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Iron-Containing Abdominal Pathologies: Exploiting Magnetic
Susceptibility Artifact on Dual-Echo Gradient-Echo Magnetic
Resonance Imaging

Aaron J. Thomas, MD,* Ajaykumar C. Morani, MD, MBBS, DNB, 1 Peter S. Liu, MD,}
William J. Weadock, MD,§ Hero K. Hussain, MD,/| and Khaled M. Elsayes, MD¥

Abstract: A multitude of pathologic entities involve abnormal iron depo-
sition in the abdomen. These lesions demonstrate decreased signal on lon-
ger magnetic resonance sequences with longer echo time due to T2* effect.
Dual-echo gradient-echo sequences demonstrate increased susceptibility
artifact with longer echo sequences. In this article, the spectrum of iron-
containing abdominal pathologies is illustrated, with their characteristic
distributions. Included is a brief discussion of the physics of magnetic res-
onance imaging of iron-containing lesions.
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he majority of iron in the body is functional in the form of he-
moglobin in red blood cells and erythroid precursors, with
smaller amounts in myoglobin found in muscle, and in various en-
zymes such as the cytochromes. Additional iron is stored within
hepatocytes and in the reticuloendothelial (RE) cells of the liver,
spleen, and bone marrow.! Excess iron in the body can result from
either excess gastrointestinal absorption or recurrent blood trans-
fusions. Excess iron absorption from the gastrointestinal tract
may be due to a variety of causes including excess ingestion,
a genetic predisposition such as primary hemochromatosis,
conditions causing ineffective erythropoiesis (eg, thalassemia
major, sideroblastic anemia), or a combination of the above.?
The distribution of iron varies based on the mechanism of
iron deposition and can be indicative of a particular pathology.
For example, there is renal deposition in paroxysmal nocturnal he-
moglobinuria (PNH), hepatic and renal deposition in other intra-
vascular hemolytic disorders, and deposition in the liver and
spleen in extravascular hemolytic diseases. Primary hemochroma-
tosis and secondary hemochromatosis also have characteristic dis-
tributions that can differentiate the 2 disorders. Iron can also occur
focally because of hemorrhage or other processes.’
Iron-containing pathology can be seen as focal regions
of signal loss on magnetic resonance imaging (MRI) when
gradient-echo (GRE) sequences are used because of inhomo-
geneities in the static magnetic field resulting from the para-
magnetic effect of iron. This is due to the unpaired electrons
of the iron-containing heme porphyrin ring in hemoglobin
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degradation products (eg, deoxyhemoglobin, methemoglobin,
and hemosiderin), resulting in dipole-dipole interactions, and
the resulting signal loss is known as magnetic susceptibility arti-
fact.* The artifact becomes more prominent with increasing mag-
netic field strength,’ as well with increased echo time (TE).*’

IRON ON GRADIENT ECHO SEQUENCES

Magnetic susceptibility from iron is due to the paramagnetic
properties from unpaired electrons resulting in the significant re-
duction of T2 and T2* relaxation times.* Because of this, MRI
can be a useful noninvasive imaging modality for the depiction
of iron overload and its anatomical distribution. This T2* decay
is further increased due to spin-spin interactions and magnetic
field inhomogeneity, and iron-containing pathology becomes in-
creasingly apparent with increasing TE on gradient sequences’
(Figs. 1, 2). This phenomenon can be exploited to characterize
iron-containing entities on dual-echo GRE, which is part of stan-
dard abdominal MRI protocols.

A potential pitfall to be aware of is that other entities, such as
metallic objects, air, and calcium, can exhibit loss of signal inten-
sity with increased TE as well.®7

Dual-echo GRE sequences are already used to diagnose
lipid-containing pathology due to phase cancellation effects
(Fig. 3). This results from the difference in the precessional fre-
quencies of fat and water, approximately 220 Hz at 1.5 T and ap-
proximately 440 Hz at 3.0 T. It depends on the TE, and it is seen
on GRE images because the signals of water and fat are alternately
summed on in-phase (IP) images and subtracted on out-of-phase
(OP) images. The OP sequences occur when the TE is an odd
multiple of 2.2 milliseconds on 1.5-T magnets or an odd multiple
of 1.1 milliseconds on 3.0-T magnets.®* Phase cancellation is
otherwise not seen on the standard SE sequences, as these have
1 or more refocusing radiofrequency g)ulses, making water and fat
signals in phase regardless of the TE.*’ Although phasicity and sus-
ceptibility effects can be exploited on dual-echo GRE to diagnose
lipid- and fat-containing pathologies, increasing TE itself can de-
crease the signal throughout the slice in all the tissues irrespective
of iron or fat content. Hence, OP and IP should be acquired with
the shortest TE possible. In addition, OP images should be ac-
quired before IP images in dual-echo GRE to be able to exploit
the variable TE effects on both phase cancellation and magnetic
susceptibility and distinguish between fat- and iron-containing en-
tities at the same time with a single sequence. If not used appropri-
ately, this can lead to pitfalls and misinterpretations.

