
G
EN

IT
O

U
R

IN
A

R
Y

 I
M

A
G

IN
G 2026

Differentiation of Solid Renal 
Tumors with Multiparametric MR 
Imaging1

Characterization of renal tumors is critical to determine the best 
therapeutic approach and improve overall patient survival. Because 
of increased use of high-resolution cross-sectional imaging in 
clinical practice, renal masses are being discovered with increased 
frequency. As a result, accurate imaging characterization of these 
lesions is more important than ever. However, because of the 
wide array of imaging features encountered as well as overlapping 
characteristics, identifying reliable imaging criteria for differen-
tiating malignant from benign renal masses remains a challenge. 
Multiparametric magnetic resonance (MR) imaging based on vari-
ous anatomic and functional parameters has an important role and 
adds diagnostic value in detection and characterization of renal 
masses. MR imaging may allow distinction of benign solid renal 
masses from several renal cell carcinoma (RCC) subtypes, poten-
tially suggest the histologic grade of a neoplasm, and play an im-
portant role in ensuring appropriate patient management to avoid 
unnecessary surgery or other interventions. It is also a useful nonin-
vasive imaging tool for patients who undergo active surveillance of 
renal masses and for follow-up after treatment of a renal mass. The 
purpose of this article is to review the characteristic MR imaging 
features of RCC and common benign renal masses and propose a 
diagnostic imaging approach to evaluation of solid renal masses us-
ing multiparametric MR imaging.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Discuss a clear diagnostic approach for 
solid renal masses using multiparametric 
MR imaging.

 ■ Identify and describe the spectrum of 
radiologic findings of the most common 
solid renal masses.

 ■ Illustrate imaging and pathology cor-
relates of the most common solid renal 
masses.

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

SA-CME LEARNING OBJECTIVES

Introduction
Recently, as a result of increased use of high-resolution cross-
sectional imaging, the number of incidental solid renal masses has 
increased, requiring further imaging characterization for proper 
diagnosis (1). This characterization extends beyond the simple deter-
mination of malignancy and benignity, as it determines and guides 
the therapeutic approach and follow-up management (2). In the 
past, a solid enhancing mass in the kidney was considered renal cell 
carcinoma (RCC) with no need for further characterization, as these 
were invariably resected. However, with time, advances in the under-
standing and treatment of renal masses have occurred and led to the 
discovery of an increasingly complex range of tumor subtypes (3).

In addition to enabling proper characterization of solid renal le-
sions, cross-sectional imaging is also necessary for staging purposes in 
patients with known disease, for assessment of recurrence in patients 
with previously treated disease, and for active surveillance in high-risk 
patients. RCC is one of the most frequently diagnosed adult cancers, 
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allows characterization of lesion vascularity and 
diffusion restriction and may allow differentiation 
of malignant from benign lesions. In addition, 
multiparametric MR imaging may aid in classify-
ing RCC subtypes and histologic grades (8).

In this article, we review and evaluate the diag-
nostic value that a multiparametric MR imaging 
approach adds to identification and differentiation 
of the most common types of solid renal masses, 
including RCC subtypes, AML, and oncocytoma. 
The classic MR imaging features of these solid 
renal lesions are also discussed and illustrated.

Imaging Protocol
The multiparametric MR imaging protocol for 
evaluation of renal masses at our institution 
includes T2-weighted sequences, chemical shift 
imaging (in-phase and opposed-phase), fat-sup-
pressed T1-weighted sequences before and after 
administration of gadolinium contrast material, 
diffusion-weighted imaging (DWI), and dynamic 
contrast-enhanced sequences (Table 1).

Contrast material injections at our institution 
are performed with (a) gadobenate dimeglumine 
(MultiHance; Bracco Diagnostics, Milan, Italy) at 
a dose of 0.05 mmol/kg in patients with a glo-
merular filtration rate of 30–60 mL/min/1.73 m2 
because of higher relaxivity or with (b) gadobutrol 
(Gadovist; Bayer Healthcare Pharmaceuticals, 
Berlin, Germany) at a dose of 0.1 mmol/kg in pa-
tients with a glomerular filtration rate greater than 
60 mL/min/1.73 m2, followed by a 20-mL saline 
flush (2 mL/sec) with a power injector (Spectris; 
Medrad, Warrendale, Pa).

Renal Cell Carcinoma
RCC is the most common malignant epithelial 
tumor, accounting for approximately 90% of all 
solid renal tumors in adults (4). RCC comprises 
a heterogeneous group of tumors with varying 
prognosis, response to treatment, histologic and 
imaging findings, biologic behavior, and cytoge-
netic abnormalities (Table 2) (5,9,10). Gener-
ally, the median age at diagnosis is 65 years with 
a predominance of male patients (4). The three 
main histologic subtypes of RCC are clear cell, 
papillary, and chromophobe tumors.

