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characterization of adrenal nodules relies on 
the detection of intracytoplasmic lipid found 
within adrenal adenomas, which reduces their 
CT attenuation. In lipid-rich adenomas, atten-
uation measurements will be less than 10 HU. 
This quantitative threshold is highly specific 
for the diagnosis of adenoma [7]. Attenuation 
measurements are performed by ROI analy-
sis. ROIs should be placed within the nodule 
encompassing two-thirds of its circumfer-
ence to obtain a measurement that is as accu-
rate and representative as possible [8].

In approximately one-third of adenomas, 
there is insufficient intracytoplasmic lipid 
content so that CT attenuation values will 
be greater than 10 HU (i.e., lipid-poor ade-
nomas) [7, 8]. A proportion of these adeno-
mas can be further characterized using MRI, 
which we discuss later, because chemical-
shift imaging (CSI) has been shown to be 
more sensitive for the detection of intracyto-
plasmic lipid than unenhanced CT [9]. Lipid-
poor adenomas can also be characterized us-
ing a dedicated adrenal washout CT protocol 
[6, 10] that has been shown to be better for 
the characterization of adenomas measuring 
greater than 20 HU compared with CSI [11]. 
At multiphase adrenal washout CT, adeno-
mas show washout of contrast material over 
time; multiphase adrenal washout CT has 
been previously validated as a specific meth-
od to differentiate lipid-poor adenomas from 
metastatic disease using quantitative abso-
lute and relative washout criteria [6, 10, 12, 
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I
ncidental adrenal nodules are de-
tected in approximately 4–5% of 
patients undergoing CT examina-
tions. The prevalence of adrenal 

incidentalomas increases with age; fewer 
than 0.5% of adrenal nodules are discovered 
in patients in their 20s compared with up to 
7% in patients older than 70 years old [1–4]. 
Although benign adenomas are overwhelm-
ingly the most common adrenal nodule en-
countered in the general population [3, 5, 6], 
the possibility of other pathologic entities (in-
cluding pheochromocytoma, adrenocortical 
carcinoma [ACC], and metastatic disease) re-
quires that radiologists develop an approach 
to the characterization of adrenal lesions. 
Having an understanding of the various tech-
niques used to image adrenal nodules with 
CT and MRI, the inherent strengths and limi-
tations of these techniques, key distinguish-
ing imaging features, and emerging tech-
niques that may be used for improved adrenal 
nodule characterization is important. The 
purpose of this article is to present conven-
tional and evolving technical aspects of adre-
nal imaging at both CT and MRI, discuss the 
role of CT and MRI for the diagnosis of com-
mon adrenal pathologic entities, and review 
the most current literature on the topic.

CT
CT characterization of adrenal nodules 

can be performed without or with the use of 
iodinated contrast material. Unenhanced CT 
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OBJECTIVE. The objective of this article is to review the current role of CT and MRI for 
the characterization of adrenal nodules. 

CONCLUSION. Unenhanced CT and chemical-shift MRI have high specificity for lip-
id-rich adenomas. Dual-energy CT provides comparable to slightly lower sensitivity for the 
diagnosis of lipid-rich adenomas but may improve characterization of lipid-poor adenomas. 
Nonadenomas containing intracellular lipid pose an imaging challenge; however, nonadeno-
mas that contain lipid may be potentially diagnosed using other imaging features. Multiphase 
adrenal washout CT can be used to differentiate lipid-poor adenomas from metastases but is 
limited for the diagnosis of hypervascular malignancies and pheochromocytoma. 
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13] (Fig. 1). The CT washout technique can 
be performed using unenhanced CT (to es-
tablish benign absolute washout of  > 60%) 
or using only 70-second and 15-minute con-
trast-enhanced CT (CECT) (to calculate rel-
ative washout of  > 40%) [6, 10]; however, 
CECT should not be performed using earlier 
delays (e.g., < 15 minutes) because earlier de-
lays reduce accuracy [14]. The application of 
CT washout to other clinical situations (e.g., 
to diagnose pheochromocytoma or ACC or 
to differentiate lipid-poor adenomas from 
hypervascular metastases) can be problem-
atic, which is discussed later.

