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Introduction
Renal tumors are incidentally discovered at an increasing 
frequency due to the widespread use of cross-sectional 
imaging.1,2 Many of these are 4 cm or less in diameter 
(clinical stage T1a) and termed small renal masses (SRMs). 
They vary widely in biological aggressiveness, ranging from 
benign tumors to high grade renal cell carcinomas (RCCs). 
As a result, management options for these tumors have 
evolved over time and range from surgical resection to 
active surveillance.

Imaging is crucial to characterize renal masses and guide 
management. It is used to differentiate benign tumors 
from RCCs, and predict RCC histological subtype and 
grade where possible. Imaging is also used to stage RCC, 
and provide pre-operative planning. CT is currently 
the most commonly used modality for initial diag-
nosis and staging. MRI can provide additional charac-
terization in some cases that may aid in management  
decision.

Dedicated renal mass CT and MRI protocols, where 
images are acquired before and after the administration 
of intravenous contrast material at prescribed timings, 
are usually performed to optimize renal mass charac-
terization. However, evidence shows not all incidentally 
detected renal masses require such a complete assess-
ment. For example, a homogenous hyperdense renal mass 
that measures greater than 70 Hounsfield units (HU) 
on a non-enhanced CT represents a benign hyperdense 
cyst in 99% of cases,3 and likely does not require addi-
tional imaging with contrast. Similarly, a homogeneous 

low attenuation lesion measuring between −10 and 20 
HU is presumed to be a benign cyst without the need 
for additional imaging.4 While ultrasound can be useful 
in assessing whether a mass is cystic or solid, its use for 
renal mass characterization is limited by low sensitivity 
for small lesions, operator dependence, and other tech-
nical limitations. Though contrast enhanced ultrasound 
with microbubble agents is emerging as a useful modality 
to characterize previously indeterminate renal lesions,5–7 
it is not currently widely available. In this review, we will 
summarize the current evidence of the biology of small 
solid renal masses, and discuss key approaches in imaging 
characterization of these masses using CT and MRI. Our 
discussion will focus on the well-circumscribed renal 
cortical tumors, and not tumors exhibiting clearly aggres-
sive features.

Renal pseudotumors
Before establishing a diagnosis of a renal tumor, one should 
always consider the possibility of tumor mimics, since 
misdiagnosis could result in inappropriate management 
such as surgical resection. Renal pseudotumors can usually 
be correctly diagnosed by noting several imaging features 
as well as the clinical history.

Focal hypertrophy of the renal parenchyma can be prop-
erly identified by noting that the “tumor” and normal 
renal parenchyma demonstrate the same enhancement 
pattern, and by recognizing adjacent parenchymal scar-
ring. Images obtained during the corticomedullary phase 
may be particularly helpful in these cases to demon-
strate the normal corticomedullary differentiation in 
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Abstract

Small renal masses are increasingly detected incidentally at imaging. They vary widely in histology and aggressiveness, 
and include benign renal tumors and renal cell carcinomas that can be either indolent or aggressive. Imaging plays a key 
role in the characterization of these small renal masses. While a confident diagnosis can be made in many cases, some 
renal masses are indeterminate at imaging and can present as diagnostic dilemmas for both the radiologists and the 
referring clinicians. This article will summarize the current evidence of imaging features that correlate with the biology 
of small solid renal masses, and discuss key approaches in imaging characterization of these masses using CT and MRI.
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the hypertrophied renal parenchyma (Figure 1). Focal pyelo-
nephritis can be differentiated from a renal tumor by noting 
the presence of a striated or heterogeneous nephrogram, 
edema in the renal parenchyma adjacent to the lesion, and 
perinephric fat stranding. Acute renal infarcts can be distin-
guished from tumors based on the lack of renal contour 
deformity, wedge-shaped lesions with sharply demarcated 
straight margins, lack of contrast enhancement, and pres-
ence of a cortical rim nephrogram over the infarct. Infarcts 
usually occur when patients have known risk factors, such as 
atrial fibrillation, and symptoms of pain (Figure 2). When the 
differentiation of focal pyelonephritis or acute infarct from 
a tumor is uncertain, a short-interval follow-up scan can be 
obtained as these pseudotumors should evolve fairly rapidly, 
while a tumor is less likely to change significantly over a short 
time interval. Renal pseudoaneurysms can be diagnosed by 
observing an enhancement pattern that follows that of the  
vasculature.

