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Adrenal Imaging

Isaac R. Francis and William W. Mayo-Smith

9.1  Introduction

The objectives of this chapter are as follows: (1) to describe 
the different workups for adrenal masses, depending on the 
clinical scenario, (2) define adrenal incidentaloma, (3) 
describe the imaging techniques to differentiate benign from 
malignant adrenal masses, and (4) discuss the recommended 
imaging algorithms of workup of an incidental adrenal mass.

The adrenal gland is made up of the catecholamine- 
producing medulla and the steroid-producing cortex. It is a 
common site of primary tumors (functional and nonfunc-
tional) and of metastases. The workup for an adrenal mass 
depends on the patient’s clinical scenario and whether detec-
tion or characterization is the primary goal of imaging. In 
general, it is useful to separate the workup of an adrenal 
mass into one of three algorithms:

 1. Detection of an adrenal tumor in a patient with a known 
biochemical (adrenal hormonal) abnormality

 2. Detection and characterization of an incidental adrenal mass 
in a patient with a known primary malignant neoplasm

 3. Characterization of an incidental adrenal mass in a patient 
with no underlying malignancy

9.1.1  Detection of Biochemically Active 
Adrenal Tumor

Biochemically active adrenal neoplasms originating in the 
adrenal cortex produce an excess of either glucocorticoids, 
aldosterone, or androgens or, if originating in the adrenal 
medulla, an excess of catecholamines. Cushing’s syndrome 
results from an overproduction of cortisol by the adrenal cor-
tex, and approximately 80% of these cases are due to stimula-
tion of the adrenal glands by a pituitary adenoma. A primary 
adrenal cortical tumor is seen in 20% of patients with 
Cushing’s syndrome, and <1% have ectopic production of 
ACTH by a non-pituitary neoplasm, which may be located 
either in the chest, abdomen, or pelvis. The workup of patients 
presenting with Cushing’s syndrome involves a dexametha-
sone suppression test, pituitary magnetic resonance imaging 
(MRI) to look for a pituitary adenoma, and computed tomog-
raphy (CT) depending on the suspected source of ACTH pro-
duction. If pituitary and adrenal neoplasms are excluded and 
an ectopic source of hormone secretion is suspected, then a 
chest and abdominal/pelvis CT should be performed.

Conn’s syndrome results from an adrenal cortical tumor 
producing elevated levels of aldosterone, leading to increased 
sodium retention, hypertension, and potassium wasting. The 
diagnosis is suspected in a hypertensive patient with low 
serum potassium and is confirmed by measuring the ratio of 
serum aldosterone to renin levels. When the diagnosis is sus-
pected based on biochemical assays, CT scans using thin 
collimation (2–3 mm) targeted to the adrenals are useful to 
attempt to differentiate a small adrenal neoplasm from bilat-
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benign and malignant adrenal masses
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eral hyperplasia. If findings are equivocal on CT, as is often 
the case especially in the older populations, then adrenal 
venous sampling to localize and lateralize the site of elevated 
aldosterone production should be performed. At some medi-
cal centers, adrenal venous sampling is the initial study of 
choice especially in patients older than 40 years.

Pheochromocytomas originate from the adrenal medulla and 
produce an excess of catecholamines, causing hypertension. 
These tumors are solitary and occur sporadically in the majority 
of cases. However, these tumors can be seen in subjects with var-
ious syndromes such as MEN type II, von Hippel-Lindau, and 
neurofibromatosis type I. More recent studies show that about 
25% of pheochromocytomas may be familial. Subjects with 
mutations in the succinate dehydrogenase subunits have a high 
risk of developing pheochromocytomas and paragangliomas.

The most appropriate first-line test is the measurement of 
plasma metanephrines. If these are equivocal, urinary meta-
nephrines can be measured. Once the diagnosis has been 
established biochemically, the primary role of the radiologist 
is to determine the location of the pheochromocytoma. Over 
95% of pheochromocytomas originate in the adrenal glands; 
therefore, CT or MRI examination of the abdomen and pel-
vis is sufficient. Extra-adrenal paragangliomas also can 
occur anywhere along the sympathetic chain. MRI of pheo-
chromocytoma typically demonstrates a T2 hyperintense 
mass, although the finding is nonspecific, as pheochromocy-
tomas can also have intermediate signal intensity on 
T2-weighted images, thus simulating adrenal cortical carci-
noma; also, other adrenal lesions can be T2 hyperintense 
(adrenal cysts and hemangiomas/lymphangiomas).

