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The role of MRI in the evaluation 
of adrenal lesions has evolved 
tremendously over the last 

twenty years. This is due primarily to 
the modality’s  inherent tissue charac-
terizing ability, but also to a variety of 
accelerated pulse sequences which con-
fer some advantages over other imaging 
modalities used for adrenal imaging. 
MRI’s absence of ionizing radiation is 
additionally beneficial, particularly in 
young patients or in those undergoing 
repeated imaging.

The detection of incidental adrenal 
lesions has increased with the wide-
spread use of cross-sectional imaging.1,2 
Incidental adrenal nodules are present 
in approximately 5% of all abdominal 
CT examinations in patients with no 
known malignancy or endocrine ab-

normality.3,4 The incidence increases 
to between 9% and 13% in patients 
imaged for a known malignancy.3 Up 
to 27% of oncology patients will have 
microscopic adrenal metastases and ap-
proximately 50% of imaging-detected 
adrenal lesions in cancer patients will 
represent metastatic disease.5-8

Accurate characterization of adrenal 
lesions in patients with a known pri-
mary malignancy is extremely relevant 
in clinical practice.9 For example, an 
isolated ipsilateral adrenal metastasis in 
a patient with resectable, primary, non-
small cell lung carcinoma is treated as 
localized disease. In such a patient, re-
section of an isolated adrenal metastasis 
has been demonstrated to extend dis-
ease-free survival. 10

MR Imaging techniques 
At our institution all abdominal MR 

imaging studies are performed with 
a  dedicated torso phased array coil (to 
optimize the signal to noise ratio), high-
field imaging, and a power injector 
when contrast is required. Breath-hold-
ing or respiratory navigation sequences 
are used to minimize artifacts secondary 
to respiratory motion. 

A breath-hold or respiratory-navi-
gated, heavily T2-weighted sequence 

is performed in the coronal and axial 
planes to help provide an anatomic 
roadmap. A breath-held, dual-echo T1-
weighted, two-dimensional (2D) gra-
dient-echo (GRE) sequence is acquired 
in-phase (IP) and out-of-phase (OOP) 
to detect intracellular lipid. Both echoes 
are acquired within the same breath-
hold, allowing reliable coregistration of 
the corresponding IP and OOP images. 
This sequence is used to differentiate 
lipid rich adrenal adenomas from non-
lipid containing   adrenal lesions. A 
baseline, unenhanced fat-suppressed, 
T1-weighted sequence is used to differ-
entiate between hemorrhage and fat, to 
provide a baseline comparison to post-
contrast images to allow determination 
of presence or absence of contrast en-
hancement. 

Chemical shift imaging
Chemical shift imaging (CSI) is the 

mainstay of MR evaluation of solid ad-
renal lesions. Chemical shift MRI relies 
on detecting intracellular lipid in an ad-
enoma for accurate adenoma identifica-
tion.11 Chemical shift MRI exploits the 
different resonant frequencies of fat and 
water protons in a given voxel, rather 
than usingattenuation differences as 
with CT for lesion characterization. Fat 
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protons precess at a lower frequency 
than water protons. When fat and water 
molecules occupy the same voxel, dif-
ferences in precessional frequency 
quench MR signal in that voxel during 
opposed-phase gradient-echo MR im-
aging.12-16 This decrease in signal inten-
sity is appreciated when OOP images 
are compared with the corresponding IP 
images. Korobkin et al17 demonstrated 
an inverse linear relationship between 
the percentage of lipid-rich cells and 
the relative change in MR signal inten-
sity on chemical shift images. This rela-
tionship holds as  long as the number of 
lipid protons in a voxel does not exceed 
the number of water protons; however, 
if the lipid protons were to outnumber 
the water protons, the result would be a 
smaller drop in signal as it is the cancel-
lation of signals from pairs of lipid and 
water protons that produces the drop  
in signal.

