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Despite substantial advances in the imaging-based diagno-
sis of renal masses, the increased detection of incidental
renal masses with cross-sectional imaging poses problems
to the radiologist and referring physician. Most incidental
renal masses can be diagnosed with confidence and either
ignored or treated without further testing. However, some
renal masses, particularly small ones, remain indetermi-
nate and require a management strategy that is both med-

ically appropriate and practical. In this article, the litera-
ture will be reviewed and an approach to the diagnosis and
management of the incidental renal mass will be sug-
gested. Management recommendations, derived from data
regarding the probability of malignancy in cystic and solid
renal masses, are provided for two types of patients, those
in the general population and those with limited life ex-
pectancy or co-morbidity. The Bosniak classification is
used to guide the management of cystic masses, with ob-
servation reserved for selected patients, and the presump-
tion of benignity recommended for simple-appearing cystic
masses smaller than 1 em. Among solid renal masses, a
more aggressive overall approach is taken. However, addi-
tional imaging, and in selected patients, percutaneous bi-
opsy, is recommended to diagnose benign neoplasms. Al-
though additional studies are needed to establish risks and
benefits, observation of solid masses may be considered in
selected patients. Minimally invasive treatments of renal
cancer (including percutaneous ablation) show promise
but at the same time challenge the radiologist to review the
approach to the incidental renal mass.
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ncidental findings are those that can-

not be related to the patient’s pre-

senting complaint or past medical
history. Incidental findings in the kid-
neys are common; most of them are
renal masses. Upon the detection of an
incidental renal mass, there are two
questions inherent in the decision-mak-
ing process and the radiologist is faced
with two tasks. The first task is to ana-
lyze the imaging appearance of the mass
to determine the likely diagnosis; the
second is to formulate a recommenda-
tion regarding how the mass might be
managed. The first task, we believe, is a

® Cross-sectional imaging can be
used to render a confident diagno-
sis of most incidental renal
masses.

® Although most cystic renal masses
may be diagnosed and managed by
using the Bosniak classification,
some remain difficult to diagnose,
but these can be managed in such a
way that maximizes the chance of
detecting cancerous masses and
minimizes the chance of unneces-
sarily treating benign ones.

B Although there are no specific data
regarding how to manage very
small (<1 cm) cystic masses, on
the basis of our experience, we be-
lieve that it is medically prudent to
consider them benign cysts.

® When a solid renal mass is de-
tected incidentally, in general, an
evaluation that aggressively pursues
a diagnosis of renal cancer is recom-
mended, but when the mass is small
(=3 cm), a benign diagnosis is more
likely than when a larger mass is
encountered, and therefore, less
aggressive approaches may be con-
sidered, such as percutaneous bi-
opsy, in selected patients.

B [n patients with limited life ex-
pectancy or co-morbidities that
might increase the risk of treat-
ment, less aggressive approaches
to the diagnosis and treatment of
an incidental renal mass may be
considered, including percutane-
ous ablation and observation.

sine qua non of the radiology report,
including information regarding proba-
bility of disease. The second task is
somewhat optional; management deci-
sions typically are the primary responsi-
bility of the referring physician (in close
consultation with the radiologist, and ul-
timately the patient) and often depend
on factors not known to the radiologist.
However, management recommenda-
tions, offered by the interpreting radiol-
ogist acting in his or her role as a con-
sultant, are often helpful and can be
based on knowledge of the patient’s
clinical presentation and the informa-
tion made available at the time of the
radiologic examination. Management
recommendations from the radiologist
are particularly important in patients
with incidental renal masses because
the probability of malignancy is deter-
mined to a large extent on the radiologic
assessment of imaging findings.

Incidental renal masses are ubiqui-
tous. It has been estimated that over half
of patients over the age of 50 years har-
bor at least one renal mass, and often
several are found during one radiologic
examination such as ultrasonography
(US), computed tomography (CT), or
magnetic resonance (MR) imaging (1,2).
Fortunately, the overwhelming majority
of incidental renal masses are benign sim-
ple cysts and most can be confidently di-
agnosed as benign on the basis of cross-
sectional imaging alone (3). However,
some cannot, and therefore the radiolo-
gist is charged with expressing the like-
lihood of the mass being a malignant
neoplasm or other clinically important
disease and offering a management rec-
ommendation. In general, management
options for possible malignant neo-
plasms include leaving the mass alone,
observation (with close follow-up), im-
aging with another modality, percutane-
ous biopsy, or treatment that typically
includes surgery or ablation.

