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Chemical Shift MR Imaging of the 
Adrenal Gland: Principles, Pitfalls, 
and Applications1

Adrenal lesions are a common imaging finding. The vast majority of 
adrenal lesions are adenomas, which contain intracytoplasmic (mi-
croscopic) fat. It is important to distinguish between adenomas and 
malignant tumors, and chemical shift magnetic resonance (MR) 
imaging can be used to accomplish this distinction by depicting 
the fat in adenomas. Chemical shift imaging is based on the differ-
ence in precession frequencies of water and fat molecules, which 
causes them to be in different relative phases during the acquisi-
tion sequence and allows in-phase and opposed-phase images to 
be obtained. It is important to acquire these images by using the 
earliest possible echo times, with the opposed-phase echo before 
the in-phase echo, and by using a single breath hold to preserve di-
agnostic accuracy. Intracytoplasmic fat is depicted as signal drop on 
opposed-phase images when compared with in-phase images. Both 
qualitative and quantitative methods for assessing signal drop are 
detailed. The appearances of adrenal adenomas and other adrenal 
tumors on chemical shift MR images are described, and discrimi-
natory ability at chemical shift MR imaging compared with that at 
adrenal computed tomography (CT) is explained. Other adrenal-
related conditions in which chemical shift MR imaging is helpful 
are also discussed. Chemical shift MR imaging is a robust tool for 
evaluating adrenal lesions that are indeterminate at nonenhanced 
CT. However, it is important to know the advantages and disadvan-
tages, including several potential imaging pitfalls. The characteriza-
tion of adrenal lesions by using chemical shift MR imaging and 
adrenal CT should always occur in the appropriate clinical setting.
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After completing this journal-based SA-CME 
activity, participants will be able to:

■■ Describe the physics behind chemical 
shift MR imaging.

■■ Identify the correct techniques to 
achieve optimal chemical shift imaging 
of the adrenal gland and avoid technical 
pitfalls.

■■ Discuss clinical applications of chemi-
cal shift imaging to diagnosing adrenal 
lesions.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Adrenal lesions are a relatively common imaging finding, and most 
are incidentalomas that are detected at imaging performed for other 
reasons. Adrenal incidentalomas are seen in 1%–4.2% of the popula-
tion. They have become a more frequent finding as use of imaging 
has increased over the past few decades (1–3). Most adrenal lesions 
are benign and clinically unimportant (1,4). The vast majority are 
adenomas (1), lesions that contain a high percentage of intracyto-
plasmic lipids, which should allow their diagnosis at nonenhanced 
computed tomography (CT) and magnetic resonance (MR) imaging 
(5,6). It is important to distinguish adrenal adenomas from ma-
lignant adrenal lesions. This is especially crucial in patients with a 
primary malignancy elsewhere, in whom only 26%–36% of adrenal 
nodules are metastatic (7), because diagnosis of an adrenal metasta-
sis will lead to altered treatment and prognosis.

Although CT is well established for characterizing adrenal inciden-
talomas as adenomas because of their nonenhanced appearance and 
washout profile, MR imaging also is a valuable modality for charac-
terizing adrenal incidentalomas. The growing use of abdominal MR 
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between adenomas and other adrenal lesions is 
the main goal of adrenal imaging, chemical shift 
imaging is the mainstay of adrenal MR imaging.

Chemical Shift Physics
Chemical shift imaging is based on innate differ-
ences in the inherent magnetic field experienced 
by the protons in fat molecules compared with 
those in water molecules, which are caused by 
the effects of the nonproton components of the 
molecules (carbon vs oxygen, respectively) on 
the electron cloud that surrounds the protons 
(8). This weak magnetic field opposes the exter-
nal magnetic field caused by the MR imaging 
unit, a phenomenon called shielding, and is also 
proportional to the external magnetic field. The 
shielding effect is stronger in fat molecules than 
in water molecules, causing the protons in fat to 
experience a lower effective magnetic field. 

A basic principle of MR imaging is that pro-
tons precess in a specific frequency when placed 
in a magnetic field. The precession frequency is 
determined by the effective magnetic field. The 
difference in the effective magnetic field causes a 
different precession frequency for fat and water 
protons. Because the effective magnetic field 
is dependent on the external magnetic field, 
the differences in precession frequency are also 
dependent on the external magnetic field and 
are usually considered to be 225 Hz at 1.5 T and 
450 Hz at 3 T. However, because this phenom-
enon depends on the structure of the molecule 
and its environment, it is also affected by outside 
conditions, such as pH level, temperature, and 
the specific fat molecule structure (which can 
be heterogeneous) (10). These conditions cause 
variations in the frequency difference, which has 
been reported to range from 210 to 225 Hz at 
1.5 T and from 420 to 450 Hz at 3 T (8,11,12). 
The same chemical principle is valid for pro-
tons in any molecule; hence the term chemical 
shift. Chemical shift is calculated by dividing the 
frequency difference between the protons by 
the Larmor frequency of the outside magnet (ie, 
the MR imaging unit), and it is a dimensionless 
number reported in parts per million. For fat and 
water, the chemical shift is 3.3–3.5 ppm (Fig 1).

Techniques  
and Technical Pitfalls

Chemical shift imaging, also known as in-phase 
and opposed-phase imaging, includes traditional 
acquisitions of in-phase and opposed-phase im-
ages and use of the newer Dixon method and its 
modifications.

In-phase and opposed-phase imaging is based on 
the phase-cancellation artifact caused by chemical 
shift, also known as type 2 chemical shift artifact 

imaging for other indications has resulted in an 
increasing number of adrenal incidentalomas that 
are detected at MR imaging rather than at CT. 
Therefore, understanding the MR techniques used 
in adrenal imaging is important.

This article clarifies the pathologic and physi-
cal principles behind chemical shift imaging, ex-
plains proper techniques for performing chemical 
shift imaging and the potential technical pitfalls, 
and describes clinical applications of chemical 
shift imaging to the adrenal gland.

Principles of  
Chemical Shift Imaging

Pathologic Basis for Imaging
The distinguishing feature of most adrenal 
adenomas is a high content of intracytoplasmic 
lipids, which are precursors of adrenal hormone 
production (4,5) and are visible microscopically. 
Routine fat-suppressed MR imaging techniques, 
such as inversion-recovery or frequency-selective 
fat-suppression sequences, can be used to depict 
fat that is macroscopically visible (8) but not the 
microscopic intracytoplasmic fat in adenomas. 
However, chemical shift imaging can be used to 
depict microscopic amounts of intracytoplasmic 
fat (9), which makes it useful for characteriza-
tion of adrenal adenomas. Because distinguishing 

TEACHING POINTS
■■ When the protons are in the same location (in phase), the 

signals received from fat and water protons in the same voxel 
are additive. When they are in completely opposing phases 
(opposed phase), the signals cancel each other out. This 
causes signal drop on opposed-phased images in tissues that 
contain microscopic fat, which appear darker than they did 
on in-phase images.