The use of CT histogram analysis of atten-
uation values for adrenal nodules that mea-
sure more than 10 HU at unenhanced CT 
has been previously studied [15]. Histogram 
analysis of attenuation values (rather than of 
the mean attenuation values) should theoret-
ically detect smaller amounts of intracyto-
plasmic lipid within a lipid-poor adenoma. 
Previous studies have shown that CT histo-
gram analysis of a nodule showing more than 
10% negative pixel count is specific for ade-
noma; however, low sensitivity for diagnosis 
has limited the application of this method in 
routine clinical practice [16, 17].

A common dilemma encountered in clini-
cal practice occurs when an adrenal nodule is 
detected at single-phase CECT because the 
attenuation value of an adenoma at CECT 
rarely measures less than 10 HU (Fig. 2). In 
these instances, a patient may need to be re-
called to undergo dedicated unenhanced CT 
or CSI to confirm the diagnosis of adenoma 
[5]. As the application of dual-energy CT 
(DECT) becomes more widespread in clin-
ical practice, this scenario may be resolved 
through the use of a variety of previously de-
scribed techniques [18]. The most common 
and practical method for diagnosing adeno-
ma at DECT is by attenuation measurements 
on virtual unenhanced CT (Fig. 2). Until re-
cently, virtual unenhanced CT was available 
only using the dual-source platform but is 
now available using several vendors’ tech-
nology. Multiple studies have shown compa-
rable, albeit slightly lower, sensitivity (with 
no false-positive interpretations) for the di-
agnosis of adenoma when measuring atten-
uation values on dual-source virtual unen-
hanced CT compared with true unenhanced 
CT [19–23]. In a recent meta-analysis that 
we performed, the slightly lower sensitivi-
ty of virtual unenhanced CT was shown to 
possibly relate to higher attenuation values 
on virtual unenhanced CT derived from ear-

lier phases of enhancement [24]. Using sin-
gle-source fast-kilovoltage-switching DECT, 
Glazer et al. [25] reported that adenomas 
differed significantly from nonadenomas 
on virtual monochromatic spectral imaging 
performed at 140 keV and using iodine-sub-
tracted datasets (derived from a iodine-wa-
ter basis pairing). In their study, there was no 
difference in the ability to discriminate ad-
enomas from nonadenomas when compared 
by the timing of contrast-enhanced imaging. 
The authors suggest that differences relat-
ed to the timing of contrast injection at du-
al-source DECT may differ by the method 
of material decomposition algorithms used 
by each vendor; however, they acknowledge 
that their study was underpowered to show 
this effect [25].

More recently, the use of lipid concentration 
measurements (in milligrams per milliliter) 
has also been described as a viable method to 
differentiate lipid-rich adenomas from non-
adenomas [26]. In a study by Mileto et al. 
[27], both lipid-rich and lipid-poor adenomas 
could be differentiated from nonadenomas 
using material density analysis of fat-water 
basis pairs, and this analysis outperformed 
unenhanced CT. These advanced techniques 
show promising preliminary results but re-
quire further evaluation and study on differ-
ent vendor platforms if they are to become 
used routinely in clinical practice.

MRI
The most important MRI technique used 

to characterize adrenal lesions is CSI. In 
1992, Mitchell and colleagues [28] showed 
that CSI could detect intracellular lipid that 
is present in most adrenal adenomas and dif-
ferentiate them from metastatic disease and 
pheochromocytoma, which do not typical-
ly contain lipid. CSI of the adrenal glands 
should be performed as a dual-echo gradient-
recalled echo sequence in which both echoes 
are obtained in the same breath-hold. This 
protocol ensures adequate coregistration of 
data on in-phase and opposed-phase images 
and enables the derivation of subtraction (in-
phase minus opposed-phase) lipid-only im-
ages [29]. The opposed-phase TE should be 
shorter than the corresponding in-phase TE 
to ensure that the loss of signal intensity on 
the opposed-phase image is from lipid-water 
cancellation and not from T2*-induced sus-
ceptibility effects [30–32]. At 1.5 T, this is 
readily achieved using 2D or volume-inter-
polated 3D sequences with TEs of approxi-
mately 2.2 and 4.4 ms. 