This article will summarize our ap-
proach to the incidental renal mass; it is
complex and dependent on many factors
(4). To our knowledge, there are no pub-
lished data specifically addressing this
problem. We will focus on the first task
and summarize the radiologic approach
to the incidental renal mass that is based

on imaging data. We will identify what we
believe to be knowledge gaps in the litera-
ture that limit our ability to provide defini-
tive diagnoses and make definitive recom-
mendations. Then, using both the literature
and our personal experience, we will pro-
vide an overall framework for the radiolo-
gist to address management recommenda-
tions for renal masses that are detected in-
cidentally.

Confirmation of an Abnormal Finding

The approach to a renal mass first be-
gins with an image analysis to be sure
that the finding is indeed a true renal
mass. Conditions that mimic a renal
mass (sometimes known as pseudo-
tumors), including hypertrophied paren-
chyma adjacent to scarred parenchyma
and congenital anomalies such as a prom-
inent column of Bertin or lobar dysmor-
phism, should be excluded. Vascular
anomalies and aneurysms are other renal
lesions that can mimic an enhancing solid
neoplasm. Trauma, infarction, hemor-
rhage, and infection may be incidental;
they each can cause masslike enlarge-
ment of a portion of the kidney and mimic
a solid or cystic neoplasm (Fig 1). How-
ever, each is usually associated with some
clinical history that will enable an accu-
rate diagnosis; these entities should be
excluded also before considering a neo-
plastic process (5,6). Once a mass is de-
termined to be a neoplastic process, man-
agement depends first on the probability
that the renal mass is malignant, and sec-
ond, on factors related to the patient,
such as age, life expectancy, co-morbid
disease, and patient preference.

Use of Clinical History and

Demographic Information

Most patients with renal cell carcinoma
are asymptomatic and the tumor is diag-
nosed as a result of an incidental discov-
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ery of a renal mass at a cross-sectional
imaging examination of the abdomen
performed for a nonrenal complaint (7-
10). Flank pain and hematuria may be
contributory in determining that a renal
mass is clinically important. However,
lack of signs and symptoms of renal can-
cer should not dissuade the radiologist
from considering that a mass is malig-
nant. Demographic information (eg,
age, sex) may help also in diagnosing
the cause of a renal mass. For example,
renal cell carcinoma is unusual in young
patients; angiomyolipomas and mul-
tilocular cystic nephromas are more
common in women. However, demo-
graphic information cannot be used
alone to diagnose the cause of a renal
mass.

Cystic Renal Masses

Renal masses may be subdivided into
cystic and solid masses. Cystic renal
masses are composed predominantly of
spaces filled with fluid; at imaging, these
fluid-filled spaces have the characteris-
tics of fluid, in that fluid does not en-
hance. When a cystic mass is composed
entirely of low-attenuation (0-20 HU)
fluid surrounded by a hairline-thin
smooth wall and does not enhance, the
mass is benign (11). We consider atten-
uations between 0 and 20 HU to repre-
sent simple fluid attenuation (3,5,11).
Although there is no universally agreed
upon number that can be used to iden-
tify unequivocal enhancement, we use a
threshold of 20 HU to indicate enhance-
ment, and values of 10-20 HU as equiv-
ocal for enhancement and needing fur-
ther assessment (5). We recognize that
the accuracy of attenuation values is de-
pendent on numerous factors, including
patient size, mass size, the size of the
region examined, CT technique, image
noise, partial volume averaging,
pseudoenhancement, and the CT scan-
ner type and manufacturer (12-15).
The CT attenuation values and ranges
presented herein are, in our opinion,
time tested and represent a practical
approach to the evaluation of the renal
mass. When a cystic mass contains fluid
that is of higher attenuation than simple
fluid, has calcification within its walls or

septa, has a thickened wall or septa, or
contains an enhancing soft-tissue com-
ponent, the mass may be benign or ma-
lignant depending on the degree of
thickness and irregularity of the wall or
septa and its enhancement characteris-
tics. Cystic lesions containing enhancing
soft-tissue components independent of
the wall are malignant (11). The
Bosniak classification, introduced 20
years ago, is a practical and useful guide
to the diagnosis and management of cys-
tic renal masses (11). In its current
form, there are five categories of cystic
renal masses, ordered in increasing
probability of malignancy (3,11,16,17).

