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KEY POINTS

� Not all focal renal abnormalities are malignant tumors; benign neoplasms and posttraumatic, infec-
tious, vascular, and treatment changes can mimic malignancy.

� Attention to technical details when interpreting renal images is paramount; radiologists must
consider factors such as the imaging protocol, imaging plane, phase of enhancement, and
region-of-interest placement.

� Identification of fat within a renal mass and characterization of the type of fat can narrow the differ-
ential diagnosis.
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INTRODUCTION

In general terms, much of what we do when char-
acterizing renal lesions involves a binary determi-
nation: an abnormality either enhances and is
thus more likely to be a tumor or does not enhance
and is thus more likely to be a benign lesion. How-
ever, there are many instances in which these
simplistic rules do not apply. In such cases, clues
to making the correct diagnosis may be historical
(such as the presence of pyuria and fever or a his-
tory of renal trauma or surgery) or may relate to
specific imaging features of a focal abnormality
(such as shape or the presence of intralesional
fat). Further, several technical pitfalls may be
encountered when interpreting renal images.
These pitfalls may be related to contrast delivery,
phase of enhancement, or collecting system opa-
cification after contrast administration; imaging
plane orientation with respect to a renal abnormal-
ity; use of proper window and level settings during
image interpretation; and placement of regions of
interest (ROIs) to measure attenuation or signal in-
tensity. In addition, several focal renal lesions can
mimic tumors. These pseudotumors may be
congenital, may have a vascular origin, may result
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from prior infection or trauma, or may be related to
therapy for renal cell carcinoma (RCC) such as
partial nephrectomy or tumor ablation. Finally,
the detection of either microscopic or macro-
scopic fat within renal masses affects the differen-
tial diagnosis, and so appropriate methods must
be used to detect fat and interpret the resulting im-
ages. This article reviews these potential pitfalls in
renal imaging.

TECHNICAL PITFALLS

Technical pitfalls in renal imaging may be patient
related, image acquisition related, or interpretation
related (Table 1). When patients move or fail to
hold their breath during image acquisition, attenu-
ation measurements may be spuriously increased
or decreased, and image degradation and blurring
may occur. These misregistration artifacts usually
seem as shading or streaking in the reconstructed
image.1

Sometimes, renal abnormalities may be less
well depicted or difficult to identify based on their
position in the kidney with respect to the imaging
plane. For example, a renal mass in the upper or
lower pole may be easily scrolled past when
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Table 1
Technical pitfalls

Element Description

Motion Spurious increased or
decreased attenuation

Window
level
settings

Altered lesion detectability

Imaging
plane
with
respect
to lesion
location

Decreased lesion visibility in
some planes vs in others

Phase of
contrast

Diminished detectability in
corticomedullary phase

Pseudoenh-
ancement

Spurious increased
attenuation in contrast-
enhanced phase vs in
unenhanced phase
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viewed on the PACS workstation but may be more
obvious to the reader when visualized in the coro-
nal or sagittal plane (Fig. 1). Multiplanar reformat-
ted images can improve the reader’s confidence
in the identification of small masses that more
clearly deform the renal contour when viewed in
one plane than in another.2 A study that assessed
missed imaging findings by radiology residents
found that 5.5% of missed findings on abdomen
and pelvic computed tomographic (CT) images
were cases of pyelonephritis and that residents
believed that the use of coronal images would
help to provide a thorough evaluation of the renal
cortices.3

The phase of contrast during which imaging oc-
curs can also greatly affect the detectability of
renal masses. One study found that nephrographic
phase images, when compared with medullary
phase images, can show 1.3 times more masses
in the renal cortex4 and 4 to 5 times more masses
Fig. 1. (A) Axial unenhanced CT of right kidney shows ba
obvious (arrow) on coronal unenhanced multiplanar refo
in the medulla3,5 (Fig. 2). Although the phases of
renal enhancement may vary based on the rate
of delivery of contrast material, generally
speaking, the corticomedullary phase occurs
approximately 30 to 40 seconds after the begin-
ning of contrast administration and the nephro-
graphic phase begins at 80 to 120 seconds.6