Clear Cell RCC
Clear cell RCC is the most common subtype of 
RCC, accounting for 65%–80% of cases (5,8). It 
is mostly sporadic in 95% of the cases; the remain-
ing 5% are associated with hereditary syndromes 
including von Hippel–Lindau disease and tuber-
ous sclerosis (11). Clear cell carcinomas are asso-
ciated with a less favorable outcome than the other 
two RCC subtypes, with a 5-year survival rate of 
44%–69% (5,12). Sarcomatoid differentiation and 

accounting for 2%–3% of all adult malignancies 
(4). The most common RCC subtypes, which are 
associated with distinct biologic behavior, progno-
sis, and therapeutic approach, include clear cell, 
papillary, and chromophobe tumors (5).

Because of the heterogeneity of imaging fea-
tures as well as overlapping imaging characteristics, 
the lack of reliable imaging criteria for recogni-
tion of malignant versus benign masses remains a 
challenge. Several imaging parameters have been 
proposed to distinguish the different renal lesions. 
There are two main benign lesions that may be dif-
ficult to differentiate from RCC. These are angio-
myolipomas (AMLs), in particular the lipid-poor 
subtype, which are overall the most common be-
nign solid renal neoplasm, and oncocytomas, which 
represent 3%–7% of all renal tumors (6,7).

Magnetic resonance (MR) imaging is a useful 
noninvasive imaging tool for diagnosis and char-
acterization of renal lesions because it provides 
excellent soft-tissue contrast and functional 
information. Renal multiparametric MR imaging 

TEACHING POINTS
 ■ At MR imaging, clear cell carcinomas typically show high T2 

signal intensity and a tendency to be heterogeneous because 
of necrosis, cystic degeneration, and/or hemorrhage. On T1-
weighted images, clear cell RCC shows low signal intensity to 
similar signal intensity to that of the renal parenchyma. They 
are hypervascular tumors, often showing heterogeneous 
enhancement after contrast material administration during 
the arterial phase and enhancing more avidly than the other 
RCCs, a feature helpful in distinction between subtypes of 
RCC. Differentiating clear cell RCCs from hypervascular be-
nign masses such as oncocytomas and AMLs remains a chal-
lenge. Another recognized feature in 60% of clear cell carci-
nomas is the presence of intralesional microscopic fat, which 
may appear as a drop in signal intensity on opposed-phase 
chemical shift images relative to that on in-phase images; 
greater than 25% signal loss may be predictive.

 ■ Papillary RCCs usually demonstrate low T2 signal intensity and 
are hypovascular with progressive enhancement after con-
trast material administration. They may contain hemosiderin, 
leading to areas with signal loss on in-phase images relative to 
opposed-phase images at chemical shift imaging.

 ■ Chromophobe RCCs share the same origin as oncocytomas 
and have overlapping histologic and imaging features.

 ■ At MR imaging, classic AMLs demonstrate high T1 signal in-
tensity because of their fat content. The presence of macro-
scopic fat can be appreciated as suppression of signal intensity 
on frequency-selective fat-saturated images and as india ink 
artifact on opposed-phase images.

 ■ At MR imaging, these lesions are homogeneous and show 
low signal intensity on T2-weighted images due to the pres-
ence of abundant smooth muscle and high signal intensity on 
T1-weighted images. The enhancement pattern of lipid-poor 
AMLs is typically early intense enhancement with subsequent 
washout, although it can be variable. Lipid-poor AMLs may 
appear as an exophytic non-round lesion without a capsule. 
Lipid-poor AMLs may show a drop in signal intensity on op-
posed-phase images when compared with in-phase images.
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classifies clear cell carcinomas into four grades 
(I–IV), with grades I and II referred to as low-
grade tumors and grades III and IV referred to as 
high-grade tumors (17,19). Higher-grade tumors 
are associated with a poorer prognosis (20).

At MR imaging, clear cell carcinomas typi-
cally show high T2 signal intensity and a ten-
dency to be heterogeneous because of necrosis, 
cystic degeneration, and/or hemorrhage (16,21). 
On T1-weighted images, clear cell RCC shows 
low signal intensity to similar signal intensity 
to that of the renal parenchyma (15). They are 
hypervascular tumors, often showing hetero-
geneous enhancement after contrast material 
administration during the arterial phase and 
enhancing more avidly than the other RCCs, a 
feature helpful in distinction between subtypes 
of RCC (22,23). Differentiating clear cell RCCs 

rhabdoid differentiation are rare and are each as-
sociated with a poorer prognosis (10,13).

Clear cell tumors originate from the epithe-
lium of the proximal convoluted tubules with 
predominantly expansible growth (14). Macro-
scopically, they have a golden-yellow appearance 
because of their lipid-rich contents (15). Histo-
logically, they are composed of cells with optically 
clear cell cytoplasm due to accumulation of cho-
lesterol and dissolved lipids (5,16). Tumor cells 
are typically arranged in sheets, acini, or alveoli, 
and prominent thin-walled vasculature is char-
acteristic. They often contain cells with granular 
eosinophilic cytoplasm (Fig 1) (5).

