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Computed tomography (CT) can be a very sensitive modality to detect small subcen-
timeter lesions with its high spatial resolution (1, 2). However, despite its superiority 
in detection of these small lesions, further characterization may be difficult or even 

impossible in an important percentage of the patients (1–3). This is particularly more im-
portant in patients with history of cancer as the detection of a new lesion in the interval 
follow-up is always suspicious for metastatic disease, which has important implications in 
the clinical decision-making process (1, 4). In these clinical scenarios, the detection of fat 
in these lesions may be helpful, as this finding is an important clue in narrowing the list of 
differential diagnosis. 

In this article, we review the diagnostic role of magnetic resonance imaging (MRI) in the 
detection of fat, which may be difficult, or sometimes even impossible, to detect with CT. 
We also present challenging cases to further support the role of MRI.

Fat detection techniques

Inversion recovery imaging
Short tau inversion recovery (STIR) sequence is based on T1 differences of the protons. 

Fat has a short T1 value than water. STIR, which is usually performed with a fast spin-echo 
sequence, starts with initial 180° preparation pulse, followed by a 90° excitation pulse. There 
is a specific time interval between preparation and excitation pulses referred to as the inver-
sion time (TI). Specific TI is selected such that net magnetization vector of fat protons stops 
at the null point, so that there is no signal from the fat protons. The TI for fat suppression 
is approximately 130–170 ms at 1.5 T (5). At high-field-strength magnets, the TI increases 
proportional to increased T1 value.

STIR technique has a low sensitivity to magnetic field inhomogeneities and can be used 
with low-field-strength magnets (5, 6). STIR is primarily used to reveal fluid, not fat. Short TI, 
which corresponds to short T1- and T2-weighted imaging, enhances tissues that have more 
fluid content (i.e., tumors). However, signal from protons that have short TI similar to fat, such 
as subacute hemorrhage, gadolinium, and viscous fluid, are also adversely suppressed (6, 7). 

Frequency selective fat suppression
Chemical shift selective (CHESS) imaging (also known as fat-sat) depends on the idea of 

exciting only fat protons with a narrow-band pulse, dephase the signal with added spoil-
er gradients, and then immediately continue imaging sequence (6, 7). Because suppres-
sion is limited to fat, gadolinium can be used and sequence is not affected by the tissue 
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ABSTRACT 
Presence of fat in a lesion significantly narrows the differential diagnosis. Small quantities of mac-
roscopic fat and intracellular fat are invisible on computed tomography (CT) and ultrasonography. 
Magnetic resonance imaging (MRI) can reveal any fatty change in a lesion and can also differentiate 
macroscopic fat from intracellular and intravoxel fat. Hypodensity on CT may be a sign of invisible fat 
and MRI can help to diagnose even minute amounts of fat in liver, pancreas, adrenal, musculoskele-
tal, and omental pseudolesions and lesions. This article will review the superiority of MRI over CT in 
demonstrating fat in abdominal lesions.
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T1 value, unlike STIR. However, using spoiler 
gradients makes CHESS imaging sensitive 
to magnetic field inhomogeneities (6, 7). 
Therefore, this technique should be used 
with high-field-strength magnets.

In-phase and opposed-phase imaging
This technique depends on precessional 

frequency difference of fat and water pro-
tons. Immediately after the radiofrequency 
(RF) pulse, fat and water protons will be in 
the same phase (in-phase). However, since 
fat precesses slower than water, after a 
specific time water protons will complete a 
360° rotation unlike fat protons, which will 
only be able to complete a 180° rotation. 
Thus fat and water protons will be opposed 
phase to each other. This phase cycling 
corresponds to 2.2 ms intervals (4.4 ms for 
in-phase and 2.2 ms for opposed-phase) 
at 1.5 T (7, 8). The opposed-phase images 
are differentiated from in-phase images by 
the characteristic India ink artifact. At the 
interface between fat and nonfat tissue 
(fat-muscle or fat-abdominal solid organ), 
equal number of fat and water protons 
cause signal loss outlining the abdominal 
organs and musculature (8).

In-phase and opposed-phase imag-
ing is an irreplaceable sequence since it 

demon strates microscopic (intracellular) 
fat unlike other techniques. Thus, intracel-
lular lipid-containing lesions such as focal 
hepatic steatosis, hepatocellular, and ad-
renal adenomas can easily be diagnosed 
(8, 9). 