In an older study by Ramalho et al. [33], 
2D CSI outperformed 3D CSI in terms of 
overall image quality and the number and se-
verity of artifacts; however, in our experience 
with current-generation scanners, 2D and 3D 
CSI techniques provide comparable image 
quality but using 3D interpolated sequences 
provides the advantages of higher resolution 
and higher signal-to-noise ratio, which can 
potentially result in improved characteriza-
tion of small lesions. Current-generation 3-T 
systems should also be able to obtain the first 
opposed-phase and in-phase TE pair (at  ≈ 
1.1 and 2.2 ms [34]); however, on older 3-T 
systems, previously described modifications 
to the base pulse sequence may be required 
to achieve correct sampling of the first op-
posed-phase–in-phase echo pair [32]. 

The use of 3-point Dixon techniques for 
CSI of the adrenal glands has been described 
by Namimoto et al. [35] who reported accu-
racy comparable to that of 2D CSI for the di-
agnosis of adenoma. It is debatable what ad-
ditional value 3-point Dixon techniques will 
offer compared with conventional dual-echo 
CSI in clinical practice because adrenal ade-
nomas would not be expected to show a com-
bination of both iron deposition and intra-
cellular lipid, the findings that make 3-point 
techniques particularly valuable.

To establish the presence of intracellular 
lipid on CSI, one can visually inspect or mea-
sure the change in signal intensity of the le-
sion from the in-phase image to the opposed-
phase image (by the signal-intensity index or 
adrenal-to-spleen signal-intensity ratio). A 
signal-intensity index of greater than 16.5% 
and adrenal-to-spleen signal-intensity ratio 
of less than 0.71 are previously described 
thresholds at 1.5 T that optimize diagnosis 
of adenoma [36]. Investigators have reported 
that the chemical-shift index threshold lev-
el at 3 T for differentiating adenomas from 
nonadenomas is lower than 16.5% and that 
applying a 16.5% threshold at 3 T may fail to 
classify a proportion of lipid-containing ad-
enomas [34]. Alternatively, one can use sub-
traction imaging to facilitate the detection of 
intracellular lipid [31, 37]. 

When comparing subjective and quantita-
tive analyses, we agree with Mayo-Smith et 
al. [38] that often qualitative evaluation gives 
a similar result to quantitative results. As an 
alternative to washout CT for the evaluation 
of an adrenal lesion that measures 10 HU 
or more at unenhanced CT, CSI can be per-
formed because it has been previously shown 
to differentiate adenomas from nonadeno-
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mas with good sensitivity, particularly for 
lesions that measure between 10 and 30 HU 
[9]. CSI is unlikely to detect intracellular lip-
id within an adrenal mass if the attenuation 
is 30 HU or greater at unenhanced CT [39] 
and was more recently shown to be less ef-
fective than washout CT for adenomas mea-
suring more than 20 HU [11].

We have encountered a seemingly para-
doxical observation when the adrenal glands 
show signal-intensity loss on the longer-TE in-
phase images compared to the shorter-TE op-
posed-phase images [40, 41]. This finding can 
occur in patients who have been administered 
ferumoxytol, which is an ultrasmall iron oxide 
particle parenteral agent that is used to treat 
chronic anemia [42] (Fig. 3). More recently, 
Perillo et al. [43] presented their observations 
that the adrenal glands may also show suscep-
tibility effects due to iron deposition in hemo-
siderosis and that this finding in their series 
always occurred in the presence of iron depo-
sition in other organs.

The yield of MRI techniques other than 
CSI for the characterization of adrenal mass-
es is controversial. At T2-weighted MRI, ad-
renal adenomas tend to be homogeneous and 
to show intermediate to low signal intensity 
compared with skeletal muscle or liver [44, 
45]; however, when large, adenomas may un-
dergo cystic degeneration and appear hetero-
geneous [46]. The use of DWI to differen-
tiate adenomas from nonadenomas has not 
been successful because significant overlap 
in quantitative apparent diffusion coefficient 
(ADC) values has been reported [47, 48]. Al-
though Sandrasegaran et al. [48] showed that 
for adrenal lesions with indeterminate find-
ings at CSI, higher ADC values were ob-
served in adenomas, this finding has not to 
our knowledge been reproduced. Prelimi-
nary studies have shown some success when 
using dynamic gadolinium-enhanced MRI 
for differentiating adenomas from metasta-
ses [49, 50]; however, both of these studies 
combined quantitative enhancement evalua-
tion with subjective imaging features, which 
necessitates that these observations be vali-
dated by other groups.

