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Abstract

Detection of solid renal masses has increased in the last decades, although it has not resulted in
significant mortality reduction from renal cell carcinoma. Consequently, efforts for improved
lesion characterization have been pursued and incorporated in management algorithms, in order to
distinguish clinically significant tumors from favorable or benign conditions. Concurrently,
imaging methods have built a broad base of evidence supporting their role as useful tools not only
in lesion detection, but also characterization. In addition, newer modalities, such as contrast
enhanced ultrasound, and advanced applications of magnetic resonance imaging, are being
investigated. The purpose of this paper is to review the current role of different imaging methods
in the characterization of solid renal masses.
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1) Introduction

The incidence of renal cancer has increased from 7.1 to 10.8 cases per 100,000 patients
between 1983 and 2002, with most primary tumors initially diagnosed as incidental small
renal masses (i.e., measuring less than or equal to 4 cm) during imaging studies performed
for other clinical reasons.! Paradoxically, this increased in diagnosis has not been associated
with better clinical outcomes, with a reported increase in mortality from 1.5 to 6.5 deaths per
100,000 patients within the same time interval.2 Furthermore, the majority of incidentally
detected tumors will either grow slowly? or not show detectable growth over time*:.
Therefore, cost-effective imaging strategies are necessary to identify clinically significant
renal masses, which could evolve into life-threatening disease, while avoiding the
unnecessary morbidity and financial costs associated with overtreatment of benign or
favorable malignant conditions.
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The first step in the workup of incidentally found renal masses is to differentiate benign
cysts from solid masses.®7 Solid renal masses contain little or no fluid, and are composed
predominantly of vascularized tissue (i.e., elements enhancing with the administration of
exogenous contrast agents).” Despite its lower prevalence compared to cystic lesions, up to
90% of solid masses are reported malignant.8-10 The risk of malignancy is influenced by
size, occurring in approximately 50% for lesions smaller than 1 cm and more than 90% for
masses greater than or equal to 7 cm.®

Solid malignant masses most frequently encountered in clinical practice are renal cell
carcinoma (RCC), urothelial carcinoma, lymphoma, and metastasis, while the most
frequently encountered benign solid renal masses are angiomyolipoma (AML), oncocytoma,
and inflammatory pseudotumors/pseudolesions. This article provides a comprehensive
comprehensive approach to the imaging findings of common malignant and benign renal
masses on state-of-the-art ultrasound (US), computed tomography (CT) and magnetic
resonance imaging (MRI), proposing strategies to differentiate benign from malignant
lesions, and to distinguish RCC subtypes.

1.1) Malignant Lesions

a) Renal Cell Carcinoma—RCC accounts for 3.7% of all solid malignancies and is more
common among men (1.6:1, M:F). Patients with localized disease have 92% 5-year survival,
while this decreases to 65% for those with regional metastasis, and 12% for patients with
distant metastatic disease.!!

The World Health Organization classification subdivides RCC in different histological
groups!2, with clear cell RCC (ccRCC) accounting for 70 to 75%, papillary RCC (pRCC)
for 10 to 21%, and chromophobe RCC (chrRCC) for 5% of all RCC cases'13, Survival
heavily depends on staging, histological grade (Furhman/International Society of Urological
Pathology, ISUP), presence of sarcomatoid change, and necrosis. In addition, ccRCC is
associated with worse prognosis than pRCC and chrRCC.12.14 Different histolopathologic
subtypes have distinct features on imaging studies and these are discussed later.

b) Urothelial Carcinoma—Urothelial carcinoma originates from the epithelium of
calyces and renal pelvis and may comprise up to 15% of all renal tumors.1> Median age at
diagnosis is above 60, with approximately 2:1 M/F ratio, and hematuria being the most
frequent presentation.1®16 Synchronous and metachronous involvement of the urinary tract
may occur in 24% and 11% of patients with renal urothelial carcinoma, respectively.1’
Differentiation of upper-tract urothelial carcinoma from RCC and other solid renal masses is
simpler during earlier stages, when the presentation is characterized by wall thickening of
the urothelial tract or filling defects in the collecting system. Infiltrative masses in the renal
sinus or parenchyma are features of advanced disease, when distinction from aggressive
forms of RCC is difficult.18