■■ The end result of a Dixon sequence is four sets of images: wa-
ter-only, fat-only, in-phase, and opposed-phase. This method 
allows the radiologist to quantify microscopic fat in addition 
to detecting its presence.

■■ The longer the echo time, the more T2* decay will reduce 
signal intensity, making it more difficult to interpret the signal 
drop expected from microscopic fat and potentially compro-
mising diagnostic accuracy. For this reason, the shortest echo 
times feasible should be chosen.

■■ To minimize the effect of T2* decay on opposed-phase im-
ages, the opposed-phase echo must always be acquired be-
fore the in-phase echo to prevent overlap between adenomas 
and other lesions.

■■ Indeterminate lesions seen at nonenhanced CT may be fur-
ther evaluated by using either contrast-enhanced CT with an 
adrenal protocol, which can depict contrast washout charac-
teristics typical of an adenoma, or chemical shift MR imaging, 
which can depict lipid in lesions that are described as lipid-
poor at nonenhanced CT (ie, attenuation higher than 10 HU) 
but are seen to contain an abundance of lipid at MR imaging 
(by demonstrating signal drop on opposed-phase images).
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Figure 2.  Wave illustration of phase versus time for two pre-
cession frequencies representing the lower frequency of fat 
(orange curve) compared with water (yellow curve). The two 
waves cyclically intersect at certain time points that represent 
the relative phase of the two frequencies.

Figure 1.  Mathematical representations show the relation-
ship between the chemical shift of fat and water (d, in parts per 
million), the difference in precession frequency of fat and water 
(Df, in hertz), and the Larmor frequency of the MR imaging 
unit (v0, in megahertz). The Larmor frequency is dependent on 
the external magnetic field (B0, in tesla) and the gyromagnetic 
ratio of protons (, in radians per second per tesla). Using the 
most widely used chemical shift of 3.5 ppm, the difference in 
frequencies between fat and water at 1.5 T is approximately 
223 Hz, as shown in the third equation.

abdominal fat (11). This is caused by the coex-
istence of fat and water in the interfacing voxel, 
which leads to signal cancellation. This artifact is 
known as etching artifact, “India ink” artifact, or 
black boundary artifact (Fig 3). It allows quick 
identification of an opposed-phase image and can 
sometimes aid in diagnosis but may also lead to 
interpretation pitfalls, as will be explained later.

T2* Decay and Echo Timing
Choosing the echo time correctly is important 
for reducing the effects of T2* decay on signal 
intensity. The longer the echo time, the more T2* 
decay will reduce signal intensity, making it more 
difficult to interpret the signal drop expected from 
microscopic fat and potentially compromising diag-
nostic accuracy (15). For this reason, the shortest 
echo times feasible should be chosen.

Minimizing the effect of T2* decay is more 
important on opposed-phase images than on in-
phase images because the goal is to assess signal 
drop on opposed-phase images, which may be 
confounded by signal drop caused by T2* decay. 
Because in-phase images are used only as a refer-
ence for signal drop, T2* decay is of less concern 

(8). The different precession frequencies of fat and 
water protons cause them to be in the same longitu-
dinal location at only set times during the preces-
sion cycle, while being at different degrees of out of 
phase at all other times (Fig 2).When the protons 
are in the same location (in phase), the signals 
received from protons of fat and water in the same 
voxel are additive. When they are in completely op-
posing phases (opposed phase), the signals cancel 
each other out. This causes signal drop on opposed-
phase images in tissues that contain microscopic fat, 
which appear darker than they did on in-phase im-
ages. This is a cyclic process: protons start in phase 
and then are in phase every 1/frequency difference 
and are perfectly in opposed phase every half of that 
time. This time is, in effect, the echo time. At 1.5 T, 
the phase shift from in phase to opposed phase oc-
curs every 2.2 msec, and at 3 T it occurs every 1.1 
msec (13). Traditional in-phase and opposed-phase 
imaging is performed by using gradient-recalled 
sequences. All sequence parameters must be identi-
cal except for echo time. Currently, this technique 
is usually performed by using a dual-echo sequence 
rather than separate acquisitions; therefore, variabil-
ity in other parameters is not a concern.

The Dixon method and its modifications are 
based on a similar principle of acquiring in-phase 
and opposed-phase images and then using a 
mathematical calculation in postprocessing to 
create images containing water-only signal and 
fat-only signal. The original Dixon method used 
two time points, assuming a single fat proton 
frequency just like traditional in-phase and 
opposed-phase imaging, but its modifications can 
take into account three or more time points along 
the phase shift cycle to account for the variable 
frequencies of fat protons. Dixon methods can be 
performed by using gradient-recalled-echo, spin-
echo, or steady-state free precession sequences, 
and a multiecho single acquisition is used for 
both in-phase and opposed-phase data. The end 
result of a Dixon sequence is four sets of images: 
water-only, fat-only, in-phase, and opposed-
phase. This method allows the radiologist to 
quantify microscopic fat in addition to detecting 
its presence. A problem unique to this method is 
fat-water swapping. This can occur when mag-
netic field inhomogeneities cause a miscalculation 
that results in fat being detected as water and vice 
versa (14). When this occurs, the fat-only and 
water-only images are unreliable, and only the 
in-phase and opposed-phase images can be used, 
similar to traditional in-phase and opposed-phase 
imaging.

An artifact appears on opposed-phase im-
ages, regardless of the acquisition method, that 
causes the abdominal organs to be delineated by 
a dark line wherever the organs interface with 
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Figure 3.  Typical adrenal adenoma in a 55-year-old woman. The lesion was incidentally discovered at abdominal CT per-
formed for abdominal pain, which demonstrated a 1.7-cm indeterminate left adrenal lesion. Chemical shift MR imaging was 
performed for characterization by using the Dixon method. Axial in-phase (a) and opposed-phase (b) images show lower sig-
nal intensity in the lesion (arrow) on the opposed-phase image compared with the in-phase image. The lesion has high signal 
intensity on a corresponding fat-only image (c) and intermediate-low signal intensity on a water-only image (d). It appears 
bright on a subtraction image (e), which further proves the presence of signal drop. Note the etching (“India ink”) artifact on 
the opposed-phase image in b, seen as a black line separating the abdominal organs from intra-abdominal fat. The findings 
prove the presence of intracytoplasmic fat, indicative of an adenoma.

on in-phase images. To minimize the effect of T2* 
decay on opposed-phase images, the opposed-
phase echo must always be acquired before the 
in-phase echo to prevent overlap between adeno-
mas and other lesions (16,17).

