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i Advanced cross-sectional imaging
A8l techniques for the detection and

characterization of renal masses

Incidentally detected renal masses are on the rise posing increasing demands on imaging for their
characterization and management. These masses encompass both benign and malignant entities, many
of which can be diagnosed with high confidence by cross-sectional imaging alone. Lesions can be
predominantly cystic or solid and a key feature common to all malignant lesions is the presence of
enhancing solid components. However, a substantial number of enhancing lesions are benign and when
imaging is not conclusive, biopsy may help. Ongoing research shows that renal cell carcinoma, the most
common renal malignancy, represents a heterogeneous disease entity, and future trends toward more

precise imaging characterization would allow for a more individualized management approach.
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With the growing use of diagnostic imaging,
there has been an increase in the number of inci-
dentally detected renal lesions posing a unique
challenge to the radiologist and the referring phy-
sician in terms of further management and treat-
ment. Ultrasonography, often the first modality
in which renal masses are detected, has limita-
tions in precise characterization of these masses.
Newer advances, such as contrast-enhanced
ultrasonography, have shown some promising
results in diagnosing malignant hypovascular
renal tumors by detection of minimal vascu-
larity [1). Contrast-enhanced ultrasonography
combined with color Doppler in detecting tumor
vascularity and discriminating benign and malig-
nant small renal masses has yielded encourag-
ing results [2. However, these techniques are not
widely used in clinical practice and are limited
to a few centers. This article will focus on cross-
sectional imaging techniques for the detection
and characterization of renal masses.

Incidentally detected renal masses can have
benign and malignant etiologies that can fre-
quently be distinguished by conventional cross-
sectional imaging. However, some lesions remain
indeterminate by ultrasound or CT imaging
and can be characterized further by advanced
techniques, such as MRI (Box 1).

Types of renal masses
Renal masses can be categorized into those
that are morphologically solid and those that
are predominantly cystic by imaging (Ficure 1).
Within the two broad categories, both benign
and malignant entities exist.

10.2217/1IM.11.9 © 2011 Future Medicine Ltd

B Cystic masses

Cystic renal masses are encountered frequently
and approximately half the population over
50 years of age have simple renal cysts [3]. The
cystic renal masses may vary in appearance
with overlap of benign and malignant etiologies
even when complex imaging features, such as
enhancement, are present.

Simple cysts have low attenuation with
Hounsfield units (HU) approaching those of
water, ranging from 0 to 20 HU. Complicated
cysts have higher attenuation on unenhanced
CT compared with renal parenchyma owing to
the presence of protein or hemorrhage, termed
hyperattenuating or ‘hyperdense’ cysts with
attenuations ranging from 50 to 90 HU [4].
Whether simple or hyperattenuating, one can
confidently characterize a lesion as a cyst by its
lack of enhancement. Although the literature var-
ies in what is considered to be true enhancement,
a conservative criteria is a difference of 20 HU
from unenhanced to postcontrast images in the
nephrographic phase [s].

Differences in CT technology and recon-
struction algorithm, especially in the era of dose
reduction, has made the interpretation of HU
more imprecise, where differences of less than
20 HU may not represent true enhancement
and even a difference greater than 20 HU has
been seen in a lesion that is a cyst, a phenom-
enon termed ‘pseudoenhancement’ [6]. Thus, a
difference of 10-20 HU is considered indeter-
minate for enhancement [57]. On unenhanced
CT, homogeneously hyperdense masses with
attenuation values greater than 70 HU have been
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Box 1. Cross-sectional imaging techniques for characterization of

renal masses.

Multidetector CT techniques

= Precontrast

= Postcontrast:
- Arterial (15-25 s delay) corticomedullary (35-80 s delay) nephrographic

(85-180 s delay)

= Excretory (3 min)

= Coronal and sagittal reformatted images

= Subtraction and dual energy techniques are relatively newer and used by a limited
number of centers

1.5 or 3.0 Tesla magnetic resonance techniques

= T,-weighted sequences

= T,-weighted sequences

= T.,-weighted, fat suppressed: precontrast and dynamic postcontrast sequences

= Chemical shift imaging: in-phase and opposed-phase

= Diffusion-weighted images

= Subtraction

found to be benign, hyperdense cysts in 99.9%
of cases 8]. On MRI, hemorrhagic cysts are
typically hyperintense on T -weighted images.