Pitfall on 3.0-T Systems

Some 3.0-T gradient coils are not capable of achieving a
short TE of 1.1 milliseconds. Thus, the initial desired OP echo
at 1.1-millisecond TE and the sequential IP and OP echoes at in-
tervals of 1.1 milliseconds cannot be acquired. Therefore, the first
possible TE for these machines to acquire images for dual-echo
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FIGURE 1. On dual-echo GRE sequences, signal intensity in
iron-containing pathology decreases with increasing TE due to
increased magnetic susceptibility artifact (dotted line), in addition to
the phase-related signal changes (solid line).

GRE is at a TE of 2.2 milliseconds, which is IP. They also cannot
acquire the next possible OP images at TE of 3.3 milliseconds be-
cause of the short interval. A potential solution is for 2 separate
pulse sequences with separate breath holds to be acquired at a
TE of 2.2 milliseconds (IP) and 3.3 milliseconds (OP). Because
the OP image is acquired at a TE longer than the IP image, the

FIGURE 2. OP (A) and IP (B) GRE sequences on a 1.5-T magnetin a
patient with hepatic steatosis. On OP (TE, 2.2 milliseconds)
images, intravoxel water and fat protons are oppositely aligned
resulting in signal loss. On IP (TE, 4.4 milliseconds) images,
intravoxel water and fat protons are aligned together, resulting in
additive signal.

166 | www.jcat.org

resulting images will suffer from a combination of chemical shift
effects and increased magnetic susceptibility effects. This de-
creases the utility of dual-echo GRE sequences in distinguishing
lipid from iron in a tissue. Also because of the separate pulse se-
quence required with this approach, imaging times will be longer,
and image quality may suffer from misregistration artifacts.®’

For practical purposes, because of the disadvantages with
separate breath holds, if a dual-echo GRE approach is to be used
on a slower 3.0-T magnet, the OP acquisition is feasible only at
or after a TE of 5.5 milliseconds, following acquisition of the IP
image at a TE of 2.2 milliseconds. Similar to the above scenario,
the resultant OP image will suffer from increased susceptibility ef-
fects due to the longer TE, again limiting the segregation of phase
cancellation and magnetic susceptibility effects (Fig. 4). The pro-
longed TEs would also increase the imaging time.® To address the
issue of isolating the susceptibility from chemical shift effects, an
additional possibility is an OP TE of 3.3 milliseconds followed by
an IP TE of 6.6 milliseconds in dual-echo sequence. Disadvan-
tages of this include increased imaging time and altered tissue
contrast due to the prolonged TE.”

Radiologists should always be mindful of the TE used in a
particular sequence in order to correctly distinguish iron- and
fat-containing lesions. By considering the effect of the timing of
the dual-echo GRE sequences on the images with respect to

B

FIGURE 3. OP (TE, 2.2 milliseconds) (A) and IP (TE, 4.4 milliseconds)
(B) GRE sequences on a 1.5-T magnet in a patient with
hemochromatosis. Iron deposition results in decreased signal on
longer TE GRE sequences due to the T2* effect.
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FIGURE 4. IP (A) and OP (B) sequences on a 3.0-T magnet. Because
this machine cannot acquire the initial OP image at TE

1.1 milliseconds or echoes separated by only 1.1 milliseconds, the IP
is acquired with TE 2.2 milliseconds, and OP is acquired at TE

5.5 milliseconds. Therefore, it cannot be determined if signal loss in
the liver on OP is due to phase cancellation of fat/lipid and water
or signal decay due to magnetic susceptibility related to iron on the
longer TE OP image.

magnetic susceptibility and chemical shift effects, the potential
limitations of the examinations in distinguishing lipid- and iron-
containing pathologies can be understood, regardless of the mag-
netic resonance system used.