SPIR and SPAIR
Spectral presaturation with inversion 

recovery (SPIR) and spectral presaturation 
attenuated inversion recovery (SPAIR) are 
obtained by both selective excitation of the 
fat and T1 relaxation techniques. Initially an 
inversion pulse is applied. Unlike STIR, it is 
designated to excite only fat protons. Sub-
sequently, as the fat protons pass through 
the null point, a conventional MRI sequence 
is started. Because the inversion pulse is 
specific to fat protons, tissues that have sim-
ilar T1 values with fat, such as contrast-en-
hanced tissues, will not be suppressed, un-
like STIR.

SPIR and SPAIR are differentiated by the 
flip angle of the initial inversion pulse. RF 
pulses of 180° and slightly greater than 
90° are used in SPAIR and SPIR techniques, 
respectively (7). Avoiding 180° pulse in 
SPIR technique saves time; however, SPIR 
is sensitive to magnetic field inhomoge-
neity (7). 

Dixon technique
The principle of Dixon technique de-

pends on in-phase and opposed-phase 
imaging (10). In the two‐point Dixon meth-
od, four sets of images are acquired; first 
two are the aforementioned in-phase and 
opposed-phase images. The last two im-
ages are water-only and fat-only images 
reconstructed by adding and subtracting 
in- and opposed-phase images, respective-
ly. However, magnetic field inhomogeneity, 
which is ignored in two-point Dixon imag-

ing, leads to calculation and phase errors. 
To overcome this drawback an extra image 
set is acquired in modified Dixon imaging 
(three-point Dixon). The third set of imag-
es is obtained at the next in-phase. Thus, 
two sets of in-phase images are achieved 
in three-point Dixon technique and they 
should have the same phase behavior. Any 
differences between these two in-phase im-
ages can be attributed to phase errors and 
corrected (7, 11). 

Water excitation
Due to precessional frequency difference 

of fat and water protons, fat suppression 
can be achieved by exciting only the water 
protons with the adjusted RF pulses (every 
2.2 ms at 1.5 T). This technique is less sensi-
tive to magnetic field inhomogeneity than 
CHESS and SPIR.

Clinical applications

Liver
Macroscopic fat containing liver lesions, 

such as lipomas, can easily be diagnosed on 
CT by its characteristic findings. However, 
in some cases the CT findings can be in-
conclusive and confusing. Among the most 
confusing liver lesions on CT are the focal 
fat sparing and deposition in the liver pa-
renchyma. Although the diagnosis of these 
abnormalities might be easier in typical lo-
cations such as near the gallbladder fossa, 
medial segment of the left hepatic lobe, or 
close to the falciform ligament (12, 13), in 
atypical locations and in case of unconven-
tional morphology, the diagnosis can be dif-
ficult. Focal steatotic changes are more and 
more commonly seen in oncologic patients 
due to complex and prolonged chemother-
apy (14). Therefore, in case a new liver lesion 
detected in the follow-up of these patients, 

Main points

• Presence of fat in a lesion significantly limits 
the differential diagnosis.

• Focal benign fat deposition in liver and 
pancreas may mimic metastasis, particularly 
in patients with malignancy.

• A hypodense lesion without negative HU on 
CT can contain fat.

• Small amounts of fat may be invisible on CT 
but can be detected by MRI using in- and 
opposed-phase imaging.

Figure 1. a–c. A 50-year-old female patient with gastric carcinoma. Follow-up contrast-enhanced axial CT image (a) shows a new hypodense lesion (arrow) 
suspicious for metastasis in a typical location for focal fat. In-phase (b) and opposed-phase (c) MRI demonstrate fat content (arrow) that is invisible on CT.

a b c



focal fatty change should be considered, es-
pecially if it is detected in conventional lo-
cations (Fig. 1). In such cases, MRI should be 
performed to detect the focal fatty changes 
and intracellular fat, which can be impossi-
ble to detect on CT (Figs. 2–4). 

Another challenging liver lesion is the he-
patic adenoma. Intracellular fat content was 
reported in 35%–77% of cases on in-phase 
and opposed-phase MRI (15, 16). Even more 
confusingly, hepatic adenomas can also 
demonstrate FDG avidity and can easily be 
reported as a metastatic focus in the liver of 
oncology patients. In such cases in-phase 
and opposed-phase MRI might reveal the 
fat content that is invisible on CT and pre-
vent diagnostic confusion and invasive pro-
cedures, as well as the emotional stress on 
the patient (Fig. 5).