For these reasons, the most appropriate echo 
time pairing for 1.5-T units is 2.2 msec (op-

posed phase) and 4.4 msec (in phase). For 3-T 
units, choosing the best pairing is more com-
plex because the first opposed-phase echo is at 
1.1 msec, and the transition between in phase 
and opposed phase is only 1.1 msec, which 
may cause technical difficulties in acquiring the 
1.1- and 2.2-msec pair. Increasing the receiver 
bandwidth and using parallel imaging can help 
reduce imaging time and allow use of the 1.1- 
and 2.2-msec pair, at the cost of reduced signal-
to-noise ratio. When this yields unacceptable im-
age quality, one may use the first opposed-phase 
echo and the second in-phase echo (1.1 and 
4.4 msec) or choose the second echo pair (3.3 
and 4.4 msec) (17). This is not a concern when 
images are acquired with a multiecho single-
acquisition Dixon method.

Acquiring Echo-Pair  
Images in the Same Breath Hold
Opposed-phase and in-phase images should be 
acquired by using a single breath hold. Performing 
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the two phases in different breath holds may enable 
use of the first echo pair on 3-T units, but at a cost 
of reduced quantitative ability and misregistration 
of images that limits subtraction analysis (15), 
which is usually diagnostically unacceptable.

If other options fail to achieve acceptable im-
age quality by using the desired echo pairs and 
it is necessary to acquire in-phase and opposed-
phase images in separate breath holds, a two-di-
mensional (2D) acquisition sequence is preferred 
over a three-dimensional (3D) sequence because 
2D acquisition is less sensitive to motion artifacts 
and therefore less likely to cause misregistration. 
In these cases, care must be taken when calcu-
lating signal drop because the reference values 
for adrenal lesions differ between 3D and 2D 
acquisition (as will be discussed in the “Image 
Analysis” section) (18,19).

Accuracy of Echo Times
Adherence to exact echo times is crucial with 3-T 
units compared with 1.5-T units. On 1.5-T units, 
very small time drifts from ideal in-phase and 
opposed-phase times are acceptable. However, on 
3-T units, these small drifts from the ideal timing 
are unacceptable because any time drift is relative to 
the transition between in phase and opposed phase, 
which is twice as rapid on 3-T units (15). Such 
drifts can therefore create an altered signal change 
between the phases, causing diagnostic inaccuracies.

Image Analysis
Traditional in-phase and opposed-phase imaging 
is more widely used for evaluating adrenal lesions 
than is measurement of fat percentage with the 
Dixon method. Both qualitative and quantitative 
methods exist for assessing the presence of fat 

in a lesion on traditional in-phase and opposed-
phase images.

Qualitative assessment is composed of visual 
assessment of opposed-phase images compared 
with in-phase images to evaluate for signal drop, 
using adjacent structures that are visible on the 
same section as a visual reference (eg, the liver 
and spleen). This method is the most widely 
used, probably because it is not time consum-
ing, and is considered as reliable as quantita-
tive analysis (20–22). Subtraction images can 
be created by subtracting opposed-phase signal 
from in-phase signal for every voxel. The result 
is an image on which tissues with signal drop (ie, 
microscopic fat) appear bright, as opposed to all 
other tissues, which are virtually black (Fig 3). 
Subtraction images can increase readers’ con-
fidence in visual evaluation of signal drop (23), 
especially when there is signal drop in the liver 
due to fatty infiltration.

Quantitative analysis entails drawing regions 
of interest on the lesion on both in-phase and 
opposed-phase images and then calculating 
signal drop. The various calculation methods 
are detailed in Table 1. The simplest way is to 
determine the percentage of signal drop relative 
to the lesion’s signal intensity on the in-phase 
images. This is referred to as the ASII. Signal 
intensity is affected by sequence parameters, 
and the different techniques used in different 
centers can cause differences in absolute values. 
Therefore, some formulas use a “normalized” 
signal intensity value by using a reference tissue. 
These formulas calculate the ratio between signal 
intensity on opposed-phase and in-phase images 
in relation to a reference tissue. Most studies 
use the liver, spleen, or paraspinal muscles as a 

Table 1: Quantitative Signal Drop Calculation Methods and Suggested Cutoff Values for Adenomas, 
as Recently Reported in the Literature

Name Formula Cutoff  Value at 1.5 T Cutoff  Value at 3 T

Adrenal signal inten- 
sity index (ASII)*

(lesion IP) – (lesion OP)
 ·100

.16.5% .1.7%
(lesion IP)

Adrenal-to-spleen  
ratio (ASR)† [

(lesion OP)/(spleen OP)
 – 1]·100

235.9% 217.2%
(lesion IP)/(spleen IP)

Adrenal-to-liver  
ratio (ALR)† [

(lesion OP)/(liver OP)
 – 1]·100

232.6% 224.5%
(lesion IP)/(liver IP)

Adrenal-to-muscle  
ratio (AMR)† [ (lesion OP)/(muscle OP)  – 1]·100 229.3% 239.6%

(lesion IP)/(muscle IP)

Note.—For ASR, ALR, and AMR, percentages and decimals are used interchangeably in the literature, and 
while some authors use the ratio to describe the signal loss, others use the same terminology to describe the 
signal remaining in the lesion. We report all ratios by using percentages of signal loss for uniformity, as reported 
in recent literature. IP = in phase, OP = out of phase.
*Data are from reference 17.
†Data are from reference 22.
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reference (17,22). The spleen is the most com-
monly used reference tissue because the liver 
and muscles may be unreliable because of fatty 
infiltration. Less commonly, the spleen may be 
unreliable because of iron deposition, in which 
case the kidney can be used as a reference (24). 
The same principles for choosing the reference 
tissue apply to qualitative assessment. Of note, 
field strength affects the result of these calcula-
tions, and therefore signal drop cutoff values for 
distinguishing adenomas from other lesions differ 
between 1.5-T and 3-T units (22).

With use of the Dixon method, measurement 
of the fat content of a lesion can be accomplished 
in addition to using the aforementioned calcula-
tions on in-phase and opposed-phase images. Two 
quantitative parameters, fat fraction and fat ratio, 
have been used. Fat fraction is the signal intensity 
of a lesion as measured on the fat-only image, 
divided by the sum of signal intensities on the fat-
only and water-only images. Fat ratio is the signal 
intensity of a lesion as measured on the fat-only 
image, divided by the signal intensity of subcu-
taneous fat in the anterior abdominal wall. The 
fat fraction is considered more reliable because it 
uses a single region of interest that is placed in the 
same location on all images (25).

Clinical Applications
Adrenal adenoma is the most common adrenal 
lesion and is estimated to exist in 1.4%–8.9% 
of the population (26). Nodular hyperplasia, 
myelolipomas, cysts or pseudocysts, hemorrhage 
(secondary to trauma, anticoagulation therapy, or 
hypertension), pheochromocytomas, adrenocor-
tical carcinomas, and metastases are less com-
monly seen. Other benign and malignant lesions 
can occur in the adrenal glands (eg, lipoma, 
ganglioneuroma, hamartoma, hemangioma, 
angiomyolipoma, neurofibroma, lymphoma, and 
neuroblastoma) but are extremely rare (1,26).