Bosniak Classification

Category | masses are benign, simple
cysts; these lesions represent the most
common renal mass detected with im-
aging (2). Simple cysts contain low-
attenuation (0-20 HU) fluid and a hair-
line-thin smooth wall and do not contain
septations, calcifications, or enhancing
nodular soft tissue (Fig 2). To our
knowledge, when characterized by us-
ing a properly performed CT or MR ex-
amination, masses with these features
are always benign. Category Il masses
are benign, minimally complicated
cysts; these masses may contain a few
hairline-thin septa in which perceived
(not measurable) enhancement may be

Figure 2

a.

lesions are also likely benign cysts.
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Figure 2:  Bosniak category | renal cyst in a 55-year-old woman. Transverse (a) unenhanced and (b) con-
trast-enhanced GT scans show a 2-cm mass (arrow) in the upper pole of the right kidney. The mass is homo-
geneous and low attenuation (8 HU), does not enhance or contain septa or calcification, and fulfills the criteria
forabenign, simple cyst; no follow-up is necessary. Two additional very small (<1 cm) low-attenuation

appreciated when unenhanced and en-
hanced CT or MR images are compared
side by side (Fig 3). Fine calcification or
a short segment of slightly thickened
calcification may be present in the wall
or septa.

Category Il masses also include hy-
perattenuating cysts. Hyperattenuat-
ing cysts are cysts containing fluid
higher than water attenuation (ie,
over 20 HU) (Fig 4). Originally they
were described as cysts that had a

Figure 1

Figure 1:  Renal abscess mimicking a cystic
neoplasm ina43-year-old man. Transverse con-
trast material—enhanced CT scan shows 4.6-cm
cystic mass (arrow) with a thickened, enhancing
wall and surrounding stranding in the adjacent fat.
In preparation for ablation, biopsy was performed
and arenal abscess was drained percutaneously.

b.
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higher attenuation than renal paren-
chyma (typically 40-90 HU) on an un-
enhanced CT scan, but now it is gen-
erally accepted that a cyst measuring
higher than water attenuation on an
unenhanced CT scan is considered
high attenuation if it has sharp,
smooth margins and does not enhance
with contrast media (3,5,11). Because

Figure 3
o

a.

of the high-attenuation fluid in the cyst
(and since the thickness of the wall
cannot be evaluated in high-attenuat-
ing cysts), it must be certain that the
lesion is completely homogeneous
(even when viewed with a narrow win-
dow setting). It is helpful to obtain
multiple region-of-interest measure-
ments throughout the lesion to be cer-

b.

Figure 3:  Bosniak category Il renal cyst in a 42-year-old man. Transverse (a) unenhanced and (b) contrast-
enhanced CT scans show a 4-cm cystic left renal mass that contains few, hairline-thin septa, some of which
contain hairline-thin calcification (arrows). There is no measurable enhancement within the mass. Findings
are diagnostic of a benign complicated renal cyst; no follow-up is necessary.

Figure 4

a.

b.

Figure 4:  Bosniak category Il renal cyst in a 51-year-old woman. Transverse (a) unenhanced and (b) con-
trast-enhanced CT scans show a 1-cm exophytic, homogeneous right renal mass (arrow) that measures 74
HU on aand does not enhance. The findings are diagnostic of a benign, hyperattenuating renal cyst; no fol-

low-up is necessary.