¢) Lymphoma—Lymphomatous involvement of the kidneys is most frequently the result
of secondary spread of non-Hodgkin’s disease, with prevalence at autopsy reaching 50% in
this population.® Renal lymphoma may present as multiple masses, solitary lesions
simulating RCC, retroperitoneal/perirenal disease, and infiltrative renal disease. A pattern of
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multiple renal masses is encountered in up to 60% of the patients, typically ranging from 1
to 3 cm, with homogenous attenuation (CT) or signal intensity (MRI), and low-level
postcontrast enhancement compared to background parenchyma (figure 1). There is
associated lymphadenopathy elsewhere in the abdomen in less than 50% of the patients with
renal involvement.20 Solitary lesions occur in 10 to 20% of the patients, and although
differentiation from ccRCC is possible due to homogeneous signal/attenuation and low-
grade enhancement, biopsy may be needed to discriminate from non-ccRCC subtypes, such
as papillary tumors.21

d) Metastases—The reported prevalence of metastatic disease to the kidneys in
oncological patients differs depending on the method of assessment, varying from 20% on
autopsy studies, to less than 1% in clinicopathological studies.?2 Commonly, the primary
tumor is already known or diagnosed at the same time as the renal lesion, with more than
half of the cases occurring in patients over 60 years.22 The most common primary sites are
lung, breast, female genital tract, head and neck, colon, and prostate. Bilateral or multiple
masses are found in 23% and 30% of the patients, respectively.2? Renal metastases occur
more commonly at the junction of the renal cortex and medulla, often exhibiting ill-defined
borders and low-level enhancement, except in the case of hypervascular primary tumors (e.g.
RCC, thyroid, choriocarcinoma). These features may help to suggest the diagnosis, which
differ from the most common well-defined appearance of cortical-based RCCs, although a
definitive diagnosis usually requires biopsy.

1.2) Benign Lesions

The reported prevalence of benign renal lesions is 13% to 16% of all surgically resected
lesions.810 The likelihood of benign histology in small solid renal masses is influenced by
size, with prevalence of up to 40% in lesions less than 1 cm in diameter.23 AMLs and
oncocytomas comprise most of the benign solid masses, representing 44% and 35%,
respectively.!

a) Angiomyolipoma—AMLs are benign neoplasms, consisting of aberrant blood vessels,
smooth muscle, and mature adipose tissue?, representing 2% to 6% of all resected tumors in
surgical series®#. Most of these neoplasms are found incidentally on imaging (e.g., 0.1-
0.2% of US exams), with female preponderance (1:2, M/F).5 AML can occur sporadically or
in association with genetic syndromes. Prevalence in patients with tuberous sclerosis vary
from 55% to 90%, and in patients with lymphangioleiomyomatosis from 30% to 50%.2
Larger AMLs may cause symptoms, and spontaneous hemorrhage (Wunderlich syndrome),
which is a life-threatening complication in larger tumors.®

The detection of fatty tissue (i.e., adipocytes) by CT or MRI is regarded as the most specific
feature for this diagnosis, although many pathologically proven AMLs do not show fatty
tissue on imaging, causing a diagnostic challenge.’” The diagnosis of classic AMLs
containing fat and AML with minimal/absent fat is discussed later.

b) Oncocytoma—Oncocytomas are relatively uncommon cortical tumors (approximately
7% of renal masses in surgical series) composed of oncocytes (polygonal or round-shaped
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cells, with moderate to abundant granular cytoplasm), surrounded by thin capillaries and
stroma.8 Patients are usually asymptomatic, being more frequently men (1.2:1, M/F), with a
mean age of 65 years at diagnosis. Intratumoral hemorrhage and central scars are present in
20% and 33% of all oncocytomas, respectively, and multifocality may occur in 13% of the
patients.8 Although oncocytomas are classified as benign tumors®, case reports have
described malignant potentiall®. Similarly, aggressive local behavior may manifest with
intravascular extension into branches of the renal veinl! and invasion of the perinephric fat,
the latter occurring in up to 7% of all oncocytomas!2(figure 2).