Renal tumor subtypes and biology of 
small renal masses
Clear cell RCC is the most common subtype and accounts for 
70–80% of all RCCs. It is followed by papillary RCC (~10%), 
chromophobe RCC (~5%), and other rare subtypes of RCCs.8 
Clear cell RCCs are usually considered the most aggressive of 
the more common subtypes.9 Yet, some studies have shown that 
tumor stage, grade and clinical performance, but not histology, 
were independent predictors of overall survival.10

Among renal masses 4 cm or less, approximately 80% are 
RCCs, with clear cell subtype accounting for the majority of 
the cases.11,12 With decreasing tumor size, the percentage of 
clear cell RCCs decreases and the percentage of papillary RCCs 
increases.13 Benign renal tumors also increase in prevalence as 
tumor size decreases. Approximately 20% of solid tumors that 
measure between 1 and 4 cm in diameter are benign.14 The prev-
alence of benign tumors rises to more than 40% when the tumor 
measures less than 1 cm12. Approximately, 70–80% of RCCs 
measuring 4 cm or less in diameter are low grade tumors that 
are unlikely to metastasize.11,15,16 The remaining are potentially 
aggressive lesion with high Fuhrman grade (Grades 3 and 4). 
Locally advanced and metastatic disease have been reported in 
6.3 and 3% of patients with SRMs at diagnosis, respectively.17

Tumor size is one of the most important predictors of malig-
nancy and aggressive histology, with increasing odds of clear 
cell histology and higher grade with increasing tumor size.12,18 
Interestingly, data from active surveillance show that tumor size 
at presentation does not predict the overall growth rate, and 
that the growth rate of benign oncocytomas is similar to that of 
RCCs.19 Therefore, growth rate of SRMs on surveillance imaging 
is not a reliable predictor of malignancy. However, none of the 
tumors that exhibited zero growth under surveillance progressed 
to metastasis.16

Given the increasing detection of SRMs and the recognition of 
the biological heterogeneity in these masses, a wide variety of 
treatment options exist, including surgery (radical or nephron 
sparing), thermal ablations, and active surveillance. Imaging 
characterization of these SRMs is essential in rationally guiding 
the selection of different management options.

CT characterization of renal masses
CT is the imaging modality that is most commonly used to eval-
uate renal masses. A dedicated CT renal mass protocol should 
include a non-enhanced phase, and a nephrographic phase 
obtained at approximately 90–120  s following intravenous 
contrast administration. During the nephrographic phase, there 
is maximal and homogenous enhancement of the renal paren-
chyma, which allows for the identification of small hypovascular 
masses that may be obscured during the corticomedullary phase 
due to their similar CT attenuation when compared to the rela-
tively unenhanced renal medulla (Figure 3). The corticomedul-
lary and excretory phases can be optionally acquired, and may 
be useful in subtyping RCC, differentiating RCC from urothe-
lial cancer, or assessing potential involvement of the collecting 
system by the tumor.20 Another important parameter of a renal 

Figure 1. A 68-year-old female with renal pseudotumor sec-
ondary to focal parenchymal hypertrophy. (a) Nephrographic 
phase image shows a bulge in the right lateral renal contour 
(long arrow) that mimics a tumor. There is adjacent renal cor-
tical scarring (short arrow). (b) Corticomedullary image con-
firms the bulge in the renal contour represents normal renal 
parenchyma (long arrow), which appears more prominent 
due to adjacent scarring (short arrow).

Figure 2.  A  63-year-old female with renal infarct. (a) Initial 
contrast-enhanced CT performed for abdominal pain shows 
an ill-defined right renal lesion (long arrow) and small amount 
of perinephric fat stranding (short arrow). Patient also had 
history of atrial fibrillation. Given the history, renal infarct was 
suspected. (b) Contrast-enhanced CT performed 3 months 
later shows evolution of the right renal lesion with decrease in 
its size, confirming that the lesion is not a tumor, and is more 
consistent with renal infarct given clinical history.
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mass CT protocol is the slice thickness. Thin slices, i.e. 2–3 mm, 
should be prescribed to minimize partial volume artifact that 
may impact the characterization of SRMs.

Assessing the presence of fat
The presence of macroscopic or bulk fat in a non-calcified 
renal mass is virtually diagnostic of a benign angiomyolipoma 
(AML). Most AMLs do not need to be treated, unless they are 
large (usually >4 cm), that increases the risk of bleeding, or are 
symptomatic.