The CSI signal loss can be measured 
quantitatively, as the adrenal-to-spleen 
chemical-shift ratio, by dividing the 
lesion-to-spleen signal intensity ratios 
on the IP images by the OOP images.18 
A CSI ratio of less than 0.71 at 1.5T 
field strength indicates a lipid-rich 
adenoma.15 The alternative adrenal 
signal intensity index is calculated as 
[(IP signal intensity – OOP signal in-
tensity)/(IP signal intensity)] x 100%; 
using this formula, a measurement of 
greater than 16.5% at 1.5T is consis-
tent with a lipid-rich adenoma.19 In 
clinical practice, however, most radiol-
ogists evaluate chemical shift change 
visually or qualitatively using mus-
cle or spleen as the internal reference 
organ. This has been demonstrated to 
be as effective as quantitative meth-
ods.20,21 The liver should not be used as 
the internal reference organ, as it can 
also demonstrate drop-off of OOP sig-
nal with fatty infiltration of the liver.20, 

22 The sensitivity and specificity of 
CSI for the differentiation of adrenal 
incidentalomas are reported at 81% 
to 100% and 94% to 100%, respec-
tively.14,21,23 It should be remembered 
that adrenocortical carcinoma, pheo-
chromocytoma, as well as clear cell 

renal cancer and fat-containing HCC 
metastases may occasionally demon-
strate signal loss on OOP images.11 

Dynamic contrast enhancement 
Little has been published regarding 

the utility of gadolinium-enhanced MRI 
in characterizing adrenal masses. One 
study evaluating the MRI enhancement 
features of adrenal masses found that 
neither absolute enhancement nor gad-
olinium washout kinetics were useful in 
differentiating adenomas from non-ad-
enomas.16 Another, more recent study24 
concluded that although the diagnos-
tic value of dynamic MRI is lower than 
chemical shift MRI, contrast enhance-
ment and time-to-peak and wash-in rates 
derived from SI-time curve of dynamic 
MRI may be contributory to the results 
of chemical shift MRI in atypical cases. 

Emerging techniques 
Diffusion weighting 

The data relating to diffusion weight-
ing in the imaging of adrenal tumors has 
been disappointing thus far in general 
because of benign adrenal adenomas’ 
propensity to demonstrate restricted 
diffusion. Miller et al 25 retrospectively 
evaluated 160 adrenal lesions in 156 pa-
tients and found that apparent diffusion 
coefficient (ADC) values were not use-
ful in accurately distinguishing benign 
from malignant adrenal lesions. San-
drasegaran et al 26 also found that ADC 
values are not clinically useful in differ-
entiating adrenal lesions.

MR Spectroscopy
MR spectroscopy is a technique that 

has been investigated for further char-
acterization of adrenal masses. This 
method takes advantage of altered me-
tabolite composition of the mass. For ex-
ample, choline is a metabolite involved 
in construction of the cell wall, and its 
concentration is increased in malignan-
cies due to cellular proliferation.27 Faria 
et al28 identifed 60 patients with adre-
nal tumors larger than 2cm in diame-
ter. They were examined in a 1.5T MR 
imaging system and point-resolved 1H 
MR spectroscopy. They found that 1H 

MR spectroscopy can be used to char-
acterize adrenal masses on the basis of 
spectral findings for benign adenomas, 
carcinomas, pheochromocytomas and 
metastases. Choline-creatine ratios 
greater than 1.20 yielded 92% sensitiv-
ity and 96% specificity. Choline-lipid 
ratios greater than 0.38 yielded 92% sen-
sitivity and specificity. Both were suffi-
cient for differentiation of adenomas and 
pheochromocytomas from carcinomas 
and metastases. In the differentiation of 
carcinomas and pheochromocytomas 
from adenomas and metastases, a 4.0 – 
4.3 ppm/creatine ratio greater than 1.50 
yielded 87% sensitivity and 98% spec-
ificity. Simultaneous use of these two 
analyses for each type of adrenal mass 
allowed classification of 54 of 60 masses 
into 4 distinct groups. Limitations of this 
technique include the fact that lesions 
smaller than 2cm are generally unsuit-
able for analysis due to artifacts caused 
by respiratory movements. 

