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Incidental adrenal lesions are commonly detected at com-
puted tomography, and lesion characterization is critical,
particularly in the oncologic patient. Imaging tests have
been developed that can accurately differentiate these le-
sions by using a variety of principles and techniques, and
each is discussed in turn. An imaging algorithm is provided
to guide radiologists toward the appropriate test to make
the correct diagnosis.
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he incidental adrenal lesion (IAL),

or incidentaloma, 1s an adrenal

mass, usually 1 cm or larger in size
(1). Typically these lesions are discov-
ered during computed tomography (CT)
performed for indications other than
adrenal disease but are occasionally de-
tected at magnetic resonance (MR) im-
aging, positron emission tomography
(PET), or even ultrasonography (US).
With the increasing use of imaging,
IALs are being more frequently de-
tected and are seen in approximately
4%-6% of the imaged population (2-
4). Almost all of these lesions will prove
to be benign in a patient without a
known history of cancer (4-9). On the
other hand, once the patient has a diag-
nosis of an extraadrenal malignancy,
the chance that an incidentally detected
adrenal mass is malignant increases
substantially (1). Characterization of
the TAL in these patients is essential to
predict the prognosis of the primary dis-
ease, to assess staging, and to direct
therapy. The radiologist plays a critical
role in the characterization of these ad-
renal lesions.

B Almost all incidental adrenal le-
sions (IALSs) in patients without a
known primary cancer are be-
nign.

B Characterization of IALs in pa-
tients with cancer is essential to
predict prognosis of the primary
disease, to assess staging, and to
direct therapy.

B Almost all [ALs can be character-
ized by using imaging alone, al-
though some lesions will require
percutaneous biopsy for definitive
characterization.

B Characterization depends on le-
sion morphology, perfusion differ-
ences between benign and malig-
nant masses, the intracellular
lipid concentration of the mass,
and the metabolic activity of the
mass.

B CT contrast medium washout
tests offer the highest test sensi-
tivity and specificity for TAL
characterization.

This review will discuss the ana-
tomic and physiologic imaging princi-
ples used for differentiating adrenal
masses, present the imaging techniques
available to the radiologist, and recom-
mend an imaging algorithm that can
guide the radiologist toward the correct
diagnosis.

Prevalence and Causes of IAL

Adrenal lesions can be categorized as
primary or metastatic, benign or malig-
nant, and functioning or nonfunctioning
(1). Their precise frequency and distri-
bution is unclear, as results in reported
series vary in the observed rate of dif-
ferent adrenal pathologic conditions.
Adenomatous lesions are detected on
approximately 0.2% of CT scans in pa-
tients aged 20-29 years, as compared
with 7%-10% in elderly patients
(1,3,6,7). Of these lesions, approxi-
mately 94% will be nonfunctioning cor-
tical adenomas, and 6% will be func-
tioning due to autonomous cortisol-
secreting (5%) and aldosterone- or sex
hormone-producing tumors (1%) (1-
3). Other benign lesions include myelo-
lipoma (9% of detected lesions) and ad-
renal cysts, hemorrhage, ganglioneu-
roma, hemangioma, neuroblastoma,
and granulomatous disease, which com-
pose perhaps 1%-2% combined of all
IALs (Table 1) (1-4).

According to the literature, IALs
that are determined to be malignant ac-
count for approximately 2%-3% of all
detected lesions, which will also in-
crease in number and proportion with
patient age (1). However, other reports
state this number to be much higher (up
to 30%), but this likely reflects clinical
practices that are more oncology based
(3). Some reports indicate that adrenal
carcinoma (5%) and pheochromocy-
toma (5%) are more commonly seen
than metastatic disease, while others
state that metastatic disease is far more
common (1,3,7). In most clinical prac-
tices, however, adrenal carcinomas and
pheochromocytomas are uncommon tu-
mors, probably accounting for fewer
than 5% combined of all detected IALs
(10). Other rare adrenal malignancies
include primary lymphoma of the adre-

nal glands, hemangiosarcoma, and neu-
roblastoma (11).

Authors agree, however, that the
chance of an IAL proving to be malig-
nant is highly dependent on whether the
patient has an underlying extraadrenal
malignancy. Up to 27% of oncologic pa-
tients will have microscopic adrenal me-
tastases, and approximately 50% of in-
cidentally detected adrenal lesions in
cancer patients will represent meta-

static disease (1,3,8,12).

Principles of Adrenal Imaging

Once an IAL has been detected, its char-
acterization will depend on whether it is
benign or malignant and functioning or
nonfunctioning. Functioning cortical ad-
enomas and pheochromocytomas are
best characterized by means of bio-
chemical assays.

The most common clinical conun-
drum is to differentiate benign nonfunc-
tioning adenomas from malignant dis-
ease. The strength and practicality of
any imaging test devised to differentiate
these lesions will ultimately depend on
its test sensitivity and specificity. First,
the test needs to be sufficiently sensitive
to detect focal adrenal lesions when
present. However, while high sensitivity
is useful, the critical characteristic of an
imaging test is its ability to characterize
adrenal lesions—that is, to distinguish
those that require further evaluation
from those that can be safely left alone.
For instance, characterization of an IAL
as an adenoma in a patient with lung
cancer and no other CT evidence of
metastatic disease would indicate cura-
tive therapy for the primary lung dis-
ecase. An adrenal metastasis, on the
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other hand, would usually direct treat-
ment toward palliative care. Hence, in-
correct lesion characterization could
have unfortunate consequences for the
patient.

High test specificity is, therefore,
the crux of adrenal imaging, and tests
must be devised that are as close to
100% specific as possible (13). Ideally,
for the test to be useful in clinical prac-
tice, it should also be reasonably sensi-
tive; however, it is far safer to leave
some lesions uncharacterized rather
than risk making a diagnosis of benig-
nity in error.

A number of imaging tests have
now been developed that attempt to
address these strict test criteria. Mor-
phologic imaging, while sometimes
helpful, is often limited by its poor test
specificity. Fortunately, other imaging
techniques have been more recently
devised that do meet the test criteria.
These tests, which make use of CT,
MR imaging, and PET, exploit three
fundamentally different physiologic
principles: (a) the intracellular lipid
concentration of the mass, (b) the per-
fusion differences between benign and
malignant masses, and (c¢) the meta-
bolic activity of the mass. The impor-
tance of adrenal imaging methods con-
tinues to evolve, and each method will
be discussed in turn.

a.

Figure 1:

to that of many adenomas.