On CT, macroscopic fat is defined as having attenuation less than 
−10 HU.21,22 In most cases, the presence of macroscopic fat in a 
renal mass is readily apparent. However, small amounts may be 
obscured on a contrast-enhanced scan (Figure 4). Therefore, an 
unenhanced scan with thin slice sections (preferably at 1.25 mm) 
should be obtained to look for small amounts of macroscopic 
fat in a renal mass22 (Figure 4). AMLs that do not demonstrate 
macroscopic or visible fat on imaging are termed lipid-poor 
AMLs, and they mimic RCCs. Lipid-poor AMLs are uncommon; 

in one series, biopsies of 351 SRMs detected by CT or MRI 
revealed only 1% to be lipid-poor AMLs.23 Several investigators 
have reported CT histogram analysis of percentages of pixels 
measuring fat attenuation to be useful in diagnosing lipid-poor 
AML,24,25 however, others have not found this to be reliable.26,27

In very rare cases, macroscopic fat can be seen in RCCs. The 
fat may be secondary to engulfment of adjacent fat, osseous 
metaplasia,28 or cholesterol necrosis.29 A “fat containing” RCC 
may potentially be mistaken as a benign AML. A feature that is 
helpful in differentiating between the two is the presence of calci-
fications, as calcifications are rarely seen in AMLs.30 If a renal 
mass contains calcifications and fat, then it is suspicious for a 
RCC (Figure 5). Occasionally, an ablated renal tumor can been 
surrounded by fat and a thin rim of peritumoral soft tissue atten-
uation,31 and may potentially mimic an AML (Figure  6). This 
post-procedural appearance can be easily recognized based on 
the history and review of prior scans.

Assessing the presence of enhancement
On CT, a renal mass is generally considered to be non-en-
hancing if the change in attenuation is ≤10 HU between the 
unenhanced and contrast-enhanced scans, and enhancing if 
the change is >20 HU. If the change is between 10 and 20 HU, 
the enhancement is considered borderline, equivocal or inde-
terminate.32,33 It is important to note that pseudoenhancement 
can occur when small cysts are seen against the background of 
intense enhancement of the renal parenchymal.34 Additionally, 
it may be challenging to determine the presence or absence of 
enhancement in small (i.e. ≤1.5 cm in diameter) renal masses 
due to volume-averaging. When assessing HU changes in a renal 
mass, it is important to compare the same region of interest on 
the unenhanced and contrast enhanced images. It may also be 
necessary to place several regions of interest in lesions that are 
heterogeneous to be certain that focal areas of enhancement are 
not missed.

Most renal tumors enhance avidly and the diagnosis of an 
enhancing mass can be made unequivocally. However, a 
minority of small RCCs, in particular papillary RCCs, have 

Figure 3. A 65-year-old female with a renal mass. (a) Contrast 
enhanced CT in the corticomedullary phase shows a small 
hypodense right renal lesion (arrow) which is obscured by the 
relatively unenhanced adjacent renal medulla. (b) CT image 
in the nephrographic phase shows the same lesion (arrow) to 
a much better advantage surrounded by the homogenously 
enhancing renal parenchyma. The patient underwent active 
surveillance for this lesion, which remained stable for one year. 
The patient was then lost to follow up.

Figure 4. A 60-year-old female with an angiomyolipoma. (a) 
Contrast enhanced CT image demonstrates an enhancing 
mass (long arrow) in the right kidney with questionable area 
of macroscopic fat (short arrow). (b) Unenhanced CT image 
demonstrates definite macroscopic fat (short arrow) in the 
mass (long arrow), allowing a confident diagnosis of an angi-
omyolipoma.

Figure 5. A 60-year-old male with a rare papillary RCC con-
taining macroscopic fat and calcification. (a) Unenhanced 
CT image demonstrates an exophytic right renal mass with a 
focus of macroscopic fat (short arrow) and amorphous calcifi-
cations (long arrow). (b) Image of the more inferior aspect of 
the renal mass shows dense calcifications (long arrow).
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low-level enhancement. The changes in HU in these tumors 
following contrast administration sometimes do not reach the 
usual enhancement thresholds, and these RCCs might be misin-
terpreted as hyperdense cysts.35