Most likely If the mass is
benign . >70HU |

?i
ED ED

Renal MR Hyperdense
( c;st )

Drop on
out-of-phase
images

No drop on
out-of-phase
images

Clear cell RCC
or AML

High T,
signal intensity

Biopsy?

Renal mass

Noncontrast
CT

@

Their T, appearance is governed by the stage
of the evolving blood products and varies from
hypointense to hyperintense (Freure 2).

The widely adopted Bosniak classification uses
CT imaging features of a cystic lesion to distin-
guish those with a high likelihood of being benign
from those with features that strongly favor
malignancy (Taeie 1). According to the Bosniak
classification, a simple cyst with a thin nonen-
hancing wall is considered Bosniak I (benign) and
a lesion with solid enhancing components is clas-
sified as Bosniak I'V (malignant until proven oth-
erwise). Cystic masses that fall between Bosniak
I and IV are categorized according to the degree
of complexity on CT.

Bosniak category I and II are composed of
benign lesions with minimal complexity and can
reliably be left alone (Ficure 3). Bosniak III and IV
lesions require either biopsy to exclude malignancy
or should be surgically resected (Ficures 4 &5). In the
Bosniak I1I category, the incidence of malignancy

Contrast CT

No change
in HU

>20 HU
enhancement

C’Solid neoplasm) CSimpIe cyst)

Cystic Solid

!

Proteinaceous
cyst

LowT,
signal intensity

Papillary RCC
or AML

Figure 1. General algorithm for renal mass evaluation.
AML: Angiomyolipoma; HU: Hounsfield units; RCC: Renal cell carcinoma.

Data taken from [17].
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reportedly ranges from 31 to 100% [9.10] with an
average of 33% (3]. The revised Bosniak classifica-
tion instituted category IIF for those lesions that
are likely benign but require follow-up (Ficure 6)
(11]. Although there is no consensus on follow-
up frequency and intervals, one article suggested
follow-up should be at 6 months, then yearly for
a minimum of 5 years as certain types of cystic
renal cell carcinomas (RCCs) are slow growing [7].

Although the Bosniak classification was origi-
nally described for CT, it has been applied for
lesions characterized by magnetic resonance
(MR) because the latter has higher sensitivity for
detection of soft tissue components and septations
that might otherwise be imperceptible on CT [12].

While the Bosniak classification plays a criti-
cal role in categorizing a renal cyst as benign or
malignant, significant interobserver variability is
present, especially in distinguishing category 11
(nonsurgical) and III (surgical) lesions [3,11].
Approximately 31-100% of category III lesions
are malignant [9,10). Harisinghani ez 4/. found
malignancy in 17 of 27 Bosniak III lesions by
percutaneous biopsy [13]. The majority of benign
Bosniak III cysts are complicated cysts with
inflammatory changes [14].

Certain conditions predispose patients
to developing multiple renal cysts, includ-
ing von Hippel-Landau, tuberous sclerosis,

Bosniak Imaging features

category

I Simple cyst with hairline thin wall
Water density
No enhancement

1 Few hairline thin septa*

Figure 2. Hemorrhagic cyst. Axial T, fat
saturated image through the kidneys. Exophytic
right renal hemorrhagic cyst is characterized by
T, high signal intensity.

end-stage kidney disease and chronic lithium
use (Fieure 7). Multilocular cystic nephroma is
a benign multicystic renal mass that is seen in
two different demographics — young boys and
middle-aged women (Ficure 8). Although itself
benign, its imaging appearance places it into the
Bosniak III category as these lesions cannot reli-
ably be distinguished from a cystic RCC and are
thus surgically excised.