While metaiodobenzyl-guanidine (MIBG) scintigraphy 
has high specificity (>95%) for the diagnosis of pheochro-
mocytoma, its sensitivity is only 77–90%. Recent studies 
have suggested that MIBG scintigraphy should be used 
selectively and only in patients with familial or hereditary 
disorders, in the detection of metastatic disease, and in 
patients with biochemical evidence for pheochromocytoma 
and negative CT or MRI. These studies also concluded that 
MIBG scintigraphy does not offer any added advantage in 
patients with biochemical evidence for a pheochromocy-
toma, no hereditary or familial diseases, and when a unilat-
eral adrenal mass is detected on CT or MRI [1, 2].

The standard treatment of a biochemically active adrenal 
tumor is laparoscopic or open resection.

9.1.2  Staging Patients with Known 
Underlying Extra-Adrenal Malignancy

Evaluation of the adrenal gland in the oncology patient is 
problematic because, although it is a frequent site of metas-
tases, benign adrenal adenomas are much more common in 
general and even in patients with an underlying malignancy 
(adenomas are detected in 2–5% of autopsy series). Thus, the 
presence of an adrenal mass in these patients does not neces-
sarily implicate metastases. The role of imaging in the oncol-
ogy patient is to detect an abnormality of the adrenal gland 
and characterize it as either benign or malignant. PET imag-
ing is being used more frequently in the staging of many neo-
plasms in oncology patients. Adrenal metastases tend to 
demonstrate increased activity, having a greater uptake rela-
tive to the liver or background, while most benign adenomas 
do not. More recent studies have confirmed the high sensitiv-
ity of PET/CT in detecting malignant lesions but the speci-
ficity is lower (87–97%). This loss of specificity is attributable 
to a small number of adenomas and other benign lesions that 
can have increased uptake, thereby mimicking malignant 
lesions [3, 4].

Depending on the primary tumor, CT or PET/CT is a use-
ful first-line exam to stage a known neoplasm. If the patient 
demonstrates an adrenal mass as well as multiple sites of 
metastatic disease, then characterization of the adrenal mass 
is not important. If the adrenal mass is the only abnormality, 
further evaluation is required to characterize the mass and 
differentiate an adenoma from a metastatic focus.

Currently, there are two main criteria used in CT and 
MRI, to differentiate benign adenomas from malignant adre-
nal masses: (1) the differences in intracellular lipid content 
of the adrenal mass, and (2) the vascular enhancement and 
washout patterns. Approximately 80% of adenomas (lipid-
rich adenomas) have abundant intracytoplasmic lipid in the 
adrenal cortex and thus are of low density on unenhanced CT 
or show signal loss on out-of-phase chemical shift MRI 
(CSMRI). Conversely, most metastases have little intracyto-
plasmic lipid and thus do not have a low density on non-
contrast CT. At a threshold of 10 HU, CT has a 71% 
sensitivity and 98% specificity for characterizing lipid-rich 
adrenal adenomas. While a low HU is useful to characterize 
lipid-rich adenomas, it is estimated that up to 20% of adeno-

Key Points

• The role of imaging in patients with suspected bio-
chemically active adrenal tumors is to locate the 
tumor.

• In patients with Conn’s syndrome as imaging find-
ings can be nonspecific especially in older patients, 

adrenal venous sampling may be required to 
 lateralize the side of hyperfunction.

• Adrenal cortical carcinomas are usually large 
 heterogeneously enhancing masses.

• MIBG scintigraphy is not 100% accurate in 
 detecting pheochromocytomas.
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mas do not contain sufficient lipid to be of low density on 
unenhanced CT, i.e., the lipid-poor adenomas [5–7]. 
Histogram analysis (evaluating microscopic levels of lipid 
on a pixel-by-pixel basis) has been used to differentiate ade-
nomas from metastases on non-contrast- and contrast- 
enhanced CT [8]. However, this approach has limited use in 
current clinical practice.

The differences in contrast enhancement and washout, 
between adenomas and metastases, can be used to dif-
ferentiate them. Lipid-rich and lipid-poor adenomas both 
enhance rapidly with intravenous contrast (iodinated CT 
contrast or MR gadolinium chelates) but also have rapid 
washout. Metastases also enhance vigorously with dynamic 
intravenous contrast administration, but the washout is 
more prolonged than in adenomas. This difference in con-
trast washout has been exploited in CT to further differenti-
ate benign from malignant adrenal lesions by calculating 
washout values [9, 10].