Iron in Liver

Iron deposition in the liver can be focal because of portal ve-
nous flow abnormalities or tumor, or it can be more diffuse as seen
in iron overload disease, intravascular hemolysis, or cirrhosis, par-
ticularly when due to alcohol abuse. Iron deposition in patients
with alcoholic cirrhosis is usually to a far lesser extent than seen
in hemochromatosis.'°

Hemochromatosis

Hemochromatosis refers to abnormal iron accumulation in
the body and can be primary or secondary. Primary hemochroma-
tosis is an autosomal recessive disease and affects males 10 times
more frequently than females. It results from excessive intestinal
absorption of iron, with excess deposition in the liver, pancreas,
myocardium, endocrine glands, joints, and skin (Fig. 5).!'!% In
contrast to the secondary form of hemochromatosis (more com-
monly known as hemosiderosis), primary hemochromatosis results
in iron deposition within the hepatocytes, typically seen earliest in
the periportal regions, as iron is delivered via the portal venous sys-
tem following intestinal absorption.'* The Kupffer cells of the liver
as well as other parts of the RE system are spared.'*

In contrast, patients with hemosiderosis due to chronic blood
transfusions demonstrate primarily RE iron overload involving the
Kupffer cells of the liver, with spread to surrounding hepato-
cytes in more advanced disease.'” Because of the predominant
RE deposition, the primary affected organs are liver and spleen
without extensive additional organ involvement!>'® (Fig. 6).
Hemosiderosis most commonly results from repeated blood
transfusions and can also be seen with high iron intake and

FIGURE 5. OP (TE, 2.2 milliseconds) (A, B) and IP (TE, 4.4 milliseconds) (C, D) GRE sequences of the abdomen and heart in a patient with
primary hemochromatosis demonstrate decreased signal in the liver, pancreas, and myocardium (arrows) on the longer TE IP GRE sequence
compared with OP because of parenchymal iron deposition. Sparing of the spleen is consistent with primary hemochromatosis.
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underlying liver diseases such as alcoholic cirrhosis or portacaval
shunts as well as hemolytic anemia. A unique form of secondary
hemochromatosis is an exception to the expected distribution de-
scribed above and occurs in patients with ineffective erythropoie-
sis due to thalassemia or sideroblastic anemia. In these cases, iron
overload results from increased absorption resulting in an identi-
cal distribution to primary hemochromatosis.>

Magnetic resonance imaging demonstrates markedly de-
creased signal intensity in affected organs on GRE and T2-
weighted images owing to the paramagnetic effects of iron.
The main distinguishing feature of hemosiderosis is involve-
ment of the spleen and bone marrow, which are character-
istically spared in the primary form of hemochromatosis
(Fig. 5).!° Hemosiderosis spares other characteristic sites seen
in primary hemochromatosis such as the pancreas and myocar-
dium, but these may not be spared in advanced cases.

In both forms of hemochromatosis, the deposited iron incites
a fibrotic reaction and may lead to cirrhosis.'>!> Because dysplas-
tic cells of hepatocellular carcinoma (HCC) do not accumulate
iron to same extent as the liver parenchyma, any concomitant
HCC will appear as a focus of high signal intensity on a back-
ground of relatively low signal intensity on gradient and T2-
weighted images (Figs. 7, 8).!>17

Magnetic resonance imaging is also a useful and noninvasive
diagnostic tool for quantification of hepatic iron concentration.'?
Detailed description of hepatic iron quantification is beyond the
scope of this article. Briefly, this can be achieved using a signal in-
tensity ratio, where the ratio of the hepatic parenchymal signal

FIGURE 6. OP (TE, 2.2 milliseconds) (A) and IP (TE, 4.4 milliseconds)
(B) GRE sequences in a patient with hemosiderosis demonstrates
decreased signal in the liver, spleen, and bone marrow (arrows) on
the longer TE T1-weighted IP image due to iron deposition
resulting from recurrent blood transfusions. Splenic involvement
excludes primary hemochromatosis.
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FIGURE 7. OP (TE, 2.2 milliseconds) (A) and IP (TE, 4.4 milliseconds)
(B) GRE sequences demonstrates decreased hepatic signal on the
longer TE sequence, consistent with hemochromatosis, with a large
hyperintense hepatic lesion more apparent on the longer TE
sequence (arrow) representing HCC.

compared with the ad[jacent skeletal muscles allows estimation
of the iron content.'>® Alternatively, R2 and R2* relaxometry
techniques are becoming increasingly used to quantify the iron
content of the liver based on the increased relaxation rates in
iron-overloaded tissue over a series of images with increasing
TE." Also, a recently developed technique known as proton den-
sity fat fraction uses chemical shift-based techniques to quantify
fat and uses T2* data to correct for iron content, allowing quanti-
fication of both iron and fat independently.*® Magnetic resonance
imaging can be used to monitor the progression of iron deposition
as well as treatment response, serving as a noninvasive alternative
to serial biopsies.'>!8!