Adrenocortical Adenoma
The majority of incidentally discovered 

adrenal lesions are benign adrenal adenomas 
[51]. The typical imaging features of adeno-
ma have been described in the previous CT 
and MRI sections and include the following: 
small size (usually < 4 cm), homogeneous and 
well-circumscribed, presence of intracellular 

lipid, low to intermediate signal intensity on 
T2-weighted images, and washout of con-
trast material on CT studies performed us-
ing a dedicated multiphase adrenal CT proto-
col. Avid enhancement of adrenal adenomas 
on early (60–75 seconds) contrast-enhanced 
imaging is not rare; therefore, the degree of 
early enhancement in adenomas can overlap 
with other hypervascular adrenal lesions such 
as pheochromocytoma [52–55] (Fig. 1). Adre-
nal adenomas can be functioning or nonfunc-
tioning; one insensitive but specific imaging 
finding that indicates an adrenal lesion may 
be hyperfunctioning is the presence of hypo-
plasia of the remainder of the adrenal gland 
parenchyma [29, 56].

Less commonly, adrenocortical adenomas 
may show atypical features. A heterogeneous 
appearance of adenomas (i.e., mixed areas of 
low [< 10 HU] and higher [≥ 10 HU] attenu-
ation or heterogeneous signal-intensity drop 
on opposed-phase CSI) can be observed (Fig. 
4). When an adrenal lesion shows mixed at-
tenuation or heterogeneous signal-intensity 
drop on CSI, the possibility of an adrenal col-
lision tumor, which we discuss later, should 
be considered; however, in a study by Gabri-
el et al. [57] heterogeneous signal-intensity 
drop was observed in 14% of adrenal nodules 
and was most commonly associated with a 
benign diagnosis. Calcification in adrenal 
adenomas has been previously described and 
is considered rare but may be usually present 
in large adenomas that have undergone de-
generation [46]. In a large retrospective se-
ries of 106 calcified adrenal masses, among 
adult patients, adenomas were the second 
most commonly calcified adrenal masses af-
ter adrenal cysts [58]; however, calcification 
can occur in other adrenal nodules includ-
ing myelolipoma, ACC, and metastases [59]. 
Large size and the presence of internal cys-
tic change or necrosis are additional atypical 
features of adenomas [46]. In a retrospective 
study from the archives of the Armed Forces 
Institute of Pathology, large adenomas show-
ing calcification, heterogeneity, and internal 
cystic change or necrosis could not be dif-
ferentiated from ACC at CT or MRI, and re-
section was suggested for these lesions [46].

Myelolipoma
Adrenal myelolipoma is a relatively un-

common benign adrenal neoplasm com-
posed of fat and hematopoietic tissue [60]. 
Patients are generally asymptomatic unless 
they develop pain from intratumoral hemor-
rhage or have symptoms due to mass effect 

when lesions are larger than 10 cm. Diagno-
sis of myelolipoma is established by showing 
fat attenuation (<  –10 to  –20 HU) at CT or 
macroscopic fat at CSI and fat-suppression 
MRI [61]. The diagnosis of myelolipoma can 
be confidently made when an adrenal mass 
is composed of at least 50% fat (Fig. 5). In a 
CT series of 64 adrenal myelolipomas, 25% 
(16/24) of lesions with less than 10% fat were 
actually cases of myelolipomatous metaplasia 
in the setting of other adrenal neoplasms [58] 
(Fig. 6), which can include both adenomas 
and ACC [62, 63]. The presence of bulk fat in 
ACC, which we discuss later, has been previ-
ously described in three case reports [64–66].

