary permeability in
nonadenomas. This disturbed capil-
lary permeability leads to an in-
creased diffusion of contrast material
into the interstitial space. In the cases
of nonadenomas, the contrast mate-
rial is retained in the extravascular

space for a longer period, resulting in

longer enhancement of nonadenomas
probably because of expansion of the
effective extracellular space due to
tumor infiltration and loss of cellular

membrane integrity.
In another study, Semelka et al (16)

prospectively compared contrast-en-
hanced fast low-angle shot and fat-

suppressed spin-echo MR imaging
with unenhanced and contrast-en-
hanced CT in 30 patients with adrenal
masses. Their assessment of helical CT

scans, obtained at 45 seconds after
initiation of contrast material admin-
istration, entailed only qualitative
analysis such as the pattern of en-

hancement. Contrary to the findings
of Krestin et al (11), they found only
the difference in signal intensity be-
tween the periphery and the center of
adrenal masses to be a useful adjunct
to morphologic findings. The degree
of contrast enhancement was not con-
sidered helpful in distinguishing be-
tween adenomas and nonadenomas.
This controversial outcome (16) has
been related to an earlier timing of
image acquisition (at 20 seconds) after

contrast material injection, which
would correspond to a capillary
phase, whereas Krestin et al acquired
images at approximately 1 minute,
which would correspond to an inter-
stitial phase of contrast enhancement.

The percentage of enhancement on
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images obtained at 10 minutes or later
was not determined.

In this respect, our data also com-
pare favorably with those of Semelka
et al (16), since we did not find helical
CT during the early phase of contrast
enhancement (within the first 90 sec-
onds after injection of contrast mate-
rial) useful in differentiating adeno-
mas from nonadenomas.

Korobkin et al (17) recently demon-
strated that CT attenuation on delayed
scans obtained 1 hour after contrast en-
hancement enables differentiation of
adenomas from metastatic lesions in a
manner similar to that with unenhanced

CT. At a threshold of 30 HU, they found
a specificity and positive predictive
value for the diagnosis of an adrenal
adenoma of 100% with a sensitivity of
95%. Their study was limited, how-

ever, by a relatively small number of
patients (n = 10) with metastases to
the adrenal gland and by the fact that
diagnosis of many of the adenomas
was based primarily on a delayed-

enhanced attenuation less than 18 HU
rather than long-term follow-up, un-
enhanced CT (ie, attenuation less
than 12 HU), or histologic confirma-

tion. The results of Korobkin et al (17),

however, are in strong agreement
with those obtained in our series with
a larger number (n = 24) and variety
of adrenal nonadenomas (metastases,
adrenocortical carcinomas, and pheo-
chromocytomas). In addition, both
the findings of the study by Korobkin
et al (17) and of our study are sup-
ported by unenhanced CT attenua-
tion measurements and long-term
follow-up with repeated CT measure-
ments of all masses in our series.

Our results may have substantial
clinical and economic implications.
CT is an important tool in staging
many malignancies, particularly bron-
chogenic carcinoma. Resection of the
primary lesion in patients with adre-
nal metastasis offers no hope of cure
and is associated with surgical mortal-
ity rates. Hence, such patients can be
spared unnecessary thoracotomy. Of
greater importance, however, is deny-
ing potentially curative surgery on

the basis of false-positive CT findings.
Therefore, our findings may be ex-

tremely helpful in characterizing an
adrenal mass in a patient with extra-

adrenal cancer when the adrenal le-
sion is the only site of possible metas-
tasis.

Since most adrenal masses are mi-
tially depicted on contrast-enhanced
CT scans, the differentiation of adeno-

mas from nonadenomas with de-

layed-enhanced CT scans may obviate

repeating an unenhanced CT scan on
a subsequent day and decrease both
the morbidity and expense of more
aggressive procedures in patients
with cancer. In addition, serial CT or
MR imaging of incidentally detected
adrenal masses can be avoided, thereby

reducing the cost of medical care for
many patients. Our suggestion to re-
peat imaging at 30 minutes after intra-

venous administration of contrast ma-
terial allows a practical approach. The
patient could be removed from the
CT scanner and wait while the next
patient is examined. The first patient
could then be returned for a few repeat
images through the adrenal mass. This

approach makes delayed scanning a

cost-effective technique and would re-
sult in only minimal delay to the patient

and no substantial disruption to the CT
schedule. Delayed-enhanced CT scans,

however, are not expected to help dif-

ferentiate different nonadenomas, such
as pheochromocytomas and metastases.

Clinical history will usually differ in
these two patient populations.

In conclusion, our clinical series
provides strong support for an impor-
tant role of delayed-enhanced CT
scans, particularly those obtained at

30 minutes after administration of

contrast material, in accurate differen-
tiation of adenomas and nonadeno-
mas. However, as the history of adre-
nal CT and MR imaging has shown
us, a greater amount of clinical experi-
ence is needed to see if delayed-en-
hanced CT scans will be sufficiently
reliable for discrimination of both en-
tities and thus obviate biopsy of an
adrenal mass in patients with cancer.
Further study is needed to more pre-
cisely define the optimal (and most
cost-effective) temporal window in

patients with adrenal masses. #{149}
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