The main focus of adrenal imaging is dis-
tinguishing between adenomatous and nonad-
enomatous lesions to determine which lesions 
may be suspicious for malignancy and require 
further evaluation (15). Adenomas with a high 
lipid content can be distinguished reliably from 
other lesions on the basis of (a) signal drop at 
chemical shift MR imaging, which is caused by 
intracytoplasmic lipid, (b) low attenuation from 
fat at nonenhanced CT, and (c) contrast material 
washout characteristics at CT. While chemical 
shift MR imaging and adrenal CT offer high sen-
sitivity and specificity for diagnosis of adenomas, 
it is important to note that adrenal lesions that do 
not meet strict CT washout or chemical shift MR 
imaging criteria for adenomas have a wide dif-
ferential diagnosis. Although these lesions may be 

“lipid-poor” adenomas, other benign and malig-
nant causes must be considered in the differential 
diagnosis (26). Rarely, some malignant tumors 
may mimic adenomas at both CT and chemical 
shift MR imaging but can often be differentiated 
on the basis of clinical history and other findings.

Adrenal Adenomas
Adenomas are typically designated as either 
lipid-rich or lipid-poor based on their appearance 
at nonenhanced CT. The abundance of intracy-
toplasmic lipids seen in most adenomas corre-
sponds to low attenuation seen at nonenhanced 
CT (4,27), which designates them as lipid-rich 
adenomas. The accepted cutoff value for this 
diagnosis at nonenhanced CT is 10 HU, which 
corresponds to a sensitivity of 71% and a specific-
ity of 98% (28). Therefore, attenuation below 10 
HU at nonenhanced CT should be considered 
diagnostic of an adenoma, regardless of the en-
hancement and washout pattern (29). Lipid-poor 
adenomas, which account for 10%–40% of all 
adenomas, are those that have a higher attenuation 
at nonenhanced CT and are therefore considered 
indeterminate and require further imaging for 
characterization. With the growing use of dual-en-
ergy CT, it should be noted that the attenuation of 
adenomas on virtual nonenhanced images can be 
used reliably for diagnosis (30) (Fig 4), although 
this attenuation may be higher than on true non-
enhanced images (31). Therefore, use of a 10-HU 
cutoff value on virtual nonenhanced images is safe 
for diagnosis of adenomas but may lead to a higher 
rate of indeterminate lesions than with true non-
enhanced images (31). Material analysis at dual-
energy CT is also showing promise, and a recent 
study has shown its superiority over nonenhanced 
CT for diagnosis of adenomas (32).

Indeterminate lesions seen at nonenhanced 
CT may be further evaluated by using either 
contrast-enhanced CT with an adrenal protocol, 
which can depict contrast washout characteris-
tics typical of an adenoma, or chemical shift MR 
imaging, which can detect lipid in lesions that 
are described as lipid-poor at nonenhanced CT 
(ie, those with attenuation higher than 10 HU) 
but are seen to contain an abundance of lipids at 
MR imaging (ie, signal drop on opposed-phase 
images) (9) (Fig 3).

Adrenal adenomas typically demonstrate brisk 
arterial enhancement and rapid delayed phase 
washout of contrast material compared with 
nonadenomatous lesions. When enhancement 
characteristics of an adrenal lesion are evaluated 
at CT, the imaging study should ideally include 
nonenhanced, portal venous (60–75 sec), and 
delayed (15 min) phases. Studies have shown that 
calculations that use the arterial phase are less 
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sensitive and less specific than widely used wash-
out calculations (33,34), and arterial phase scans 
are therefore not recommended as part of routine 
dedicated adrenal protocols. Washout is calculated 
at adrenal CT by using two different formulas—
absolute washout and relative washout (Table 2). 
The timing of delayed imaging is important, and 
different cutoff values have been found for differ-
ent times. Most studies advocate use of a 15-min-
ute delay, for which the recommended minimal 
absolute washout value is 60% (corresponding to 
sensitivity and specificity of 84%–86% and 79%–
92%, respectively, for lipid-poor adenomas), and 
the recommended minimal relative washout value 
is 40% (corresponding to sensitivity and specificity 
of 82%–92% and 75%–92%, respectively) (35,36). 
An important caveat (further described in the fol-
lowing sections) is that some pheochromocytomas, 
and more rarely metastases from certain hypervas-
cular tumors, may demonstrate intense enhance-
ment and contrast washout, causing washout rates 
that mimic those of adenomas. Many articles that 
report extremely high sensitivity and specificity 
for diagnosing adenomas (eg, 98% and 100%, 
respectively) at adrenal CT are reporting rates for 
all adenomas, including lipid-rich adenomas, when 
in fact the rates for lipid-poor adenomas are lower 
in most studies.

MR imaging has been gaining favor for adrenal 
imaging because of CT-related radiation concerns 
and the usefulness of MR imaging in patients for 
whom contrast material is contraindicated, along 
with improvements in the quality and availabil-
ity of abdominal MR imaging in recent years. A 
recommended MR imaging protocol for evaluat-
ing adrenal lesions is detailed in Table 3. Routine 
T1- and T2-weighted sequences are not helpful in 
diagnosing adrenal adenomas (21). MR imaging 
enhancement patterns have also been studied by 
several groups, focusing on qualitative and quan-
titative evaluation of early arterial (8–10 sec after 
the bolus reaches the celiac trunk), early venous 
(45–70 sec), and late venous or equilibrium 
(90–180 sec) phases (37,38). The enhancement 
patterns typically seen in adenomas are intense 
arterial blush and, to a lesser extent, mild homo-
geneous enhancement (37). Other enhancement 
patterns (patchy, peripheral, punctate, or negli-
gible arterial phase enhancement) used to differ-
entiate adenomas from nonadenomatous lesions 
showed only 81% sensitivity and 93% specificity, 
but in combination with chemical shift imaging, 
these rates improved to 94% and 98%, respec-
tively (while chemical shift imaging alone yielded 
a sensitivity of 87% and a specificity of 95%) 
in one study (37). Therefore, the arterial phase 

Figure 4.  Small adrenal adenoma discovered inciden-
tally in an 82-year-old woman undergoing dual-energy 
triphasic CT for evaluation of hematuria. Axial CT images 
reveal a small lesion (arrow) measuring 8.3 HU on a true 
nonenhanced image (a), with iodine uptake seen on a 
contrast-enhanced image with iodine mapping (b) and a 
corresponding attenuation of 5.6 HU seen on a virtual non-
enhanced image (c). The lesion demonstrated an iodine 
density of 3.0 mg/mL and a fat fraction of 34.5%.
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enhancement pattern has been reported as helpful 
in assessing lesions with indeterminate findings 
at chemical shift imaging (37). Time to maximal 
enhancement has also been suggested as a means 
of diagnosing adenomas (39), reaching moder-
ate sensitivity and specificity of 88% and 80%, 
respectively, when using 52.85 seconds as the cut-
off. Washout characteristics at MR imaging have 
scarcely been studied. Only two studies used de-
layed phase imaging equivalent to the timing used 
at CT (at least 10 minutes after contrast agent 
administration) (21,40), with conflicting results, 
although it is unclear whether a long time delay 
is necessary at MR imaging. One study found no 
discriminatory ability (21), while the other found a 
sensitivity of 92% and a specificity of 90% (40).