Absolute percent washout (APW) values are calculated 
by the formula:

HU at dynamicCT HU at delayed

HU at CT HU at non-contrdynamic

-
-

15 min.
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´100

A value ≥60% is diagnostic of an adenoma.
Relative percent washout (RPW) can be used when a non- 

contrast CT is not available and the dynamic enhanced val-
ues are compared to 15-min delayed scans. RPW is calculated 
by the formula:

HUdynamicCT HU delayed CT
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A value ≥40% is diagnostic of adenoma.
Specificity for adenoma diagnosis using these washout 

threshold values is >90%.
A pitfall for CT adrenal washout are hypervascular metas-

tases from tumors such as renal cell carcinoma and hepato-
cellular carcinomas as they can have rapid washout similar to 
that adenomas [11].

More recently dual energy CT has been used to character-
ize lipid-rich adenomas using virtual unenhanced images. 
For adrenal masses >1 cm, the specificity for characterizing 
a lesion as benign was 100% in a small series of 42 patients 
with 51 adrenal masses, but subsequent studies have shown 
slightly lower specificity. However, the use of dual energy 
CT has not become mainstream due to limited use of dual 
energy scanners for this purpose worldwide [12–15].

Adenomas can be differentiated from metastases using 
chemical shift MRI [CSMRI] if the patient has an indeter-
minate adrenal mass on unenhanced CT and is allergic to 
iodinated contrast or in young patients, in whom radiation 

exposure is a concern, although with the use of low-dose 
CT techniques, this is less of an issue [16, 17]. Most adre-
nal adenomas contain sufficient intracellular lipid and lose 
signal on the out-of-phase (CSMRI) image compared to the 
spleen. Visual analysis is adequate in most cases to make 
this observation, but quantitative methods, such as the sig-
nal intensity index, are also useful and used routinely 
widely [18, 19].

However, a limitation of the technique is that metastases 
from primary malignancies clear cell renal carcinoma and 
hepatocellular carcinoma which contain intracellular lipid or 
fat can mimic adenomas [20–22].

More recently diffusion-weighted imaging has been used 
to try and differentiate between adenomas and malignant 
masses, but with limited success, as in most studies adeno-
mas and malignant lesions both demonstrated restricted dif-
fusion [23–26].

If the CT, MRI, or PET findings are equivocal, adrenal 
biopsy using CT guidance should be performed, particularly 
to stage in a patient with a malignancy with no other sites of 
metastatic disease, as this may determine whether surgical 
resection is a therapeutic option. The role of adrenal biopsy 
has evolved in the last few years; in addition to the above 
indication of an indeterminate adrenal mass, adrenal biopsy 
can also be used to confirm metastatic disease to the adrenal 
glands in patients with suspected solitary adrenal metastasis. 
CT-guided biopsy has been shown to be safe, with a diagnos-
tic accuracy of 96% and a 3% complication rate [27].

9.1.3  Evaluation of an Incidentally 
Discovered Adrenal Mass

With the continuing increased utilization of CT, the detection 
of the incidental adrenal masses has also increased, given the 

Key Points

• Adenomas can be differentiated from metastases 
using unenhanced CT and CSMRI in many 
instances.

• In most of the remaining patients, CT washout cal-
culations are more helpful than MRI to distinguish 
adenomas from non-adenomas.

• In oncology patients with indeterminate adrenal 
imaging findings, adrenal biopsy may be required 
to accurately stage the patient, and this determines 
optimal treatment.

• CT-guided adrenal biopsy has a high accuracy and 
low complication rate.
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high prevalence of adenomas in the general population 
(3–7%) [28–30]. In general, the overwhelming majority of 
incidentally discovered adrenal masses (incidentalomas) are 
benign, in a patient with no known malignancy [31]. An 
adrenal incidentaloma can be defined as “an unsuspected and 
asymptomatic mass (measuring ≥1 cm) detected on imaging 
exams obtained for other purposes.”