Hemolytic Anemias

Hemolytic anemias can be categorized as intravascular he-
molysis, occurring in the blood vessels, or extravascular, in
which the red blood cells are lysed primarily in the RE system.
After intravascular hemolysis, released hemoglobin binds to
plasma haptoglobin, which is usually taken up by hepatocytes
leading to parenchymal iron deposition, similar to primary he-
mochromatosis. Extravascular hemolysis occurs primarily in
the macrophages of the RE system in the spleen and liver,
resulting in hemosiderosis.>**

Cirrhosis

Some patients with cirrhosis who do not have genetic hemo-
chromatosis absorb excess iron and can develop a mild form of
siderosis that does not require treatment. A characteristic pattern
of iron deposition surrounding the hepatic veins has been de-
scribed in the setting of alcoholic cirrhosis.?®
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FIGURE 8. OP (TE, 2.2 milliseconds) (A) and IP (TE, 4.4 milliseconds)
(B) GRE sequences through the liver in a patient with HCC
demonstrate loss of signal in the mass (arrow) on OP sequence,
consistent with lipid content, with heterogeneous decreased

signal in the background liver on the longer TE IP image due to
parenchymal iron deposition in hemochromatosis.

Siderotic Liver Nodules

Abnormal iron accumulation may develop diffusely
within the hepatic parenchyma or as focally within nodules in
patients with cirrhosis. Hyperactive transferrin receptor pro-
teins may be responsible for the abnormal hepatocyte iron
accumulation in these cases, resulting in iron-containing
siderotic regenerative nodules. Gradient-echo pulse sequences
with long TEs are an excellent modality for the detection of
these lesions (Fig. 9).2*

It is important to distinguish siderotic from focal steatotic
nodules in the liver, as isolated steatotic nodules or fatty change
in a dysplastic nodule may have potential to become malignant
or may indicate malignant transformation®*2® (Fig. 8. Although
any lesion in the setting of hemochromatosis should be viewed
with suspicion given the higher baseline risk of developing
HCC, the presence of numerous steatotic nodules of less than
1 cm in diameter suggests that the lesions are benign (Fig. 10),
but lesions larger than 1.5 cm or those that exhibit T1
hypointensity on IP images are suggestive of malignancy.>>*’
By contrast, siderotic nodules are essentially always benign®*
except in cases of hemorrhagic tumor. Thus, the distinction be-
tween siderotic and steatotic hepatic nodules will impact the
need for follow-up imaging in these cases.?> To distinguish
the two, dual-echo GRE can be very useful. Siderotic nodules
will show drop of signal on longer TE IP images, whereas
steatotic nodules will lose signal on OP images. Hence, while
interpreting the hepatic lesions with focal drop of signal on

© 2018 Wolters Kluwer Health, Inc. All rights reserved.

T1-weighted GRE images, not only the TE, but also phasicity
of the sequences, is to be considered.

Other Focal Hepatic Iron Deposition Entities

Focal iron deposition in a segmental distribution has
been reported in the liver in regions with decreased portal ve-
nous flow, resultin% from portal venous compression, occlu-
sion, or shunting.”® Focal iron deposition can also be seen
due to hemorrhage or hemorrhagic lesions of the liver such
as hemorrhagic hepatic adenoma, HCC, metastatic mela-
noma, or choriocarcinoma (Fig. 11).3

Iron in Kidneys

Renal Cortical Siderosis

Intravascular hemolysis, as described above, can be seen
in a wide spectrum of disorders including PNH, sickle cell dis-
ease, thalassemia, or with malfunctioning prosthetic cardiac
valves. When the transport capacity of the plasma haptoglobin
is exceeded, the hemoglobin released during hemolysis is
filtered through renal glomeruli, reabsorbed, and stored in
proximal convoluted tubules resulting in renal cortical
hemosiderosis.?® Thus, intravascular hemolysis leads to iron
deposition in the liver and renal cortex, but not in the spleen.