The most widely accepted histopathologic 
grading system for this RCC subtype is the 
Fuhrman classification grading system (17,18), 
which is based on nuclear size and features. It 

Table 1: Multiparametric MR Imaging Protocol for Evaluation of Renal Masses

Sequences Imaging Planes

T1-weighted dual-echo in-phase/opposed-phase GRE Axial
3D fat-saturated SPGR T1-weighted (nonenhanced and gadolinium-

enhanced DCE sequences: corticomedullary, nephrographic, and 
excretory phases)*

Axial, coronal, and/or sagittal

T2-weighted HASTE Axial and coronal and/or sagittal
T2-weighted TSE with fat suppression Axial
Spin-echo EPI DWI (b = 50, 500, and 800 sec/mm2) + ADC map Axial

Note.—ADC = apparent diffusion coefficient, DCE = dynamic contrast-enhanced, EPI = echo-planar 
imaging, GRE = gradient-echo, HASTE = half-Fourier acquisition single-shot turbo spin-echo, SPGR = 
spoiled gradient-echo, 3D = three-dimensional, TSE = turbo spin-echo.
*Corticomedullary phase images were obtained at approximately 40 seconds after contrast material admin-
istration using “fluoro-prep” timing, with nephrographic phase images obtained at 90 seconds and excretory 
phase images at 3 minutes.

Table 2: Characteristics of RCC Subtypes

RCC Subtypes Prevalence Origin Distinguishing MR Imaging Features Biologic Behavior

Clear cell 75% Proximal nephron High to intermediate signal intensity 
on T2-weighted images

Microscopic fat
Avid enhancement
Areas of necrosis

Aggressiveness de-
pends on Fuhrman 
grade, stage, and 
sarcomatoid trans-
formation

Papillary 10% Distal nephron Low signal intensity on T2-weighted 
images

Evidence of hemosiderin (signal loss 
on in-phase images)

Mild enhancement
Cystic change may occur

Associated with over-
all better prognosis 
than clear cell 
subtype

Chromophobe 5% Distal nephron Intermediate signal intensity on T2-
weighted images

Homogeneous
Moderate enhancement
Necrosis not common

5-year survival rate: 
78%–93%
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from hypervascular benign masses such as onco-
cytomas and AMLs remains a challenge (22).

Another recognized feature in 60% of clear 
cell carcinomas is the presence of intralesional 
microscopic fat, which may appear as a drop 
in signal intensity on opposed-phase chemical 
shift images relative to that on in-phase images; 
greater than 25% signal loss may be predictive 
(Fig 2) (16,22,24). Central necrosis is a common 
feature of clear cell RCCs and is seen as a ho-
mogeneous hypointense area in the center of the 
mass on T1-weighted images, with moderate to 
high signal intensity on T2-weighted images and 
nonenhancement after contrast material adminis-
tration (11) (Fig 3). Necrosis has been shown to 
correlate with tumor size and grade (5,13,25).

Clear cell RCCs show a propensity to invade 
vessels (45% of tumors), most often the renal 
vein and inferior vena cava, resulting in tumor 
thrombosis. Therefore, evaluation of vascular 
involvement and extension is important (15,26). 
Higher tumor grade is correlated with the pres-
ence of larger size, intralesional necrosis, retro-
peritoneal vascular collaterals, renal vein throm-
bosis, and interruption of the tumor capsule (11).

A tumor pseudocapsule (or hypointense rim) 
may be seen on both T1- and T2-weighted im-
ages and is assumed to be related to compres-
sion of the adjacent renal parenchyma by the 
expanding tumor. Interruption of this pseudo-
capsule correlates with invasion of perirenal fat 
(advanced stage) and higher nuclear grade (27). 
It has also been reported that a decreasing trend 
of apparent diffusion coefficient (ADC) values is 
seen with increasing Fuhrman grade, suggesting 
that DWI may be helpful in demonstrating the 
aggressiveness of clear cell RCCs and predicting 
tumor grade (8,28,29) (Figs 2, 3).

DWI can be helpful in detecting renal masses, 
especially in patients who cannot receive gadolin-
ium contrast material. The presence of restricted 
diffusion and lower ADC values can be seen in 
solid masses that are both malignant and be-
nign, including RCC, oncocytomas, AMLs, and 
abscesses. Benign cystic lesions do not restrict 
diffusion and show higher ADC values. Clear cell 
tumors have been reported to have significantly 
higher mean ADC than non–clear cell RCCs 
(30–32). However, others have found no signifi-
cant difference in ADC between clear cell and 
non–clear cell cancers (33).

Compared with papillary and chromophobe 
RCCs, clear cell carcinomas are more likely to be 
symptomatic, encountered at an advanced stage, 
and metastatic, accounting for 94% of metastatic 
RCC cases, mostly to the lungs (5,10,34,35).

Papillary RCC
Papillary carcinomas are the second most com-
mon subtype of RCC, accounting for 10%–15% 
of cases (5,36). They are bilateral in 4% of cases 
and multifocal in 23% (35). However, multifocality 
has been shown not to correlate with tumor type, 
grade, or stage (37). Papillary carcinomas generally 
have a better prognosis than clear cell carcinomas 
and a more favorable outcome, including bet-
ter survival (5-year survival rate of approximately 
90%) (5,35,38) and lower incidence of metastases, 
mostly to the lungs (34,39). Tumor epithelium is 
reminiscent of the epithelium of the proximal con-
voluted tubules (14,15).