PET/MRI
PET/MRI is the newest clinical hy-

brid imaging modality (Figure 1). The 
excellent soft-tissue contrast of MRI 

FIGURE 1. PET/MR image demonstrating a 
left lung carcinoma with a left adrenal metas-
tasis, both showing intense FDG uptake.
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and its ability to assess adrenal lesions 
with chemical shift imaging may pro-
vide a superior complement to PET 
in certain clinical circumstances.29 A 
recent study30 identified a total of 173 
patients, with 649 upper-abdominal in-
cidentalomas who underwent 18F-FDG 
PET/CT and subsequent whole-body or 

abdominal 18F-FDG PET/MRI for on-
cological indications. In both cystic and 
non-cystic masses, fewer findings were 
rated as indeterminate by 18F-FDG 
PET/MRI compared with 18F-FDG 
PET/CT. The organ-specific subgroup 
analysis of this study showed signifi-
cantly fewer indeterminate findings 

in the liver, the kidney and the adrenal 
glands, pointing to the superior diag-
nostic performance of 18F-FDG PET/
MRI over 18F-FDG PET/CT in these 
organs. Classification of adrenal inci-
dentalomas is predominantly based on 
lipid detection techniques.12, 31 Given its 
high resolution, the three-dimensional 
VIBE sequence in the Dixon technique 
is used for MRI-based attenuation cor-
rection in integrated PET/MRI scan-
ners.30 These images can be used to 
increase the diagnostic accuracy in ad-
renal incidentalomas. In the case of an 
adrenal mass, the evaluation of these 
images for the characteristic signal de-
crease in the opposed-phase images is 
useful and can increase the diagnostic 
certainty without requiring any further 
resources and without additional radia-
tion exposure.

MRI Features of adrenal lesions 
Adrenal adenoma

Identifying microscopic lipid within 
an adrenal mass has remained the cor-
nerstone of characterizing an adrenal 
lesion as an adenoma (Figure 2).32 
Chemical shift imaging is a rapid and 
reliable technique that relies on demon-
strating lipid within the mass to diag-
nose an adrenal adenoma.14 Although 
non-contrast CT and CSI are used in 
clinical practice for differentiating ad-
enoma from malignancy, some investi-
gators have reported that between 62% 
and 100% of adenomas with attenua-
tion of greater than 10 Hounsfield Units 
(HU) can be characterized confidently 
using CSI. 21,23 CSI may be preferable 
to non-contrast CT in characterizing 
adrenal lesions as adenomas because it 
demonstrates better sensitivity for in-
tracellular lipid and does not expose the 
patient to radiation. 

Adrenal myelolipoma
The imaging diagnosis of myelo-

lipomas is based on the presence of 
macroscopic fat. MRI characteristics 
include T1-hyperintense signal that 
suppresses with frequency-selective 
fat saturation (Figure 3).33  Similar to 
renal angiomyolipomas, the presence 

FIGURE 4. Adrenal pseudocyst. 15 x 17 x 20 cm mass within the right adrenal gland. The 
mass is isointense on the axial T1-weighted sequence (A) and mildly T2 hyperintense on the 
axial T2-weighted FRFSE sequence (B). 

FIGURE 2. Left adrenal adenoma. Axial T1-weighted in- (A) and out-of-phase (B) images 
demonstrating signal drop-off on the out-of-phase sequence consistent with an adrenal ade-
noma with voxels containing both lipid  and water protons.

FIGURE 3. Right adrenal myelolipoma. Axial T1-weighted in-phase (A) and fat-saturated (B) 
images demonstrating signal drop-off on the fat-saturated sequence consistent with intrale-
sional macroscopic fat. 
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of the India Ink (chemical shift) artifact 
at the myelolipoma-adrenal interface or 
within an adrenal mass on OOP images 
should indicate a myelolipoma.34 Small 
quantities of macroscopic fat are not 
completely specific for myelolipoma. 
In addition to adenomas, a recent retro-
spective study of 41 adrenocortical car-
cinomas suggested that 10% contained 
foci of macroscopic fat.35 In contrast to 
renal angiomyolipomas, small amounts 
of macroscopic fat should be consid-
ered characteristic, but not diagnostic, 
of myelolipomas.33 Other imaging fea-
tures (margins, invasion, heterogeneity 
etc.) should be considered to exclude a 
rare, fat-containing malignancy. Otal et 
al 36 reported that a lesion with compo-
sition of greater than 50% macroscopic 
fat can be managed as a myelolipoma. 