B Solid masses

A solid renal mass is suspected when the lesion
enhances by at least 20 HU on CT. At MR,

General Prevalence of
management’ malignancy

No further follow-up 0%
needed

No further follow-up  Extremely rare

Fine calcification or short segment of slightly needed

thickened calcification in wall or septa
Hyperattenuating cysts <3 cm with at

least a quarter of its circumference extended

outside the renal parenchyma

IIF Well marginated
Multiple hairline thin septa

Follow-up suggested 5% [47]
for minimum of

Minimal smooth thickening of their wall 5 years
or septa
No measurable enhancement*
Thick, nodular, irregular calcification
Completely intrarenal hyperattenuating cysts
>3 cm
Il Thickened irregular or smooth walls or septa Surgery 31-100% [9,10]
with measurable enhancement
v Clearly malignant cystic mass Surgery Almost always
Enhancing soft-tissue components adjacent to malignant

but independent of the wall or septum

'Represent general guidelines and management that may depend on patient-specific clinical scenarios.
*Thin smooth septa and walls can subjectively enhance, termed ‘perceived’ enhancement.

Data taken from [4,65].
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Figure 3. Bosniak | and Il. Contrast-enhanced
CT in the nephrographic phase. A simple cyst
(Bosniak I) is seen in the right kidney and an
exophytic hyperdense cyst (Bosniak Il) is present
in the left kidney.

a lesion is considered to enhance when there
is over 20% increase in T shortening from
precontrast to postcontrast images [15-17].
Occasionally, ultrasound can be used as a
problem-solving tool to determine if a lesion is
cystic or solid as certain types of solid masses,
such a papillary RCC, may show minimal
enhancement (FIGURE 1).

B Renal cell carcinoma

Renal cell carcinomas account for 90% of all
malignant renal masses and are the primary con-
sideration when encountering a solid enhancing
renal mass in the absence of benign features, such
as the presence of macroscopic fat in an angiomy-
olipoma (AML) [18,19]. Up to 30-40% of RCCs
are incidentally discovered [20]. RCC is now
known to represent a complex disease entity with
wide biologic diversity encompassing a breadth
of histologies and cytogenetics. Histologically,
WHO 2004 classified RCCs into clear cell, papil-
lary cell, chromophobe cell, granular cell, spindle

Figure 4. Bosniak Ill. Contrast-enhanced CT in
the nephrographic phase shows an exophytic
left renal cystic lesion with a thickened,
enhancing irregular wall, which was an
inflammatory cyst at surgery.

Imaging Med. (2011) 3(2)

cell and cyst-associated [19.21]. Of the various his-
tologies, clear cell comprises approximately 70%,
papillary 13—15% and chromophobe 6-11% [22].
It is important to distinguish between the vari-
ous RCC subtypes because they respond differ-
ently to chemotherapies, have different disease
courses and prognoses.

Clear cell RCC, the most common subtype,
is heterogeneously hypervascular, enhancing to
a similar degree as the renal cortex and when
larger, contains areas of necrosis and hemorrhage
(Fieure 9) 19]. Kim ez /. found that on CT, clear
cell RCC enhances greater than 84 HU on cor-
ticomedullary phase and over 44 HU on excre-
tory phase with a specificity of 100 and 91%,
respectively [23]. At MR, clear cell subtype is typi-
cally hyperintense or isointense on T ,-weighted
images [24]. A subset of clear cell RCC shows sig-
nal drop on opposed-phase images with respect to
in-phase images owing to the presence of intracy-
toplasmic lipid [24]. Clear cell RCC is noted to be
more aggressive and carry a worse prognosis than
papillary and chromophobe cell types. Patients
with von Hippel-Landau can have multiple cysts
that are precursors to clear cell subtype of RCC
and close surveillance is best with MR [25-27].