c) Inflammatory Conditions and Pseudotumors—A variety of non-neoplastic
conditions may mimic solid renal masses. While developmental renal pseudotumors (e.g.,
prominent columns of Bertin, dromedrary humps, persistent fetal lobulations) are more
easily differentiated from true renal masses by characterization of normal renal parenchyma
imaging features (e.g. on multiphasic dynamic contrast enhanced imaging), infectious,
inflammatory and granulomatous diseases (e.g., pyelonephritis/abscess,
xanthogranulomatous pyelonephritis) may pose a significant diagnostic challenge.!3
Interpretation of the imaging findings in the appropriate clinical context is crucial, since
focal or multifocal pyelonephritis is usually accompanied by characteristic symptoms, such
as chills, fever, flank pain and pyuria. US-Doppler and contrast-enhanced CT or MR may
demonstrate single or multiple hypoperfused wedge-shaped areas, extending from the
papilla to the cortex.14 Xantogranulomatous pyelonephritis can also present as renal masses
in patients with flank pain and fever, and is more commonly observed in middle-aged
women with urinary stones, infection (most common by Escherichia coli and Proteus),
and/or congenital anomalies.?®16 This disease is characterized by destruction of the normal
renal architecture, enlarged kidney, contracted pelvis, associated with staghorn calculus, and
perinephric inflammatory changes.14

2) Imaging Techniques

2.1) Ultrasound

US is generally the first line for patients with suspected renal disease given its lower cost,
wide availability, and lack of ionizing radiation. There is no current role for RCC screening
with US in the general population. The prevalence of incidental renal masses in
asymptomatic persons undergoing US is about 0.4%, with half of the cases resulting in
RCC.17 US is indicated in the evaluation of upper urinary tract symptoms and in the workup
of indeterminate renal masses (ACR-Appropriateness Criteria® rating 8)18. It has been
favored over non-enhanced MRI and CT in patients with contraindications to intravenous
contrast, with lower sensitivity in the detection of small-sized lesions in comparison to
contrast-enhanced CT19-21, US is not indicated to stage renal cancer (ACR-Appropriateness
Criteria® rating 3)22.

Characterization of cystic renal lesions is most frequently straightforward on US, although
the appearance of complex cystic masses and solid lesions may overlap. Simple renal cysts
are anechoic structures with positive through transmission and refraction along the sidewalls,
demonstrating sharp and smooth walls.23 Cysts with hemorrhagic or proteinaceous contents
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may harbor internal echoes or debris. Harmonic imaging can minimize reverberation
artifacts related to so-called dirty echoes, facilitating the distinction of cysts from solid
masses.2425 As with other imaging techniques, the detection of blood flow on Doppler, or
lesion enhancement after intravenous contrast injection, are unequivocal evidence of a solid
mass. 26

2.2) Computed Tomography

The most commonly used method to evaluate indeterminate renal masses is contrast-
enhanced CT (ACR — Appropriateness Criteria® rating 9).18 It is also considered the method
of choice to stage renal cell carcinoma (ACR — Appropriateness Criteria® rating 9)22, with
high accuracies in both early and advanced stages?’. A CT protocol for evaluation of renal
masses is proposed in Table 1.

The sensitivity of CT for small renal masses is higher than 90%1°, approaching 100% for
lesions larger than 2 cm?0. An advantage of CT over US and MRI is the ability to
characterize lesions in Hounsfield units (HU), a quantitative standardized x-ray attenuation
scale. Differences of at least 10 HU between pre- and post-contrast CT images have been
historically proposed as cutoff values to differentiate solid masses from renal cysts.28:29
More conservative values, such as 15 to 20 HU are generally used in clinical practice to
account for volume averaging artifacts and misregistration among acquisitions3°. The
average attenuation of renal lesions larger than 1 cm on non-enhanced CT scans is also
useful in their characterization: values less than 20 HU or more than 70 HU are associated
with simple and hemorrhagic/proteinaceous cysts, respectively.3!

The last decade witnessed the emergence of dual-energy CT (DECT) as a promising
technique to evaluate renal masses, with increased specificity in the detection of post-
contrast enhancement, and the potential role to reduce radiation dose.3?