Common appearance of many |ALS when detected. (@) Axial contrast medium—enhanced CT
scan shows 1.8-cm uniform right adrenal adenoma (arrow) in 44-year-old man with colorectal cancer. Mor-
phologic features cannot be used to differentiate this from metastasis. (b) Axial unenhanced CT scan shows
1.5-cm uniform right adrenal metastasis (arrow) in 75-year-old man with lung cancer. Appearance is similar

Morphologic Imaging: CT and MR

The structural features of most IALs
are not specific enough for them to be
characterized with anatomic imaging
tests (CT or MR) alone, particularly as
most lesions will be small (1-3 cm)
when discovered and smooth and uni-
form in shape, regardless of their his-
tologic characteristics (Fig 1). Lesion
characterization will usually depend
on other imaging principles, although
some imaging morphologic features
can be helpful, if used with caution.
Perhaps the most useful principle
that can aid characterization of [ALs is
evaluation of any relevant prior imag-
ing test results. As a rule of thumb,
any adrenal lesion that increases in
size on serial images (usually obtained
6 months apart) can be considered
malignant. Caveats to this statement
include some benign lesions (adeno-
mas and myelolipomas) that can in-
crease in size very slightly over this
time period in rare cases. Further-
more, hemorrhage into the adrenal
gland, whether traumatic or spontane-
ous (as in myelolipomas) will cause
abrupt adrenal enlargement (14,15).
In practice, however, any increase in
size is generally considered malignant
until proved otherwise. Conversely,

Radiology: \/olume 249: Number 3—December 2008

stability of a lesion signifies benignity.
It is highly unusual for untreated ma-
lignant lesions to demonstrate stability
on 6-month follow-up images (4,8).

Furthermore, larger lesions are
much more likely to be malignant (1).
Once an AL s larger 4 cm, the chance that
it is malignant increases to approximately
70% (85% if larger than 6 cm) (1,3).
Some authors have placed these per-
centages much lower, but it is unusual
in clinical practice to see benign le-
sions larger than 4 cm (4). For lesions
larger than 4 -3 ¢m, adrenal adenocar-
cinoma should be strongly considered,
particularly if the patient has no other
history of malignancy (16). Some my-
elolipomas are also large but are con-
fidently recognized owing to the pres-
ence of macroscopic fat (1,4,
14,15).

Both benign and malignant lesions
can be heterogeneous in attenuation,
particularly after the administration of
intravenous contrast medium (Fig 2).
Large necrotic areas in a lesion usually
signify malignancy. Conversely, me-
tastases, when detected, are often ho-
mogeneous and similar in appearance
to adenomas, especially when small
(Fig 1). Most adrenal cysts, owing to
their uniform and homogeneous na-
ture, can be characterized morpholog-
ically, although some can be complex

Figure 2

Figure 2:  Axial contrast-enhanced CT scan
demonstrates 5.8-cm irregular heterogeneous
rightadrenal metastasis (arrow) that invades adja-
cent liver in 51-year-old woman with lung cancer.
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Figure 3

Figure 3:  Axial unenhanced CT scan shows
1.6-cm proved left adrenal adenoma with exo-
phytic component (arrow) in 71-year-old man with
colorectal cancer.

and are occasionally confused with ne-
crotic adrenal carcinomas (4,8,17).
The shape or margination of the ad-
renal lesion can sometimes be helpful,
because large lesions with highly irregu-
lar borders are usually malignant (Fig
2). Some adenomas, however, also
demonstrate irregularity, and, even in
patients with an extraadrenal malig-
nancy adrenal multinodularity is usually
associated with benignity (Fig 3) (18).

Lipid-sensitive Imaging Techniques: CT

and MR Imaging

Lipid-sensitive imaging tests exploit the
fact that up to 70% of adrenal adenomas
contain abundant intracellular fat
(mainly cholesterol, fatty acids, and
neutral fat), whereas almost all malig-
nant lesions do not (19-24). Both CT
and MR lipid-sensitive imaging tech-
niques have been proved to be highly
effective at characterizing this subset of
lesions.

CT Techniques

Lee et al (22) in 1991 reported conclu-
sively that unenhanced CT densitome-
try could effectively differentiate many
adrenal adenomas from nonadenoma-
tous disease. In that study, the authors
found that the mean attenuation of ad-
renal adenomas (—2.2 HU) was signifi-
cantly lower than that of nonadenomas
(28.9 HU). By using an attenuation
threshold of 0 HU, these lesions could
be then differentiated with a sensitivity

Figure 4

a.

Figure4: Biopsy-proved lipid-rich left adrenal adenoma in 51-year-old man with lung cancer. (a) Axial
unenhanced CT scan shows 2.4-cm mass with attenuation of 3 HU. (b) High-power photomicrograph of left
adrenal histologic specimen. Adenoma cells have small nuclei and finely vacuolated (lipid rich) cytoplasm.
(Hematoxylin-eosin stain; original magnification, < 60.) (Image courtesy of Martha Pitman, MD.)

and specificity of 47% and 100%, re-
spectively. Later, Korobkin et al (19)
demonstrated that this phenomenon is
related to the intracellular fat concen-
tration in adrenal adenomas and that
there is an inverse linear relationship
between fat concentration and attenua-
tion on unenhanced CT images (Fig 4).
Conversely, almost all nonadenomatous
lesions are deficient of intracellular fat,
and their CT attenuation values are con-
sequently higher.

The CT densitometry technique in-
volves placement of a region of interest
(ROI) over the adrenal gland, avoiding
necrotic or hemorrhagic areas (4,
19,23). The measurement should be
made on a CT section through the cen-
ter of the lesion, to avoid partial-volume
effects from adjacent retroperitoneal fat
(Fig 5). Typically the ROI should be
placed over one-half to two-thirds of the
lesion surface area, to decrease noise
artifact and avoid spurious pixel num-
bers that can be seen with small ROIs
(4,19,23,24).