The second most common subtype, papil-
lary RCC, is typically hypovascular and more
homogeneous in appearance (Ficure 10) [22,28].
On dynamic MR, papillary RCC shows a rela-
tively slower rise in enhancement (measured by
percentage signal intensity change) from unen-
hanced, to corticomedullary phase (32.1%) to
nephrographic phase (96.6%) compared with
clear cell RCC (205.6 and 247.1%, respec-
tively) [22]. With MR, papillary RCC may be
hypointense on T,-weighted images owing to
their papillary architecture [29]. Papillary RCC
commonly affects end-stage kidneys and is more
often multifocal and bilateral than other RCC
subtypes [3031]. A total of 70% of papillary
RCCs are completely intrarenal [32]. Papillary
RCCs are typically found at a lower stage of pro-
gression and have a better prognosis than clear
cell RCC [32). Papillary RCCs can be further
subclassified into two types based on histologic
morphology — type 2 papillary RCCs are more
aggressive and show poorer prognosis compared
with type 1 [3334].

B Staging RCC

Once a RCC is diagnosed, it is important to
identify the extent of tumor involvement to guide
management. The Robson staging system, origi-
nally introduced in the 1960s, has fallen out of
favor as more focal and less invasive treatments

future science group
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for RCC, such as nephron-sparing surgery and
percutaneous ablation, have emerged, which
require more precise and accurate local and
distant staging [18]. The tumor node metasta-
sis staging system, now in its seventh revision,
is the most widely used and accepted by the
American Joint Committee of Cancer (AJCC).
An important part of the tumor node metasta-
sis staging classification is the presence of tumor
thrombus in the renal veins and/or inferior vena
cava and retroperitoneal lymphadenopathy. CT
and MR have been shown to have a similar
high degree of accuracy for staging RCC [35,36].
When widely metastatic, RCC hematogenously
spreads to bones, lungs, mediastinum and other
solid organs.

B Angiomyolipoma

One benign entity that needs to be excluded
when encountering a solid renal mass is an
AML. It is the most common benign solid renal
mass with a prevalence of 0.3-3% [37]. AMLs
are ‘hamartomatous’ lesions containing fat,
smooth muscle and vessels. Approximately 20%
of patients with AMLs have tuberous sclerosis,
while 80% with tuberous sclerosis have AMLs.
AMLs can usually be distinguished from RCCs
by the presence of macroscopic fat, both readily
detectable on CT and MR (Ficure 11). In a few
case reports, RCCs have been shown to contain
macroscopic fat, but when fat is present in these
malignant tumors it is invariably accompanied
by calcification as well [38-40].

Although the diagnosis of AML is usually
straightforward, 5% of AMLs have minimal
fat, making diagnosis of these solid renal masses
indeterminate by CT imaging alone. Such AMLs
are typically hyperattenuating (Fieure 11) [17].
Based on a series of 175 resected solid tumors, a
substantial portion (over 50%) of small (<3 cm),
hyperattenuating, homogeneously enhancing
renal masses will be benign AMLs with mini-
mal fat, while the remainder will be RCCs [41].
Thus, such lesions found at CT would benefit
from further MR characterization, the results
of which would further guide the radiologist
and refer clinicians toward biopsy or surgical
resection of these masses (Ficure 1).

When a hyperattenuating, homogeneously
enhancing mass shows suppression from in-
phase to opposed-phased images, the lesion
may represent a clear cell RCC or an AML with
minimal fat, both lesions thought to be com-
posed of intracytoplasmic fat [24]. For lesions
that do not demonstrate signal suppression on
chemical shift imaging, the T, characteristics

future science group

Figure 5. Bosniak IV. Contrast-enhanced CT in
the corticomedullary phase shows a
heterogeneous cystic mass in the right kidney
with enhancing mural nodule, which was found
to be a clear cell renal carcinoma at surgery.

are important — those that are T, hypointense
are either papillary RCC or AML with minimal
fat and should be biopsied, while those that are
T, iso/hyperintense most likely represent clear

cell RCC (17,29].

B Oncocytoma

Oncocytomas account for 5% of renal tumors
and are benign solid renal masses, a third
of which may have a central scar correlating
with a spoke-wheel pattern of enhancement
on angiography (Ficure 12) [18,19.42]. These imag-
ing features are neither sensitive nor specific
for oncocytomas and have been associated
with chromophobe RCCs [43]. Distinguishing
between oncocytoma and RCC even by biopsy
has traditionally been unreliable. However,
current advances in immunocytochemical,
histopathological and ultrastructural analyses
have improved our ability to diagnose onco-
cytomas from biopsy specimens with more
certainty [44].