Macroscopically, papillary RCCs often con-
tain areas of hemorrhage, necrosis, and cystic 
degeneration (15). Sarcomatoid differentiation 
may occur in approximately 5% of cases (11). 
Histologically, they are composed of eosinophilic 

Figure 1. Clear cell RCC. (a) Photograph of a sectioned gross specimen shows a clear cell RCC (golden-yellow appearance). 
(b) Photomicrograph shows nests of tumor cells with clear cytoplasm, round nuclei, and inconspicuous nucleoli surrounded by 
a fine fibrovascular network. (Hematoxylin-eosin [H-E] stain; original magnification, 3100.)



2030  November-December 2017 radiographics.rsna.org

tumor cells with papillary growth and foamy his-
tiocytic infiltration into the interstitium, which is 
laden with hemosiderin and fat (Fig 4) (38).

Papillary carcinomas have been pathologically 
divided by Delahunt and Eble (40) and Delahunt 
et al (41) into two groups: type I (basophilic), 
composed of small cuboidal cells with uniform 
nuclei covering thin papillae, and type II (eo-
sinophilic), organized as large eosinophilic cells 
with pleomorphic nuclei (40–43). Both display 

distinct clinical-pathologic behaviors. It has been 
reported that type II is associated with higher 
nuclear grade and pathologic stage and poorer 
survival rates compared with type I, which tends 
to be of lower Fuhrman nuclear grade (39,42).

In most cases, MR imaging shows a well-cir-
cumscribed, homogeneous, peripherally located 
tumor that measures less than 3 cm. When 
tumors exceed 4 cm in diameter, internal hetero-
geneity may be observed because of hemorrhage, 

Figure 2. Low-grade clear cell RCC (Fuhrman grade II) corresponding to that in Figure 1 in a 39-year-old 
woman. (a) Axial T2-weighted MR image shows a 2.9-cm hyperintense renal mass (arrow). (b) Axial contrast-
enhanced corticomedullary phase 3D fat-saturated SPGR T1-weighted image shows heterogeneous enhance-
ment (arrow). (c) Axial diffusion-weighted image (b = 500 sec/mm2) shows focal peripheral areas of restriction 
(arrow). (d) ADC map shows an ADC of 1.6 3 10−3 mm2/sec (arrow). (e, f) Axial in-phase (e) and opposed-
phase (f) T1-weighted images show a drop in signal intensity on the opposed-phase image (arrow in f) com-
pared with that on the in-phase image (arrow in e), consistent with microscopic fat.
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calcification, and necrosis (15,16). A fibrous 
capsule is typically present (11), with low signal 
intensity on T1- and T2-weighted images.

Papillary RCCs usually demonstrate low 
T2 signal intensity and are hypovascular with 
progressive enhancement after contrast mate-
rial administration (2,21,43). They may contain 
hemosiderin, leading to areas with signal loss on 
in-phase images relative to opposed-phase images 
at chemical shift imaging (Fig 5) (15). Cystic 
papillary RCCs may display papillary projections, 
hemorrhagic fluid content, and internal mural 
nodules, while cystic clear cell RCCs may show 
clear fluid content, irregular walls, and septa (16).

The imaging appearance of papillary carcino-
mas differs from that of clear cell RCC, as clear 
cell carcinomas classically tend to have higher 
signal intensity on T2-weighted images, are hy-
pervascular, and may show signal intensity drop 
on opposed-phase images relative to in-phase 
images because of the fat content. Moreover, 
although lipid-poor AMLs also show low sig-
nal intensity on T2-weighted images, lipid-poor 
AMLs tend to show avid enhancement after 
contrast material administration, whereas papil-
lary RCCs are hypovascular and show progres-
sive enhancement (8). Furthermore, for papillary 
RCCs, the arterial wash-in index (postcontrast 
arterial phase) (calculated as [SIpostcontrast − SIprecon-

trast]/SIprecontrast 3 100, where SI = signal intensity) 
has been reported to be lower than for lipid-poor 
AMLs, which corroborates the low enhance-
ment of papillary tumors after contrast material 
administration as well as the high arterial wash-in 
of AMLs (2). Rarely, papillary RCC may mani-
fest with internal foci of microscopic fat (from 
interstitial macrophages with cholesterol) or even 
intracytoplasmic fat (16).

Papillary RCCs have been reported to show 
lower ADCs than clear cell RCCs, although over-
lap exists, and other MR imaging features should 
be considered when differentiating them (3,32). 
Blood products, such as hemosiderin, show low 
signal intensity at DWI because of magnetic 
susceptibility effects; therefore, ADCs cannot 
be reliably calculated for hemorrhage products 
because they have very low signal intensity on 
T2-weighted images (44).