A pooled analysis (13) of multiple
published studies later corroborated the
initial findings of Lee et al (22) and
found that if the CT attenuation thresh-
old is raised to 10 HU, the test sensitiv-
ity becomes far higher (71%) while high
specificity (98%) is maintained. There-
fore only two of 100 adrenal lesions with
an attenuation value of less than 10 HU
on unenhanced CT scans will be non-
adenomatous. Fortunately, these le-

Figure 5

#Pd75.9
Perim 3.35 cm,
Area 0,89 cm™
Avdir.994 HU

Pev 14.03

Figure 5:  Axial unenhanced CT scan shows
1.8-cmrightadrenal mass in 63-year-old woman.
Circular ROl over one-half of lesion surface area
yields attenuation measurement (Avg)of about 8
HU, virtually excluding metastatic disease. Other
datain ROl include standard deviation (Dev) of
attenuation, number of pixels (#Pix), circumfer-
ence (Perim), and area.

sions can often be characterized by
other means. The 10-HU threshold is
now used as a standard reference point
from which lipid-rich adenomas can be
differentiated from other adrenal le-
sions on unenhanced CT scans.
Limitations to this test persist, how-
ever. First, up to 30% of adenomas are
lipid poor and have an attenuation value
greater than 10 HU on unenhanced CT
scans, as do almost all malignant lesions
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(4,8,22,23,26-30). Therefore, all le-
sions above 10 HU on an unenhanced
CT scan are considered indeterminate,
and other tests are generally required to
characterize them. Second, most ab-
dominal and chest CT scans are now
obtained with the use of intravenous
contrast medium; thus, unenhanced
attenuation measurements cannot be
made. Many studies (23,25-30) have
demonstrated that adenomas and non-
adenomas enhance unpredictably and
that there is too much overlap of their
attenuation values for a useful dynamic
contrast-enhanced CT attenuation thresh-
old to be found.

More recently, some authors have

Figure 6

b.

Figure 6:

lakere, MD.)

Number of Pixels
g 8 8

(4.
=]

Lipid-poor left adrenal adenoma (20 HU) in 46-year-old woman. () Axial unenhanced CT scan
with ROI (red) placed over mass for histogram analysis. (b) Histogram of lesion with pixel attenuation plotted
against pixel number. Negative pixel count is 32%, consistent with adenoma. (Images courtesy of Nagaraj Ho-

suggested that lesions can be character-
ized more accurately by using a CT his-
togram analysis method. Bae et al (31)
described this histogram method to be
far more sensitive than the 10-HU
threshold method for the diagnosis of
adrenal adenoma on both unenhanced
and enhanced CT scans. The technique
relies on the supposition that most ade-
nomas (whether lipid rich or lipid poor)
contain sufficient intracytoplasmic fat to
be detected and consequently charac-
terized.

The technique again involves place-
ment of an ROI over approximately one-
half to two-thirds of the adrenal surface
area. This ROl is then processed with a

60 -40 20 0 20 40 60 80 100

HU Value
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histogram analysis tool, which is stan-
dard on most CT viewing workstations
(31). This permits measurement of the
number and range of pixel attenuation
measurements, which can then be
visualized graphically with pixel attenu-
ation along the x axis and pixel fre-
quency along the y axis (Fig 6). As some
nonadenomatous lesions can occasion-
ally contain negative-attenuation pixels
(<0 HU), Bae et al (31) proposed that,
to maintain high test specificity, lesions
should only be considered benign if the
negative pixel count is greater than
10%. Other authors (32,33), however,
have found the test sensitivity to be too
low (71% and 12% for unenhanced and
contrast-enhanced CT, respectively) to
be used in routine clinical practice. In-
deed, most departments do not rou-
tinely use the histogram analysis method,
and its future use remains uncertain (33).

MR Imaging Techniques

Chemical shift MR imaging, similar to
CT densitometry, is also dependent on
the detection of intracellular lipid in ad-
enomas, but chemical shift MR does so
by relying on the different resonant fre-
quencies of fat and water protons in a
given voxel rather than on attenuation
differences (4,8,34-37). Fat protons
precess at a lower frequency than do
water protons, with the net effect being
that the MR signals of water and lipid
protons can cancel each other out

Figure 7:  Myelolipoma in 46-year-old woman. (@) Axial contrast-enhanced CT scan shows 3.5-cm right adrenal mass composed primarily of fat anteriorly (long ar-
row) and mixed elements posteriorly (short arrow). (b) Axial T1-weighted gradient-echo in-phase MR image (repetition time msec/echo time msec, 180/4.2; 80° flip

angle) shows high signal intensity anteriorly and intermediate signal intensity posteriorly. (¢) Axial T1-weighted gradient-echo opposed-phase MR image (80/2.1, 80°
flipangle) shows persistent high signal intensity anteriorly (consistent with pure fat voxels) and loss of signal intensity posteriorly (mixed fat and soft-tissue elements).
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within a voxel during opposed-phase
breath-hold gradient-echo MR imaging
(34-38). This leads to signal intensity
decrease when compared with in-phase
images. Similar to the findings with un-
enhanced CT densitometry, Korobkin
et al (19) also demonstrated there was
an inverse linear relationship between
the percentage of lipid-rich cells and the
relative change in MR signal intensity on
chemical shift images. However, the
amount of signal intensity decrease will
also depend on fat-to-water proton ratio
within this voxel, since pure fat voxels
(as often seen in myelolipomas) will
show little or no signal intensity de-
crease on opposed-phase images be-
cause there are few, if any, water pro-
tons to cancel out the fat signal (Fig 7)
(8,39). On the other hand, with almost
equal voxel concentrations of fat and
water protons (as seen with many lipid-
rich adenomas), there will be almost
complete signal intensity loss on op-
posed-phase chemical shift MR images
(Fig 8). Lipid-poor adrenal lesions,
which contain a low lipid-to-water pro-
ton ratio, cannot generally be charac-
terized by chemical shift methods, as
their signal intensity is unchanged on
opposed-phase images (Fig 9). These le-
sions are then considered indetermi-
nate on the basis of chemical shift MR
images.

The chemical shift phenomenon can
be measured quantitatively by calculat-
ing the adrenal-to-spleen chemical shift
ratio. This represents the lesion-to-
spleen signal intensity ratio on in-phase
images divided by the lesion-to-spleen
signal intensity ratio on opposed-phase
images (38). A chemical shift ratio of
less than 0.71 indicates a lipid-rich ade-
noma. Alternatively the adrenal signal
intensity index can be calculated, and a
measurement of more than 16.5% is
also consistent with a lipid-rich ade-
noma (40). This index (percentage) is
calculated as [(SI;p — Slyp)/SI;p] X 100,
where Sl and Sl are the signal inten-
sities measured on in-phase and op-
posed-phase images, respectively (40).
However, these quantitative techniques
are cumbersome to calculate and not
often used in clinical practice (41,42).
Most radiologists evaluate any chemical

Figure 8

a.

Figure 8:  Axial MR images of 2-cm right adrenal adenoma in 48-year-old man. (a) T1-weighted gradient-
echo in-phase image (180/4.2, 80° flip angle) shows adrenal signal intensity (long arrow) slightly higher than
that of spleen (shortarrow) (internal reference organ). (b) T1-weighted gradient-echo opposed-phase image

(180/2.1,80° flip angle) shows marked signal intensity loss. Adrenal signal intensity (arrow) is markedly
lower than that of spleen. (Images courtesy of Mukesh Harisinghami, MD.)