Figure 6. Bosniak IIF. Contrast-enhanced CT
in the corticomedullary phase shows a cystic
mass in the left kidney with hairline thin septa
(arrow) and no measurable enhancement.
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Figure 7. Lithium toxicity. Coronal
T,-weighted magnetic resonance image shows
innumerable small T, hyperintense renal cysts
replacing the renal parenchyma.

B Multiple solid masses

In the setting of a known extrarenal primary
neoplasm, metastatic disease should be a con-
sideration when multiple solid renal masses are
encountered. Other entities to be considered
include lymphoma, which may present as mul-
tiple masses, a single mass, diffusely infiltrating
renal mass or as perinephric stranding. Most
commonly, renal lymphoma presents as one
or more homogeneous masses with low level
enhancement on CT (Ficure 13) that are isoin-
tense to hypointense on T -weighted images,
and hypointense on T -weighted images, with
minimal enhancement on early and delayed
phases (45]. In certain hereditary syndromes,
such as von Hippel-Landau (Fiure 14), multifocal
RCC can be seen. Multifocal oncocytomas can
be seen in the rare Birt-Hogg-Dube syndrome.

Figure 8. Multilocular cystic nephroma.
Coronal T ,-weighted magnetic resonance image
shows a left-sided multiseparated cystic mass
herniating into the renal pelvis.

Imaging Med. (2011) 3(2)

Size & growth of renal masses

As renal masses are being detected inciden-
tally at an increasing rate, they have also been
found to present at smaller sizes. For cystic
masses, size does not correlate as closely with
incidence of malignancy as it does for solid
masses. Although smaller cystic lesions are
more likely benign, the larger cystic lesions
are not necessarily associated with a higher
malignancy rate [7]. The frequently encoun-
tered subcentimeter low attenuation lesions,
which are difficult to characterize because of
their small size, are noted to have an extremely
low likelihood of malignancy. Depending on
the clinical context (i.e., no history of extra-
renal malignancy) and lack of visible complex
features these very small hypodense lesions can
be presumed to be benign and left alone [46].
Growth rate of a cystic mass is not a reliable
indicator of malignancy. Benign cysts can
grow rapidly and malignant cystic lesions may
grow slowly (7). A category IIF cystic mass that
shows no growth after 5 years is unlikely to be
malignant [47].

For solid masses, the smaller the lesion, the
higher the probability of a benign pathology.
In one study of 2770 resected solid masses, the
rate of benign lesions was stratified according
to size — benign masses were present in 25% of
lesions under 3 cm, 30% of lesions under 2 cm
and 44% of lesions under 1 cm [48]. In another
series of 781 patients with primary RCC less
than 3 cm in size, only one patient had dis-
tant metastases at presentation and only one
subsequently developed metastatic disease after
initial presentation [49].

Furthermore, as garnered from retrospective
studies in which patients with known RCCs
were managed by active surveillance, the nat-
ural history of a small RCC tends to be that
of slow growth, usually at a rate of less than
0.5 cm per year and a low risk (0-5.7%) of

metastases [50,51].

Role of PET

Hybrid imaging with PET/CT is widely used
to image various malignancies. The most com-
mon radiotracer in clinical use is ["*F]-fluoro-
2-deoxy-p-glucose (FDG), a glucose analog in
which the degree of uptake reflects the meta-
bolic activity of tissue. The excretion of FDG
tracer via the genitourinary system, however,
reduces the sensitivity for detection of primary
renal lesions [52,53]. In one series of 66 patients
with known or suspected RCC, FDG-PET
had a sensitivity of 60% [54]. Furthermore,
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Figure 9. Clear cell renal cell carcinoma. (A) Axial contrast-enhanced CT in the nephrographic phase
shows a heterogenously enhancing mass arising from left renal medial kidney. (B) Histopathologic slide
shows solid nests of clear cells separated by a vascular network, Fuhrman grade 2.

the degree of FDG uptake is variable among
RCC of different Fuhrman grades and degree
of tumor necrosis (53,55, leading to increased
false-negative findings. Careful scrutiny of the
contrast-enhanced CT portion of a PET/CT is
imperative for improved renal mass detection
and characterization. While FDG-PET has a
limited role in characterization of primary renal
masses, it has proven useful for restaging and
detection of metastases [52].Furthermore, novel
radiotracers, such as [''C]-acetate, a marker
for lipid synthesis that is not excreted by the
kidneys, are on the horizon and may change
the direction of PET imaging in renal mass
characterization [53].