Because the speed of CT scanners has increased,
the kidneys are now often visualized during the
corticomedullary phase on single-phase, routine
abdominal protocol CT scans. Small hyperen-
hancing clear cell RCCs (ccRCCs) can be particu-
larly difficult to detect during this phase, as these
lesions may be isoattenuating to normal paren-
chyma in the corticomedullary phase and may
only be discernible based on subtle interruption
of normal corticomedullary enhancement or het-
erogeneous tumor enhancement (Fig. 3).
Another technical pitfall encountered in renal im-

aging is the phenomenon of pseudoenhancement,
which involves mischaracterizing a renal cyst as an
enhancing neoplasm because of a false attenua-
tion change between unenhanced and enhanced
images. Pseudoenhancement is thought to be
the result of multidetector, spiral CT image recon-
struction algorithms that adjust for beam-
hardening effects.7 Several factors may affect the
degree of pseudoenhancement, including lesion
size or location, degree of renal parenchymal
enhancement, number of CT detector rows, peak
tube voltage, and reconstruction kernel.8 This phe-
nomenon tends to occur most notably with small
(<1 cm) and intraparenchymal lesions (Fig. 4). If
pseudoenhancement is suspected, ultrasound im-
aging or MR imaging can be used to determine
whether the mass is truly cystic or solid.
REGION-OF-INTEREST PLACEMENT AND
INTERPRETATION

The placement and interpretation of ROI attenua-
tion measurements for the evaluation of renal
masses can also be problematic. The most
rely discernible upper pole pRCC (arrow) that is more
rmatted (MPR) (B) and axial-enhanced images (C).



Fig. 2. (A) Corticomedullary phase
and (B) nephrographic phase axial
contrast-enhanced CT images of the
left kidney show improved detect-
ability of 1.2-cm ccRCC (arrows)
when there is greater enhancement
difference between the tumor and
renal cortex in the nephrographic
phase.
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fundamental pitfall is using visual inspection alone
to assess the attenuation of a renal lesion. One’s
eye can be tricked by homogeneous low-
attenuation solid lesions mimicking cysts, so
routine ROI use and proper placement is essential.
Radiologists should ensure that the ROIs are
placed well within the boundaries of the renal
mass to avoid volume averaging with normal renal
parenchyma. In addition, if the image slice thick-
ness is less than one-half of the lesion diameter,
normal parenchyma cephalad or caudad to the
lesion can be volume averaged into the ROI, artifi-
cially altering it.

ROIs are placed on renal abnormalities to deter-
mine a lesion’s attenuation, to assess for attenua-
tion change between unenhanced and enhanced
images (enhancement), or to detect fat within a
lesion. Heterogeneity of renal lesions and the
impact on ROI measurements can affect interpre-
tation, leading to erroneous conclusions in several
ways. On unenhanced CT, if a focal lesion mea-
sures less than 20 HU, has no wall thickening, is
homogeneous, has no or minimal calcifications,
and has no or few septa, it can be considered
benign.9,10 Discernment of heterogeneity is impor-
tant to detect the uncommon RCC that measures
less than 20 HU (Fig. 5).11 In one series, RCC
was found in approximately 0.5% of more than
15,000 patients, and 37% of these lesions were
missed on initial interpretation, especially when
the lesions were smaller than 3 cm.12
Typical papillary RCCs (pRCCs) are hyperatte-
nuating to renal parenchyma on unenhanced
scans, enhance only modestly, and tend to be ho-
mogeneous.13–15 Rarely those with lower unen-
hanced attenuation values can mimic renal cysts
on unenhanced CT scans. One study16 found
that of 114 pRCCs, 3 were homogeneous and
measured less than 20 HU on unenhanced scans
(Fig. 6). In another series, 24 of 104 RCCs (both
ccRCCs and pRCCs) measured less than 20 HU
when an ROI encompassing most of the lesion
was used. However, of these 24 lesions, 21 were
heterogeneous, and small ROIs could be used to
detect regions within these lesions measuring
more than 20 HU in the 3 that were
homogeneous.17