Pheochromocytoma
Pheochromocytomas can be challeng-

ing to diagnose prospectively at CT or MRI 
[67, 68]. Symptomatic pheochromocytomas 
are confirmed using biochemical testing in-
cluding 24-hour urine fractionated meta-
nephrine or catecholamine values, which 
have sensitivity and specificity rates of more 
than 90% [69]. Incidental pheochromocyto-
mas can be encountered on imaging studies 
[70, 71] and despite variable appearance do 
show some features that may suggest the di-
agnosis. At multiphase CT, pheochromocyto-
mas are hyperenhancing and show washout 
of contrast material; however, there is sub-
stantial overlap with adrenal adenomas. For 
example, approximately one-third of pheo-
chromocytomas will show washout in the ad-
enoma range, and adenomas can enhance av-
idly on the 70-second phase of enhancement 
[52–55]. Therefore, pheochromocytomas 
cannot be reliably differentiated from ade-
nomas using CT washout protocols [52–55] 
(Fig. 7). The presence of intracytoplasmic lip-
id effectively excludes the diagnosis of pheo-
chromocytoma [55] because this finding has 
been described in only two previous case re-
ports [72, 73]. Pheochromocytomas show in-
creased signal intensity, which has been re-
ferred to as being “light-bulb bright” [44], on 
T2-weighted images; however, approximately 
one-third of pheochromocytomas do not have 
this appearance [44]. Moreover, large adeno-
mas may also show increased signal inten-
sity at T2-weighted imaging because of cys-
tic changes [46]. More recently, in a study by 
Borhani and Hosseinzadeh [74] and in our 
own study [55] that the use of a quantita-
tive T2-weighted signal-intensity ratio could 
be useful to differentiate pheochromocyto-
ma from adenoma. Scintigraphic studies us-
ing 123I-metaiodobenzylguanidine (MIBG) 
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are often performed to confirm the diagnosis 
because of accuracy rates of more than 95% 
[75]; however, CT and MRI may be beneficial 
in selected patients with coexisting adenomas 
and for surgical planning.

Metastases
The adrenal glands are a common site for 

metastatic disease. The first presentation of 
an unknown malignancy as an incidental 
adrenal metastasis is exceedingly rare and 
would be worthy of a case report. Song et 
al. [51] evaluated more than 1000 consecu-
tive patients with an incidental adrenal nod-
ule detected at imaging who had no personal 
history of malignancy and found that not a 
single malignant lesion was detected. More-
over, in a large retrospective series from MD 
Anderson Cancer Center of patients present-
ing with an occult malignancy, the adrenal 
gland was involved in only 6% (95/1639) of 
patients [76]. Furthermore, in that study in-
volvement was limited to the adrenal glands 
in only 0.2% (4/1639), and in these patients 
100% of masses were 6 cm or larger and 75% 
of masses were bilateral [76].

When a personal history of malignan-
cy is present, differentiation of adrenal ad-
enoma from metastatic disease can typical-
ly be achieved using CT or MRI. A nodule 
measuring less than 10 HU at unenhanced 
CT can be diagnosed as a lipid-rich adeno-
ma with high specificity [7]. With CSI, the 
presence of intracellular lipid is also highly 
specific for adrenal adenoma; however, this 
finding is limited when metastases from pri-
mary malignancies contain intracellular lip-
id or fat (e.g., clear cell renal cell carcinoma 
[RCC] [77] and hepatocellular carcinoma 
[HCC] [78, 79]). We recently described the 
use of other MRI features—including in-
creased T2 signal intensity and heterogene-
ity—to differentiate clear cell RCC metasta-
ses from adenomas despite the fact that both 
nodules may contain intracellular lipid [80] 
(Fig. 8). A well-known limitation of washout 
CT occurs in hypervascular metastases, such 
as clear cell RCC and HCC [81], because hy-
pervascular metastases are also expected to 
show washout of contrast material that may 
cross over into the adenoma range. Other 
features associated with adrenal metastases 
from RCC at multiphase CT included larg-
er size, irregular margins, invasive features, 
and heterogeneous internal texture [82].

An adrenal collision tumor is defined as 
two adjacent adrenal tumors that are histo-
logically distinct [32]. The most common ad-

renal collision tumor occurs when there is 
a metastasis identified in an adrenal gland 
containing an adrenal adenoma. In a series 
of 104 patients with adrenal adenoma and 
primary malignancy, Schwartz et al. [83] 
showed an incidence of collision tumors of 
approximately 2%. Collision tumors are rare 
in clinical practice but may be suspected in 
cases in which an adrenal nodule shows het-
erogeneous low density or heterogeneous 
signal-intensity drop at CSI in a patient with 
a history of malignancy (Fig. 9). The diagno-
sis of collision tumor may be established by 
histologic confirmation with selective biopsy 
of the soft-tissue portion of the lesion, sur-
gery, or follow-up imaging.