Figure 9

Figure 9:  Axial MR images of 4-cm left adrenal metastasis in 75-year-old woman with lung cancer.

() T1-weighted gradient-echo in-phase image (180/4.2, 80° flip angle) shows signal intensity (long arrow)
similar to that of spleen (shortarrow). (b) T1-weighted gradient-echo opposed-phase image (180/2.1, 80° flip
angle) shows unchanged signal intensity. Lesion is therefore indeterminate. (Images courtesy of Mukesh Harising-
hami, MD.)

shift change visually or qualitatively,
and this has been reported to be as ef-
fective as quantitative methods (41).

When performing qualitative evalu-
ation, the liver should not be used as the
reference organ with which to deter-
mine any adrenal signal intensity de-
crease, because the liver will also show
decreased signal intensity on opposed-
phase images when there is hepatic ste-
atosis (41). Rather, muscle or spleen
should be used as the internal reference
organ (8,41).

The sensitivity and specificity of
chemical shift MR imaging for the dif-
ferentiation of IALs are similar to
those of unenhanced CT densitome-
try, at 81%-100% and 94%-100%,
respectively, although the most rigor-
ous qualitative study yielded a sensi-
tivity and specificity profile of 78% and
87%, respectively (36).

Considering that the usefulness of
both chemical shift MR and unenhanced
CT densitometry tests are both based
on the detection of intracellular lipid,
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there has been debate as to which test
might offer superior sensitivity and
specificity for characterization of IALs—in
particular, whether lipid-poor adeno-
mas that cannot be characterized on un-
enhanced CT scans can yet be charac-
terized on chemical shift MR images.
Studies have shown that for lipid-rich
adenomas, there is effectively no dif-
ference between the tests, but chemi-
cal shift imaging might be superior
when evaluating lipid-poor adenomas
(43). However, one study (44) demon-
strated that chemical shift imaging
might be useful only when the unen-
hanced CT attenuation is less than
30 HU.

In practice, most investigators still
consider CT to be the initial test of
choice, because it is more available
and cheaper (4,5,45). Furthermore, CT
contrast medium washout tests (dis-
cussed in next section) have proved to
be the most effective diagnostic imaging

tool with which to differentiate IALs
(4,5,23,25,27,29,45-47).

Perfusion Imaging of the Adrenal
Glands: CT Washout Scans

Several authors (24,27,28,30) ob-
served that while the CT densitometry
method was unable to characterize
[ALs during the dynamic phase of a
contrast-enhanced examination, it
could be used after a variable delay
(15 minutes to 1 hour). It was noticed
that intravenous contrast medium
tended to “wash out” much faster,
sometimes as early as 3 minutes, from
adenomatous lesions than from non-
adenomatous lesions and that the CT
attenuation values began to approxi-
mate their unenhanced values (3).
However, as delayed CT densitom-
etry measurements may depend on
the type, total dose, and injection rate
of intravenous contrast material, as

Percentage Washout Formulas for 15-minute Delayed Contrast-enhanced CT Scans

Washout Values (%)

Percentage Washout Formula Adenoma Malignancy
APW (E— D)(E— U) x 100 >60 <60
RPW (E— DYE X 100 >40 <40

Note.—Included are threshold percentage washout values that can be used to accurately differentiate adenoma from
malignancy. D = delayed enhanced value, £ = enhanced attenuation value, U = unenhanced attenuation value.

Figure 10

well as the cardiac output of the pa-
tient, an absolute attenuation mea-
surement on a delayed scan was not
found to be very useful (4,5,23,29).
Fortuitously, it was observed that the
ratio of adrenal attenuation measure-
ments on the washout-delayed scan
when compared with the initial dy-
namic enhanced study could help
characterize adrenal lesions with
great precision (5,28). While this phe-
nomenon was first noticed for MR im-
aging techniques, it was considered
too impractical and variable to be used
in clinical practice (48). Korobkin
and colleagues then described a threshold
enhancement washout value with the cor-
responding sensitivities and specificities
for the diagnosis of adrenal adenoma.
The percentage enhancement washout
represents the percentage of the initial
wash in of enhancement that is washed
out at the time of delayed scanning
(4,5,27). If an unenhanced scan has
been obtained, an APW can be calcu-
lated. If no unenhanced scan is avail-
able, it has proved just as useful in
clinical practice to calculate the RPW.
Fortunately, these percentage wash-
outs are easy to calculate by using cer-
tain equations (Table 2).

Several reports have now confirmed
the accuracy of using either APW or
RPW, and their use is now embedded in
standard clinical practice (23,25,29,45,
47) (Table 2). Although there is some
debate as to the exact percentage wash-

Figure 10:  Axial CT scans of right adrenal metastasis in 71-year-old man with lung cancer. (a) Unenhanced scan shows 4.2-cm heterogeneous mass (arrow) with
attenuation of 44 HU. (b) On dynamic contrast-enhanced scan, mass has attenuation of 73 HU. (¢) On 15-minute delayed scan, mass has attenuation of 69 HU. APW and
RPWare 14% and 5%, respectively, consistent with nonadenoma.
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Figure 11

Figure 11:

Axial CT scans of 1.9-cm lipid-poor right adrenal adenoma in 53-year-old woman. (a) Unenhanced scan shows adrenal attenuation (arrow) of 16 HU.

(b) On dynamic contrast-enhanced scan, adrenal attenuation is 53 HU. (¢) On 15-minute delayed scan, adrenal attenuation is 23 HU. APW and RPW are 81% and 57%,

respectively, consistent with lipid-poor adenoma.

out threshold that enables accurate dif-
ferentiation of adenomas from nonade-
nomas, most investigators use a 40%
threshold on a 15-minute delayed scan
for RPW or 60% for APW. Therefore,
any lesion that demonstrates RPW >
40% (or APW > 60%) at this time is
consistent with an adenoma, with sensi-
tivity and specificity both close to 100%.
Lesions that demonstrate RPW < 40%
(or APW < 60%) on a 15-minute delayed
scan are almost always malignant (Fig
10). Some investigators have recom-
mended using a 10-minute delay scan, be-
cause it would be more convenient for
busy CT schedules, and setting the RPW
threshold at a more conservative 50%
(29). Later, other investigators found the
40% RPW threshold to be just as effective
even on a 10-minute delayed study
(47,49). In practice, however, most in-
vestigators still use the 15-minute delayed
scan with the 40% RPW threshold.