2.3) Magnetic Resonance Imaging

MRI is indicated in the evaluation of indeterminate renal masses and staging of renal cancer
(ACR-Appropriateness Criteria® rating 8), usually favored over contrast-enhanced CT in
patients with moderate chronic kidney disease (CKD) (i.e., estimated glomerular filtration
rate, eGFR between 30 and 60 mL/min/1.73m?).18 Recently, the safety of newer
gadolinium-based contrast agents (e.g. macrocyclic), even in patients with stages 4 and 5
CKD (eGFR < 30 mL/min/1.73m?), has been advocated based on the absence of new cases
of nephrogenic systemic fibrosis observed in large cohorts of patients.33:34 In addition, non-
enhanced sequences, such as arterial spin labeling (ASL), may aid in the evaluation of
vascularity in renal masses.3® Perfusion parameters obtained by ASL are correlated with
those obtained by dynamic contrast-enhanced MRI, as well as with vessel density in renal
tumors.36

MR imaging is particularly helpful to distinguish solid from cystic lesions when
enhancement of renal masses is questionable on CT, especially for those with net-
enhancement between 10 and 20 HU.37 In addition, diffusion weighted imaging (DWI) and
dynamic contrast-enhanced (DCE) MRI can provide specific information regarding the
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tumor histology.38 As discussed later, the use of those parameters may help to differentiate
benign from malignant renal masses, the RCC subtype, and predict tumor grade.

An MR imaging protocol for evaluation of renal masses is provided in Table 2. Images are
acquired in end expiration to improve consistency of kidney position between scans, with
patient’s arms located above the head, when possible, to avoid phase-wrap artifacts.3?

3) Impact of Imaging Methods on Patient Management

Increased detection rates and lower intrinsic prevalence of malignancy in small renal masses
has generated a challenging situation in patient management. Mainstream treatment of renal
cancer is still surgical, as nephron sparing techniques achieves similar oncological results
when compared to radical nephrectomy in small RCC.40:41 However, subgroups of patients
such as the elderly, those with multiple comorbidities, and those with favorable tumor
histology, may benefit from conservative approaches such as active surveillance.#2:43
Current strategies propose the utilization of size, histologic subtype, nuclear grade, and
clinical criteria as parameters for the decision between active surveillance or surgical
treatment.*4

3.1) Diagnosis of Benign Disease

The ability to distinguish benign from malignant solid renal masses by US is limited.*> Even
the classic appearance of AML on US as hyperechoic masses is not specific, overlapping
with RCC features.#6-48 However, contrast-enhanced US (CEUS) is a promising modality,
which can potentially add value in the characterization of renal masses. In a large cohort of
patients, CEUS performed with a sensitivity of 100% and specificity of 95% in the diagnosis
of malignancy among cystic and solid indeterminate renal masses.*

Unequivocal demonstration of bulk fat (i.e., adipocytes) by CT or MRI in a renal lesion is a
specific finding for the diagnosis of AML3%51, On unenhanced CT, determination of
macroscopic fat is achieved when values less than =10 HU are obtained (figure 3).52 On MR
imaging, bulk fat follows the signal intensity of subcutaneous and intraabdominal fat on all
sequences, characterized by: 1) hyperintense signal on T1- or T2-weighted images, with
signal saturation after frequency selective fat-saturation technique; 2) high signal intensity
on T1-weighted “in-phase” (IP) and “opposed-phased” (OP) imaging, with signal dropout
on OP at the interface of the lesion with the kidney (“India-ink artifact™); 3) high signal
intensity on “fat-only” reconstructions from Dixon-based acquisitions>3(figure 4).
Coexistence of areas of both bulk and intravoxel fat (scant amounts of fat mixed with
smooth-muscle and vessels), the latter manifested as areas of decreased signal on OP images
compared to IP images, are common in AML.54