Portal vein thrombosis may cause paren-
chymal fatty replacement (17). CT findings 
may be subtle or questionable for a mass. 
MRI should be preferred to show fatty pa-
renchymal changes, which cannot be diag-
nosed by CT (Fig. 6).

Small foci of fat can also be visualized in 
angiomyolipoma, liposarcoma, lipoma, and 
hydatid cysts in the liver (9, 16). Especially 
in patients with hydatid liver disease, the 
detection of fat globules in the cyst is an 
extremely important finding, which might 
indicate the presence of an abnormal com-
munication between the hydatid cyst and 
the biliary system. As the presence of this 
abnormal communication will preclude 
the patient from conventional percutane-
ous therapy, they should be meticulously 
searched for in these patients. They can also 

be visualized in CT but might be difficult to 
detect, especially to an inexperienced eye, 
when they are small in size (18) (Fig. 7). 

Adrenal gland
Adrenal adenomas are the most common 

adrenal lesions, found in 9% of the general 
population (7, 19, 20). Adrenal adenoma is 
differentiated from other pathologies most-
ly by the presence of intracellular fat, which 
cannot be visually detected on CT. For quan-
titative evaluation of these adenomas by CT, 
an initial unenhanced CT imaging is acquired. 
If the attenuation value of the lesion is less 
than 10 HU, a diagnosis of lipid-rich adrenal 
adenoma can be made with a high level of 
confidence. If the attenuation value is greater 
than 10 HU as seen in case of lipid-poor ad-
renal adenomas, then, a multiple phase CT 
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Figure 2. a–c. A 64-year-old female patient with colon carcinoma. Contrast-enhanced axial CT image (a) shows a new nonspecific hypodense lesion 
(arrow) in left lobe of the liver. In-phase (b) and opposed-phase (c) MRI demonstrate focal fat infiltration (arrow) invisible on CT.

a b c

Figure 4. a–c. A 50-year-old male patient with elevated liver enzymes. Unenhanced axial CT image (a) shows subtle parenchymal heterogeneity due to 
nonspecific hypodense areas (arrows). In-phase (b) and opposed-phase (c) MRI demonstrate perivenous fat infiltration (arrows) that is not visible on CT.

a b c

Figure 3. a–c. A 68-year-old female patient with breast carcinoma. Contrast-enhanced axial CT image (a) shows a new hypodense lesion (arrows) thought 
to be a metastasis in a steatotic liver. In-phase (b) and opposed-phase (c) MRI reveal liver steatosis along with focal hypersteatosis (arrows).

a b c
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study with intravenous contrast administra-
tion should be planned (20). 

Alternatively, MRI with in-phase and op-
posed-phase imaging can also be used to 
detect the intracellular fat content without 
any use of radiation or intravenous contrast 
material. 

In addition, hepatocellular carcinoma 
metastases to adrenal glands may contain 
fat and should not be confused with adeno-
ma (21). Invisible fat in a metastatic lesion 
can mimic cystic-necrotic degeneration of 
an adrenal mass on CT and distinction is 
only possible by MRI (Fig. 8). 

Pancreas
Diffuse fatty infiltration of the pancreatic 

parenchyma is a common imaging finding, 

particularly in elderly patients. In typical 
cases, it can generally be easily diagnosed 
by ultrasonography and CT. However, the 
focal fatty infiltration of the pancreatic pa-
renchyma, rather than the diffuse pattern, 
may pose significant diagnostic difficulty 
(22, 23). In some cases, focal fat deposition 
in the pancreas may mimic a pancreatic 
malignancy, mostly an adenocarcinoma of 
the pancreas, and differentiation of these 
two completely different entities might be 
difficult, or even impossible, on CT (Fig. 9). 

In case of pancreatic head neoplasia, the 
absence of pancreatic duct and common 
bile duct dilatation may be an important 
diagnostic clue exclude a pancreatic mass; 
however, it is also very-well known that 
pancreatic adenocarcinomas of small size 

may not cause any of the classical findings. 
The diagnosis by CT might be even more 
challenging in these cases, and MRI with the 
application of in-phase and opposed-phase 
imaging might preclude the patient from 
a major surgery, with potential significant 
morbidity and mortality. 