The sensitivity for differentiating IALs
by using RPW is much higher than that
achieved with unenhanced CT scans
alone. Indeed, it was observed that most
lipid-poor adenomas could also be char-
acterized by using this technique, which
explains why the test is nearly 100% sen-
sitive and specific (Fig 11) (23,25,
29,45,47). In fact, it has been proposed
that RPW (and APW) tests are so effec-
tive for differentiating adenomas from
nonadenomas that other imaging tests
(including MR and PET) should only

Figure 12

a.

firmed at surgical removal of lesion.

b.

Figure 12:  Rightadrenal metastasis in 64-year-old man with colorectal and renal cell cancer. (a) Axial
contrast-enhanced CT scan shows slight thickening of right adrenal (arrow). Metastasis was unsuspected.
(b) Axial PET image shows increased FDG uptake (arrow), strongly suggestive of metastasis, which was con-

be needed in unusual circumstances
(4,5,45).

Functional Imaging: PET and PET/CT

Several radioisotopes have been recom-
mended to help characterize [ALs in-
cluding "'1-6-B-iodomethyl-19-norcho-
lesterol (NP-59), MIBG, and fluorine 18
('®F) fluorodeoxyglucose (FDG) PET
(50-67). While NP-39 has a high posi-
tive predictive value for the detection of
adenoma, its widespread use has not
been approved by the U.S. Food and

Drug Administration, and it effectively
has no use in clinical practice. MIBG is
still sometimes recommended in the
evaluation of some pheochromocyto-
mas, particularly if ectopic or meta-
static (53,61,63).

In practice, an increasing number of
IALs are now being detected and charac-
terized with PET or PET/CT, as these
modalities are now more available. Nu-
merous studies have demonstrated the
accuracy of 'SF-FDG PET imaging to dif-
ferentiate benign from malignant adrenal
disease (46,50-52,54,56,58,59). Its effi-
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cacy works on the principle that "SF-FDG
is trapped intracellularly by metabolically
active malignant lesions, whereas most
benign lesions fail to accumulate the ra-
dioisotope (50,53). Hence, very early

Figure 13

e

a.

metastatic disease can be detected by us-
ing this technique (Fig 12).

Sensitivity and specificity profiles
of PET or PET/CT range from 93% to
100% and 80% to 100%, respectively

b.

Figure 13:  Biopsy-proved left adrenal adenoma in 83-year-old woman with esophageal and lung cancer.
(a) Axial contrast-enhanced CT scan shows 2.1-cm leftadrenal mass (arrow). (b) Axial PET image shows
slightly increased FDG uptake inadenoma (arrow), as compared with liver.

Figure 14

(middle column) to show increased FDG uptake (arrows) in 1.4-cm right adrenal metastasis.

Radiology: \/olume 249: Number 3—December 2008

Figure 14:  Metastatic lung cancer in 78-year-old woman. Axial (top row) and coronal (bottom row) CT (left column) and PET (right column) images are coregistered

(46,66,67), although most authors be-
lieve that specificity is closer to 95%
(56,66). Some adrenal adenomas, ad-
renal endothelial cysts, and inflamma-
tory and infectious lesions can demon-
strate slightly increased radiotracer
uptake when compared with the liver
(the internal reference organ for nor-
mal uptake) (Fig 13). Necrotic or hem-
orrhagic malignant adrenal lesions
may occasionally cause false-negative
findings, showing poor '"8F-FDG up-
take (66). PET is also not recom-
mended for lesions smaller than 1 cm,
as metastatic lesions of this size will
often demonstrate lower radiotracer
uptake than normal liver (66).
PET/CT offers clear advantages
over PET alone, because lesion mor-
phology on the CT scan can be coregis-
tered with the metabolic activity on the
PET scan on the same image, allowing
more accurate anatomic localization of
any PET abnormalities (Fig 14). Fur-
thermore, CT densitometry and wash-
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Figure 15
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Figure 15:  Axial contrast-enhanced CT scan in
51-year-old woman with 6-cm right adrenal my-
elolipoma. Identification of fat (arrow) confirms
diagnosis.

out measurements (if contrast-enhanced
CT is also performed) can be incorpo-
rated into the analysis. Thus, the three
most effective tests used to characterize
adrenal IALs may be combined into one
examination. Under these circumstances,
Blake et al (46) demonstrated that the
sensitivity and specificity lesion charac-
terization in 41 masses were both
100%, although further studies with
larger numbers of patients are required
to confirm these findings. In practice,
most patients with known IAL will likely
be referred for characterization with
PET or PET/CT only if CT densitometry
or washout analyses are inconclusive on
a separate CT study.

Imaging Features of Specific Adrenal

Diseases

Cortical Adenoma

Cortical adenoma is the most common
adrenal lesion that will be detected at
CT and is usually nonfunctioning (Figs
4, 6, 7, 11). Functioning adenomas
(Cushing syndrome, Conn syndrome,
or adrenogenital hyperplasia) are un-
common and can usually be confirmed
by means of biochemical evaluation in
the presence of an adrenal mass (1).
There are no specific morphologic fea-
tures that permit adenoma character-
ization, as most are small, smooth,
and homogeneous when detected.
However, as discussed, most can be

Figure 16

Figure 16:

Lymphoma in 28-year-old woman. (a) Axial contrast-enhanced CT scan demonstrates bilateral
adrenal masses and necrosis (arrow) in left mass. Washout tests were consistent with nonadenoma. (b) Axial
PET image shows marked FDG uptake in both masses, with poor uptake in necrotic region (arrow).

b.

characterized by using lipid-sensitive
or washout CT techniques (or some-
times chemical shift MR techniques).
If these tests are inconclusive, it is
often reasonable to perform follow-up
CT at 6 months in a patient who has no
history of malignant disease (4,8,68),
even if the unenhanced CT adrenal at-
tenuation is greater than 10 HU. A
recent study of 973 consecutive pa-
tients in this category did not find any
malignant lesions at follow-up imaging
(9). The chance that an IAL is malig-
nant in this group of patients is there-
fore negligible.

Metastasis

The adrenal gland is a common site for
metastatic disease, most commonly
from carcinomas (lung, breast, and
colon), lymphoma, and melanoma, al-
though virtually any primary malig-
nancy can metastasize to the adrenal
gland (69-71) (Figs 9, 10, 12, 14).
Most IALs are, therefore, followed up
to diagnosis in patients with a known
extraadrenal malignancy (1). The pri-
mary malignancy is usually known at
time of diagnosis, and lesion charac-
terization is critical for primary dis-
ease staging and treatment planning
(1). Similar to most adenomas, metas-
tases do not usually demonstrate spe-
cific morphologic imaging features,
unless they have increased in size on

serial images or are large, irregular,
and/or necrotic. Not infrequently,
they can be bilateral. Rarely, a metas-
tasis can occur in an existing ade-
noma, which is then known as a “col-
lision” tumor. In the setting of a
known primary extraadrenal malig-
nancy, a lesion on CT washout images
that does not conform to strict criteria
for benignity should be strongly con-
sidered as metastatic.