Chromophobe RCC
Chromophobe carcinomas account for 4%–11% 
of RCCs and are the third most common subtype 
(5,11). These tumors have generally been associ-
ated with a better prognosis than clear cell RCCs, 
with a 5-year survival rate of approximately 
78%–93% (45,46); however, there is ongoing 
investigation as to the prognosis of chromophobe 
carcinomas as well as the significance of some 

Figure  3.  High-grade clear cell RCC (Fuhrman 
grade IV) in a 42-year-old woman. (a) Axial contrast-
enhanced corticomedullary phase 3D fat-saturated 
SPGR T1-weighted image shows a heterogeneous 
7.2-cm mass with a central hypointense area from 
cystic degeneration or necrosis (arrow). Multiple 
collateral vessels were seen. (b) Axial diffusion-
weighted image (b = 800 sec/mm2) shows focal 
peripheral areas of restriction (arrow). (c) ADC map 
shows that the peripheral portion has an ADC of 1.0 
3 10−3 mm2/sec (arrow). The findings of larger le-
sion size with central necrosis, lower ADC, and col-
lateral vessels (not shown) favor a higher-grade tu-
mor than that in Figure 2.
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prognostic variables (47). Recent studies have re-
ported finding no significant differences in prog-
nosis between the two subtypes, especially when 
adjustments to TNM (tumor-node-metastasis) 
category and nuclear grade are made (48,49). 
Metastases occur in approximately 7% of cases, 
mostly to the liver and lungs (11). Around 86% 
are stage T1 or T2 at presentation, and renal vein 
invasion is observed in fewer than 5% of cases. A 
few cases of lymph node and distant metastases 
have been described (15).

Macroscopically, they are solid, well-circum-
scribed, tan-brown tumors with a mildly lobulated 
surface (15). The mean tumor size is 7.2 cm, which 
is larger than the other subtypes encountered (35). 
Histopathologically, it has been postulated that 
these tumors arise from the intercalated cells of the 
renal cortex and are comprised of variable amounts 
of cells with clear or eosinophilic cytoplasm ar-
ranged in sheet-like architecture along vascular 
septa (Fig 6) (11). Chromophobe RCCs share the 
same origin as oncocytomas and have overlapping 
histologic and imaging features (50).

At MR imaging, no specific features are as-
sociated with chromophobe tumors, but they 
tend to be well-circumscribed and homogeneous. 
The signal intensity of chromophobe RCCs on 

T2-weighted images varies considerably; how-
ever, they tend to show intermediate to low signal 
intensity on T2-weighted images (16). Cystic 
change and central necrosis are uncommon fea-
tures, even in larger tumors (11).

The enhancement pattern of these lesions on 
gadolinium-enhanced images seems to be “in-
termediate”; that is, less than in clear cell RCCs 
and greater than in papillary carcinomas (51). 
Chromophobe RCCs may show a central stellate 
scar (30%–40% of cases) (50) and spoke-wheel 
enhancement, but these are not specific features, 
as oncocytomas may have similar characteristics 
(Fig 7). Segmental enhancement inversion, an-
other nonspecific feature and also seen in oncocy-
tomas, has been described as areas that enhance 
avidly after administration of gadolinium contrast 
material on early phase images but enhance less 
on more delayed images, whereas other areas that 
appear hypovascular on early phase images show 
progressive enhancement on more delayed im-
ages (3,52). Calcifications may be present in up 
to 38% of cases, while perinephric invasion and 
vascular involvement are rare.

Chromophobe carcinomas have been re-
ported to have lower ADCs than clear cell 
RCCs (32,53). Conflicting results are seen when 

Figure 4. Papillary RCC. (a) Photograph of a sectioned gross 
specimen shows a papillary RCC with hemorrhage and necro-
sis (arrows). (b) High-power photomicrograph shows papillae 
lined by cells with scant cytoplasm, some with intracellular he-
mosiderin (arrowheads) and some with foamy macrophages 
(arrow). (H-E stain; original magnification, 3100.) (c) High-
power photomicrograph shows concentric microcalcifications 
filling the cores of the papillae (psammoma bodies) (arrows). 
(H-E stain; original magnification, 3100.)
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Figure 5. Papillary RCC in a 47-year-old man with a re-
nal lesion corresponding to that in Figure 4 seen at chest 
computed tomography (CT). (a) Axial T2-weighted 
image shows a 2.8-cm hypointense renal mass (ar-
row). (b, c) Axial in-phase (b) and opposed-phase (c) 
T1-weighted images show a drop in signal intensity on 
the in-phase image (arrow in b) compared with that on 
the opposed-phase image (arrow in c), consistent with 
hemosiderin. (d, e) Corticomedullary phase (d) and 
nephrographic phase (e) axial 3D fat-saturated SPGR 
T1-weighted images show mild enhancement (arrow).

Figure 6. Chromophobe RCC. (a) Photograph of a sectioned gross specimen shows a chromophobe RCC (tan-brown 
appearance). (b) High-power photomicrograph shows classic nuclear features of chromophobe RCC including promi-
nent nuclear membranes, nuclear enlargement, hyperchromasia, binucleation (arrows), irregular nuclear contours, and 
perinuclear clearing (halos). (H-E stain; original magnification, 3100.)
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comparing ADCs in papillary versus chromo-
phobe RCCs: Choi et al (9) and Wang et al (32) 
found that papillary RCCs had lower ADCs than 
chromophobe RCCs, while Yu et al (54) found 
the opposite. Given the conflicting results, DWI 
likely has limitations in distinguishing between 
the various subtypes, similar to the situation with 
liver lesions, where DWI has limitations in dis-
tinguishing between the various solid benign and 
malignant hepatic masses (55).