If a lesion demonstrates high attenuation on an
unenhanced CT image, assessment for homoge-
neity is again of paramount importance. The atten-
uation of hemorrhagic cysts and RCC can overlap
on unenhanced CT images. However, if a lesion is
both homogeneous and measures 70 HU or
greater, it is almost certainly benign,18 represent-
ing a hemorrhagic cyst (Fig. 7).

Detection of enhancement in pRCCs can be
difficult, as these lesions tend to enhance only
modestly.12–14 In one series, a substantial number
of pRCCs showed no CT enhancement (17% [7/
41]) or equivocal enhancement (9.8% [4/41])
(Fig. 8).13 Another series found that 25% of malig-
nant lesions characterized as Bosniak III cysts
Fig. 3. (A) Axial and (B) coronal corti-
comedullary phase contrast-
enhanced CT images of the right kid-
ney show a ccRCC (arrows) that is
difficult to detect because its attenua-
tion is similar to that of the surround-
ing medullary renal parenchyma. One
clue to the correct diagnosis is the
heterogeneity of enhancement.



Fig. 4. Pseudoenhancement can
occur when small intracortical
cysts are mischaracterized as
enhancing tumors. (A) Unenhanced
and (B) enhanced images of
the right kidney show an ROI
(circle) used to measure the
attenuation of a renal cyst
before (A) and (B) after contrast
administration. The unenhanced

attenuation was 9 HU and the postcontrast attenuation was 30 HU, erroneously suggesting a mildly
enhancing tumor.
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were pRCCs.19 This may, in part, be explained by
the pathologic features of cystic change or necro-
sis in pRCC.10,20 For such marginally enhancing
tumors, the use of small ROIs rather than medium
or large ROIs to detect enhancement has been
shown to provide superior performance.8 More
particularly, researchers found that in lesions lack-
ing enhancement that could be identified by visual
observation alone, small ROIs performed statisti-
cally significantly better than whole-lesion ROIs
in distinguishing any RCC from a cyst (area under
the receiver operating characteristic curve [AUC]:
small ROI, 0.792; whole-lesion ROI, 0.602) and in
distinguishing between pRCC and a cyst (AUC:
small ROI, 0.883; whole lesion ROI, 0.642) (Fig. 9).8

Because of challenges with the interpretation of
CT for minimally enhancing renal masses, MR im-
aging can be used to problem solve by aiding in
delineating tumor types and specifically identifying
enhancing tissue.21 In addition, machine learning
has also been investigated as a method to differ-
entiate between renal neoplasms and cysts; the
Fig. 5. Unenhanced axial CT image demonstrating
poorly defined ccRCC. Although some portions mea-
sure less than 20 HU, there are areas of heteroge-
neous higher attenuation (arrows).
detection of high entropy on CT texture analysis
has been found to be comparable to the assess-
ment of expert readers and superior to the assess-
ment of novice readers in distinguishing between
low-attenuation RCCs and cysts, with a sensitivity
of 84% and a specificity of 80%.22

On contrast-enhanced CT images, a homoge-
neous lesion with attenuation less than 20 HU is
almost certainly a cyst.23 Emerging data from
small series suggest that the attenuation threshold
for benign lesions could potentially be increased to
30 or 40 HU,24–26 with the caveat that a pRCCmay
rarely be missed using this new threshold.16
PSEUDOTUMORS