Pancreatic lymphangioma is another clini-
cal entity that may underline the importance 
of MRI. Pancreatic lymphangioma is a rare 
benign tumor that presents as a cystic mass 
(24, 25). Differentiation from malignant cystic 
carcinoma is challenging unless fluid-fluid 
level or fat component is revealed. However, 
fluid-fluid level may also be seen with meta-
static pancreatic masses as a result of hemor-
rhage (26). Thus, the key to diagnose lymph-
angioma is to reveal the fat content, which is 
frequently invisible on CT (Fig. 10). 

Primary pancreatic lymphoma, a rare 
clinical entity, may appear as a well-circum-
scribed mass or diffuse involvement of the 
pancreatic parenchyma. In case of diffuse 
pancreatic involvement the imaging findings 
may mimic acute pancreatitis, without clinical 
signs and symptoms, whereas, the presence 
of a well-circumscribed mass may mimic an 
adenocarcinoma (27, 28). The discrepancy 
between the lesion size and the absence of 
main pancreatic duct/common bile duct dila-
tation can be an important clue to the correct 
diagnosis. The absence of peripancreatic ves-
sel invasion may also serve as a good indica-
tor to the correct nature of the mass, rather 
than a pancreatic adenocarcinoma (27). En-
casement of the vessels rather than luminal 
stenosis or occlusion is a common finding in 
lymphoma, due to the soft nature of the lym-
phomatous masses. These findings can also 
be revealed by CT, but they are not specific. In 
our experience, we strongly consider that the 
encasement of the fat may be a more reliable 
finding than the other findings stated previ-
ously. Nevertheless, unlike MRI, engulfed fat 

Figure 5. a–d. A 52-year-old female patient with renal cell carcinoma who underwent left partial 
nephrectomy. Axial PET-CT image (a) shows a hypodense nodular lesion (arrow) adjacent to gallbladder, 
with increased FDG uptake (b, arrow), suspicious for metastasis. Lipid-rich hepatic adenoma is diagnosed 
by demonstration of fat on in-phase (c) and opposed-phase (d) MRI (arrow).

c
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b

Figure 6. a–c. A 60-year-old female patient with right portal vein thrombosis. Contrast-enhanced axial CT image (a) shows parenchymal hypodensity 
(arrows) suspicious for a mass. In-phase (b) and opposed-phase (c) MRI demonstrate focal fat infiltration area (arrows).

a b c



by the mass can be invisible on CT and may 
be detected as a nonspecific hypodense area 
within the mass, which may mimic the cystic/
necrotic component of an adenocarcinoma 
(Fig. 11). 

Musculoskeletal tissue
Fat containing musculoskeletal lesions 

are usually benign and the fat presence can 
be easily detected on CT, and sometimes 
even on US. However, that may not be the 
case in oncology patients as a new lesion 
should be treated as a metastatic focus, 
unless proven otherwise. In the differen-
tial diagnosis of a newly appearing mass 

in a cancer patient, a rare clinical entity, a 
Morel-Lavallée lesion should also be con-
sidered, especially in patients with a history 
of recent trauma (29). This entity refers to 
the traumatic separation of the skin from 
the subcutaneous tissue of the underlying 
muscular fascia with final formation of a 
cavity that may be filled with blood, lymph, 
or fat (29, 30). CT can be nondiagnostic as 
to the internal heterogeneity of the mass. 
However, with MRI the focal fat focus can 
be detected which is very helpful to reach 
the correct diagnosis (Fig. 12). 

The conversion of red marrow to yellow 
(lipid rich) marrow is observed with increased 

age, and this finding can also be easily di-
agnosed by MRI (Fig. 13). Any process that 
replaces the lipid and hematopoietic com-
ponents of the marrow, with no signal drop 
on the opposed-phase images should be ap-
proached as bone marrow infiltration, rather 
than conversion, until proven (31).

Peritoneum
Peritoneal invasion is commonly seen 

in patients with ovarian or gastric carcino-
ma as a result of tumor seeding. Known 
primary tumor and the classic appearance 
called omental cake are the key findings. 
Nevertheless, peritoneal and retroperitone-
al space may rarely be invaded by myxoid 
liposarcoma (32, 33). CT may demonstrate 
the mass and its extension; however, fur-
ther characterization is limited. In addition, 
CT appearance of myxoid liposarcoma may 
be confusing due to cyst-like appearance 
(32, 33). In fact, cystic appearance of myx-
oid liposarcoma is due to the lipid content 
invisible on CT. Thus, revealing fat content 
aids in diagnosis (Fig. 14).

