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Adrenal imaging: Using a three-
category approach to managing the

adrenal “incidentaloma”

Lisa M. Ho, MD

dvances in imaging technology
Ahave led to improvements in

the detection and diagnosis of
adrenal pathology. Imaging now plays
a critical role in the work-up and clini-
cal management of adrenal disease. Be-
cause masses in the adrenal glands are
one of the most commonly encountered
incidentalomas, the American College
of Radiology (ACR) has developed
specific recommendations on how to
manage incidentally discovered adre-
nal masses in the adult population. The
purpose of this article is to review the
imaging appearance of common adre-
nal diseases and to provide a diagnos-
tic imaging algorithm for work-up of
the “adrenal incidentaloma” based on
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guidelines published in the ACR White
Paper on management of incidental
findings.'*

Three types of adrenal masses

Most adrenal masses can be divided
into three broad categories. The first
category consists of lesions known as
“Aunt Minnies.” These lesions can be
diagnosed immediately and with high
degree of certainty so that no further im-
aging work-up is necessary. The second
category consists of incidentalomas,
which cannot be diagnosed on initial
discovery, but require further imaging to
elucidate their nature. The ACR White
Paper provides a helpful decision tree to
determine the most appropriate imaging
test to work-up the incidental adrenal
lesion. The third category comprises ad-
renal “conundrums,” which are lesions
that remain indeterminate after dedicated
adrenal imaging. In these cases, image-

guided adrenal biopsy may be performed
for definitive diagnosis.

Adrenal “Aunt Minnies”

This group of adrenal masses can be
correctly diagnosed with a high degree
of certainty based on their imaging ap-
pearance.? They include myelolipomas,
cysts, and lipid-rich adenomas.

Myelolipomas are benign tumors
composed of fat and hematopoietic tis-
sue. Pathologically, these tumors can
resemble bone marrow. They typically
contain variable quantities of macro-
scopic fat that is easily detected on CT
and MRI (Figure 1). On CT, the areas of
fat attenuation measure between -150
HU to -30 HU.# These tumors can con-
tain calcifications and evidence of hem-
orrhage if they get large (>5 cm).’ On
MR, areas of fat within myelolipomas
parallel the signal of retroperitoneal
fat.>7 On FDG-PET/CT, myelolipomas
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FIGURE 1. Myelolipoma of the right adrenal
gland. Axial contrast-enhanced CT demon-
strates a right adrenal mass (arrow) contain-
ing macroscopic fat, which is diagnostic of a
myelolipoma.

and left adrenal gland. Right adrenal mass
(arrow) appears smooth, oval, homoge-
neous, and measures 0 HU. Left adrenal
mass (arrowhead) also appears smooth,
oval, homogeneous, and measures 1 HU.
The appearance is diagnostic of bilateral
benign lipid-rich adenomas.

typically show FDG uptake lower than
that of liver background. Rarely, my-
elolipomas with dominant adenomatous
and hematopoietic tissue can have high
FDG avidity.?

Adrenal cysts are rare but can be eas-
ily diagnosed on CT or MRI. On CT,
the typical adrenal cyst has a Houn-
sfield attenuation close to that of water
(<20 HU) and it does not enhance. On
MRI, these lesions demonstrate homo-
geneous high signal on T2-weighted
images and do not enhance (Figure 2).
Most adrenal cysts are of endothelial
origin or pseudocysts from prior inflam-
matory process.’

Lipid-rich adenomas are the most
common tumor of the adrenal gland.
The overall prevalence of adenomas

DETAILS ON PAGE 7

FIGURE 2. Adrenal cyst of the left adrenal gland. (A) Left adrenal lesion (arrow) appears
homogeneously hyperintense on axial T2W image. (B) Same left adrenal lesion (arrow) as in
A appears homogeneously hypointense on axial T1W image and does not enhance consistent
with an adrenal cyst.

| — - _______’/" - ~
FIGURE 4. Lipid-rich adenoma of the left adrenal gland. (A) Left adrenal mass (arrow) appear
isointense on in-phase T1W GRE. (B) Same left adrenal mass (arrow) as in A appears homo-
geneously hypointense on opposed-phase T1W GRE, indicating abundant intracellular lipid

| —

with a benign lipid-rich adenoma.

in the general population is estimated
at approximately 4-6% and the fre-
quency increases with age. These are
benign tumors derived from the ad-
renal cortex. The vast majority of ad-
enomas are non-hyperfunctioning.'’
Approximately 70% of adrenal adeno-
mas can be termed “lipid rich” owing
to the large amount of intracellular
lipid within these tumors. Because of
this abundant intracellular lipid, these
tumors typically have low CT attenua-
tion on non-enhanced CT (Figure 3). A
threshold value of less than or equal to
+10 Hounsfield attenuation units (HU)
has become the reference standard for
diagnosis of lipid-rich adenoma on non-
enhanced CT, since this threshold value
was first proposed by Boland et al. in
1998.1