Several masslike renal abnormalities detected on
imaging are not RCCs. When first approaching a
renal abnormality, it is therefore good practice for
the radiologist to question whether the finding
could be developmental, posttraumatic, infectious
or postinfectious, vascular, or postprocedural in
origin (Box 1).
Congenital anatomic variants include a promi-

nent column of Bertin, which occurs as a result
of incomplete resorption of junctional parenchyma
during organogenesis. This variant seems as a
tongue of tissue extending into the renal sinus in
contiguity with renal parenchyma. Enhancement
that is similar to the surrounding parenchyma (for
CT, MR imaging, or contrast-enhanced ultra-
sound) or uptake on cortical agent radioisotope
imaging and characteristic morphology are clues
to the diagnosis of this anatomic variant. In the
corticomedullary phase of enhancement, a normal
corticomedullary pattern also helps to distinguish
potential anatomic variants from real lesions. For
instance, a dromedary hump is a focal protrusion
of parenchyma in the lateral midleft renal paren-
chyma adjacent to the spleen that should, other-
wise, follow the imaging characteristics of the
remainder of renal parenchyma.
Inflammatory masses such as focal pyelone-

phritis (Fig. 10), immunoglobulin G-4 (IgG4) renal



Fig. 6. Images of homogeneous low-attenuation pRCC. (A) ROI on unenhanced axial CT image shows a lesion
attenuation of 22 HU. (B) Contrast-enhanced axial CT image shows a mass with an enhancement of 56 HU. (C)
Same tumor on MR imaging with faint visual enhancement is confirmed on subtracted postcontrast axial T1-
weighted fat-suppressed image.

Fig. 7. Unenhanced axial CT images
from a 57-year-old woman with 2
left renal masses. (A) Hyperdense
cyst is homogeneous and measures
72 HU (arrow). (B) pRCC is mildly het-
erogeneous, has angular margins,
and measures 58 HU (arrow).

Fig. 8. Images of pRCC. (A) Axial unenhanced CT image shows a renal mass that measures 31 HU (arrow). (B)
Nephrographic phase–enhanced axial CT image shows a mass with an attenuation of 42 HU. (C) Subtracted
contrast-enhanced T1-weighted axial MR image of the same tumor shows minimal detectable enhancement.
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disease, and abscess may have the appearance of
a focal neoplasm. Combing the medical record for
pertinent clinical clues can keep the radiologist
from wandering down the wrong diagnostic path.
For instance, focal compensatory hypertrophy or
renal cortical preservation in the setting of exten-
sive renal scarring after infection or infarction can
have a masslike appearance (Fig. 11). After an
acute inflammatory event, imaging clues to the
correct diagnosis include multifocal areas of scar-
ring, preserved corticomedullary differentiation,
and stability over time.

Similarly, vascular malformations such as aneu-
rysms or arteriovenous fistulas may appear mass-
like on unenhanced images or during certain
phases of contrast administration. Confirmation
of a vascular cause of the finding can be made
with arterial phase imaging or Doppler ultrasound.



Fig. 9. Use of small ROIs to detect
enhancement. (A) Hyperdense pRCC
on unenhanced axial CT image with
a small ROI demonstrates an attenua-
tion of 53 HU. (B) Nephrographic
phase CT image ROI measures an
attenuation of 75 HU, confirming
enhancement (>20 HU difference).
ROIs encompassing two-thirds of the
mass measured attenuation values of
55 HU and 64 HU and were, thus, un-
able to detect enhancement.
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Findings on imaging after partial nephrectomy or
renal tumor ablation can mimic findings of a resid-
ual or recurrent tumor. The resection approach
used for renal tumors depends on tumor size and
tumor location within the kidney with respect to
the collecting system and vascular structures;
these factors affect the amount of parenchyma
that must be resected. Preserved renal function af-
ter resection is strongly correlated with preserved
parenchymal mass and renal reconstruction, so
preservation of normal renal parenchyma is imper-
ative.27,28 The renal remnant will have different ap-
pearances based on the amount of parenchyma
that was resected and the method of renorrhaphy
to achieve hemostasis closure of the renal
capsule. Often, the renal capsule is reapproxi-
mated over bolsters of oxidized cellulose or other
hemostatic agents, which can appear masslike,
especially in the immediate postoperative
period.29