Radiology: \/olume 249: Number 1—0Qctober 2008

tain that no portion of the lesion en-
hances (5). In general, cysts that mea-
sure between 20 and 40 HU are
proteinaceous cysts and will show
findings of a simple cyst at US; those
with attenuations over 40-50 HU are
likely to be hemorrhagic cysts and will
be complex at US (18). One mass that
fulfilled these criteria for a hyperat-
tenuating cyst has been reported to be
malignant (19). The wall of the cystic
lesion contained a single layer of neo-
plastic cells. This case report notwith-
standing, a small (=3 cm) homoge-
neously hyperattenuating, nonenhanc-
ing cystic mass (Bosniak IlI) is reliably
considered benign and need not be
evaluated further. Moreover, a recent
study (20) suggested that when a hy-
perattenuating renal mass was en-
countered on an unenhanced CT scan,
the probability of the mass being be-
nign was over 99% as long as the at-
tenuation was 70 HU or higher and the
mass was homogeneous. Although
more confirmatory studies are needed,
these data raise the possibility of pre-
sumptively diagnosing such masses as
hyperattenuating cysts rather than re-
examining them with a CT or MR exam-
ination, with and without contrast ma-
terial, to be sure that the mass does not
enhance (16).

Overall, all category Il renal masses
are reliably considered benign. There
are reports in the literature of rare re-
nal masses that were classified as cate-
gory Il and were found to be malignant
or potentially malignant at histologic
evaluation (19,21-23). Some of these
masses (19) contained microscopic foci
of renal cell carcinoma in their walls.
However, it is difficult to interpret the
meaning of these reports. The features
of the masses are not always fully de-
scribed; therefore, the masses may not
have been categorized correctly. Fur-
thermore, these are small series with
select populations that do not represent
the true prevalence of category Il
masses. Finally, the natural history of
these lesions is not known. Although it
is indeed likely that there are extremely
rare cases of renal cell carcinoma in the
walls of otherwise benign category II
cysts, they are so rare that, in our opin-
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ion, it is more practical to consider
these masses benign than to subject
many patients to surgery.

Category IIF (the “F” means to fol-
low) is a category of cystic renal masses
that cannot be considered benign with-
out some period of observation (17,24).
These masses are slightly more compli-
cated than masses in category II (Fig 5).
These cysts have a hairline-thin wall and
may contain multiple, hairline-thin
septa that demonstrate perceived (not
measurable) enhancement. There may
be minimal smooth thickening of the
wall or septa. They may contain thick,
irregular or nodular calcification. There
are no enhancing soft-tissue compo-
nents. Hyperattenuating renal masses
that exhibit all of the features of hyper-
attenuating cysts but are larger than 3
cm and are completely intrarenal are
included also in this category (17).

Cystic renal masses in category IIF
require follow-up CT or MR examina-
tion; stability over time suggests that
they are benign. Observation of these
masses has been shown to be safe and,
in one series, prevented unnecessary
surgery in 95% (40 of 42) of patients
(17). In two patients, renal cell carci-
noma was diagnosed at 1.5 and 3 years
after the initial CT scan when imaging
findings progressed on follow-up stud-
ies. The recommended interval for fol-
low-up studies is to perform an initial
CT or MR examination at 6 months,
followed by yearly studies for a mini-
mum of 5 years (17).

This is a rational approach; how-
ever, there is no known interval of time
that can be used to definitively diagnose
renal masses as benign (17,25). Indeed,
some small solid cancers grow slowly or
not at all (26-29). Nevertheless, a cat-
egory IIF mass that exhibits no growth
or morphologic change after 5 years is
likely benign (17). It should be empha-
sized that growth rate is not a feature of
the Bosniak cyst classification. Benign
renal cysts grow, sometimes rapidly;
conversely, malignant lesions may grow
slowly (25). For this reason, when fol-
lowing cystic renal lesions, the radiolo-
gist should examine the lesion for mor-
phologic change (eg, septa becoming
thicker or more nodular); overall

Figure 5

a. b.

Figure 5:  Bosniak category IIF cystic mass in a 66-year-old man. Transverse (a) unenhanced and (b) con-
trast-enhanced CT scans demonstrate a cystic mass in the lateral aspect of the left kidney that contains thick
and irregular calcifications in its wall. There is high-attenuation material (arrow) within the mass that does not
enhance. The mass was observed for 9 years and has not changed. There is a simple cyst in the anteromedial
aspect of the left kidney.