Adrenal hemorrhage
The causes of unilateral adrenal 

hemorrhage are blunt abdominal 
trauma, iatrogenic causes and under-
lying malignancy. MRI is sensitive in 
the evaluation of hemorrhage by spe-
cific signal characteristics of the blood 

products. In the acute setting and due 
to the paramagnetic effect of deoxyhe-
moglobin, hemorrhage demonstrates 
isointense or hypointense T1 signal 
and hypointense T2 signal.27 In the 
subacute setting, the signal character-
istic of the hemorrhage is mostly deter-
mined by intracellular or extracellular 
methemoglobin with hyperintense T1 
signal and hypointense or hyperintense 
T2 signal. Chronic hematoma can de-
velop cystic changes with low mar-
ginal signal intensity due to peripheral 
hemosiderin deposition and formation 
of a fibrous capsule.37 Contrast-en-
hanced MRI can be performed to 
evaluate for any enhancing solid com-
ponent of the hematoma which would 
suggest the presence of an underlying 
lesion that has bled.

Adrenal cysts: simple cysts, 
pseudocysts, lymphangiomas

Adrenal cysts are rare. The frequency 
of adrenal cysts seen at autopsy ranges 
from 0.064% to 0.18%.38,39 They can be 
broadly subdivided into simple cysts, 
pseudocysts and lymphangiomas. 

Simple cysts
Endothelial cysts/simple cysts are the 

most common subtype. Simple cysts 
are hypointense on T1-weighted images 
and hyperintense on T2-weighted im-
ages with no soft tissue component and 
no internal enhancement.40

Pseudocysts
These represent the next most com-

mon subtype. Pseudocysts are caused 
by a prior episode of hemorrhage or 
infarct; the cyst wall is composed of fi-
brous tissue. Although low signal, the 
pseudocyst can be more complex and 
may present with thicker walls, internal 
septations and calcifications. MRI is the 
best method for characterization due to 
its increased sensitivity for detection of 
hemorrhagic elements and superior sep-
tation characterization (Figure 4).33,41

Lymphangiomas
These are rare and typically symp-

tomatic.42 Adrenal lymphangiomas are 
usually thin-walled cystic lesions with 
low signal intensity at T1-weighted 
imaging and high signal intensity at T2-
weighted imaging without substantial 
internal enhancement.43-45

Pheochromocytoma
The most common MR imaging ap-

pearance of pheochromocytoma is a 
mass with low signal intensity at T1-
weighted imaging and with high signal 
intensity at T2-weighted imaging.46 The 
signal pattern is variable and the high 
T2 signal in particular is not always 
present.47 However pheochromocy-
tomas do typically enhance avidly on 
T1-weighted imaging following admin-

FIGURE 5. Right pheochromocytoma. Axial T2-weighted sequence with fat saturation (A) demonstrating homogeneous signal hyperintensity. 
Axial T1-weighted sequence with fat saturation pre- (B) and postintravenous contrast (C) demonstrating avid enhancement postcontrast. 
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FIGURE 6. Left adrenocortical carcinoma. Axial T1-weighted images pre- (A) and post-intrave-
nous (B) contrast. The lesion demonstrates avid, heterogeneous enhancement post contrast. 
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istration of gadolinium based contrast 
material.12,47 Usually, pheochromocy-
tomas appear still more hyperintense 
on fat-suppressed, T2-weighted images 
due to a signal intensity rescaling ef-
fect, which reflects the reduced signal 
intensity of background fat (Figure 5).46 
As mentioned above, a pheochromocy-
toma cannot be excluded on the basis of 
a lack of high intensity on T2-weighted 
MR imaging. Conversely, non-pheo-
chromocytomas, including some me-
tastases may be incorrectly classified 
as pheochromocytomas due to high T2 
lesion signal intensity.46 Punctate sig-
nal voids representing tumor vessels in 
paragangliomas create a salt-and-pep-
per pattern characteristically seen on 
T1- and T2-weighted images.