Typically, imaging should not be performed in
the immediate postoperative period unless a
complication (such as hematoma with or without
pseudoaneurysm, urinoma, or abscess) is sus-
pected. Oxidized cellulose can mimic an ab-
scess at the resection site, as it may have the
appearance of a water attenuation collection
Box 1
Types of pseudotumors

Congenital (column of Bertin, dromedary hump)

Masslike compensatory hypertrophy (multifocal
scarring)

Inflammatory(pyelonephritis,abscess, IgG4disease)

Vascular abnormality—aneurysm/pseudoaneurysm

Partial nephrectomy pseudotumor/granuloma

Oxidized cellulose pseudoabscess

Early postablation enhancement
with gas bubbles interspersed within it even if
uninfected (Fig. 12).30 A renal parenchymal
defect, perinephric fat infiltration, and fluid col-
lections (75%) are other common findings after
renal mass resection.31 Some postoperative pa-
tients will have round or ovoid mildly enhancing
residual tissue at the resection site; this is usually
referred to as a pseudotumor32 or granuloma
(Fig. 13).33 Generally, this tissue involutes over
time. Although the American Urologic Associa-
tion guidelines recommend follow-up for T1 renal
tumors (up to 7 cm localized to the kidney),34

early recurrence is rare and postoperative imag-
ing findings can be confusing. Based on these
factors, the investigators of one study suggested
that imaging might be best deferred until 1 year
after surgery.35

When imaging is performed later after partial
nephrectomy, normal changes may be difficult
to distinguish from tumor recurrence. The investi-
gators of one small series suggested that the de-
gree of enhancement, morphology of imaging
findings, and temporal change can be used to
distinguish tumor recurrence from scarring after
partial nephrectomy.36 In this study, recurrent tu-
mors (presumably ccRCC) had greater enhance-
ment than scarring (median 119 HU vs 48 HU)
and showed enhancement loss in the nephro-
graphic and excretory phases as opposed to
increased enhancement for scarring. Also, the
true recurrent tumors appeared as spiculated
masses rather than as thin spidery projections
and increased rather than decreased in size
over time (Fig. 14).
Imaging findings after ablation will also vary over

time. Shortly after either radiofrequency ablation
or cryoablation, the treatment zone should be
larger than the original tumor, because a margin
of normal parenchyma is intentionally ablated.
The ablation zone does not typically enhance
and should decrease in size over time.37 However,
early residual enhancement in the first few days



Fig. 10. (A) Axial contrast-enhanced
CT image in a patient with flank
pain shows a focal rounded masslike
abnormality (arrow) with mild strand-
ing in perirenal fat (arrowhead). The
mass was initially interpreted as a
neoplasm until information about py-
uria and fever became available. (B) A
follow-up–enhanced CT image ob-
tained 4 months later shows resolu-
tion of focal infectious nephritis.

Fig. 11. A 73-year-old man with uri-
nary obstruction. (A) Sagittal ultra-
sound image of the right kidney
shows bulbous protrusion from the
upper pole of the kidney (arrow). (B)
Coronal contrast-enhanced CT MPR
image shows that the region repre-
sents normal parenchyma adjacent
to a parenchymal scar (arrow).

Fig. 12. Oxidized cellulose placed at renal tumor
resection site (white arrow) is visualized as a low-
attenuation collection with interspersed gas foci,
mimicking an abscess on the enhanced CT image. A
surgical drain (black arrow) can also be seen.
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after ablation can be detected at the site of the tu-
mor in 60% to 80% of ablation zones (Fig. 15).38–40

This early enhancement, which may be homoge-
neous or curvilinear, occurs more commonly in
cases of ccRCC and typically resolves within a
month. Therefore, many centers have abandoned
the use of early imaging to assess for ablation
completeness, waiting until 3 months after the pro-
cedure to begin imaging follow-up.