Some AMLs may not show bulk fat on imaging (AML with minimal fat, mfAML)%,
whereas signal loss on OP images is also commonly present in ccRCC, given the presence of
intracytoplasmic lipid-containing vacuoles®6:57. Therefore, in the authors’ experience, the
isolated presence of decreased signal on OP imaging relative to IP imaging is not useful in
the differentiation of ccRCC from mfAML in small renal masses.>® The diagnosis of
mfAML should be considered for renal masses with homogeneous low-signal intensity
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relative to renal cortex on T2-weighted images, particularly for smaller lesions found in
women, in the absence of bulk fat, plus or minus minimal amount of fat (i.e. decreased
signal intensity on OP imaging).°8 In contrast, the presence of intratumoral necrosis and
cystic changes favor ccRCC over mfAML.58 In addition, a simplified perfusion parameter,
known as arterial/delay enhancement ratio, and defined as the difference in signal intensity
between arterial and pre contrast phase divided by the difference between delayed and pre
contrast phase, has been proposed to distinguish mfAML from RCC, with values greater
than 1.5 favoring the first.5% Ultimately, the combination of multiple MR imaging
parameters may provide better diagnostic performances, with up to 100% sensitivity and
89% specificity for the diagnosis of mfAML (figure 5).60

DWI can provide surrogate information about cellular density, and can potentially assist in
the differentiation of benign and malignant lesions. A meta-analysis reported significantly
lower apparent diffusion coefficients (ADCs) in RCC, with 95% confidence intervals
ranging from 1.45 to 1.77 x 10~3 mm?/s, while values obtained from benign lesions ranged
between 1.92 and 2.28 x 1073 mm?/s. Particularly, oncocytomas had significantly higher
ADC values than malignant lesions, ranging from 1.84 to 2.17 x 1073 mm?2/s, while this was
not observed for AML, with values between 1.25 and 1.83 x 1073 mm?/s.61

Segmental enhancement inversion, a radiologic sign defined as the presence of a
heterogeneous pattern of postcontrast enhancement on corticomedullary phase that inverts
on early excretory phase, was initially reported to have 80% sensitivity and 99% specificity
to distinguish oncocytomas from RCC.52 However, a more recent study comparing
oncocytomas and chrRCC did not show significant differences in the prevalence of
segmental enhancement inversion sign between entities.53 Higher ASL perfusion levels were
reported in oncocytomas compared to clear cell and non-clear cell subtypes of RCC®4,
although some overlap is present.

3.2) Characterization of RCC Subtypes

Attempts to histologically subtype RCCs on Doppler or CEUS have been inconsistent so
far.65 On CT, differentiation of RCC subtypes generally relies on analyses of post-contrast
time-attenuation curves and lesion homogeneity. Postcontrast enhancement of ccRCC is
significantly higher than that observed for pRCC and chRCC, while heterogeneity is also
more frequently seen in ccRCC histology (figure 6).56-68

Relative ratios of renal mass enhancement to enhancement of the aorta are significantly
lower for pRCC than for non-papillary histology on CT, with sensitivity and specificity of
86% and 85%, respectively, using a cutoff of 0.25.59 Relative enhancement ratios in the
renal mass compared to the renal parenchyma are also significantly higher for ccRCC than
for pRCC (figure 7).70

The MRI phenotype of papillary neoplasms is variable as these tumors evolve from solid
hypoenhancing homogeneous masses with low signal intensity on T2-weighted images to
more heterogeneous tumors after intralesional hemorrhage. Not infrequently, pRCC presents
as hemorrhagic cystic masses with peripheral enhancing components, contained by a well-
developed tumor capsule.>” Regardless of the MRI phenotype, the viable, vascularize
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portions of the tumor usually exhibits homogenous low signal intensity on T2-weighted
images and low-level enhancement (figure 8).71.72

Papillary tumors are further subdivided into type 1 (basophilic, usually low-grade) and type
2 (eosinophilic, usually high-grade) groups, the latter with worse prognosis.’3 Distinction
between these two types by imaging is in general not possible for those tumors presenting as
localized renal masses, albeit Type 2 tumors tend to be larger.”* A subgroup of Type 2
papillary RCC can present as ill-defined, invasive tumors, commonly with centripetal growth
and renal vein invasion, complicated by pulmonary embolism.”® The latter imaging
phenotype is associated with sensibly worse prognosis than that of well-defined pRCC."4