Chemical shift imaging has been shown to 
be the best MR imaging technique for adenoma 
characterization (41). When an adrenal lesion is 
detected incidentally at MR imaging performed 
for other reasons, chemical shift imaging can be 
used to make an immediate diagnosis of adenoma 
and should be included in every abdominal MR 
imaging protocol. Chemical shift sequences add 
approximately 1 minute to the imaging time and 
do not substantially decrease patient throughput. 
When performing dedicated MR imaging for a 
suspected adrenal lesion, we recommend that not 
only routine axial chemical shift sequences be per-
formed, but also coronal chemical shift sequences, 

which can be helpful to clarify the organ of origin 
in difficult cases and allow increased certainty of 
signal drop (especially when one plane is limited 
by artifacts). The reported sensitivity and speci-
ficity of chemical shift imaging in indeterminate 
lesions are 67% and 89%–100%, respectively 
(24,36). Subgroup analysis reveals that for le-
sions measuring 10–30 HU, the sensitivity is 89%, 
which is comparable and potentially better than 
the data reported for washout CT. However, for 
lesions measuring more than 30 HU, the sensitiv-
ity is only 13%, which means that MR imaging is 
also not a reliable tool for these lesions, although 
the specificity can be as high as 100% (24) (Fig 
5). Therefore, lesions measuring 10–30 HU can 
be further evaluated with washout CT or chemi-
cal shift MR imaging according to personal and 
institutional preference, and lesions more than 30 
HU are best imaged with washout CT.

Chemical shift cutoff values for distinguish-
ing adrenal adenomas from other tumors vary 
between different field strengths, and studies 
have also reported different cutoff values for the 
same field strength. More data exist for 1.5-T 
units than for 3-T units; therefore, cutoff values 
using 1.5-T units are more established (although 
variations still exist between authors), and most 
studies use 16.5% for the ASII and 71% for the 
adrenal-to-spleen ratio. Suggestions have been 
made by different authors for cutoff values at 3 T, 

Table 2: Methods of Calculating Washout at Adrenal CT

Factor Formula or Method

Absolute washout percentage Apv – Adel
· 100

Apv – An

Relative washout percentage Apv – Adel
· 100

Apv

ROI size and placement ROI size: at least half the size of the lesion; ROI placement: avoid regions of 
hemorrhage, necrosis, and calcifications and the edges of the lesion

Source.—References 29 and 35. 
Note.—Adel = attenuation in delayed phase, Apv = attenuation in portal venous phase, An = attenuation in 
nonenhanced phase, ROI = region of interest.

Table 3: Suggested Protocol for Adrenal MR Imaging 

Sequence Type Imaging Plane Section Thickness (mm)

T2-weighted Axial and coronal 5
T1-weighted gradient-echo in-phase and opposed-phase Axial and coronal 3 
T1-weighted fat-suppressed gradient-echo Axial 3 
Optional sequence: diffusion-weighted (b values of 50, 500, 

and 800 sec/mm2)
Axial 6 

Optional sequence: T1-weighted fat-suppressed gradient-
echo dynamic contrast-enhanced 

Axial and coronal 3 
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Figure 5.  Adrenal adenoma in a 30-year-old man that was incidentally detected at CT for evaluation of renal colic. CT images 
(not shown) demonstrated a 2.6-cm lesion in the left adrenal gland, measuring 40 HU, and MR imaging was performed to evalu-
ate this indeterminate lesion. Qualitative analysis of axial in-phase (a) and opposed-phase (b) MR images showed no signal drop 
in the lesion (arrow). Quantitative analysis with ASII showed an 11.7% reduction in signal, which does not meet the criteria for ad-
enoma. Findings at adrenal CT with a 15-minute delayed phase (not shown; absolute washout rate, 67.3%; relative washout rate, 
49.3%) and stability of the finding after 3 years proved the lesion to be an adenoma that was lipid-poor at CT and MR imaging.

but it is uncertain which values are optimal. Table 
1 shows a compilation of recently suggested cut-
off values at 1.5 T and 3 T (17,18,22,24).

Use of the Dixon method has not been suf-
ficiently studied for evaluation of adrenal lesions. 
Only one study has been published (25), which 
was performed on a 3-T unit and compared 
three quantitative parameters derived from Dixon 
sequences (ASII, fat fraction, and fat ratio) with-
out comparing them to traditional in-phase and 
opposed-phase images. It found no statistically sig-
nificant differences among the three calculations. 
ASII had a sensitivity and a specificity of 80% and 
93%, respectively, with 23% used as the cutoff 
value. The sensitivity and specificity of fat fraction 
were 86% and 82%, respectively, using 16% as the 
cutoff value, and those of fat ratio were 78% and 
86%, respectively, using a 9% cutoff value.

The typical appearance of adrenal adenomas 
at chemical shift imaging is homogeneous signal 
drop on opposed-phase images. However, an 
atypical appearance can occur (42) that is at-
tributed to heterogeneous distribution of lipid-
poor and lipid-rich cells within the adenoma (Fig 
6). Degenerating adenomas also can have an 
atypical appearance, such as a large tumor with 
calcifications and hemorrhage, and may contain 
little or no microscopic fat, thus mimicking the 
appearance of more aggressive tumors (Fig 7) 
(26,43). Therefore, a lesion without signal drop 
at chemical shift imaging and without typical 
washout characteristics may still be an adenoma 
but requires histologic proof.

Diffusion-weighted imaging has been shown to 
be unreliable for adenoma diagnosis. Diffusion-
weighted imaging cannot be used to differenti-
ate lipid-rich from lipid-poor adenomas or to 

distinguish adenomas from pheochromocytomas, 
adrenocortical carcinomas, or metastases because 
significant overlap exists between the apparent 
diffusion coefficients of adenomas and other 
adrenal lesions (41,44–46).