Role of biopsy

With a rise in incidentally detected renal
masses, there has been an increasing role for
percutaneous biopsies, which are now widely
accepted to be accurate and safe. A full-imaging

work-up with CT and/or MR is advised prior
to contemplated biopsy. A few renal masses
remain indeterminate at imaging with a high
enough probability of benignity that biopsy is
warranted to obviate unnecessary surgeries and
the inherent morbidities associated with them.
Such masses in which biopsy could be consid-
ered include small hyperattenuating, homo-
geneously enhancing renal masses, indetermi-
nate cystic renal masses (Bosniak III), renal
mass in patients with extrarenal malignancy
in which a lesion may represent primary or
metastatic disease, and masses in which infec-
tion may be the etiology [44]. Several surgical
series reported that approximately 20% of all
resected small renal masses were benign (56-59].
Another series of 2770 resected solid masses
of varying sizes noted a 12.8% benign rate
with a higher probability of a benign diagno-
sis for smaller lesions [48]. In that series, 44%
of solid enhancing masses less than 1 cm in

Figure 10. Papillary renal cell carcinoma. (A) Coronal reformatted contrast-enhanced CT in the
corticomedullary phase shows a low-density mass in the medial aspect of the left kidney with
low-level enhancement. (B) Histopathologic image shows papillary structures are lined by
pseudo-stratified tumor cells with eosinophilic cytoplasm and contains central blood vessels.
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Figure 11. Various appearances of angiomyolipomas. (A) Contrast-enhanced CT shows typical
features of an angiomyolipoma containing macroscopic fat (arrow). (B) Contrast-enhanced CT shows
a heterogeneously enhancing right intrarenal mass (arrow) without macroscopic fat, found to be an
angiomyolipoma at biopsy. (C & D) Small hyperattenuating homogeneously enhancing exophytic
right renal mass representing biopsy-proven angiomyolipoma with minimal fat.

size were benign. Some indications for renal
mass biopsy include differentiation between
primary and metastatic disease, characteriza-
tion of renal masses in patients with surgical

Figure 12. Oncocytoma. Contrast-enhanced
CT in the corticomedullary phase demonstrates
a left renal enhancing mass with central
spoke-wheel appearance — classic, yet not
specific for an oncocytoma.

Imaging Med. (2011) 3(2)

comorbidities, confirming benign diagnoses
such as renal masses caused by infection and
tissue characterization in patients with imag-
ing findings suggestive of unresectable tumor
(44]. Biopsy also plays a role in strategizing
treatment such as percutaneous radiofrequency
or cryoablation. Furthermore, with improved
understanding of cytogenetics in tumor biol-
ogy, biopsy of an RCC yields information that
might help predict the natural behavior of the
RCC subtype, and management, whether
surgical, various chemotherapeutics, ablation
or active surveillance, can be tailored on an
individual basis.

Historically, renal biopsies have had a lim-
ited role in evaluation and management of renal
masses because of uncertain diagnostic accu-
racy, safety and concern of tumor-seeding along
the biopsy tract. Modern renal biopsy tech-
niques and analysis of specimens has substan-
tially improved diagnostic accuracy. Whereas
traditionally benign biopsy results had a low
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negative predictive value in the case of AMLs
and oncocytomas [56,60], newer cytologic tech-
niques have increased the diagnostic accuracy of
biopsies for both benign and malignant lesions.
One study showed that image-guided biopsy of
solid enhancing renal masses was diagnostic in
90% of biopsies and yielded a benign diagnosis
in 27% of diagnostic biopsies [61].