Dual energy CT (DECT) has been shown to be useful for 
assessing renal lesion enhancement in several ways. For example, 
DECT with reconstruction of virtual monochromatic image can 
reduce or eliminate renal cyst pseudoenhancement.36 Several 
studies have also reported improved differentiation between 
non-enhancing cysts and low-level enhancing tumors.37–40 Other 
studies have shown that DECT can distinguish solid tumors 
from hyperdense cysts incidentally discovered on a single phase 
post-contrast CT,41–43 and can be valuable when a comprehen-
sive multiphase renal protocol CT is not available. Several DECT 
artifacts, however, may limit interpretation of a renal lesion 
enhancement. These include persistent iodine contrast on the 
virtual unenhanced image due to failed spectral cancellation, and 
the factitious color-coded voxels on the iodine maps due to the 
presence of calcium or iron in a lesion.44 MRI may be consid-
ered in cases where the presence of enhancement is equivocal or 
uncertain on CT.

Differentiating renal tumor subtypes at CT
It is challenging to reliably differentiate RCCs from some 
benign tumors such as oncocytomas and lipid-poor AMLs. 
Multiple studies have evaluated whether enhancement charac-
teristics can predict tumor histology. Oncocytomas have been 
reported to demonstrate a “segmental enhancement inversion” 
pattern during corticomedullary and early excretory phase45,46 
(Figure  7). However, this finding is also seen in RCCs.47–49 A 
central scar has been associated with oncocytomas (Figure  8), 

but this feature is also seen in RCC (Figure 9). In a retrospec-
tive study of RCCs and oncocytomas evaluated with four phase 
CT, multiphasic enhancement thresholds differentiated clear 
cell RCC from oncocytoma with a moderate accuracy of 77%.50 

Figure 6.  A  48-year-old female post-ablation of a left renal 
mass. Contrast-enhanced CT shows the ablated renal tumor 
(short arrow) surrounded by fat and a thin rim of peritumoral 
soft tissue attenuation (long arrow).

Figure 7. A 71-year-old male with renal oncocytoma. (a) CMP 
CT image shows enhancing left renal mass with two areas of 
differential enhancement: high enhanced (long arrows) and 
less enhanced (short arrow). (b) Early excretory phase CT 
image shows inversion of the enhancement pattern with the 
highly enhanced area on the CMP becoming less enhancing 
(long arrows), and the less enhancing area on the CMP highly 
enhancing (short arrow). (c, d) Show similar findings on con-
trast-enhanced MRI. CMP, corticomedullar phase.

Figure 8. A 57-year-old female with renal oncocytoma. Con-
trast enhanced CT shows an enhancing right renal mass (long 
arrow) with a central scar (short arrow).
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However, the absolute tumor enhancement values may be influ-
enced by factors such as tumor size, contrast medium concen-
tration and scanning protocols. These multiphasic enhancement 
thresholds have not been validated in larger studies.

Lipid-poor AML is another common mimic of RCC at imaging. 
High tumor attenuation on unenhanced CT and homoge-
nous enhancement have been reported to suggest lipid-poor 
AMLs51–53 (Figure 10). Though definitive differentiation between 
these types of AMLs from RCCs on imaging is not yet possible, 
when these features are present, biopsy may be appropriate to 
make a definitive diagnosis.33

Clear cell and papillary tend to be the most and least enhancing 
subtypes of RCCs, respectively. In one study comparing clear cell 
and papillary RCCs, tumor attenuation less than 100 HU in the 
corticomedullary phase was 95.7% specific for papillary RCCs 
after normalization for aortic enhancement.54 Qualitatively, in 
contrast to other RCC subtypes, papillary RCCs are commonly 
hypovascular and show progressive enhancement which peaks 
in the nephrographic phase55 (Figure 11). Given that papillary 
RCC is usually considered a less aggressive subtype, lesions with 
such imaging features may be managed conservatively, e.g. with 
active surveillance, especially in patients who are poor surgical 
candidates. It is important to note, however, that there are two 
different subtypes of papillary RCCs (Types 1 and 2), with the 
less common Type 2 being more aggressive. The overlap of 
imaging features between the two subtypes prevents reliable 
differentiation.56

Overall, several CT features related to tumor density on unen-
hanced images as well as enhancement pattern following contrast 
may be helpful to gauge the likelihood of certain histology, 
though definitive diagnosis remains difficult except for AML 
with macroscopic fat. In cases of equivocal enhancement in a 
renal mass on CT, MRI should be considered.