When disease progression (recurrence) after tu-
mor ablation does occur, it is most common at the
periphery of the ablation site, has variable
morphology depending on the ablation method
and device, and is characterized by new nodular
enhancement or internal enhancement.31

Comparing postablation images with preablation
images is extremely beneficial, as information on
the exact site andmorphology of the original tumor
is crucial for proper interpretation of postablation
images (Fig. 16).

FAT-CONTAINING RENAL MASSES

Some renal masses contain fat, which can aid in
making a correct diagnosis based on imaging find-
ings. However, the amount of fat, its location with
respect to the cellular makeup of the lesion, and
the method of detection all contribute to the
complexity of deciphering and categorizing renal
masses that contain fat.

The prototypical fat-containing renal mass is the
angiomyolipoma (AML), a benign neoplasm that
contains components of vascular tissue, smooth
muscle, and adipocytes or fat cells. Most of the
AMLs thus have macroscopic fat41 (sometimes
referred to as bulk fat), indicating an adequate
number of adipocytes to be detected by imaging.
Detection of macroscopic fat can be accom-
plished by finding an ROI on unenhanced CT that
measures less than �10 HU.42 For tiny foci of fat,
thin-section CT reconstruction can improve
sensitivity.



Fig. 13. Images of pseudotumor after partial nephrectomy. (A) CT image obtained 2 months after surgery shows
mildly enhancing soft tissue at the resection site (arrow) that diminishes by 6 months (B) and resolves thereafter
(7 years) (C).

Fig. 14. (A) Contrast-enhanced T1-weighted MR image from a 67-year-old man with atrophic left kidney and
right renal tumor (large arrow) with renal vein invasion (small arrow) treated with preoperative pazopanib fol-
lowed by partial nephrectomy. (B) One-year follow-up CT image shows a 5-mm enhancing nodule (arrow) at the
resection site, not identified by the interpreting radiologist. (C) Two-year follow-up CT image shows increase in
size of nodule (arrow) to 1.2 cm. The patient underwent cryoablation for recurrence. Recurrent disease most
commonly demonstrates rounded, convex margins, may hyperenhance (in cases of ccRCC), and increases in size
over time.

Fig. 15. Early postablation enhance-
ment in 2 patients. (A) CT image ob-
tained 1 day after ablation shows
small rounded focus of enhancement
(arrow) within ablation zone (arrow-
heads). (B) MR image obtained 1 day
after ablation shows large rounded
focus of enhancement (arrow) within
ablation zone (arrowheads).
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Macroscopic fat on MR imaging can be identi-
fied using several methods. Signal intensity loss
after the application of chemical selective fat sup-
pression or fat and water separation Dixon tech-
niques can confirm the presence of macroscopic
fat. Alternatively, curvilinear or linear chemical shift
artifact (of the second kind) causes an India-ink
artifact at the boundary of a macroscopic fat-
containing lesion on T1-weighted gradient-
recalled echo images. Central high signal intensity
should be maintained, matching the signal inten-
sity of other macroscopic fat (such as
retroperitoneal or subcutaneous fat) and thus con-
firming the presence of macroscopic fat
(Fig. 17).35 Research has shown that MR imaging
may be more sensitive to fat than unenhanced
CT in small AMLs.43

Not all renal masses with macroscopic fat are
AMLs. Rarely, macroscopic fat can be seen in
RCCs, most often with coexistent calcifications.35

When a renal mass engulfs retroperitoneal fat,
leading to intralesional macroscopic fat, RCC
should be suspected.