Figure 6

Figure 6:  Bosniak category Il cystic mass in a 68-year-old woman. Transverse (a) unenhanced and

(b) contrast-enhanced CT scans show a 3.8-cm cystic left renal mass that contains multiple thickened septa
(arrows) in which measurable enhancement could be demonstrated. Features of category Il cystic renal
masses cannot be used reliably to distinguish benign from malignant causes. A benign multiseptated cyst was
diagnosed at surgical pathologic evaluation.

growth and lesion size are less impor-
tant.

Category III lesions are truly inde-
terminate renal masses; imaging cannot
be used to diagnose them as benign or

malignant with confidence (Figs 6, 7).
Category Il cystic masses contain thick-
ened walls or septa in which measurable
enhancement is present (3,16,30,31).
These lesions have been found to be

20
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multilocular cysts (in which the walls
have fibrous lining), hemorrhagic or in-
fected cysts, multilocular cystic nephroma
(containing blastemal elements), or cys-
tic renal cell carcinoma. Category III
cystic renal masses have a reasonable
chance of being benign or malignant. In
two series (22,32), approximately half
were benign and half were malignant.
Category III cystic renal masses are

Figure 7

a.

considered “surgical lesions” because
they have a reasonable probability of
being malignant (22,31,32). Surgical
removal of all category Il lesions en-
sures that cancers are not missed.
However, the prevalence of malig-
nancy among resected category III
masses has ranged from 31% to 100%
(30,33). Although this practice en-
sures that cancers are not missed, up

Figure 7:  Bosniak category Il cystic mass in a 55-year-old women. Transverse (a) unenhanced and

(b) contrast-enhanced CT scans demonstrate a 2.5-cm cystic left renal mass that has a thickened wall (arrow)
inwhich measurable enhancement can be demonstrated. Thickened and enhancing septa are also noted
(arrowhead). Renal cell carcinoma was diagnosed at surgical pathologic evaluation.

Figure 8

a.

Figure 8: Bosniak category IV cystic mass ina 55-year-old man. Transverse (a) unenhanced and (b) con-
trast-enhanced CT scans show a 2.8-cm peripherally calcified cystic left renal mass (arrow) containing a solid
enhancing nodule that is adjacent to the wall. Renal cell carcinoma was diagnosed at surgical pathologic

evaluation.

Radiology: \/olume 249: Number 1—0Qctober 2008

to 69% of patients undergo surgery
unnecessarily. However, with the in-
troduction of category IIF, benign le-
sions that were previously considered
category Il (eg, cystic renal mass that
contains a thick calcification as its only
nonsimple cyst feature) are now clas-
sified as category IIF and are followed
up. As a result, we believe that today a
greater percentage of category Il le-
sions are malignant. However, it
should be realized that there is a wide
variation of reported series in the lit-
erature as to what percentage of cat-
egory III lesions are benign or malig-
nant. Reported percentages depend
on how the radiologist categorized the
lesion and the philosophy and practice
preference of the urologist treating
the patient with these indeterminate
lesions (34).

Recently, some authors have pos-
ited that percutaneous biopsy can be
helpful in identifying patients with be-
nign causes of indeterminate cystic re-
nal masses, obviating surgery in these
patients (33,35). If an infectious etiol-
ogy is considered, needle aspiration is
indicated. However, in distinguishing
benign from malignant neoplastic pro-
cesses, we view with skepticism studies
that promote biopsy of indeterminate
cystic renal masses as being definitive
(36). The principal problem is that
there is less tumor bulk to sample. Bi-
opsy may be helpful in selected circum-
stances, such as in patients who have
co-morbidities that increase the risk of
surgical exploration. In these patients,
biopsy results serve as additional data
that can be combined with imaging data
to render a probable clinical diagnosis.
However, it should be emphasized to
the patient and referring physician that
biopsy results, particularly in the ab-
sence of malignant cells, may not be
definitive (36).