MRI characterization of renal masses
MRI is frequently used as a problem-solving tool when inde-
terminate renal lesions are seen on CT, but can be used as the 
initial dedicated study for the workup of a renal mass seen on 
ultrasound. MRI provides multiple forms of soft tissue contrast 

Figure 11. A 65-year-old male with papillary RCC. (a) Unen-
hanced CT image shows an exophytic right renal mass that is 
intermediate in attenuation measuring 40 HU. (b) Corticom-
edullary phase and (c) nephrographic phase images show the 
mass to have progressive low-level enhancement with atten-
uation increase to 58 HU in corticomedullary phase, and to 
77 HU in nephrographic phase. RCC, renal cell carcinoma.

Figure 9. A 46-year-old female with chromophobe RCC.  
Contrast-enhanced CT shows a large heterogeneously 
enhancing left renal mass (long arrow) with central scar (short 
arrow). RCC, renal cell carcinoma.

Figure 10. A 63-year-old male with an incidentally detected 
renal mass. (a) Unenhanced CT shows an hyperattenuating 
right renal mass (arrow). (b) Contrast-enhanced CT shows the 
mass to be homogenously enhancing. The imaging features 
suggest but are not diagnostic for a lipid-poor angiomyoli-
poma. The patient subsequently underwent a percutaneous 
renal biopsy which confirmed the diagnosis of a lipid-poor 
angiomyolipoma.
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as well as functional parameters, and permits a comprehensive 
evaluation of renal masses.

A typical renal mass MRI protocol should include a T2 weighted 
sequence, which is helpful in detecting and characterizing cystic 
renal masses. The T2 signal intensity of a solid renal mass is 
also helpful in suggesting certain histology, as described below. 
T1  weighted gradient echo in- and opposed-phase imaging 
should be included to allow better detection of macroscopic 
or microscopic/intracytoplasmic fat, as well as hemosiderin 
in a renal mass. T1  weighted three-dimensional fat suppressed 
gradient-echo imaging should be performed before and 
following administration of gadolinium-based contrast mate-
rial in corticomedullary, nephrographic, and excretory phases. 
The enhancement pattern in a renal mass on multiphase MRI 
has been reported to be useful in determining RCC subtypes.57 
Diffusion-weighted (DW) MRI is an optional but frequently 
included sequence in a renal mass protocol. Several studies have 
suggested the potential utility of apparent diffusion coefficient 
(ADC) values to provide further characterization of a renal mass 
as described below.

Assessing the presence of fat
An AML with macroscopic fat can be definitively diagnosed 
on MRI by observing the loss of signal on fat suppressed 
images. However, small amounts of macroscopic fat can be 
subtle and missed on fat suppressed sequences. With chem-
ical shift imaging, signal loss occurs at fat-water interfaces on 
the opposed-phase images, creating the india-ink artefact. The 
small amount of fat may be more easily visualized as a small 
dark ring (Figure 12). The presence of such a rim of signal loss 

on the opposed-phase images at a renal mass-kidney interface 
or within a renal mass has been shown to be indicative of an 
AML.58

It is important to note that microscopic/intracytoplasmic fat is 
detected as more diffuse or ill-defined areas of signal loss, rather 
than a rim loss of signal on opposed phase MRI. The diffuse 
pattern of signal loss on opposed phased MRI occurs when there 
is intermixing of fat with other soft tissue elements within a voxel 
in the case of lipid-poor AML or when there is intracellular fat 
in the case of clear cell subtype of RCC. Therefore, the presence 
of microscopic fat cannot be used to differentiate between AML 
and RCC.59,60

Assessing the presence of enhancement
MRI is not subject to pseudoenhancement as in CT. Quan-
titatively on MRI, a renal mass is considered enhancing if 
there is greater than 15% signal intensity increase following  
gadolinium-based contrast administration. This has shown 100% 
sensitivity and 94% specificity for the detection of enhancement 
on MRI.61 Qualitatively, a renal mass is enhancing if there is a 
perceptible increase in signal intensity after contrast administra-
tion. If a lesion has intrinsic T1 hyperintensity, which may limit 
visual assessment of enhancement, subtraction imaging can be 
helpful in differentiating between hemorrhagic/proteinaceous 
cysts from renal tumors62 (Figure 13). A potential limitation of 
subtraction imaging is misregistration between the unenhanced 
and enhanced images, and this can create regions of artifactual 
enhancement within a lesion. Therefore, it is important to only 
use source images that are without motion and are well-aligned 
to generate accurate subtraction images.