Benign Lesions

Angiomyolipoma
AML is one of the most commonly encountered 
benign solid renal tumors (56,57). These lesions 

occur most frequently in the 4th–6th decades with 
increased prevalence in women (57). They are 
now regarded as part of the family of perivascular 
epithelioid cell (PEComa) tumors and comprise 
a heterogeneous group of tumors with variable 
pathologic, imaging, and clinical features (56,58). 
AMLs are typically composed of variable amounts 
of dysmorphic blood vessels, smooth muscle com-
ponents, and mature adipose tissue (Fig 8) (56,58).

Approximately 80% of AMLs are sporadic 
and incidental; the remaining 20% are associated 
with tuberous sclerosis complex and may also be 
associated with lymphangioleiomyomatosis (56). 
An example of an AML associated with tuberous 
sclerosis complex is the epithelioid AML (58), a 
rare type that contains few or no fat cells (56,58). 

Figure  7.  Chromophobe RCC corresponding to 
that in Figure 6 in a 47-year-old woman. (a) Axial 
T2-weighted image shows a 4.8-cm predominantly 
hypointense renal mass (arrow). (b) Axial contrast-
enhanced excretory phase 3D fat-saturated SPGR 
T1-weighted image shows moderate heterogeneous 
enhancement with a central scar (arrow). (c) Axial 
diffusion-weighted image (b = 800 sec/mm2) shows 
restricted diffusion (arrow). (d, e) Axial in-phase (d) 
and opposed-phase (e) T1-weighted images show 
no change in signal intensity (arrow).
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Epithelioid AMLs may demonstrate aggressive 
clinical behavior (56,58,59), including extension 
into the vena cava and metastasis (59).

In the 10% of cases in which AMLs are larger 
than 4 cm, there is increased risk for potentially 
life-threatening hemorrhage (Wunderlich syn-
drome) (23,60). With tumor growth, there is an 
increase in blood flow entering the AML and 
causing vessel dilatation and pseudoaneurysm 
formation and enlargement (61). In addition, it 
has been found that ruptured tumors had large 
pseudoaneurysms (>5 mm), suggesting that those 
seen at angiography are hemorrhagic pseudoan-
eurysms (61).

Rarely, large AMLs can be considerably 
exophytic and difficult to differentiate from 
perinephric liposarcomas (62). Features that 
help suggest an exophytic AML include a well-
marginated lesion, a sharp renal parenchymal 
defect suggesting renal origin, and the presence 
of enlarged vessels (62,63).

At imaging, AMLs are classified as classic 
AML and lipid-poor AML, depending on their 
appearance. In the radiology literature, lipid-poor 
AML has also been described as fat-poor AML, 
minimal-fat AML, and AML without visible fat at 
CT and MR imaging. Classic AMLs are easier 
to diagnose, as they manifest with the pathologic 
hallmark feature of abundant macroscopic fat 
and thus are readily identified at cross-sectional 
imaging (56,57). However, it may be difficult to 
distinguish lipid-poor AMLs from RCCs. In am-
biguous cases, in which other imaging modalities 
show nonspecific features, multiparametric MR 
imaging may be helpful.

At MR imaging, classic AMLs demonstrate 
high T1 signal intensity because of their fat 
content. The presence of macroscopic fat can 

be appreciated as suppression of signal intensity 
on frequency-selective fat-saturated images and 
as india ink artifact on opposed-phase images 
(Fig 9) (56,64). India ink artifact occurs due to 
the presence of fat and water protons within the 
same imaging voxel, resulting in signal loss and 
seen as a sharp black line at fat-water interfaces 
(64). The signal intensity on T2-weighted im-
ages varies depending on the amount of fat con-
tent in the lesion. AMLs with high fat content 
appear relatively hyperintense on T2-weighted 
images, while lesions with lower fat content ap-
pear hypointense (23,65).

Benign lesions, such as classic AMLs and be-
nign cystic lesions (66), may display the angular 
interface sign with the renal parenchyma because 
of their exophytic growth (67). However, in the 
study by Takahashi et al (67), the angular inter-
face sign was found in only two of the 24 AMLs 
without visible fat and was also seen in three of 
148 RCCs. Some AMLs expand broadly into the 
perinephric space with a narrow base of attach-
ment to the kidney (3), resulting in a “mushroom 
shape appearance.” Case reports have described 
RCCs with macroscopic fat associated with 
calcification or ossification (68,69). MR imaging 
may not show the calcifications as well as CT, 
but fortunately these lesions are rare. In addition, 
RCCs can engulf perinephric and renal sinus fat, 
mimicking AMLs.

Lipid-poor AMLs account for 5% of AMLs 
and are typically reported to be small, with an 
average diameter of 3 cm (57,70). A lipid-poor 
AML is pathologically described as an AML 
containing no more than 25% fat cells per 
high-power field (56–58). Lipid-poor AMLs are 
composed nearly entirely of smooth muscle and 
disordered vascular components (Fig 10) (56).