Three-point time-intensity curve analyses have also demonstrated value RCC subtyping.
ccRCC has significantly greater signal intensity change (difference between postcontrast and
precontrast, divided by precontrast signal intensity) on both corticomedullary and
nephrographic phases (205.6% and 247.1%, respectively) compared to pRCC (32.1% and
96.6%), whereas chrRCC has intermediate enhancement values (109.9% and 192.5%)
(figure 9). Distinction of ccRCC from pRCC was achieved with high sensitivity and
specificity using 84% signal intensity change as the threshold on corticomedullary
acquisitions.”8 Perfusion in pRCC by ASL is also lower than perfusion levels observed for
ccRCC, chRCC, unclassified RCC, and oncocytoma.54

DWI is currently not widely accepted as a tool for subtyping of RCC. A meta-analysis of
DWI studies did not demonstrate differences in ADC values among RCC subtypes.’’ Figure
10 summarizes a diagnostic algorithm used by the authors for the categorization of solid
renal masses on MR imaging. Note that in those groups indicated with an asterisk, the MR
imaging findings of different histologic subtypes can overlap and even with the use of
ancillary findings (e.g. homogeneity, necrosis, scar, etc.) a more specific diagnosis may not
be possible.

3.3) Characterization of Histological Grade

Tumor histological grade has prognostic implications and therefore may affect patient
management. However, the accuracy in pre-surgical grade prediction has been limited for
both imaging methods and even percutaneous biopsy. On MR imaging, multivariate models
taking into consideration morphologic features of RCC showed that renal vein thrombosis
and retroperitoneal collaterals were predictive of high-grade ccRCC, while peripheral
location and homogeneous enhancement were associated with low-grade pRCC.5” DWI may
aid in the differentiation of low- from high-grade ccRCC, with sensitivities between 65%
and 90%, specificities between 71% and 83%, and overall accuracy of 0.83.77

3.4) Imaging-guided Biopsy

Percutaneous renal biopsy has been shown to help avoiding surgery in up to 33% of the
cases initially considered to be malignant on imaging.”® Renal biopsy demonstrated high
sensitivity and specificity in identifying malignancy*4.78.79, although the number of non-
diagnostic samples may vary between 9%%** and 29%78:80. Considering only diagnostic
samples, biopsy of small renal masses has shown up to 94% accuracy in defining
histology*4, with lower accuracies to determine Fuhrman grade (46 to 85%)38L. Severe
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complications are rare, occurring in less than 1%81, leading some to advocate for the
incorporation of imaging-guided biopsy into management algorithms of small renal
masses*4.

The continued evolution of imaging methods and evolving management options have
bolstered the noninvasive assessment of solid renal masses. The combination of multiple
subjective and objective (quantitative) parameters obtained from imaging studies offers an
opportunity for evaluating the biology and ultimately the clinical significance of solid renal
masses. As a result, patient management may be positively impacted with the use of cutting-
edge imaging protocols, along with the development of evidence-based diagnostic
algorithms that integrate these novel imaging criteria and percutaneous biopsies.
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Key Points

. Solid renal masses are a common manifestation of various types of renal
pathology, which includes benign and malignant causes

. Lesion characterization is achievable in a great number of cases, with the use
of state-of-the-art imaging techniques and evidence-based interpretation
criteria

. Patient outcomes will potentially improve with advancements in diagnostic

specificity of imaging methods
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Fig. 1.

A%g-year—old man with diffuse large B-cell of the left kidney. Coronal contrast-enhanced
CT image (A) showing a solid infiltrative lesion in the perihilar region of the left kidney
(arrow). Note the perinephric soft tissue component surrounding the renal capsule (white
arrowheads). Coronal single-shot fast spin-echo T2-weighted MR image (B) shows low-
intermediate signal intensity in the mass, with interval development of new perinephric
nodules (asterisk) compared with the prior CT (A). Coronal three-dimensional (3D) fat-
saturated Dixon T1-weighted MR images before (C) and after (D) administration of contrast
show heterogeneous enhancement of the lesion (arrows), with low-level homogeneous
enhancement of the perirenal component (asterisks).
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Fig. 2.
A 75-year-old man with oncocytoma. Coronal single-shot fast spin-echo T2-weighted MR

image (A) shows a large mass in the left kidney (white arrows) with foci of high signal
intensity in the periphery and central areas of intermediate signal intensity. Note that the
central component (asterisk) shows avid postcontrast enhancement on the fat-saturated
Dixon-based T1-weighted gradient echo acquisition during the corticomedullary phase (B).
Maximum intensity projection of postcontrast T1-weighted Dixon-based acquisition (C)
shows invasion of the renal hilum fat, which was confirmed after nephrectomy.
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Fig. 3.