Figure 12. A 55-year-old female with renal angiomyolipoma. 
(a) Post-gadolinium enhanced image shows a well-defined 
enhancing right renal mass (long arrow) with a small area of 
hypointensity (short arrow). In-phase (b) and opposed-phase 
(c) images confirm the presence of macroscopic fat (short 
arrow) in the mass with T1 hyperintensity on the in-phase 
image, and rim of signal loss on the opposed-phase image.

Figure 13.  A  70-year-old male with papillary RCC. (a) T1 
weighted fat saturated pre-contrast image shows a right renal 
mass (arrow) with intermediate T1 intensity. (b) T1 weighted 
fat saturated post-contrast image shows the mass with inde-
terminate enhancement. (c) Subtraction image shows clear 
enhancement in the mass consistent with a tumor which was 
later resected and proven to a papillary RCC. 
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MRI has been shown to be more sensitive to contrast enhance-
ment for renal masses with indeterminate enhancement at 
CT.56,63 This is helpful in the case of papillary RCCs which can 
have low-level enhancement that may be missed at CT. Another 
advantage of MRI over CT in the assessment of enhancement is 
for calcified masses. On CT, enhancing soft tissue in a renal mass 
can be obscured by coarse calcifications. In those instances, MRI 
can be helpful because calcification would appear hypointense 
and the adjacent enhancing tumor tissue can be better visualized.

Multiparametric MRI in characterizing renal masses
Similar to CT, other than AMLs with macroscopic fat, MRI 
cannot yet reliably differentiate benign and malignant renal 
tumors. However, the availability of multiple forms of soft-tissue 
contrast on multiparametric MRI can suggest subtypes of renal 
tumors that have different prognosis and aid in clinical manage-
ment. For example, clear cell RCCs, the most common and 
generally more aggressive subtype, typically show intermediate 
to high signal intensity on T2 weighted images and hypervascu-
larity following intravenous contrast administration.57 In addi-
tion, some clear cell RCCs have microscopic/intravoxel fat that 
is evident on dual echo T1 weighted images. While these features 
are non-specific individually, the combination of tumor hyper-
vascularity, intermediate to high T2 signal, and intravoxel lipid is 
highly suggestive of clear cell RCCs64 (Figures 14 and 15).

In comparison, papillary RCCs typically are noted for their 
low-level of enhancement, which becomes more apparent on 

later phases of MRI.56 In addition, papillary RCCs usually have 
lower signal intensity compared to normal renal parenchyma 
on T2  weighted images, thought to be secondary to the papil-
lary architecture and presence of hemosiderin.65 Hemosiderin, 
which can also be seen in other malignant renal tumors, is more 
commonly associated with papillary RCCs,66–68 and manifests 
as areas of signal loss on in-phase images when compared to 
opposed-phased images. The presence of low-level enhance-
ment, low signal on T2  weighted images, and the presence of 
hemosiderin would suggest a papillary RCC64,66 (Figures 16 and 
17). Because papillary RCCs tend to a be a less aggressive subtype 
compared to clear cell RCCs, the presence of these imaging 

Figure 14. A 71-year-old male with clear cell RCC. (a) 
T2 weighted, fat suppressed image shows the mass (arrow) 
has heterogeneous high T2 signal. (b) T1 weighted dual echo 
in-phase and (c) opposed-phase images show a left renal 
mass (arrows) that demonstrates signal drop in the opposed-
phase image (b), consistent with the presence of microscopic 
fat. (d) Gadolinium-enhanced image shows avid enhancement 
of the mass. The combination of findings is suggestive of a 
clear cell renal cell carcinoma, and was proven at pathology. 

Figure 15.  A  73-year-old female with a clear cell RCC. (a) 
T2 weighted, fat suppressed image shows the mass (arrow) 
has heterogeneous high T2 signal. (b) T1 weighted dual echo 
in-phase and (c opposed-phase (c) images show the mass 
(arrows) demonstrating signal drop in the opposed-phase 
image, consistent with the presence of microscopic fat. (d) 
Gadolinium-enhanced image shows heterogeneous enhance-
ment of the mass. The combination of findings is suggestive 
of a clear cell RCC, and was proven at pathology. 