Lipid-rich adenomas are also easily
diagnosed on chemical shift MRI, using

breath-held dual-echo T1-weighted,
gradient-recalled echo (GRE), acquired
in-phase and opposed phase. Because
fat protons precess at a lower frequency
than water protons, at a given time to
echo (TE), their frequency signals will
be either be additive (in-phase) or can-
cel each other out (opposed-phase).
Thus, owing to the presence of intra-
cellular lipid, adenomas can be dif-
ferentiated from non-adenomas such
as metastases by demonstrating signal
cancellation on opposed-phase images
(Figure 4). The choice of TE to per-
form chemical shift imaging depends
on the strength of the external magnetic
field. At 1.5 Tesla, a TE of 2.2 msecs
corresponds to when fat and water are
opposed-phase and a TE of 4.4 msecs
corresponds to when fat and water are
in-phase. With lipid-rich adenomas, the
signal loss on opposed phase images is
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FIGURE 5. Lipid poor adenoma of the right adrenal gland. (A) Right adrenal mass (arrow) measures 16 HU on nonenhanced CT. (B) Same
right adrenal mass (arrow) as in A measures 70 HU on enhanced CT. (C) Same right adrenal mass (arrow) as in image A measures 29 HU on
15-minute delayed scan. Using the formula for absolute percentage washout, the calculated washout is 76% which meets threshold of greater
than 60% for diagnosis of a lipid-poor adenoma.

usually dramatic and signal “dropout”
is easily determined visually or quali-
tatively by comparing the in-phase im-
ages with the opposed-phase images.'?
Signal loss on opposed phase images
can also be measured quantitatively by
measuring the signal intensity index.
Demonstrating a signal intensity index
value >16.5% is consistent with an ad-
renal adenoma. The formula for signal
intensity index is as follows:

Signal Intensity Index =
[(Signal in-phase) -
(Signal opposed-phase)/ (Signal in-phase)]
X100.18

Adrenal incidentalomas

Most adrenal masses are discovered
serendipitously during a contrast-en-
hanced CT performed for reasons other
than evaluation of adrenal disease. The
majority of these adrenal incidentalo-
mas are caused by adrenal adenomas.
However, because adrenal adenomas
cannot be definitively diagnosed on a
routine contrast-enhanced CT, a plan of
action or imaging algorithm is needed
to distinguish adenomas from nonad-
enomas (eg, metastases). The ACR
White Paper presents a flowchart for
how to proceed when confronted with
an adrenal incidentaloma.! Incidental

adrenal lesions measuring greater than
4 cm should be considered for surgical
consultation or biopsy due to increased
risk of malignancy. Incidental adrenal
lesions measuring between 1 cm and 2
cm, with no history of cancer are likely
benign. In these cases, the ACR recom-
mends 1-year followup with dedicated
adrenal CT or chemical shift MRI. For
incidental adrenal lesions measuring
between 2 cm and 4 cm, dedicated ad-
renal CT or chemical shift MRI can be
considered at the time of initial discov-
ery to confirm benignity.

However, if there is clinical concern,
or if the lesion has suspicious features
such as central necrosis, heterogeneity,
and irregular borders, then additional
work-up is recommended. This work-up
begins with unenhanced CT or chemi-
cal shift MR examinations (as described
above). If these tests are indeterminate
for diagnosis of an adenoma, then ad-
renal washout calculation can be per-
formed. Adrenal washout calculation is
a technique which can diagnose adrenal
adenomas but does not depend on iden-
tifying intracellular lipid within the ad-
renal mass. This technique is important
because approximately 30% of adeno-
mas have low lipid content and measure
>+ 10 HU on non-enhanced CT. These
“lipid poor” adenomas can be diagnosed

with adrenal CT with wash-out (Figure
5). Adrenal CT with washout calculation
differentiates adenomas from nonadeno-
mas because adenomas typically have
rapid wash-in and washout of contrast
material, whereas nonadenomas usually
have relatively slow wash-in and slow
washout of contrast material. '*!7 Using
a 15-minute delay for washout calcula-
tion, demonstration of at least 60% abso-
lute percentage washout or 40% relative
percentage washout is diagnostic of an
adenoma (lipid rich or lipid poor). The
formula for absolute percentage washout
(APW)is:

APW =
[(Enhanced HU) -
(15-minute delayed HU)/ (Enhanced HU)
—(Unenhanced HU)]
X100.

The formula for relative percentage
wash-out (RPW) is:

RPW =
[(Enhanced HU) -
(15-minute delayed HU)/ (Enhanced HU)]
X100.