In normal, well-hydrated individuals, the renal cortex ap-
pears more intense than the medulla on T1-weighted MRI
scans because of its shorter T1. This normal corticomedullary

FIGURE 9. OP (TE, 2.2 milliseconds) (A) and IP (TE, 4.4 milliseconds)
(B) GRE sequences in a patient with cirrhosis with multiple nodules
(arrows) that demonstrate decreased signal on the longer TE IP
sequence, consistent with siderotic nodules in the liver.
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FIGURE 10. OP (TE, 2.2 milliseconds) (A) and IP (TE,

4.4 milliseconds) (B) GRE sequences demonstrate multiple
nodules (arrows) with signal loss on OP images, consistent with
multifocal nodular steatosis in the liver.

differentiation is lost when a disease such as iron deposition
leads to isointensity of the cortex and medulla. As more iron
is deposited, reversal of the normal cortical-to-medullary in-
tensity ratio is seen on T1-weighted images and low cortical
intensity on T2-weighted images due to the paramagnetic ef-
fects of iron deposited in renal cortex.??*° Consequently, it
will demonstrate decreased signal on longer TE images in
dual-echo GRE. As mentioned previously, excess intravascu-
lar hemoglobin will also be deposited in the liver paren-
chyma, but spare the RE system.

An exception to this is PNH, a myelodysplastic, hemato-
poietic stem cell disorder, characterized by an increased
complement-mediated erythrocyte lysis,>® which results in
relatively little liver parenchymal deposition, in contrast to
other intravascular hemolytic anemias. Paroxysmal nocturnal
hemoglobinuria is a chronic hemolytic anemia of unknown
etiology, associated with morning hemoglobinuria, variable
acholuric jaundice, and striking hemosiderinuria, all resulting
from hemolysis. Hemolysis may be precipitated by infections,
surgery, transfusions, drugs, immunizations, exercise, or ra-
diographic contrast material.>' In PNH, there is usually absent
or very little parenchymal iron deposition in the liver due to
heavy renal hemoglobin deposition and urinary iron loss. There
is little to no iron deposition in the liver or spleen unless there is
transfusion-related hemosiderosis.?? On imaging, PNH results
in enlargement of the kidneys, cortical thinning, cortical in-
farcts, and papillary necrosis in association with cortical iron
deposition (Fig. 12).!'-%32

170 | www.jcat.org

Renal Medullary Siderosis

Uncommon compared with cortical iron deposition, hemo-
siderin deposition in the medulla can be from infectious or vascu-
lar causes. Hantavirus, an uncommon viral illness that results in
hemorrhagic fever with renal syndrome, can result in diffuse iron
accumulation within the renal medulla, especially the outer me-
dulla. This finding, although very specific on biopsy, may be
missed because of sampling error, making MRI useful for its diag-
nosis.>®> Acute renal venous thrombosis may result in congestion
with hemorrhage and a similar appearance on imaging. In both,
dual-echo GRE will show loss of signal preferentially in the outer
renal medulla on the longer TE sequences.>*

Focal Renal Hemorrhage

A broad range of pathologies, from benign hemorrhagic
cysts to neoplasms, such as angiomyolipoma or renal cell carci-
noma, may display signal inhomogeneity due to iron and hemo-
globin degradation products. This can occasionally provide clues
to the underlying pathology, for example, in papillary renal cell
carcinoma, which more commonly has internal hemosiderin com-
pared with clear cell carcinoma. As in other iron-containing le-
sions, signal loss may be seen on longer TE image of dual-echo
GRE sequence.?

FIGURE 11. OP (TE, 2.2 milliseconds) (A) and IP (TE,

4.4 milliseconds) (B) GRE sequences demonstrate a lesion in
segment 6 liver, with a peripherally hypointense rim (arrow), which
shows further signal loss on the longer TE IP sequence, consistent
with a hemosiderin rim in a postbiopsy hematoma.
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FIGURE 12. OP (TE, 2.2 milliseconds) (A) and IP (TE, 4.4 milliseconds) (B) GRE sequences in a patient with PNH show loss of signal in the renal
cortex (arrows) on the longer TE IP sequence compared with the OP sequence. Note the reversal of the normal renal cortex-medulla
differentiation on the IP GRE sequence. On T2-weighted sequences (C, D), the renal cortex is diffusely hypointense.