A%W-year-old woman with angiomyolipoma in the left kidney. Coronal (A) and axial (B)
non—contrastenhanced CT images show an 8-cm circumscribed mass in the left upper pole
(arrows), predominantly composed of low-attenuation elements (bulk fat), similar to that of
retroperitoneal and subcutaneous fat (asterisks). Also note some streaks of soft tissue within
the lesion, corresponding with vascular and smooth muscle components (arrowheads).
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Fig. 4.

A%W-year-old woman with angiomyolipoma in the left kidney (same patient from previous
figure). Opposed-phase (A), in-phase (B), and fat-only (C) reconstructions from an axial T1-
weighted Dixon acquisition. The circumscribed mass (arrows) shows high signal intensity
on all images, following the same pattern of retroperitoneal and subcutaneous fat. On
opposed-phase images, note the signal dropout at the interface between the mass and the
kidney (white arrowheads), also known as India-ink artifact. Signal dropout in areas within
the mass (black arrowheads) indicate coexistence of fat and nonfat elements (ie, intravoxel
fat).
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Fig. 5.

A%lo-year-old woman with minimal-fat angiomyolipoma in the left kidney. Axial gradient
recalled echo (GRE) T1-weighted opposed-phase (A) and in-phase (B) MR images show a
slightly hypointense circumscribed lesion in the lower pole of the left kidney (arrows),
without significant signal dropout to suggest intravoxel fat. Coronal non—fat-saturated
single-shot fast spin-echo T2-weighted MR image (C) shows homogeneous hypo-intense
signal in the lesion (arrow). Dynamic contrast-enhanced fat-saturated spoiled gradient
recalled (SPGR) T1-weighted MR images during corticomedullary (D) and excretory (E)
phases show avid early enhancement of the lesion and subsequent washout (arrows).
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Fig. 6.

A%S-year-old man with clear cell renal cell carcinoma in the right kidney. Coronal single-
shot fast spinecho T2-weighted MR image (A) shows an infiltrative mass (arrows) with
heterogeneous and predominantly high signal intensity in the right upper pole. Area of
signal dropout (asterisk) is identified in the T1-weighted opposed-phase image (B)
compared with the IP image (C), consistent with intravoxel fat. There are also foci of high
signal intensity (white arrowheads), related to hemorrhage, better seen on the precontrast fat-
saturated T1-weighted SPGR acquisition (D). Postcontrast images using the same
acquisition as in D, during the corticomedullary (E) and nephrographic (F) phases, show
heterogeneous enhancement in the mass (arrows) with areas of avid enhancement (asterisk),
similar to that of normal renal cortex (black arrowhead).
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Fig. 7.
A 40-year-old woman with clear cell renal cell carcinoma in the right kidney (arrows). Axial

GRE T1-weighted opposed-phase (A) and in-phase (B) MR images show mild signal
dropout within the mass (arrowhead), consistent with intravoxel fat. There is marked
hyperintense signal on coronal single-shot fast spin-echo T2- weighted MR images (C).
Note the early and avid enhancement on dynamic postcontrast images (E-G; precontrast, D),
higher than that of normal renal cortex.
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Fig. 8.

659—year-old male with multifocal papillary RCC. Coronal single-shot fast spin-echo T2-
weighted MR image demonstrates three circumscribed lesions with homogeneous
hypointense signal in the perihilar and upper pole of the left kidney. Coronal 3D fat-
saturated Dixon T1-weighted MR images before (b) and after-contrast during the
corticomedullary (c) and nephrographic (d) phases show low-level homogeneous progressive
enhancement.
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Fig. 9.

A%lZ—year—oId woman with chromophobe RCC in the left kidney (arrows). Coronal single-
shot fast spinecho T2-weighted MR image (A) shows a 1.3-cm, slightly heterogeneous,
predominantly hypointense lesion in the left lower pole. Fat-saturated 3D Dixon T1-
weighted MR image shows moderate enhancement of the lesion on the corticomedullary (C)
and nephrographic (D) phases compared with precontrast (B).
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