Category IV lesions may contain
some or all of the features of category Il
lesions, but they also contain enhancing
soft-tissue components adjacent to or
separate from the wall or septa (Fig 8).
Cystic renal lesions in this category are
renal cancer until proved otherwise and
are surgically removed. They are almost
always malignant.
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Cystic Renal Mass Size as a Factor

Size is not an important feature of the
Bosniak classification; small cystic
masses may be malignant and large
ones may be benign. However, in our
experience, small cystic renal masses
are more likely benign, but large ones
are not necessarily more likely malig-
nant. Benign cysts may grow to be large.
Therefore, a radiologist can use small
size to lower the probability of a cystic
renal mass being malignant but cannot
use large size to increase the probability
of a cystic renal mass being malignant.
Since small cystic lesions (particularly
ones smaller than 1-2 cm) are more
likely benign, size can be used to con-
clude that a small cystic lesion that ex-
hibits no other features other than low
attenuation is likely benign (except in
patients with a genetic predisposition to
developing renal cancer). These lesions
used to be problematic because they
could not be imaged well enough to as-
sess their features, such as presence of
enhancement, septa, and wall thickness
(3). Today, particularly with use of mul-
tidetector CT and protocols with thin
(=2.5 mm) collimation, cysts as small
as 5 mm can be characterized with
more confidence than in the past as sim-
ple cysts by using 3-mm sections with a
50% overlap (37). As a corollary to
this concept, the smaller the mass, the
more likely it is benign. As a result,
the probability of malignancy in a cys-
tic renal mass less than 1 cm (“very
small” cystic renal lesion) is extremely
low. Bosniak has recommended that in
otherwise healthy individuals all le-
sions (cystic and solid) 1.0 ecm or
larger should be evaluated, but lesions
under 1 cm that appear to be simple
cysts, that is, a low-attenuation (0-20
HU) mass containing no septations,
nodularity, calcifications, or enhance-
ment, can be presumed to be benign
and need not be pursued further (38).

Solid Renal Masses

Solid masses contain little or no fluid
components and usually consist pre-
dominantly of enhancing tissue. As
noted above, a masslike abnormality in
the kidney with these features could be

the result of infection, infarction, or
trauma. Clinical history is typically in-
dicative of these conditions. Abundant
stranding in the ipsilateral perinephric
fat should raise the suspicion for one of
these processes. A vascular abnormality
such as an aneurysm or an arterio-
venous malformation may also present
as an enhancing masslike structure. Ob-
serving that a masslike structure en-
hances to the same degree as the vas-
culature is a clue in making the diagno-
sis of a vascular anomaly. In the case of
arteriovenous malformations, the ipsi-
lateral renal artery is frequently en-
larged; arteriovenous shunting may be
detected also. Excluding inflammatory
and vascular abnormalities and pseudo-
tumors, an enhancing renal mass should
be considered neoplastic.

With regard to the management of
solid renal neoplasms, it is important to
know whether there is a known primary
malignancy. When there is a history of
an extrarenal primary tumor, only
50%-85% of solitary renal masses are
metastatic (39,40). Therefore, if a solid
renal mass is detected in a patient with
a known primary malignancy (eg, lung
cancer, lymphoma), a metastasis should
not be necessarily diagnosed presump-
tively; both a second primary (renal cell
carcinoma) and a benign neoplasm
should be considered (41). Percutane-
ous biopsy has been shown to be helpful
in this clinical setting (36,41).

If multiple renal masses are discov-
ered incidentally in the absence of a
known primary malignancy, metastatic
disease is less likely. Lymphoma is pos-
sible but rarely presents only in the kid-
ney without other evidence of lym-
phoma. The two most likely diagnoses
are multifocal renal cell carcinoma and
multiple oncocytomas. These typically
occur as part of hereditary syndromes
that manifest as multiple, bilateral renal
cell carcinomas, oncocytomas, or both
(42-44). Percutaneous biopsy may be
helpful in distinguishing these possibili-
ties and dictating management (45,46).
Patients with a genetic predisposition to
renal cell carcinoma, or a family history
of renal cell carcinoma who present
with a mass that cannot be fully charac-
terized, or who are unable to be treated