Fig. 16. Recurrence after cryoablation. (A) Preprocedural sagittal reformatted CT image shows small lower pole
tumor (arrow). (B) Six-month fat-saturated T1-weighted sagittal MR image after cryoablation shows a normal
finding of thin rim enhancement at the ablation zone boundary (arrow) without other enhancement. (C) Two-
year sagittal MR image shows rounded, enhancing nodule (arrow) at the deep margin of the ablation zone ex-
tending into the central sinus indicating tumor recurrence.

Fig. 17. Liposarcoma versus large AML. (A) CT image of dedifferentiated retroperitoneal liposarcoma with abun-
dant fat and soft tissue nodules. (B) Large AML also appears as predominantly fat attenuation but also demon-
strates a tiny renal parenchymal notch (arrow) and (C) has large central vessels (arrow).

Fig. 18. Microscopic versus macro-
scopic fat on in-phase and opposed-
phase T1-weighted gradient-recalled
echo MR imaging. (A) In-phase and
(B) opposed-phase images of AML
show maintained central hyperinten-
sity (as is also seen with retroperito-
neal fat) with India ink artifact at
the boundary of the AML and renal
parenchyma on opposed-phase im-
age (arrow). (C) In-phase and (D)
opposed-phase images in ccRCC
show diffuse signal intensity loss on
opposed-phase image (arrows), indi-
cating microscopic (intracellular) fat
not macroscopic (bulk) fat.
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As in other areas of the body, when a large mass
is first detected, identifying the site of origin can be
challenging. For instance, when an AML presents
as a large fat-containing retroperitoneal mass, it
may be misidentified as a retroperitoneal liposar-
coma, as these masses can have a similar appear-
ance. In these cases, an accurate diagnosis is
crucial; an AML is benign andmay not require ther-
apy, whereas a liposarcoma requires radical
resection. Because AMLs arise from the kidney,
a defect will be found in the renal parenchyma at
the location of origin. AMLs also tend to contain
large vessels, whereas sarcomas tend to be hypo-
vascular, and AMLs are often multiple, whereas
liposarcomas are a unicentric process (see
Fig. 17).44

Approximately 5% of AMLs contain so few adi-
pocytes that they cannot be discerned on unen-
hanced CT images or on MR images obtained
with fat-suppression techniques; these masses
are known as fat-poor AMLs (fpAMLs). The scar-
city of fat cells can cause signal intensity loss in
a noncurvilinear or diffuse manner on opposed-
phase T1-weighted gradient-recalled echo images
when compared with in-phase images, indicating
the presence of microscopic fat. Microscopic fat,
however, can be detected in 2 different settings:
from a scarce number of adipocytes (as in fpAML)
or from the presence of fat within tumor cells (as
can be seen in ccRCC) (Fig. 18).35 This distinction
cannot be made with chemical shift imaging alone,
and so additional features must be considered to
determine the diagnosis. fpAMLs are more com-
mon in women and are generally small and hyper-
attenuating on unenhanced CT images due to a
high percentage of smooth muscle component.36

These masses also tend to be T2 hypointense
(T2 signal intensity ratio <0.9) and hyperenhance
after contrast administration (arterial-to-delayed
enhancement ratio >1.5).45 These findings are in
contradistinction to those seen with pRCC; these
masses are T2 hypointense but hypoenhance after
contrast administration. The findings are also
different from those seen with ccRCCs, which
hyperenhance after contrast administration but
are T2 hyperintense. Both fpAMLs and pRCCs
generally show restricted diffusion.
SUMMARY

Radiologists face several pitfalls when interpreting
images of the kidneys. Clinical history is para-
mount to guiding an appropriate evaluation, and
attention to technical details, use of multiplanar
imaging, and appropriate use of attenuation mea-
surements can help readers avoid interpretation
mistakes. Knowledge of the expected imaging
appearance of kidneys after various treatments
for RCC and patterns of fat within renal masses
and how they impact the differential diagnosis of
a focal renal mass will also help to minimize diag-
nostic errors.
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