Iron in Pancreas

Diffuse iron deposition in the pancreas is typically seen in pri-
mary hemochromatosis more commonly than in hemosiderosis.
In the early stages, the signal intensity of the pancreas remains

FIGURE 13. OP (TE, 2.2 milliseconds) (A) and IP (TE, FIGURE 14. OP (TE, 2.2 milliseconds) (A) and IP (TE,

4.4 milliseconds) (B) GRE sequences in a patient with advanced 4.4 milliseconds) (B) GRE sequences in a patient with

primary hemochromatosis and cirrhosis demonstrate diffuse signal hemosiderosis due to repeated transfusion show signal loss in the
loss in the pancreas (arrow) on the longer TE IP sequence, pancreas (arrow), liver, and spleen on the longer TE IP sequence,
representing parenchymal iron deposition. representing diffuse parenchymal iron deposition.
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FIGURE 15. OP (TE, 2.2 milliseconds) (A) and IP (TE, 4.4 ms) (B) GRE
sequences in a patient with portal hypertension show numerous
foci/nodules of signal blooming (arrows) in the spleen on IP (longer
TE) image compared with OP image due to susceptibility from
hemosiderin within the Gamna-Gandy bodies.

normal, particularly in menstruating women. However, as the dis-
ease progresses, the signal within the pancreatic tissue decreases
with increased TE, as in other involved organs (Figs. 13, 14).3°

Focal iron deposition may also be seen in hemorrhagic lesions
of the pancreas. A wide array of neoplastic and nonneoplastic
lesions can result in focal hemorrhage, including hypervascular
islet cell tumors, acinar cell tumors, cystic tumors such as
serous cystadenoma and solid pseudopapillary tumors, and
hypervascular metastases. In addition, nonneoplastic etiologies
of focal iron deposition include hemorrhagic pancreatitis,
peripancreatic pseudoaneurysm, or trauma, all of which may
result in focal iron deposition.>®

Iron in Spleen

Diffuse Distribution

Diffuse iron deposition in the spleen most commonly occurs
as part of the uptake in the RE system, such as in hemosiderosis,

172 | www.jcat.org

most commonly in the setting of chronic transfusions,” (Fig. 6). It
is also especially prominent with sickle cell disease, which results
in both extravascular and intravascular hemolysis. Perivascular
and parenchymal calcifications are also seen in the splenic tis-
sue in addition to iron deposition, contributing to the dimin-
ished splenic intensity on T1- and T2-weighted images.>” As
discussed previously, the splenic involvement is diagnostic
for hemosiderosis, and the spleen is characteristically spared
in primary hemochromatosis and intravascular hemolysis.>

Focal Distribution

Focal iron deposition can be due to a number of causes. In
the setting of portal hypertension, small foci of organized hem-
orrhages can be seen in the spleen, resulting in siderotic
nodules known as Gamna-Gandy bodies. These are usually

FIGURE 16. OP (TE, 2.2 milliseconds) (A) and IP (TE,

4.4 milliseconds) (B) GRE sequences show foci of blooming signal
(arrows) in the old hemorrhagic infarcts in the spleen on IP (longer
TE) image compared with the OP image due to susceptibility from
hemosiderin.
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FIGURE 17. OP (TE, 2.2 milliseconds) (A) and IP (TE,

4.4 milliseconds) (B) GRE sequences in a patient with
hemosiderosis demonstrate iron in a portocaval lymph node (arrow)
and in the visualized liver and spleen, manifesting as signal loss on
the IP (longer TE) image.

located in the perifollicular and trabecular region and are com-
posed of fibrous tissue encrusted with hemosiderin and
calcium. > It is the iron-containing hemosiderin within these
bodies that leads to susceptibility effect causing signal drop on
longer TE dual-echo GRE images (Fig. 15). A potential dif-
ferential diagnosis is calcified granuloma, but this does not
cause blooming and may cause a very subtle change as it
is diamagnetic.

Iron deposition can also be seen in the setting of vascular
or hemorrhagic lesions of the spleen such as hemangioma, lit-
toral cell angioma, angiosarcoma, or with evolving hematoma
(Fig. 16). Siderotic nodules can also be seen in cases of
peliosis, which usually presents in immunocompromised
patients and frequently involves the liver as well. Most com-
monly, this disease appears as multiple cystic and hemorrhagic
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nodules, which may be hypervascular and associated with the
siderotic nodules.*®*!