Myelolipoma

Myelolipomas are usually detected in-
cidentally at CT, and although most
are small, they can occasionally be
large, hemorrhagic, or, rarely, extra-
adrenal (4,14,15,72). Most, however,
have specific imaging features that
permit easy characterization with CT
or MR imaging due to their abundance
of mature fat (Fig 7). The amount of
recognizable macroscopic fat varies
from almost 100% to none. However,
the presence of even the slightest mac-
roscopic fat indicates that the lesion is
a myelolipoma (Fig 15). Calcification
can also be identified in approximately
20% of cases (39). When a myeloli-
poma is large (>5 cm), the myeloid
elements have a tendency to hemor-
rhage. For these reasons, some larger
myelolipomas are surgically removed.

While CT can enable characterization
of almost all lesions, MR imaging can oc-
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casionally be helpful by demonstrating
high fat signal intensity on T1- and T2-
weighted images, which is reduced on fat-
suppression images. Chemical shift imag-
ing may or may not be helpful, depending
on the proportion of fat to water in an MR
imaging voxel, since pure fat may demon-
strate no signal intensity decrease on op-
posed-phase images (Fig 7).

Figure 17

Lymphoma

Primary adrenal lymphoma is extremely
rare, but metastatic involvement is more
common, with approximately 4% of
patients with non-Hodgkin lymphoma
demonstrating adrenal involvement
(1,3,73,74) (Fig 16). Imaging features in-
clude total encasement of the adrenal
gland from adjacent retroperitoneal dis-

. é&w T

NRSHIM '

C.

ease (making it hard to identify the adre-
nal gland) to smaller discrete masses or
diffuse enlargement. Bilateral metastatic
involvement occurs in up to 50% of cases
(8,73). Lymphoma-related lesions dem-
onstrate washout characteristics similar
to those of other malignancies and may
demonstrate heterogeneous hyperinten-
sity on T2-weighted MR images, but this

Figure 17:  Axial CT scans in 31-year-old woman with 11.8-cm right adrenal carcinoma. (a) Unenhanced scan shows mass with necrosis (long arrow) and calcifica-
tion (short thin arrow). Attenuation in circular ROl in solid soft-tissue area of mass (thick arrow) is 40 HU. (b) On dynamic contrast-enhanced scan, attenuation is 81 HU in
solid area of mass. (¢) On 15-minute delayed contrast-enhanced scan, attenuation is 70 HU in solid area of mass. APW and RPW of 27% and 14%, respectively, are con-

sistent with malignancy.

Figure 18

i

X t
Figure 18:  Axial gadolinium-enhanced T1-
weighted three-dimensional gradient-echo MR image
(5.5/1.7,15°flipangle) in 61-year-old woman with

10.3-cm left adrenal carcinoma shows invasion by
tumor of left adrenal and renal veins (arrow).

Radiology: \/olume 249: Number 3—December 2008

Figure 19

Figure 19:
shows 2.9-cm indeterminate mass (arrow). Mass is heterogeneous, with attenuation of 66 HU. (b) Axial T2-

weighted fast spin-echo MR image (4000/100, 90° flip angle) shows hyperintense signal (arrow), suggestive
of pheochromocytoma.

Left adrenal pheachromocytoma in 67-year-old woman. (a) Axial contrast-enhanced CT scan
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finding is nonspecific (4,8,46). PET usu-
ally demonstrates increased radionuclide
uptake, but uptake can rapidly decrease
after the use of appropriate chemother-

apy (56,66).

Adrenal Carcinoma

Adrenal carcinoma is rare, and most
lesions are larger than 6 cm when de-
tected, despite the fact that 50% of pa-
tients present with Cushing syndrome
(from cortisol hypersecretion) or, more
rarely, Conn syndrome or adrenogeni-
tal syndrome (16,75-78). Lesions are
typically heterogeneous and irregular,
and calcification is seen in up to 30% of
cases (75,76). Lesions enhance hetero-
geneously after intravenous administra-
tion of contrast material and demon-
strate CT washout values consistent
with those of other malignant diseases
(Fig 17) (16). Important surgical consid-
erations involve determining the cepha-
lad extension of large tumors or inva-
sion of adjacent vascular structures
(Fig 18). Multiplanar imaging with MR
or multidetector CT can be helpful in
these circumstances.

Pheochromocytoma

Pheochromocytoma, a rare catechol-
amine-secreting tumor, usually mani-
fests clinically, but up to 10% are de-
tected incidentally (10,16,79-81)
(Figs 19, 20). Another 10% are also
bilateral or extraadrenal in location
(along the paraganglionic sympathetic
nervous system) or malignant (82).
The diagnosis of pheochromocy-
toma is dependent on detection of an
adrenal mass in the appropriate clini-
cal and biochemical setting. Imaging
appearances are variable. At CT, most
lesions are smooth and round, with
attenuation similar to that of soft tis-
sue. They avidly enhance after intra-
venous administration of contrast me-
dium, and washout characteristics are
typically similar to those malignant ad-
renal lesions, regardless of whether the
pheochromocytoma is malignant or be-
nign (16). However, uncommonly,
pheochromocytoma may show the op-
posite, with washout values consistent
with benign disease, low attenuation at
unenhanced CT, or poor enhancement

Figure 20

Figure 20:  Recurrent metastatic pheochromocytoma in 48-year-old man. (a) Axial contrast-enhanced CT
scan shows 6-cm recurrence (arrow) in upper pelvis. (b) Anteroposterior MIBG image shows increased radio-
tracer uptake (arrow) in upper pelvis, consistent with recurrent pheochromocytoma.

b.

Figure 21

a.
Figure 21:

Axial MR images of adrenal hemorrhage in 24-year-old woman. (a) T1-weighted gradient-echo
in-phase image (180/4.2, 80° flip angle) shows 12-cm right adrenal mass (arrow) with mixed signal intensity.
(b) T1-weighted gradient-echo opposed-phase image (180/2.1, 80° flip angle) shows that predominantly
high adrenal signal intensity remains (arrow), confirming areas consistent with hemorrhage.

b.

after intravenous administration of con-
trast medium (16,82,83). Macroscopic
fat can even be identified on rare occa-
sions (83,84). Because pheochromocy-
toma can be confused with an adenoma
on rare occasions, some endocrinologists
recommend biochemical evaluation for
any patient suspected of having an ade-
noma on the basis of imaging findings
(1). Large lesions are often heteroge-
neous and necrotic and are usually non-
functioning (853).