It should be noted that diagnostic im-
aging with nonenhanced CT, chemical
shift MRI, or adrenal CT with washout
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FIGURE 6. Adrenal malignancy. (A) 62-year-old male with lung cancer. Left adrenal mass (arrow) measures 35 HU on nonenhanced CT. (B)
Axial fused 18FFDG-PET/CT image demonstrates high FDG avidity of left adrenal mass seen in A (arrow) with SUVmax = 9. Diagnosis of lung
cancer metastasis confirmed by biopsy. (C) 19-year-old female with abdominal pain. Coronal reformatted contrast-enhanced CT shows large
(10 cm) right adrenal mass (arrowhead) with heterogeneous enhancement and inferior vena cava invasion (black arrow). (D) Axial fused (F18)-
FDG-PET/CT image demonstrates high FDG avidity of right adrenal mass (arrowhead) seen in C. Diagnosis of adrenal cortical carcinoma found
after surgical resection of this right adrenal mass. Adrenal cortical carcinoma is typically very large at presentation and has propensity to invade

the inferior vena cava.

does not distinguish hyperfunctioning
adenomas from non-hyperfunctioning
adenomas. This distinction requires cor-
relation with clinical parameters and
biochemical testing. Therefore, the ACR
proposes the following statement when a
benign adenoma is diagnosed based on a
diagnostic imaging test: “Findings con-
sistent with a benign adenoma. If there
are clinical signs or symptoms of adrenal
hyperfunction, biochemical evaluation
may be appropriate.”!

Adrenal conundrums

If an adrenal mass can not be char-
acterized and diagnosed using the tra-
ditional dedicated adrenal imaging
methods described above, one may
consider imaging with '®FFlourode-
oxyglucose PET/CT, or performing an
image-guided adrenal biopsy.

FDG is a radiolabeled D-glucose
analog that is preferentially taken up
by tissues with increased glucose me-
tabolism. Because malignant tumor

cells often have high metabolic rates,
FDG-PET can be used for detection of
malignant disease. When FDG-PET
is co-registered with CT for anatomic
data, the combined FDG-PET/CT is a
powerful tool for cancer staging and
follow-up. Adrenal malignancies such
as metastases from extra-adrenal pri-
mary cancer, adrenal cortical carci-
noma, and pheochromocytomas usually
have substantial FDG uptake (Figure
6), whereas benign adrenal masses such
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FIGURE 7. Lipid-rich adrenal adenoma of the right adrenal gland. (A) Right adrenal mass (arrow) with attenuation value of + 2HU on nonen-
hanced CT, consistent with a lipid-rich adenoma. (B) Axial fused 18FFDG-PET/CT image demonstrates low or absent FDG avidity of right adre-
nal mass (arrow) which equal or less than the liver (star) consistent with benign adenoma.

FIGURE 8. Left adrenal mass biopsy. Solid left adrenal mass (arrow) with indeterminate
imaging characteristics on non-enhanced CT, CT with washout, and MRI (not shown). Left
posterior paraspinal approach for percutaneous needle (arrowhead) biopsy. Pathology of
biopsy sample reveals adrenal metastasis from primary lung carcinoma.

as adrenal cysts and adenomas usually
have low or negative FDG avidity (Fig-
ure 7).'® Thus, an adrenal mass with
low or negative FDG uptake is likely
to be benign. Note that malignant ad-
renal lesions may have falsely negative

FDG uptake if there is central necrosis,
previous chemotherapy treatment, mu-
cinous primary malignancy, or small
lesion size.'”2! A small percentage
(~5%) of benign adrenal adenomas can
have mild FDG avidity. Typically, the

degree of uptake is the same or less than
the liver.??

Image-guided adrenal biopsy can be
performed safely when non-invasive
adrenal imaging tests are inconclusive.
The reported estimated complication
rate is 3%.% 1% 23 The most common
complications associated with image-
guided adrenal biopsy are hemorrhage
and pneumothorax. Other risks include
infection, pancreatitis, and needle- track
seeding. Biopsy of a pheochromocy-
toma can potentially precipitate of a
life-threatening hypertensive crisis if
the patient is not under alpha-adrenergic
blockade. Biochemical testing can be
helpful to exclude the possibility of an
adrenal pheochromocytoma. Owing to
its deep and retroperitoneal location, CT
is the modality of choice for imaging
guidance of adrenal lesions. Biopsy of
right-sided nodules can be accomplished
using a posterior or posterior-lateral ap-
proach. A transhepatic approach can
also be used for a right adrenal biopsy. A
posterior or posterior-lateral approach is
preferred for a left adrenal biopsy (Fig-
ure 8). Careful avoidance of the pancreas
during an adrenal biopsy will mitigate
the risk of post-procedure pancreatitis.
The accuracy of adrenal biopsy has been
reported to be 83-96%.>23

Conclusion
Radiologists play an important role
in the diagnosis of adrenal diseases. In
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cases of adrenal Aunt Minnies, the cor-
rect diagnosis can be made confidently
without additional diagnostic imaging
tests. The majority of adrenal inciden-
talomas will be benign adenomas and
these tumors can be differentiated from
non-adenomas by following the im-
aging algorithm outlined in the ACR
White Paper on management of inci-
dental findings. Lastly, when diagnostic
imaging is inconclusive, resulting in an
adrenal conundrum, adrenal biopsy can
be performed safely and accurately with
CT guidance.
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