Risk factors for an incidental adrenal mass being 
malignant include lesion size, change in size, and his-
tory of malignancy. Morphology and features on con-
trast-enhanced CT have been used to distinguish benign 
from malignant masses, but their low sensitivity limits 
use in clinical practice [32]. For patients with no history 
of malignancy, most small (<4 cm) incidentally discov-
ered adrenal masses are benign, and an extensive and 
costly workup may not be justified. Endocrinologists may 
however recommend biochemical workup and imaging 
follow-up to exclude functioning adrenal tumors for all 
adrenal incidentalomas [33]. However, hyperfunctioning 
adrenal tumors rarely present as an “incidental” adrenal 
mass, so this practice is undergoing  reevaluation to justify 
continuing this approach, especially for small 1–2 cm size 
masses [34].

If an adrenal incidentaloma, regardless of size, has 
imaging features diagnostic of a benign lesion, such as a 
<10 HU on CT or loss of signal intensity when compared 
to spleen on opposed-phase/CSMRI [lipid-rich adenoma], 
presence of macroscopic fat [myelolipoma], or features of 
a simple cyst, no additional workup or follow up imaging 
is needed. In patients with a high density adrenal mass on 
unenhanced images and which demonstrates <10 HU 
change following contrast enhancement suggesting a diag-
nosis of adrenal hemorrhage, a follow up CT could be 
obtained to demonstrate interval change (decrease) in size 
and subsequent resolution to exclude the possibility of 
hemorrhage within an underlying mass lesion. Adrenal 
masses which have been stable for at least 1 year, when 
compared to prior imaging exams, are very likely benign 
and in general have no need for imaging follow-up. But if 
the lesion is enlarging or develops hemorrhage, etc., then 
suspicion for malignancy should be raised, and in patients 
with an underlying malignancy, it may be prudent to pro-
ceed to PET/CT or adrenal biopsy or resection. A common 
scenario is an adrenal incidentaloma which measures 
between 1 and 2 cm and >10HU on initial intravenous con-
trast-enhanced CT. What is the best way to proceed in this 
scenario? Although statistically, the lesion is most likely 
benign, it is essential to know if there is a history of malig-
nancy [31]. If there is no history of malignancy, one can 
opt to perform a follow-up unenhanced CT or CSMRI 
exam in 12 months, to determine stability of the lesion. For 
lesions >2 but <4 cm in size and with no history of malig-
nancy, a dedicated adrenal protocol CT is suggested to 
confirm benignity. If the lesion is indeterminate on the 

dedicated adrenal protocol CT, one may consider bio-
chemical evaluation and a follow-up CT in 6 months or 
laparoscopic resection.

However, if there is a history of malignancy without 
other findings of metastatic disease, and the imaging find-
ings are indeterminate then one can obtain a dedicated 
adrenal protocol CT [10, 31, 32, 34] or a PET/CT. If there 
are suspicious imaging features on contrast-enhanced 
CT (central necrosis, irregular margins etc.) [32], a PET/
CT (if not already performed) or adrenal biopsy are 
considerations.

In patients with a prior history of cancer and an adre-
nal mass of any size, and if there is no prior imaging to 
determine stability, one can consider a dedicated adrenal 
protocol or PET/CT. If the lesion does not behave like a 
typical adenoma, or does not show the findings of an ade-
noma on PET/CT, then a biopsy should be considered. A 
history of malignancy is an important risk factor for adre-
nal metastatic disease, as imaging features are typically 
indeterminate on routine portal venous phase contrast-
enhanced CT [31].

In patients with no history of cancer and an adrenal 
mass >4 cm in size, with no benign features, resection 
should be considered as this finding is suspicious for an 
adrenal cortical carcinoma; if there is a history of prior 
cancer, then a PET/CT scan and as indicated, a biopsy is 
recommended [35].

Past evidence suggests that adoption of these recommen-
dations has led to a more standardized approach to the inci-
dentally discovered adrenal mass [28]. An algorithm for the 
treatment of an adrenal incidentaloma published in the 
Journal of the American College of Radiology is shown in 
Fig. 9.1 [36].

9.2  Concluding Remarks

Most incidentally discovered adrenal masses are benign. But 
in the setting of a known malignancy, differentiation between 
a metastases and adenoma is essential to guide management. 
We have provided an algorithmic approach to evaluate and 
manage adrenal masses encountered in the most common 
clinical scenarios.

Key Points

• No additional workup usually needed for adrenal 
cyst, myelolipoma or adrenal hemorrhage due to 
trauma.

• An indeterminate mass >4 cm in patients with no 
history of a malignancy, is surgically removed.
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