Figure 16.  A  38-year-old male with papillary RCC. (a) 
T2  weighted image shows a hypointense mass (arrow). (b) 
T1  weighted post-contrast image shows low-level enhance-
ment in the mass (arrow). The combination of findings is 
suggestive of a papillary RCC, which was proven at pathol-
ogy. RCC, renal cell carcinoma.
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features may influence the management to active surveillance 
rather than resection in appropriately selected patients.

Lipid-poor AMLs are also commonly hypointense on T2 weighted 
sequences, similar to papillary RCCs. The low T2 signal of lipid-
poor AML is thought to reflect the presence of abundant smooth 
muscle.69,70 Unlike the low-level enhancement seen in papillary 
RCCs, lipid-poor AMLs usually have a high level of enhancement 
with a higher arterial to delayed enhancement ratio, a feature 
used to differentiate from papillary RCCs (Figure  18).59,71 As 
previously discussed, both clear cell RCCs and lipid-poor AMLs 
can demonstrate diffuse signal loss on opposed-phase relative to 
in-phase images due to the presence of microscopic or intravoxel 
fat. The presence of low T2 signal would favor a lipid poor AML, 
and the presence of intermediate to high T2 signal or necrosis 
would favor a clear cell RCC. Although the features described 
above for lipid-poor AMLs are not sufficiently specific, their 
presence may warrant a biopsy for a definitive diagnosis. Similar 
to CT, there are no consistently reliable MRI features that can 
differentiate between oncocytomas from RCCs. The multipara-
metric MRI features that can be used to diagnose or to suggest 
histology of the more common renal tumors are summarized in 
Figure 19.

Diffusion weighted MRI
Multiple studies have investigated the value of DW MRI for 
renal tumor characterization. For example, one retrospective 
study showed that the mean ADC values derived with DW 

MRI were higher in oncocytomas compared to RCCs.72 Other 
studies have reported that ADC values were useful in differ-
entiating between clear cell RCCs from non-clear cell RCCs, 
with papillary RCCs have the lowest ADC values.72–74 Mean 
ADC values of high grade clear cell RCCs were also shown to 
be lower than those of low grade clear cell RCCs.74,75 These 
studies show the potential of DW MRI to provide useful infor-
mation in renal tumor characterization, and may be particu-
larly helpful when gadolinium-based contrast material cannot 
be administered. However, the routine use of DW MRI in 
renal mass evaluation is currently limited by the significant 
variability in acquisition with different b-values, variability in 
ADC measurements, and the overlap in ADC values among 
the different tumor subtypes.

Management of indeterminate small 
solid renal masses
Despite the advances in CT and MRI, a proportion of the inci-
dentally detected small solid renal masses remain indeterminate 
on imaging due to overlap in imaging features between RCCs and 
benign tumors.76 Given the increased recognition of the higher 
likelihood of benign renal tumors and indolent RCCs among 
the SRMs, their management has evolved over time to include 
both surgery and less invasive approaches such as ablation and 
active surveillance. The American College of Radiology has also 
provided consensus expert opinions on the management of inci-
dentally detected solid renal masses that do not contain macro-
scopic fat and are indeterminate at imaging in an updated white 
paper in 2017.77 For solid masses measuring <1 cm, surveillance 
is recommended either with MRI or CT, beginning at 6–12 
months, and yearly for 5 years. For masses with growth (defined 
by ≥4 mm per year) or change in morphology (i.e. degree of 
heterogeneity) on surveillance imaging or masses that measure 

Figure 17. A 55-year-old male with papillary RCC. (a) In-phase 
and (b) opposed-phase images show a right renal mass (arrow) 
with loss of signal on the in-phase (longer TE sequence) when 
compared to opposed-phase, consistent with presence of 
hemosiderin in the mass. (c) T2 weighted MR image shows the 
mass to be T2 hypointense (arrow). (d) T1 weighted post-con-
trast image obtained in the nephrographic phase shows the 
mass with low-level enhancement. The combination of the 
findings is highly suggestive of a papillary RCC, and was 
proven at pathology. RCC, renal cell carcinoma.

Figure 18.  A  32-year-old male with lipid poor angiomyoli-
poma. (a) T2 weighted, fat-suppressed image shows the mass 
(arrows) to be hypointense. T1 weighted post-gadolinium 
image shows the mass (arrows) to be avidly enhancing in 
the corticomedullary phase (b), and washing out in the early 
excretory phase (c).
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