Adrenocortical Carcinoma
ACC is a rare aggressive malignancy with 

an annual incidence of 1 case per 1 million 
individuals [84]. ACCs are commonly spo-
radic but can be associated with multiple en-
docrine neoplasia type 1, Lynch syndrome, 
and Li-Fraumeni syndrome [85]. ACCs are 
treated with surgical resection, and surgical 
resection can be potentially curative in pa-
tients with localized disease [86]. The CT and 
MRI features of ACC have been previously 
reviewed in this journal [87]. Independent of 
imaging modality, ACCs are usually large. At 
unenhanced CT, ACCs have attenuation lev-
els greater than 10 HU and have slower rel-
ative and absolute washout rates than adeno-
mas at adrenal washout CT [4, 88]. At CSI, 
some ACCs may show intracellular lipid and 
hemorrhage [61, 89] (Fig. 10). The presence of 
macroscopic fat in ACC is rare and has been 
documented only in case reports [64–66].

In a recent institutional review of 439 
ACCs from MD Anderson Cancer Center, 
5.7% (25/439) of patients with ACCs under-
went imaging before diagnosis that showed 
either normal adrenal glands (20% [5/25]) or 
a nodule that was smaller than 4 cm (56% 
[14/25]) [90]; however, none of the adrenal 
nodules that were less than 4 cm and were 
precursors to ACC in this series showed in-
tracellular lipid at unenhanced CT. For be-
nign-appearing indeterminate adrenal 
masses measuring less than 4 cm (e.g., homo-
geneous, smooth margins) at cross-sectional 
imaging, the American College of Radiol-
ogy (ACR) White Paper suggests follow-up 
CT or MRI in 12 months and states that sta-
bility in size and appearance over a period 
of 12 months or longer is a reassuring fea-
ture of benignity [5]. This strategy is concor-
dant with recently published clinical practice 

guidelines in which a 6- to 12-month follow-
up study is suggested to assess for growth 
in indeterminate non–lipid-containing ad-
renal nodules for which adrenalectomy is 
not performed [91]. That same expert panel 
acknowledged a lack of evidence regarding 
size or volume thresholds at follow-up imag-
ing but suggested that an increase of more 
than 20% in the diameter together with an 
at least 5-mm increase in this diameter were 
suspicious features [91]. For lesions measur-
ing larger than 4 cm, the ACR White Paper 
suggests consultation for potential surgical 
resection unless a diagnosis of metastatic 
disease can be established [5]. It is acknowl-
edged that the widely cited 4-cm cutoff that 
signifies an increased risk of malignancy 
is not based on good clinical evidence [91]; 
nevertheless, surgical series have shown this 
threshold to be sensitive for the diagnosis of 
adrenal malignancies [92].

Conclusion
CT and MRI of the adrenal glands remain 

integral for the characterization of adrenal 
nodules in clinical practice (Table 1). Most 
incidentally discovered adrenal nodules are 
benign adenomas. In patients with no person-
al history of malignancy, a first presentation 
of cancer of an unknown primary origin as 
an incidental adrenal metastasis is extreme-
ly rare. In patients with malignancy, attenu-
ation of less than 10 HU at unenhanced CT 
or a signal-intensity drop at CSI is a specific 
finding of adenoma. A signal-intensity drop 
at CSI can also be seen in metastases from 
tumors that contain lipid; however, other fea-
tures of metastases such as larger size, in-
creased T2 signal intensity, and heterogeneity 
may enable diagnosis. In lipid-poor adeno-
mas, washout CT can differentiate adenomas 
from metastases except in cases of hypervas-
cular tumors in which metastases can show 
washout in the adenoma range. Size, irregular 
margins, invasive features, and tumor texture 
may also help to diagnose metastases in this 
setting. The imaging features of pheochro-
mocytomas overlap with those of adenomas 
at washout CT, and diagnosis is usually es-
tablished through a combination of biochemi-
cal testing and MIBG scanning. Increased T2 
signal intensity and the absence of intracy-
toplasmic fat are features that suggest pheo-
chromocytoma at CT or MRI. Myelolipomas 
are diagnosed by detecting a large amount 
of macroscopic or bulk fat within an adrenal 
nodule; in larger masses with lesser amounts 
of fat, myelolipomatous degeneration of benign 
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and malignant adrenocortical tumors should 
be considered. ACCs are usually large het-
erogeneous masses that are readily differ-
entiated from adenomas at imaging. For in-
cidentally discovered adrenal nodules in the 
general population, for that are indeterminate 
at CECT, a 1-year follow-up is suggested to 
confirm stability; however, with the prolif-
eration of DECT, a significant proportion of 
these adenomas can be characterized at base-
line imaging potentially obviating follow-up.
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A
Fig. 1—72-year-old woman with history of lung cancer and indeterminate adrenal nodule detected at thoracic CT.
A, Axial unenhanced CT image shows homogeneous left adrenal nodule (arrow) measuring 23 HU.
B, Axial contrast-enhanced CT image obtained 70 seconds after injection of contrast material shows marked hyperenhancement of nodule (arrow), which measures 140 HU.
C, Axial contrast-enhanced delayed phase (15-minute) image shows washout of contrast material from nodule (arrow). Attenuation of nodule has decreased to 59 HU. 
Absolute and relative percentage washout values were 69.2% and 57.9%, respectively, which are in adenoma range. Diagnosis of adrenal adenoma was established by 
these findings.