Miscellaneous

Iron in the Lymph Nodes

As lymph nodes are part of the RE system, these also show
iron deposition in hemosiderosis. This can be prominent enough
to appear dense even on plain radiographs in advanced cases.*?
On MR, as in other iron-containing lesions, these will appear
darker in signal intensity on longer TE IP dual-echo GRE
images (Fig. 17).

Iron in Adrenal Glands

Focal signal loss within an adrenal lesion may be due to mag-
netic inhomogeneity resulting from iron and hemoglobin degrada-
tion products in the setting of an adrenal hematoma.** By
exploiting the magnetic susceptibility effect, which is more pro-
nounced on longer TE image, diagnosis can be made on dual-

FIGURE 18. OP (TE, 2.2 milliseconds) (A) and IP (TE,
4.4 milliseconds) (B) GRE sequences demonstrate T1
heterogeneous signal in a right adrenal hematoma. Signal drop in its
anterior portion on IP (longer TE) image is due to iron deposition.
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echo GRE (Fig. 18). However, phasicity of the image also
needs to be carefully considered while interpreting these
images as previously discussed, because lipid-rich adrenal
adenoma is a very common adrenal lesion that shows loss of
signal on OP images (Fig. 10).**

Diffuse adrenal iron deposition has also been described in the
setting of both primary hemochromatosis and hemosiderosis, as
well as in the setting of hemolysis, especially thalassemia.***
The degree of iron deposition can be quantified using the suscep-
tibility effects in a manner similar to that in the liver**® (Fig. 19).

Iron in the Abdominal Wall

Hematomas and other hemorrhagic lesions such as en-
dometriomas in the abdominal wall or abdominal wall hemato-
mas resulting from trauma or other causes can sometimes be
diagnosed easily on dual-echo GRE sequence, by showing sig-
nal loss within or at the periphery (hemosiderin rim) of the
lesion.*” In the case of a lesion of indeterminate origin, signal
loss on long TE image suggests the iron content of these lesions
and thus may help establish the diagnosis (Fig. 20).

FIGURE 19. IP (TE, 2.2 milliseconds) (A) and OP (TE,

5.5 milliseconds) (B) sequences on a 3.0-T magnet demonstrate
signal loss in a left adrenal nodule (arrow) on the longer TE OP
image. Because the OP image was obtained at a longer TE, it
cannot be determined if signal loss in the left adrenal gland is due to
phase cancellation related to lipid content or magnetic
susceptibility related to iron deposition or combined effects.
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FIGURE 20. OP (TE, 2.2 milliseconds) (A) and IP (TE,

4.4 milliseconds) (B) sequences demonstrate a T1 hyperintense
lesion (arrow) in right rectus abdominis with a peripheral rim of
signal loss on the IP (longer TE) compared with the OP image
because of hemosiderin deposition in the periphery of an
evolving hematoma.

CONCLUSIONS

A broad spectrum of iron-containing abdominal pathologies
can be diagnosed on dual-echo GRE by exploiting the T2* effect
on the longer TE sequence. However, the OP and IP of the dual-echo
GRE should be acquired with as short as possible TE, as prolonged
TE itself may result in susceptibility-related signal drop irrespective
of iron or fat content. At the same time, OP images should ideally
be acquired before IP images in dual echo-GRE. Although there
may be potential complications such as coexisting fat and iron within
a lesion, this would provide better information regarding chemical
shift in the image, allowing assessment of the microscopic fat content
of the lesions without being affected by longer TE or magnetic sus-
ceptibility effects. This can enable us to diagnose both fat- and
iron-containing abdominal entities by exploiting the variable TE
and its effects on both chemical shift and magnetic susceptibility ef-
fects in a single dual-echo GRE sequence. This may be a challenge
on some slower 3.0-T magnetic resonance systems, on which OP
TE is longer than IP TE, or otherwise IP TE is acquired at a very pro-
longed TE in order to acquire OP at early TE. The result is that the
signal drop on dual-echo GRE in such cases can potentially be
due to multiple factors in different combinations leading to misin-
terpretations. Irrespective of the magnet type, if the dual-echo
GRE is not acquired or used appropriately, this can lead to pitfalls
and to misdiagnosis as discussed previously. The correct interpre-
tation of the dual-echo GRE sequences in combination with
knowledge of the characteristic distribution of iron in various or-
gans as discussed can often lead to the correct diagnosis.
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