Traditionally, it had been thought

that the use of intravenous iodinated
contrast medium at CT could precipi-
tate a hypertensive crisis in patients
with pheochromocytoma. However, sev-
eral reports have now documented that
the use of intravenous nonionic contrast
medium poses no markedly increased
risk when evaluating patients with CT
(86-88).

Up to 70% lesions demonstrate high
signal intensity on T2-weighted MR im-
ages; this finding is thought to be some-
what characteristic of pheochromocy-
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toma and can also be used to help char-
acterize extraadrenal disease (Fig 19)
(8,82,85). However, 30% of lesions
demonstrate low signal intensity on T2-
weighted images and may be confused
with other adrenal disease (8,82).
MIBG scintigraphy can play a role in
problem cases. lodine 123- or iodine
131-labeled MIBG is concentrated within
pheochromocytomas, and its use has

Figure 22

proved particularly helpful in patients
with strong biochemical evidence of tu-
mor but no CT evidence of disease or
for confirmation of extraadrenal or met-
astatic disease (Fig 20) (53,61,63,
64,82,89). MIBG has almost 100%
specificity for the diagnosis of pheochro-
mocytoma, but its sensitivity is variable
(53,89). Octreotide, a somatostatin an-
alog, can occasionally be helpful but has

Figure 22:  A17-cm leftadrenal cystin 43-year-old woman. (a) Sagittal US image of mass shows complex
cystwith marked internal echoes (arrow). (b) Axial contrast-enhanced CT scan shows slightly thickened wall
(shortarrow) and cyst with mixed components (long arrow). Owing to cyst's complex nature, percutaneous
biopsy was performed to exclude cystic neoplasm; results confirmed benign adrenal cyst.

Figure 23

Figure 23:  Coronal T1-weighted three-dimen-
sional gradient-echo MR image (5.5/1.7,15° flip
angle) in 24-year-old woman with neuroblastoma
shows 16-cm complex right adrenal mass (arrow)
with necrosis and hemorrhage. (Image courtesy of
Nagaraj Holakere, MD.)

Figure 24

Figure 24:  Axial contrast-enhanced CT scan
shows homogeneous 6-cm left adrenal mass (ar-
row) in 55-year-old woman. Adrenal biopsy
yielded ganglioneuroma.

Radiology: \/olume 249: Number 3—December 2008

only 30% sensitivity (90). However,
with the increasing availability of PET,
MIBG imaging is less often performed
for this disease (53,62,91). Imaging
with 6-['8F]fluorodopamine and carbon
11-hydroxyephedrine PET has also
shown promising initial results for de-
tection and characterization of pheo-
chromocytoma (92,93).

Hemorrhage

Blunt trauma accounts for 80% of adre-
nal hemorrhages, which are usually uni-

Figure 25

Figure 25:  Axial gadolinium-enhanced T1-
weighted gradient-echo MR image (180/2.1, 80°
flipangle) in 53-year-old woman with hemangio-
sarcoma shows 14-cm left adrenal mass with
marked vascularity (arrow).

Figure 26:  Coronal contrast-enhanced CT scan
in 60-year-old man with histoplasmosis shows bilat-
eral uniform homogeneous adrenal masses (arrows).
Leftand right adrenal glands measure 5.2 and 4.9 cm
inthe coronal plane, respectively. (Image courtesy of
Mukesh Harisinghani, MD.)
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Figure 27

a. b. C.

Figure 27:  Previously known left adrenal adenoma, and new “collision” tumor (leiomyosarcoma) to inferior aspect of mass in 50-year-old man. (a) Axial unenhanced
CT scan shows 2.6-cm left adrenal mass with new areas of higher attenuation in lateral and inferior aspects of previously uniform hypoattenuating mass (long arrow).
Areas of lower attenuation are seen medially (short arrow). (b) Axial PET image shows marked FDG uptake (arrow) in inferior aspect of mass, strongly suggestive of meta-
static disease. (c) Axial unenhanced CT scan during leftadrenal biopsy with patient in left lateral decubitus position. Specimen obtained with medial needle (long arrow)

confirmed adenoma; specimen from lateral needle (short arrow) confirmed metastasis.

Figure 28

strates no evidence of progression.

Figure 28: CT scans in 54-year-old woman referred for right adrenal percutaneous radiofrequency ablation. Patient had previously undergone left
nephrectomy for renal cell carcinoma, and new biopsy findings proved the presence of right adrenal metastasis. Patient was not a surgical candidate
owing to severe coronary artery disease and systemic lupus erythematosus. (a) Immediate preablation axial unenhanced scan with patient in right
lateral decubitus position shows 2.5-cm right adrenal metastasis (arrow). (b) Axial unenhanced scan with patient in right lateral decubitus position
shows radiofrequency needle in the mass (arrow). (c) Coronal contrast-enhanced scan 2.5 years after ablation shows that mass is stable and demon-

C.

lateral and are more common on the
right (94) (Fig 21). When bilateral,
hemorrhage is usually associated with
bleeding diatheses or severe stress
(95). Adrenal hemorrhage has also
been reported after adrenal venous
sampling for endocrine disease (96,97).

If spontaneous, an underlying adrenal
tumor should be considered, and fol-
low-up imaging or biopsy is required.
Acute adrenal hemorrhage will show
increased CT attenuation of 50-90 HU on
unenhanced CT scans, which slowly de-
creases over time, as does the size of the

mass. In the acute setting, if a contrast-
enhanced study is performed, it can be
difficult to distinguish from other indeter-
minate adrenal masses, and follow-up im-
aging is required (4). MR appearances
include hyperintensity (methemoglobin)
on T1-weighted images, seen in subacute
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hemorrhage, or a dark rim on T2-
weighted images when hemorrhage is
chronic (8).

Cyst

These are uncommon lesions resulting
from endothelial proliferation, prior hem-
orrhage, or parasitic disease (85,98).
They usually demonstrate the expected
cystic CT and MR imaging features but
some have higher attenuation values at
CT (8,99). They usually have thin (<3-
mm-thick) walls and may contain internal
septa, both of which can enhance or con-
tain calcifications (Fig 22) (17). The only
noteworthy diagnostic challenge is to
ensure that the lesion is not a cystic
adrenal adenocarcinoma, although such
lesions are almost never purely cys-
tic (17).

Neuroblastoma

Neuroblastoma can occasionally be seen
in adults, although it is a tumor usually
associated with childhood (Fig 23). It is
found anywhere along the sympathetic

nervous system chain. Adults typically
show less calcification but more meta-
static  disease than do children
(100,101). In adults, the findings are
hard to differentiate from other malig-
nant diseases, and biopsy is usually re-
quired.