Conclusion

Although CT can reveal small subcenti-
meter lesions thanks to its high spatial res-
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Figure 9. a–c. A 54-year-old male patient with a suspicious pancreatic mass. Contrast-enhanced axial CT image (a) shows a hypodense lesion (arrow) in 
uncinate process of the pancreas thought to be malignant. No discrete lesion is seen on in-phase MRI (b, arrow). Focal fatty infiltration of the pancreas is 
revealed by decreasing signal intensity on opposed-phase image (c, arrow).

a b c

Figure 8. a–c. A 64-year-old male patient with metastatic hepatocellular carcinoma. Contrast-enhanced axial CT image (a) shows a heterogeneous left adrenal 
mass (arrow). In-phase (b) and opposed-phase (c) MRI reveals fat content of the mass (arrow), which was also seen in the primary tumor (not shown).

a b c

Figure 7. a, b. A 30-year-old female patient with hydatid cyst of the liver (asterisk). Opposed-phase MRI 
(b) shows fat droplets (arrow) within the cyst lumen as a result of biliary communication.

a b
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olution, further characterization of these 
small-sized abnormalities may not be done 
by CT. However, based on the accumulating 
clinical experience, it is now known that 
these subcentimeter hypodensities on CT 
may encompass invisible fat, which can be 
made visible by MRI. The demonstration of 
fat within a lesion is a helpful clinical find-
ing that can potentially narrow the differ-
ential diagnosis and may significantly help 
the imaging specialist to reach the correct 
diagnosis. 

Figure 10. a–d. A 38-year-old female patient with an incidentally detected peripancreatic mass. Contrast-
enhanced axial CT image (a) shows a probably benign yet nonspecific cystic mass (arrows) adjacent to the 
head of the pancreas. Further characterization is limited on CT. Axial fat-suppressed T2-weighted image (b) 
clearly depicts cystic nature of the mass (arrows). In-phase (c) and opposed-phase (d) MRI demonstrate fat 
content of the mass (arrows), so that diagnosis of a peripancreatic lymphangioma can be made. 

c

a

d

b

Figure 11. a–c. A 72-year-old previously healthy female patient with a pancreatic mass. Contrast-enhanced axial CT image (a) demonstrates a mass 
involving the uncinate process of the pancreas (white arrow). Lack of vascular invasion is noted. A nonspecific hypodense lesion within the mass is also 
noted (black arrow) which is atypical for necrotic content. No further characterization can be made on CT. In-phase (b) and opposed-phase (c) MRI depicts 
fat (black arrows) within the mass. Diagnosis of pancreatic lymphoma was made histopathologically. Encasement rather than invasion of fat and vessels 
adjacent to mass, as well as  lack of pancreatic duct dilatation are the clues for diagnosis. 

a b c

Figure 12. a–c. A 49-year-old male patient with gastric carcinoma. Follow-up contrast-enhanced axial CT image (a) shows a new subcutaneous mass 
in the left upper thigh. Suspicious hypodensity thought to represent fat is also noted (arrow). In-phase (b) and opposed-phase (c) MRI clearly show fat 
content (arrows). Thus, diagnosis of Morel-Lavallée lesion can be made in a patient with a history of recent trauma. 

a b c
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Figure 14. a–c. A 32-year-old male patient with myxoid liposarcoma metastatic to peritoneal space. Contrast-enhanced axial CT image (a) demonstrates 
more specifically the cystic nature (lower attenuation than muscle) and extension of the mass (arrows). There is a suspicion of fat contents which are 
barely seen (asterisks). Therefore, initial differential diagnosis is limited to cystic peritoneal masses. However crucial imaging finding was fat content of the 
mass, which was indistinct on CT. Fat content of the liposarcoma is revealed on in-phase (b) and opposed-phase (c) MRI (arrows).

a b c

Figure 13. a–c. Conversion of red marrow to yellow (lipid rich) marrow. Contrast-enhanced axial CT image (a) shows a normal vertebral body. In-phase (b) 
and opposed-phase (c) MRI show signal drop (arrow) due to lipid content of yellow marrow. Preservation of signal drop excludes bone marrow infiltration.

a b c
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