Figure 8. AML. (a) Photograph of a sectioned gross specimen shows an AML. (b) Low-power photomicrograph 
shows normal renal parenchyma (*). The tumor is composed of three components: fat (arrowheads), thick-walled ab-
normal vessels (small arrows), and bland spindle cells reminiscent of smooth muscle (large arrow). (H-E stain; original 
magnification, 340.)
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At MR imaging, these lesions are homoge-
neous and show low signal intensity on T2-
weighted images (Fig 11) due to the presence of 
abundant smooth muscle and high signal inten-
sity on T1-weighted images. The enhancement 
pattern of lipid-poor AMLs is typically early 
intense enhancement with subsequent washout 
(65,71), although it can be variable. Lipid-poor 
AMLs may appear as an exophytic (67) non-
round lesion without a capsule (72). Lipid-poor 
AMLs may show a drop in signal intensity on 
opposed-phase images when compared with in-
phase images (57,63–65).

While fat suppression sequences are mostly 
useful for detection of macroscopic fat, they 
may enhance the ability to demonstrate small 

amounts of fat when subtle changes in sig-
nal intensity between the lesion and a chosen 
reference point (eg, the spleen or kidney) are 
analyzed using ratios (58). Lipid-poor AML 
has been shown to have a higher signal intensity 
index (calculated as [SIin-phase − SIopposed-phase]/SIin-

phase 3 100) and lower tumor-to-spleen signal 
intensity ratio at double-echo chemical shift im-
aging (21). Also, lipid-poor AMLs demonstrate 
a high signal intensity ratio between early and 
delayed postcontrast images (71).

AMLs show restricted diffusion with a cor-
responding low ADC, but restricted diffusion is 
not specific for AML (3). One study suggested 
that clear cell RCC had more heterogeneous 
signal intensity at DWI, with several peaks in the 

Figure  9.  AML corresponding to that in Figure 
8 in a 39-year-old woman. (a) Axial T2-weighted 
image shows a 6.8-cm hyperintense renal mass 
(arrow). (b) Axial fat-suppressed 3D SPGR T1-
weighted image shows low signal intensity (ar-
row). (c) Axial contrast-enhanced corticomedul-
lary phase 3D fat-saturated SPGR T1-weighted im-
age shows heterogeneous enhancement (arrow). 
(d, e) Axial in-phase (d) and opposed-phase (e) 
T1-weighted images show india ink artifact (ar-
rows) on the opposed-phase image, consistent 
with macroscopic fat.
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Figure 10. Lipid-poor AML. (a) Photograph of a sectioned gross specimen shows a lipid-poor AML. (b) Low-power 
photomicrograph shows a tumor almost exclusively composed of pink spindle cells (resembling smooth muscle) (large 
arrows) and abnormal vessels (small arrow). Virtually no fat is present. (H-E stain; original magnification, 340.)

Figure 11. Lipid-poor AML corresponding to that 
in Figure 10 in a 50-year-old woman. (a) Axial T2-
weighted image shows a 4.2-cm hypointense renal 
mass (arrow). (b) Axial fat-suppressed 3D SPGR T1-
weighted image shows low signal intensity (arrow). 
(c) Axial contrast-enhanced nephrographic phase 
3D fat-saturated SPGR T1-weighted image shows 
early and avid enhancement (arrow). (d, e) Axial in-
phase (d) and opposed-phase (e) T1-weighted im-
ages show a mild measurable drop in signal intensity 
of only 10.2% (arrow) on the opposed-phase image.
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ADC histogram, compared to four of five AMLs 
with minimal fat, which had homogeneous 
signal intensity at DWI with a single prominent 
peak (73). Larger series are necessary to confirm 
these findings.

Oncocytoma
Oncocytomas account for 3%–7% of solid renal 
masses and are considered benign neoplasms 
(50). The peak incidence of these lesions is in the 
7th decade, with a higher prevalence in men (57). 
Oncocytomas share the same origin as chromo-
phobe RCCs and therefore have overlapping his-
tologic and imaging features (50). Chromophobe 
RCCs and oncocytomas are often referred to as 
“oncocytic neoplasms.”

Macroscopically, these tumors are tan or ma-
hogany brown, fairly homogeneous, and usually 
encapsulated (6). Histopathologically, they are 
organized with acini and nests of large polygonal 
cells containing eosinophilic cytoplasm rich in 
mitochondria (Fig 12) (57). A central stellate 
scar composed of fibrous or hyalinized connec-
tive tissue with compressed blood vessels may be 
observed in up to 54% of cases (53).

Oncocytomas have variable and nonspecific 
MR imaging features that overlap with character-
istics of RCCs and make it difficult to properly 
diagnose them preoperatively. Most commonly, 
they appear as a peripheral mostly or completely 
well-circumscribed lesion with avid enhance-
ment (3,53). They show low signal intensity on 
T1-weighted images and high signal intensity on 
T2-weighted images.

In about one-half of oncocytomas, a well-
defined capsule of low signal intensity may be 
seen, but it is not specific and can also be seen 
in RCCs. The central stellate scar, when present 
(50%–61% of cases) (50), appears as a stellate 

area of low signal intensity on T1-weighted im-
ages and high signal intensity on T2-weighted 
images and may show a stellate or spoke-wheel 
pattern of enhancement (Fig 13).The appear-
ance of a central scar as seen in oncocytomas 
can also be seen in RCCs, including the chro-
mophobe subtype, from necrosis or cystic 
changes (7,53). 