Ganglioneuroma

Ganglioneuroma is a rare benign tumor
that is usually detected incidentally (4)
(Fig 24). Although it can arise in the adre-
nal medulla, most are extraadrenal, lo-
cated along the paravertebral sympa-
thetic plexus (102,103). These tumors
can be very large (>20 cm), and there are
no specific imaging features, although
even large masses show homogeneous
or mildly heterogeneous enhancement,
which is unusual for a mass of this
size (4).

Hemangioma and Hemangiosarcoma

Adrenal hemangioma is a rare tumor
and is usually benign, except for the
even rarer hemangiosarcoma (104).

I IAL detected at imaging |

| Biochemical abnormality |

Consider hyperfunctioning adenoma,
carcinoma or pheochromocytoma

| No biochemical abnormality |

No prior imaging

Prior imaging

No known extraadrenal
malignancy

Known extraadrenal
malignancy

Consider no follow-up:
assume benign

| Lesion stable | | Lesion Iargerl
| Benign I | Malignant | I Unenhanced CT [ |Contrast-enhanced CT|
| CT densitometry | | Lesion indeterminatel
I HU < 10 HU | | HU > 10 HU I |Adrenal protocol |
!
| Benign ||Lesion indeterminateH Washouts I
T v :
| APW/RPW > 60/40% || APW/RPW < 60/40%
!
|Suspicious appearance | | Metastasis ]
i

Consider CSI MR or PET H Indeterminate H Biopsy if necessary|

Figure 29:
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Flowchart shows algorithmic approach to characterization of IAL detected at CT.

They are often very large when de-
tected, owing to their indolent nature,
and are highly vascular, demonstrating
irregular and profuse enhancement
(Fig 23). Specific features include the
presence of multiple phleboliths within
the tumor and persistent enhancement
on delayed images (105,106). On MR
images, these tumors are usually hyper-
intense on T2-weighted images and hy-
pointense on T1-weighted images.

Granulomatous Disease

Worldwide, tuberculous adrenal dis-
ease occurs much more commonly
than histoplasmosis and blastomycosis
(Fig 26). However, the imaging findings
are similar in each disease: usually bi-
lateral homogeneous adrenal enlarge-
ment when acute and sometimes cystic
or calcified when chronic (107-109).
Tuberculous adrenal atrophy can also
occur in chronic disease, leading to ad-
renal hypofunction and Addison disease
(108).

Adrenal Interventional Techniques:
Adrenal Biopsy and Ablation

Adrenal Biopsy

The necessity for adrenal biopsy has
been reduced by the accuracy of con-
temporary adrenal imaging techniques
designed to characterize adrenal dis-
ease (110) (Fig 27). Biopsy is still rec-
ommended in select cases, however,
particularly if the patient has an under-
lying extraadrenal malignancy. Some-
times, findings from conventional adre-
nal imaging are inconclusive or there is
suspicion that the lesion could still be
malignant, despite imaging evidence to
the contrary (eg, lesion stability on se-
rial images, inconsistent washout re-
sults, PET findings suggestive of malig-
nancy). The frequency of and necessity
for adrenal biopsy will likely depend on
a department’s familiarity with adrenal
imaging and biopsy techniques.

Adrenal biopsy procedures are gen-
erally safe, with a low complication rate
(most commonly, adrenal hemorrhage
or pneumothorax), and accurate (83%-
96% diagnostic accuracy) (110-112).
Approximately 50%-70% of those pa-

7



%
<
=

S
o

REVIEW: Imaging of Incidental Adrenal Lesions

Boland etal

tients’ biopsies will yield benign disease,
even in patients with malignancy (112).
Biopsy is not generally indicated for pa-
tients suspected of having pheochromo-
cytoma, owing to the risk of precipitat-
ing a hypertensive crisis, although these
tumors have sometimes been inadver-
tently subjected to biopsy without unto-
ward clinical complications (111,112).
The biopsy procedure is usually per-
formed with CT guidance while the pa-
tient is in the decubitus position with
the adrenal mass ipsilateral side down
to reduce the risk of pneumothorax (Fig
27). Rarely, it may be necessary to use a
transhepatic approach (8).

Adrenal Ablation

Radiofrequency ablation is a technique
that uses alternating current to gener-
ate heat and induce tissue necrosis
(113-115). It involves placement of ra-
diofrequency electrodes into the tumor
by using a technique similar to adrenal
biopsy; the complication rate has been
reported to be low (113,114). A variety
of adrenal tumors have been treated,
including metastatic disease (Fig 28),
pheochromocytoma, aldosteronoma, and
recurrent adrenal carcinoma (113,116).
Proper patient selection is critical and is
usually indicated for those patients with
an extraadrenal primary cancer with no
other evidence of metastatic disease or
controlled disease at other sites (113).
Because follow-up imaging has often
helped identify progressive extraadre-
nal metastatic disease, the technique is
usually reserved for palliative purposes.
However, radiofrequency ablation could
play a more definitive role for the treat-
ment of hyperfunctioning adrenal neo-
plasms (113).

Differentiation of Adenoma from

Malignant Adrenal Disease: Imaging
Algorithm

While there are numerous lesions that
can potentially affect the adrenal gland,
the most common clinical challenge is to
differentiate a metastasis from an ade-
noma in a patient with an extraadrenal
malignancy. Ideally, a previous abdomi-
nal or chest CT study is available for
comparison, but other studies such as a

spine MR imaging or renal MR angio-
graphic study can also prove effective.
Lesion stability at 6 months almost al-
ways signifies benignity.

If no prior imaging study is available
or is inconclusive, an adrenal CT proto-
col is recommended involving an initial
unenhanced study followed by CT wash-
out studies. Almost all lesions can be
differentiated into benign or malignant
(or at least highly suspicious for malig-
nancy) categories with these tech-
niques. Diagnosis of the few remaining
uncharacterized lesions might occasion-
ally benefit from chemical shift MR or
PET imaging. Alternatively, adrenal bi-
opsy can be performed for these few
remaining cases where a timely diagno-
sis is critical. Otherwise 6-month fol-
low-up imaging is a reasonable approach,
although some radiologists recommend
an earlier 4-month follow-up in patients
with malignant disease if biopsy is not
performed. Finally, because an IAL is
very unlikely to represent metastatic
disease in patients without a known ex-
traadrenal malignancy, some referring
physicians prefer no imaging follow-up
(once they have excluded functioning
disease), assuming the lesion to be a
nonfunctioning adenoma. The algo-
rithm shown in Figure 29 is suggested
when attempting to characterize an IAL.
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