CB

A
Fig. 2—Examples of dual-energy CT (DECT)–derived virtual unenhanced CT data to diagnose adrenal lesions. 
A, Axial 70-keV contrast-enhanced DECT image of 45-year-old woman with history of remote lung cancer shows incidentally discovered left adrenal nodule (arrow). 
Image shows homogeneous right adrenal nodule measuring 49 HU, which is indeterminate.
B, Virtual unenhanced CT image of same patient shown in A derived from multimaterial decomposition algorithm (Material Suppressed Iodine, GE Healthcare) shows 
nodule (arrow) has attenuation measurement of 3 HU, which is compatible with lipid-rich adenoma.
C, True unenhanced CT image of same patient obtained 2 years before A and B shows nodule (arrow) has not changed in size and measured –6 HU at true unenhanced CT. 

CB

(Fig. 2 continues on next page)
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D
Fig. 2 (continued)—Examples of dual-energy CT (DECT)–derived virtual unenhanced CT data to diagnose adrenal lesions. 
D, 54-year-old woman with right adrenal nodule and history of colon cancer. Axial 70-keV dual-energy CECT image shows homogeneous right adrenal nodule (arrow) that 
measures 58 HU, which is indeterminate. 
E, Virtual unenhanced CT image of same patient shown in D derived from multimaterial decomposition algorithm shows nodule (arrow) has attenuation measurement of 
13 HU, which approaches but does not reach < 10-HU threshold to confidently diagnose adenoma. 
F, True unenhanced CT image of same patient obtained 5 years before D and E shows nodule (arrow) has not changed in size and measured –3 HU at true unenhanced 
CT. In recent meta-analysis, Connolly et al. [24] reported that virtual unenhanced CT showed comparable, although slightly lower, sensitivities for diagnosis of adenoma 
compared with true unenhanced CT and no false-positive diagnoses.

FE

A

Fig. 3—68-year-old man with chronic renal 
insufficiency who had received IV ferumoxytol for 
treatment of chronic anemia.
A and B, Axial opposed-phase (A) and in-phase (B) 
T1-weighted images. Diffuse signal-intensity drop 
is seen on in-phase image compared with opposed-
phase image because of deposition of ultrasmall iron 
oxide particles in adrenal glands (arrows). Also, note 
signal-intensity drop in liver and spleen on in-phase 
image compared with opposed-phase image.

B

A
Fig. 4—Asymptomatic 58-year-old man with 5-cm right myelolipoma.
A, Axial contrast-enhanced CT image shows mainly fatty mass (arrow) in right adrenal gland that measures –58 HU.
B and C, Axial in-phase (B) and fat-suppressed (spectral) (C) T1-weighted images. Nodule (arrow) shows fairly homogeneous signal-intensity drop on fat-suppressed 
T1-weighted image.
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A

Fig. 5—61-year-old woman with incidental 2.6-cm 
left adrenal nodule.
A, Axial unenhanced CT image shows predominantly 
low-density adrenal nodule (arrow) with areas of 
increased internal attenuation (arrowhead). Overall 
mean attenuation was 20 HU.
B and C, Axial in-phase (B) and opposed-phase (C) 
T1-weighted images show heterogeneous signal-
intensity drop (arrow). Portions of nodule do not show 
any signal-intensity drop (arrowhead, C) on opposed-
phase image.
D, Subtraction image (in-phase minus opposed-
phase) shows areas of intracellular lipid as increased 
signal intensity (arrow) and highlights portion of 
nodule without lipid (arrowhead). Nodule remained 
stable in size and appearance for several years and 
was considered heterogeneous adenoma. Also note 
hepatic steatosis.