Although not used as the first line of imag-
ing for differentiating adrenal adenomas from 
malignant lesions, positron emission tomogra-
phy (PET)/CT can be used as a complementary 
test in difficult cases that remain indeterminate 
after CT and MR imaging. This is especially 
true in patients with a known malignancy, who 
often undergo PET/CT as part of their rou-
tine workup. The most commonly used tracer, 
fluorodeoxyglucose (FDG), can help differ-
entiate benign from malignant adrenal lesions 
with 74%–100% sensitivity and 66%–100% 
specificity in oncology patients and has a similar 
performance in nononcology patients (47). 
However, false-negative results can occur in 
lesions less than 8 mm in diameter, malignan-
cies with low FDG avidity, tumor necrosis, and 
lesions treated with chemotherapy, and false-
positive results can occur in certain adenomas 
and benign pheochromocytomas (47). There is 
no agreed-on method or threshold for diagno-
sis of malignancy. Studies have used qualitative 
assessment of uptake compared with that of 
background or liver and various quantitative 
methods such as standardized uptake maximum 
value (with thresholds ranging from 2.3 to 3.4) 
and adrenal-to-liver standard uptake value ratio 
(with thresholds of 1.0 to 2.5) (47).

Pheochromocytoma
Pheochromocytomas originate in the chromaffin 
cells of the adrenal medulla (unlike adenomas 
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and adrenocortical carcinomas, which arise in the 
cortex) and are the intra-adrenal counterpart of 
paragangliomas (26). They usually are benign but 
may be malignant in 10% of cases. They typically 
secrete catecholamines and therefore often are 
symptomatic, but asymptomatic tumors are in-
creasing in incidence as incidentalomas are being 
detected more frequently (26).

Diagnosis of pheochromocytomas at imaging 
is complex and frequently impossible because 
they often undergo necrosis, fibrosis, cystic and 
fatty degeneration, and calcification (48). The 
typical bright “lightbulb” appearance at T2-
weighted MR imaging is actually seen in only 
10% of pheochromocytomas (49), and many 
have a nonspecific appearance (Fig 8).

While nearly all pheochromocytomas do not 
demonstrate signal drop at chemical shift imag-
ing, fatty degeneration may result in micro-
scopic fat that can cause signal drop and mimic 
findings of an adenoma (48). Fatty degeneration 
usually occurs in only a small portion of the 
lesion, causing minimal signal drop on opposed-
phase images (Fig 9), unlike a typical adenoma, 
in which there is more extensive and uniform 
signal drop. Profound fatty degeneration leading 
to large amounts of macroscopic fat may mimic 
findings of myelolipoma. Pheochromocytomas 

may mimic adenomas at nonenhanced CT as 
well because fatty and cystic degeneration may 
cause low attenuation (50). In some of these 
cases, MR imaging can aid in correct diagnosis 
because its superior contrast resolution may bet-
ter demonstrate the cystic portions of the lesion 
(Fig 10). The enhancement characteristics of 
pheochromocytomas may also rarely coincide 
with those of adenomas. Pheochromocytomas 
typically enhance avidly, but lack of enhance-
ment can be seen in regions of cystic change or 
degeneration (48). Heterogeneous enhancement 
is slightly more common than homogeneous 
enhancement (52). Some pheochromocytomas 
may demonstrate contrast washout, with relative 
or absolute washout rates that mimic those of 
adenomas (53). This was recently shown to oc-
cur in as many as 33% of pheochromocytomas 
when a 15-minute delay was used (52). How-
ever, the overall rarity of pheochromocytomas 
makes this a rare occurrence in clinical practice. 

Despite these possible rare features, other 
MR imaging findings such as size, heterogene-
ity, and T2-weighted appearance, along with 
elevated levels of serum and urine catechol-
amines, usually enable correct diagnosis. A 
lesion suspected to be a pheochromocytoma on 
the basis of MR imaging findings or biochemical 

Figure 6.  Atypical appearances of adrenal lesions.  
(a, b) Axial in-phase (a) and opposed-phase (b) MR im-
ages in an 83-year-old man show an incidentally discov-
ered 4.1-cm lesion in the left adrenal gland (arrow), with 
markedly heterogeneous signal drop on the opposed-
phase image. The finding is consistent with an adenoma 
that has both lipid-rich and lipid-poor cells. (c) Photomi-
crograph in a different patient shows an adenoma with 
both lipid-rich (white *) and lipid-poor (black *) cells. 
(Hematoxylin-eosin stain; original magnification, ×40.)
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Figure 7.  Degenerating adenoma incidentally detected in a 62-year-old woman undergoing screening for lung cancer.  
(a) Nonenhanced CT image shows an indeterminate 4.2-cm right adrenal mass (arrow) containing calcifications, with an 
attenuation of 22 HU. (b) Axial T2-weighted MR image shows heterogeneous signal intensity in the mass (arrow). (c, d) Com-
parison of axial in-phase (c) and opposed-phase (d) MR images shows signal drop in only a small portion of the lesion (arrow-
head), while most of the lesion does not show signal drop (arrow). The appearance mimics that of a more aggressive tumor. 
Histologic analysis after an adrenalectomy demonstrated a partially infarcted adenoma with hemorrhage and calcifications.

activity should be further evaluated with labeled 
metaiodobenzylguanidine (MIBG) scintigraphy. 
MIBG scintigraphy also is useful in asymptom-
atic patients without documented biochemical 
activity (54); therefore, it cannot be used to 
distinguish between functioning and nonfunc-
tioning pheochromocytomas. The role of biopsy 
in these patients is controversial because of the 
limited yield of biopsy in adrenal incidentalomas 
in patients without a known malignancy and 
the added risk for hypertensive complications in 
these patients (55–57).

Adrenocortical Carcinoma
Adrenocortical carcinomas are aggressive tu-
mors. They are usually large (9.8 cm on average 
at resection) and may be functional or nonfunc-
tional (26,58). They may be partially necrotic, 
hemorrhagic, or calcified and typically invade 
adjacent structures, often the renal veins and 
inferior vena cava.

The imaging appearance of adrenocortical car-
cinomas, including their enhancement patterns and 

heterogeneous signal intensity at MR imaging, is 
nonspecific. Very rarely, adrenocortical carcinomas 
exhibit focal fatty degeneration. These small foci 
of microscopic fat can show signal drop at chemi-
cal shift imaging (59) and may mimic findings of 
an atypical adrenal adenoma. Fatty degeneration 
may even lead to foci of macroscopic fat, mimick-
ing the appearance of myelolipomas (60). However, 
the large size, aggressive appearance and invasive-
ness, and presence of only small foci of fat should 
almost always lead to correct diagnosis. Biopsy of 
suspected adrenocortical carcinomas is usually 
not encouraged because of the high likelihood of 
false-negative results (more common in fine-needle 
aspiration than in core biopsy) leading to misdiag-
nosis of carcinoma as adenoma and the potential 
for tumor seeding (55,56). Lesions with suspicious 
characteristics are usually excised surgically.