Although not specific, segmental enhancement 
inversion, related to the changes in the pattern 
of heterogeneous enhancement within the mass, 
may be observed in oncocytomas but may also be 
seen in RCC (particularly the chromophobe sub-
type) (50,53). Like chromophobe RCCs, onco-
cytomas usually do not manifest with perinephric 
fat invasion or renal vein invasion (53). DWI has 
limitations in diagnosing oncocytomas. Although 
some studies have shown that oncocytomas have 
higher ADCs compared with RCCs (74), others 
have shown that similar ADCs can be seen with 
oncocytomas and clear cell RCC (30).

A possible distinguishing feature for oncocy-
tomas examined in one study was the percentage 
washout value (mean percentage of contrast ma-
terial excreted at the end of the delayed phase). 
Oncocytomas were associated with the highest 
(>50%) percentage washout value, followed by 
clear cell RCC, chromophobe RCC, and papil-
lary RCC, none of which displayed a washout 
value greater than 50% besides oncocytomas 
(75). Also, only oncocytomas demonstrated 
mean arterial phase enhancement of greater than 
500%, but additional studies with more patients 
are needed to confirm these results (75).

Diagnostic Approach
The main MR imaging characteristics of the 
lesions described in this article are summarized 
in Table 3.

Figure 12. Oncocytoma. (a) Photograph of a sectioned gross specimen shows an oncocytoma with a central scar 
(arrow). (b) Higher-power photomicrograph shows round and uniform tumor cells with abundant granular and eosino-
philic cytoplasm (curved arrow). The cells are invested by the myxohyaline stroma (straight arrow). (H-E stain; original 
magnification, 3100.)
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The following considerations should be taken 
into account when trying to diagnose a solid re-
nal mass using multiparametric MR imaging. If 
a renal mass demonstrates low T2 signal inten-
sity, the differential diagnosis includes papillary 
RCC, lipid-poor AML, hemorrhagic cyst, and 
rarely metanephric adenoma. If low T2 signal 
intensity is seen with enhancement, hemor-
rhagic cyst can be excluded since it should not 
enhance. If the low T2 signal intensity mass is 
hypovascular with progressive enhancement and 
shows signal intensity drop on in-phase images 
relative to opposed-phase images, suggesting he-
mosiderin, then the lesion is most likely a papil-
lary RCC. On the other hand, if the lesion has 
low T2 signal intensity and shows avid or mod-
erate enhancement and signal intensity drop on 

opposed-phase images, because of microscopic 
fat, the lesion is suggestive of a lipid-poor AML.

If a solid renal mass has high signal intensity on 
T2-weighted images and shows hypervascularity 
and signal intensity drop because of microscopic fat 
on opposed-phase images, the differential diag-
nosis mostly includes clear cell RCC and classic 
AML. For differentiating them, frequency-selective 
fat-suppressed images should be evaluated. If the 
lesion has any areas demonstrating macroscopic fat 
suppression, the lesion represents a classic AML. 
Classic AMLs may also demonstrate india ink arti-
fact on opposed-phase images and only exceedingly 
rarely contain central necrosis. Central necrosis is 
more often found in large clear cell RCCs.

DWI can be helpful in renal imaging, especially 
in detection of RCC and other solid masses and in 

Figure  13.  Oncocytoma corresponding to that 
in Figure 12 in a 45-year-old woman. (a) Axial T2-
weighted image shows a 7.1-cm heterogeneous 
renal mass with a hyperintense central portion (ar-
row). (b) Axial fat-suppressed 3D SPGR T1-weighted 
image shows a heterogeneous renal mass with a 
hypointense central portion (arrow). (c) Axial con-
trast-enhanced 3D SPGR T1-weighted image shows 
heterogeneous enhancement with a hypointense 
central portion (arrow). (d, e) Axial in-phase (d) and 
opposed-phase (e) T1-weighted images show no 
change in signal intensity (arrow).
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characterizing abscesses. In general, lesions with 
restricted diffusion suggest malignancy or infec-
tion, but there is potential overlap with solid be-
nign lesions including oncocytomas and lipid-poor 
AMLs. Some studies have found DWI to be useful 
in identification of clear cell RCC as solid renal 
masses with higher ADC; however, not all stud-
ies corroborate this finding. Application of DWI 
on an individual patient basis is limited, as there 
is significant overlap of ADCs between different 
subtypes of RCC in the published literature.

Chromophobe carcinoma and oncocytoma 
originate from a common progenitor cell in the 
kidney and therefore have overlapping histologic 
and imaging features. A central stellate scar and 
segmental enhancement inversion have been 
found in both of these lesions; thus, these imag-
ing findings will not assist in their differentia-
tion. If a renal mass manifests with any of these 
nonspecific imaging features, surgical resection, 
biopsy, or follow-up imaging would be required, 
based on consultation with the urologist.

Conclusion
Recognition of the most important imaging features 
of solid renal masses may assist in their proper 
diagnosis and management. Multiparametric MR 
imaging as a noninvasive imaging method provides 
critical information that can help in differentiation 
of the most common solid renal masses, including 
the common RCC subtypes and AMLs, and as a 
result may assist in selecting the most appropriate 
management and follow-up of these lesions.
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