C

B

D

A

Fig. 6—55-year-old man with 11-cm right adrenal 
mass.
A–C, Axial in-phase (A), opposed-phase (B), and 
fat-suppressed (C) T1-weighted images show 
heterogeneous mass in right adrenal gland with 5-mm 
focus of intratumoral macroscopic fat (arrowhead).
D, Axial unenhanced CT image shows area of fat 
(arrowhead) with heterogeneous calcifications. 
Provisional diagnosis of myelolipoma was provided by 
interpreting radiologist. Mass was removed because 
of its large size, and final histopathology showed 
myelolipomatous degeneration of adrenocortical 
neoplasm.
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A
Fig. 7—56-year-old woman with right adrenal pheochromocytoma. Diagnosis was confirmed after adrenalectomy.
A, Axial unenhanced CT image shows homogeneous 3.4-cm mass (arrow) in right adrenal gland measuring 29 HU.
B, Axial contrast-enhanced CT image obtained 70 seconds after injection of contrast material shows marked hyperenhancement of nodule (arrow) that measures 131 HU.
C, Axial contrast-enhanced delayed phase (15-minute) image shows washout of contrast material from nodule (arrow) with attenuation that has decreased to 58 HU. 
Absolute and relative percentage washout values were 71.6% and 55.7%, respectively, which are in adenoma range.

CB

A

Fig. 8—67-year-old man with metastatic right clear 
cell renal cell carcinoma (RCC) to left adrenal gland 
and left kidney.
A and B, Axial in-phase (A) and opposed-phase (B) 
T1-weighted images show left adrenal metastasis 
(white arrow) and left renal metastasis (black arrow). 
There is signal-intensity drop within adrenal nodule 
on opposed-phase image compared with in-phase 
image but not within renal mass.
C, Subtraction image (in-phase minus opposed-
phase) confirms presence of intracellular lipid 
(arrow), which is of increased signal intensity on 
subtraction imaging, in adrenal metastasis.
D, Axial T2-weighted single-shot turbo spin-
echo image shows that both adrenal metastasis 
(white arrow) and renal metastasis (black arrow) 
are heterogeneous and of markedly increased 
signal intensity compared with skeletal muscle. 
Presence of intracellular lipid in clear cell RCC 
adrenal metastases is widely reported; however, 
heterogeneity and increased signal intensity on 
T2-weighted images are newly described features 
that may enable differentiation from benign 
adenomas [80]. Alternative strategy would be to 
perform biopsy or short-term (< 6 months) imaging 
follow-up to document growth. Previously, Moosavi 
et al. [77] described that not all metastases will show 
intracellular lipid in clear cell RCC and that, in some 
instances, primary tumor may also show no lipid at 
MRI despite presence of lipid within documented 
metastases in same patient. Note also spinal 
hardware in this patient related to previous fusion of 
thoracolumbar spine.
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A

D

Fig. 9—67-year-old man with lung cancer and adrenal collision tumor (metastasis and adenoma).
A–C, Axial in-phase (A), opposed-phase (B), and subtraction (i.e., in-phase minus opposed-phase) (C) 
T1-weighted images show heterogeneous right adrenal lesion measuring 20 mm. Portions of lesion show 
signal-intensity drop (arrowhead) when comparing opposed-phase image with in-phase image. These portions 
of lesion are of increased signal intensity on subtraction image, which is indicative of intracellular lipid. 
Rounded 8-mm posterior portion of lesion (arrow) does not show signal-intensity drop. In context of known 
malignancy in this patient, possibility of adrenal collision tumor was raised.
D, Coronal fused FDG PET/CT image shows markedly increased FDG activity (arrow) within lesion; this finding 
confirms diagnosis of metastasis. Also note right lung cancer (circle).

CB

A

Fig. 10—50-year-old woman with adrenocortical 
carcinoma. 
A, Axial T2-weighted single-shot turbo spin-echo 
image shows heterogeneous 15-cm left adrenal mass 
(arrow) is exhibiting increased signal intensity.
B–D, Axial in-phase (B), opposed-phase (C), and 
subtraction (i.e., in-phase minus opposed-phase) 
(D) T1-weighted images show areas of internal 
hemorrhage (black arrowheads, B and C) and 
intracellular lipid (white arrowheads, C and D).
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