Metastases
Metastases are the most common malignant tu-
mor seen in the adrenal glands. In patients without 
a known history of malignancy, only 2% of adrenal 
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Figure 8.  Nonspecific appearance of a pheochromocytoma at CT and MR imaging in a 72-year-old woman. The lesion was 
incidentally found at lower extremity CT angiography. (a) Axial nonenhanced CT image shows an indeterminate 2.8-cm lesion 
in the left adrenal gland (arrow). (b–d) Axial T2-weighted (b), in-phase (c), and opposed-phase (d) MR images show a mildly 
T2 hyperintense lesion (arrow) that does not exhibit signal drop on the opposed-phase image compared with the in-phase 
image. The diagnosis of pheochromocytoma was supported by biochemical testing and was proven at histologic analysis after 
an adrenalectomy.

incidentalomas are metastases, while in oncol-
ogy patients, the rate is much higher (26%–73%) 
(1,7). Sites of primary malignancies that most 
commonly metastasize to the adrenal glands are 
the lung, bowel, breast, and pancreas (59).

The imaging features of adrenal gland metas-
tases are nonspecific. They usually manifest as in-
determinate lesions at nonenhanced CT, without 
the typical rapid washout seen in adenomas. They 
also typically do not show signal drop at chemical 
shift MR imaging. This appearance is no different 
than that of other malignant tumors, and imag-
ing usually cannot be used to differentiate various 
malignant tumors of the adrenal glands.

However, special consideration should be 
given to specific types of metastases that can 
mimic adenomas. Several malignancies are 
known to occasionally contain microscopic fat. 
Metastases from these tumors to the adrenal 
gland can have the same content of micro-
scopic fat and may show signal drop at chemical 
shift imaging. These are mostly hepatocellular 
carcinoma (HCC) (Fig 11), clear cell renal cell 

carcinoma (RCC) (Fig 12), and, less commonly, 
granular cell RCC (61,62). HCC and RCC 
metastases can also show rapid contrast wash-
out and mimic adenomas at adrenal CT (63), 
which further complicates diagnosis. Therefore, 
a clinical history of HCC or RCC or a concur-
rent mass suspected to be HCC or RCC is 
important for diagnosis and determining the 
need for follow-up or biopsy. Patients with a 
known malignancy in whom adrenal metastasis 
is suspected are the only group for which biopsy 
is recommended (56).

Collision Tumors
Collision tumors (defined as the coexistence of 
two contiguous yet histologically distinct tumors) 
are an important differential diagnosis when 
atypical heterogeneous signal drop is seen in the 
adrenal gland at chemical shift imaging (26). 
This heterogeneous signal drop occurs when one 
of the tumors is an adrenal adenoma (64) (Fig 
13), but any two tumor types can coexist, both 
malignant and benign (65). When this is noted, it 
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Figure 10.  Cystic pheochromocytoma in a 45-year-old man. (a) Axial nonenhanced CT image shows a large hypoattenuat-
ing lesion measuring 4 HU in the right adrenal gland (arrow). Although this finding is usually sufficient for diagnosis of an 
adenoma, further evaluation with MR imaging was performed because of the lesion size and clinical suspicion for pheochro-
mocytoma. (b) Axial T2-weighted MR image shows the multicystic nature of the lesion (arrow). (c, d) Coronal in-phase (c) 
and opposed-phase (d) MR images fail to show signal drop characteristic of an adenoma in the lesion (arrow). (Fig 10 adapted 
and reprinted, with permission, from reference 51.)

Figure 9.  Small right adrenal lesion in a 63-year-old 
man that was detected incidentally at CT for evaluation of 
hematuria. The lesion measured 39 HU at nonenhanced 
CT. Coronal in-phase (a), opposed-phase (b), and sub-
traction (c) MR images show a 1.6-cm lesion with a small 
focus of signal drop in the superior portion (arrowhead) 
but no signal drop in the remainder of the lesion (arrow). 
The small focus of microscopic fat is not sufficient for a 
diagnosis of adenoma. The finding was proven to be a 
pheochromocytoma after adrenalectomy. The patient was 
asymptomatic.
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Figure 11.  New lesion in the right adrenal gland of a 60-year-old man with known HCC. (a, b) Axial in-phase (a) and 
opposed-phase (b) MR images show signal drop in a right adrenal lesion (arrow). (c, d) Axial in-phase (c) and opposed-
phase (d) MR images show a region with signal drop in the primary tumor (arrowhead). The adrenal lesion was proven to 
be a metastasis from the fat-containing HCC.

is important not to overlook the possible exis-
tence of a second tumor type that may neces-
sitate further evaluation or intervention. When a 
known adenoma changes in size or appearance, 
especially when a discernible focal lesion is seen 
within a previously stable lesion and particularly 
in patients with a known malignancy, a collision 
tumor should be suspected.

Myelolipoma
Myelolipomas are benign tumors that contain 
varying proportions of mature fat tissue and 
myeloid soft tissue. They usually contain a visible 
amount of fat, but the spectrum of appearances 
includes completely fatty lesions and lesions that 
contain only soft-tissue components (59). They 
usually are asymptomatic but may enlarge and 
hemorrhage (26).

The fat seen in myelolipomas is macroscopic 
fat, and therefore its high T1 signal is suppressed 
by using routine frequency-selective or inversion-
recovery fat-suppression techniques (but not 
chemical shift imaging). At chemical shift im-
aging, etching artifact appears in the interface 
between the macroscopic fat in the myelolipoma 

and the soft-tissue components of the lesion (Fig 
14) or the normal adrenal gland (66). The same 
artifact can be seen when a myelolipoma is one of 
the components of a collision tumor. The appear-
ance of etching artifact accentuates the presence 
of macroscopic fat and can help in diagnosis of 
myelolipoma, especially in difficult cases.

In small tumors, care must be taken not to 
mistake the low signal intensity caused by etching 
artifact for signal drop in the lesion itself, which 
may lead to erroneous diagnosis of an adenoma. 
However, the clinical impact of such an error is 
usually less significant because small adenomas 
and myelolipomas are generally nonaggressive 
lesions.

Hepatic Adrenal Rest Tumor
Hepatic adrenal rest tumors (HARTs) consist of 
heterotopic aberrant adrenocortical tissue that 
migrated from the adrenal primordium during 
embryonic development. They are located in 
the posterior segment of the right hepatic lobe 
and are contiguous with the adrenal gland (67), 
which may cause them to be diagnosed as adrenal 
tumors. Their imaging appearance may mimic that 
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Figure 13.  Collision tumor in the right adrenal gland of a 64-year-old woman with a known adenoma in the right adrenal 
gland. Six years after initial diagnosis, CT showed a change in the known adenoma, with the appearance of a slightly more 
hyperattenuating and partially calcified mass in the lateral aspect. (a, b) Axial in-phase (a) and opposed-phase (b) MR images 
show a lesion with two different components. The medial component (open arrow in a–c) exhibits signal drop consistent with 
the known adenoma, while the lateral component (solid arrow in a–c) does not exhibit signal drop on the opposed-phase 
image. (c) Axial T2-weighted MR image shows that the lateral component has marked hyperintense signal intensity compared 
with the medial component. (d) Contrast-enhanced arterial phase MR image shows nodular enhancement in the lateral com-
ponent (arrowhead). This appearance is consistent with development of a hemangioma adjacent to the known adenoma, a 
finding that was proven histologically. (Fig 13 adapted and reprinted, with permission, from reference 64.)