Percutaneous renal biopsies have proven to
be safe; one review of over 16,000 fine needle
biopsies reported a mortality of 0.031% [62]. The
morbidity is low with the most frequent compli-
cation being hemorrhage, and in one study of
150 biopsies a 5.3% rate of minor bleeding was
reported [63]. Major bleeding requiring transfu-
sion is rare [64]. The rate of tumor seeding is in
the order of 0.01% [62].

Conclusion

Renal masses are becoming one of the most
common incidentally found entities in abdom-
inal imaging, creating increasing demands for
their characterization and management. This
diverse group of renal tumors includes benign
and malignant lesions that vary from indo-
lent and slow-growing, to aggressive. RCC,
the most common solid renal mass, although
sometimes cystic, is typically a straightforward
diagnosis to make by cross-sectional imaging
alone. Furthermore, certain benign entities,
such as AMLs, can be characterized solely by
imaging. Cystic lesions are categorized accord-
ing to the Bosniak classification where the
more complex the lesion, the more likely it is
to be malignant.

The increase in the number of lesions pre-
senting at a small size creates new challenges for
imaging characterization. Although for solid
masses, the likelihood of benignity is greater
for smaller-sized lesions, all solid renal masses
require full imaging work-up with CT and/
or MR. Certain masses that cannot be reli-
ably characterized by CT could benefit from
MR characterization, which although this
does not always arrive at a definitive diagnosis,
can narrow the differential and guide man-
agement toward biopsy, surgical resection or
follow-up imaging.

Future perspective

With the rise in early detection of renal tumors
in younger patients, cross-sectional imaging
is more heavily utilized for characterization.
For CT, protocols are usually multiphasic

with higher radiation doses than the standard
abdominal CT and, thus, efforts to develop CT

future science group

Figure 13. Renal lymphoma. Coronal
reformatted contrast-enhanced CT shows
bilateral hypoenhancing intrarenal masses
(arrows).

protocols with less radiation are ongoing. Both
CT and MR imaging techniques are expected
to become more sophisticated, allowing for
improved diagnostic accuracy as well as bet-
ter ability for prediction of tumor behavior.
Increasing utilization of advanced imaging
and postprocessing tools, such as diffusion-
weighted imaging, subtraction imaging and
dual-energy techniques, will enable us to bet-
ter resolve uncertainties that remain with cur-
rent diagnostic techniques. Furthermore, with
added insights into the cytogenetics and molec-
ular profiling of tumors, trends toward more
precise imaging characterization will allow for
better prediction of tumor behavior and prog-
nosis so that management can be tailored on
an individual basis.

Figure 14. Findings in von Hippel-Landau.
T,-weighted, fat-saturated, gadolinium-
enhanced MR image shows bilateral solid
heterogeneously enhancing masses consistent
with renal cell carcinomas (arrows). Numerous
bilateral renal cysts are also present. Pancreatic
cysts can also be seen.
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Executive summary

Cystic masses

framework for management.
Solid masses

resection or biopsy.

Size & growth of renal masses

Role of biopsy

= Incidentally detected renal lesions are on the rise, many of which can be characterized by CT and MRI.

= Cystic renal masses of varying degrees of complexity can be classified according to the Bosniak system, which provides an overall

= Renal cell carcinomas, the most common solid renal masses, are composed of a heterogeneous group of tumors with diverse
cytogenetics, varying disease courses and prognoses.

= Small, homogeneously hyperattenuating masses can be characterized further by MRI, which can guide management toward surgical

= Angiomyolipoma is a common benign solid renal mass that can typically be diagnosed by the presence of macroscopic fat on CT or MRI.

= Size and growth does not play a significant role in characterizing cystic masses except that smaller lesions have a higher likelihood of
being benign. Small renal cell carcinomas tend to have slow growth and low rate of metastases.

= Percutaneous biopsy plays an important role in management of patients with solid renal masses, especially in the realm of percutaneous
ablation and introduction of molecular-targeted chemotherapeutics.
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