Malignant adrenal lesions: 
Adrenocortical carcinoma, 
metastases 
Adrenocortical carcinoma

Adrenocortical carcinoma (ACC) is 
a rare, malignant tumor of the adrenal 
gland. They are typically large at pre-
sentation and may have metastasized at 
the time of diagnosis.32 ACCs are gen-
erally heterogeneous with areas of high 
signal intensity on T1-weighted and T2-
weighted sequences, representing blood 
products and areas of necrosis within 
these lesions (Figure 6). Following ad-
ministration of gadolinium, the viable 
portion of the tumor will enhance. Be-
cause this neoplasm originates from the 
adrenal cortex, it may contain foci of in-
tracytoplasmic lipid, resulting in loss of 
signal intensity on OOP images, similar 
to an adenoma.48 Although in most cases, 
it is not difficult to differentiate between 
an adenoma and an ACC, one should ex-
ercise caution in attempting to distinguish 
between a small ACC and an adenoma.

Metastases
Metastases are the most common 

malignant lesions involving the adrenal 
gland.42 Adrenal metastases are found 
in up to 27% of patients with malignant 
epithelial tumors at autopsy.8 Metasta-
ses are usually bilateral but may also be 
unilateral. They usually demonstrate low 

FIGURE 7. Right adrenal metastasis from lung adenocarcinoma. Axial and coronal T2-weighted 
images (A,B) demonstrate heterogeneous signal intensity. The lesion has internal septations 
and enhances (C, precontrast, D, postcontrast) following administration of intravenous contrast.
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FIGURE 8. Right neuroblastoma. Axial T1 in-phase image (A) demonstrates areas of hyperin-
tensity compatible with intralesional hemorrhage. Foci of T2 hyperintensity (B) consistent with 
cystic elements within.

FIGURE 9. Right ganglioneuroma. Axial pre- (A) and postcontrast (B), T1-weighted images. 
The lesion is heterogeneous on the precontrast T1, with patchy mild enhancement on the 
postcontrast sequence.

A B
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signal intensity on T1-weighted images 
and relatively high signal intensity on T2 
with progressive enhancement following 
administration of contrast material (Fig-
ure 7). The most important imaging fea-
ture is lack of signal drop-off on the OOP 
images, distinguishing this tumor from a 
lipid-rich adrenal adenoma.

Lymphoma 
Primary adrenal lymphoma is rare. 

Singh et al reported four cases from a 
series of 241 patients with non-Hod-
gkins lymphoma (NHL).49 Secondary 
adrenal involvement is typically seen 
with NHL.33 The MRI characteristics 
are nonspecific. Typically, the T1 sig-
nal intensity is lower than that of liver 
and the T2 signal is heterogenously hy-
perintense. They typically demonstrate 
only mild to moderate homogeneous 
(or mildy heterogeneous) enhancement 
after gadolinium.50

Pediatric lesions: 
Neuroblastoma,  ganglioneuroma, 
ganglioneuroblastoma 
Neuroblastomas

Neuroblastomas comprise the third-
most common malignant tumors in 
children, but are rare in the adult pop-
ulation.33 It usually demonstrates het-
erogeneous low signal on T1-weighted 
images, high signal on T2-weighted im-
ages and enhancement following admin-
istration of intravenous contrast (Figure 
8).42 Calcification is present in 80-90% 
of the lesions, but may be difficult to dis-
cern on MR images.

Ganglioneuromas
These are benign neoplasms com-

posed of Schwann cells and ganglion 
cells that arise from the sympathetic 
ganglia; 20-30% arise in the adrenal 
medulla.33 These lesions do not se-
crete hormones and are usually inci-
dental findings. They demonstrate soft 
tissue attenuation, variable size and 
homogenous or mildy heterogeneous 
enhancement.51 They are typically low 
on T1-weighted imaging and can have 
heterogeneous hyperintense T2 signal 
(Figure 9).52 

Ganglioneuroblastomas
Gangioneuroblastomas arise from 

the neural crest. They tend to be smaller 
and more well defined than neuroblas-
toma at diagnosis.53 They typically 
demonstrate intermediate signal inten-
sity on T1-weighted images and heter-
ogeneously high signal on T2-weighted 
images, with heterogeneous, moderate 
enhancement following administration 
of contrast material.42

Conclusion
MRI is an invaluable imaging tool in 

the evaluation of adrenal lesions with 
the lack of ionizing radiation burden a 
major advantage. The standard imaging 
sequences frequently allow definitive 
characterization of many indeterminate 
adrenal lesions. In addition, emerging 
imaging modalities, such as PET/MR 
and MR spectroscopy have the potential 
to yield further information but require 
more studies for validation.
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