Figure 12.  Concurrent indeterminate lesion in the right 
adrenal gland detected at CT in a 45-year-old man with 
clear cell RCC. MR imaging was performed to evaluate the 
lesion. (a, b) Axial in-phase (a) and opposed-phase (b)  
MR images show a 2.9-cm lesion in the right adrenal gland 
(arrow), but qualitative assessment of signal drop on the 
opposed-phase image is difficult because signal drop is 
also seen in the adjacent liver (*) due to fatty infiltration.  
(c) Axial subtraction MR image demonstrates signal drop 
in the adrenal lesion. Despite the known malignancy, the 
finding was diagnosed as an adrenal adenoma. Follow-up 
CT and PET showed increases in size and FDG uptake in the 
lesion, findings suspicious for a metastasis. Biopsy proved 
metastatic clear cell RCC.
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of HCC, hepatic adenomas, angiomyolipomas, or 
fat-containing metastases.

HARTs are round and well demarcated. They 
contain microscopic fat (similar to adenomas) that 
is visible at chemical shift imaging because they 
are comprised of adrenal cortical cells, and they 
often also contain foci of calcification (68). At 
contrast-enhanced imaging, they are hypervascular 
because they are supplied by the hepatic artery 
(Fig 15), which can be helpful to distinguish them 
from adrenal lesions. Their subcapsular location 
in the posterior right lobe of the liver, contigu-
ity with the adrenal gland, hepatic arterial blood 
supply, and signal drop at chemical shift imaging 
usually enable correct diagnosis.

Iron Deposition
Iron deposition is the result of iron overload, 
which can occur locally after hemorrhage (eg, 
pulmonary hemosiderosis) or systemically as a re-
sult of hemolysis, hereditary hemochromatosis, or 
iatrogenic iron overload from blood transfusions 
(69). The different forms of iron overload primar-
ily affect different abdominal organs. In heredi-
tary hemochromatosis, iron deposition occurs 
primarily in parenchymal organs, such as the liver 
and pancreas. Hemolysis causes deposition of 
iron primarily in parenchymal organs, mostly the 

liver and less commonly the kidneys. Iron over-
load caused by transfusions primarily involves the 
reticuloendothelial system, and iron deposition is 
seen in the spleen, liver, and bone marrow (69). 
Iron deposition in the adrenal glands can occur 
following blood transfusions (70–72) but has also 
been reported in hemochromatosis (73).

The paramagnetic effect of iron on T2* accen-
tuates the signal loss normally seen in images with 
longer echo times (74). At chemical shift imaging, 
this effect results in signal loss on images acquired 
using the longer echo time. As explained earlier, 
at chemical shift imaging, opposed-phase images 
are optimally acquired early and before in-phase 
images to avoid naturally occurring T2* effects 
and thus avoid signal drop that may be wrong-
fully attributed to fat. With use of this technique, 
the presence of iron results in an opposite signal 
change, causing iron-containing tissues to have in-
creased signal intensity on opposed-phase images 
compared with in-phase images. This paradoxical 
signal drop, when seen at adrenal MR imaging 
(Fig 16), should raise suspicion for iron overload 
and lead to meticulous evaluation of other tissues.

A mimic of iron overload at chemical shift 
imaging is caused by prolonged use of ferumoxy-
tol (Feraheme, AMAG Pharmaceuticals, Lexing-
ton, Mass), which is used to treat iron-deficiency 

Figure 14.  Right adrenal lesion in a 61-year-old woman. 
Axial in-phase (a), opposed-phase (b), and contrast-en-
hanced fat-suppressed (c) MR images demonstrate a le-
sion with a lateral component (arrow in a and c) that is 
markedly T1 hyperintense, does not show signal drop on 
the opposed-phase image, and shows signal suppression 
on the frequency-selective image. These findings are con-
sistent with macroscopic fat, and the lesion was diagnosed 
as a myelolipoma. Note the etching (India ink) artifact 
(arrowhead in b) that delineates the macroscopic fat and 
separates it from the soft-tissue component.
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Figure 16.  Adrenal iron deposition in a 48-year-old 
woman after multiple blood transfusions. (a, b) Axial in-
phase (a) and opposed-phase (b) MR images show lower 
signal intensity in both adrenal glands (arrows) on the in-
phase image than on the opposed-phase image. (c) Axial 
in-phase MR image obtained 6 months earlier shows nor-
mal signal intensity in the adrenal glands. The signal drop 
on the in-phase image in a is the result of the T2* effect 
of iron, which is more pronounced on images with longer 
echo times, as is the case with in-phase images acquired 
after opposed-phase images.

Figure 15.  HART in a 51-year-old woman. The lesion was 
detected incidentally at CT and was suspected to be an ad-
renal malignancy with hepatic spread because it was insep-
arable from the right adrenal gland. MR imaging was per-
formed for characterization. Axial in-phase (a), opposed-
phase (b), and contrast-enhanced (c) MR images show a 
subcapsular lesion (arrow in a and b) in the posterior as-
pect of the right hepatic lobe, contiguous with the adrenal 
gland. The lesion shows signal drop on the opposed-phase 
image and is supplied by a branch of the hepatic artery (ar-
rowhead in c). The lesion was resected and was found to 
be composed of benign adrenal tissue, a finding consistent 
with HART.
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anemia. The iron in ferumoxytol is in the form of 
a superparamagnetic iron oxide. This can cause 
an appearance similar to that of iron overload at 
chemical shift imaging despite normal ferritin 
levels, and it has been debated whether it implies 
increased iron content in the organs themselves. 
This effect may be seen in any organ that can be 
affected by iron deposition and may persist for as 
long as 3 months (75).

Conclusion
Chemical shift MR imaging of the adrenal gland 
is a reliable tool for evaluating the presence of 
lipid in adrenal lesions to differentiate adrenal 
adenomas from other lesions. To achieve optimal 
accuracy and avoid pitfalls, understanding the 
technique and adhering to technical principles 
are important. Multiple image analysis methods 
exist for evaluating adrenal lesions at chemical 
shift imaging. The preferred method is a mat-
ter of personal choice based on the described 
advantages and disadvantages. Chemical shift 
imaging is principally used for distinguishing 
adrenal adenomas from other adrenal lesions, but 
lesions that are lipid-poor at chemical shift MR 
imaging may still be adenomas, and rarely other 
adrenal lesions may mimic adenomas at chemical 
shift imaging. Therefore, the presence of fat in an 
adrenal lesion, especially when it is only a small 
focus of fat, should always be evaluated in an ap-
propriate clinical context.
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