Figure 9

Figure 9: Incidental angiomyolipoma in a
61-year-old woman. Transverse unenhanced
CT scan shows a 1.4-cm left mass (arrow)
nearly entirely composed of regions of low
attenuation (—90 HU); the findings are diag-
nostic of renal angiomyolipoma.

because of co-morbidities need to be
followed aggressively. One could argue
that lesions detected in these patients
are not truly incidental; however, these
patients may present without a family
history of renal cancer. A 6-month ex-
amination followed by annual examina-
tions has been suggested by some
(26,47); others have suggested a more
aggressive regimen that includes imag-
ing patients every 3 to 6 months, de-
pending on the size of the masses and
the syndrome (48).

In adults, most solitary solid renal
neoplasms found at imaging that do
not contain fat are renal cell carci-
noma. However, a substantial fraction
of solid renal masses are benign.
When encountering an incidental solid
renal mass, angiomyolipoma should be
excluded. These are benign neoplasms
that, particularly when small, warrant
no treatment. Most angiomyolipomas
can be diagnosed by identifying re-
gions of fat within a noncalcified renal
mass at unenhanced CT (49) (Fig 9).
However, calcified (50-53) and non-
calcified (54) fat-containing renal
masses have been reported to be renal
cell carcinoma. Thin-section CT may
be needed for small angiomyolipomas
and those angiomyolipomas that con-
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tain only small amounts of fat. Chem-
ical shift MR imaging may be used also
to diagnose an angiomyolipoma that
contains fat cells by demonstrating the
India ink artifact at the interface of the
fatty components of the angiomyoli-
poma with the nonfatty components of
the kidney (55). However, a renal
mass cannot be diagnosed as an angio-
myolipoma solely on the basis of signal
intensity loss on out-of-phase MR im-
ages. Clear cell subtype of renal cell
carcinoma may also lose signal inten-
sity on out-of-phase images because the
cells of this tumor, like fat cells, may also
contain intracellular lipid (56).
Although most angiomyolipomas
contain fat and can be diagnosed with
unenhanced CT alone, approximately
5% of angiomyolipomas contain little or
no fat and appear as small, hyperattenu-
ating (at unenhanced CT), homoge-
neously enhancing masses (57,58) (Fig
10). As a result, they are indistinguish-
able from a small renal cell carcinoma at
CT (57,59). In one series, six (3%) of
175 resected solid tumors were found to
be angiomyolipomas with little or no fat

Figure 10

~
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(57); all of them were hyperattenuating
(more attenuating than renal paren-
chyma) and homogeneously enhancing.
In this series, 2% of the resected renal
cell carcinomas were hyperattenuating
and homogeneously enhancing. There-
fore, when encountering a small (=3
cm), hyperattenuating (at unenhanced
CT), homogeneously enhancing renal
mass, there is a strong possibility that
the mass is benign. Rather than pre-
sume the mass is renal cell carcinoma
and proceed directly to treatment, we
recommend evaluating it further with
MR imaging, and if necessary, percuta-
neous biopsy (36,46).

The MR imaging appearance of
clear cell renal cell carcinoma is typi-
cally different from that of angiomyoli-
poma with minimal fat. Because of the
smooth muscle content, angiomyoli-
poma with minimal fat is typically hy-
pointense on T2-weighted MR images
(57,60). On the other hand, clear cell
renal cell carcinoma is typically hyperin-
tense on T2-weighted images (61-64).
Therefore, if an enhancing, hyperat-
tenuating renal mass is also hyperin-

b.

Figure 10:  Angiomyolipoma with minimal fat in
64-year-old woman. (a) Transverse unenhanced CT
scan shows 1-cm anterior left renal lesion (arrow)
that is hyperattenuating compared with unenhanced
normal renal parenchyma. (b) Transverse fat-sup-
pressed T1-weighted MR image (repetition time
msec/echo time msec, 6.4/3.1; 15° flip angle) shows
that the mass (arrow) enhances homogeneously.
(c) Transverse T2-weighted MR image (717/122
(effective); 90° flip angle) shows that the mass (ar-
row) is hypointense. Percutaneous biopsy revealed
angiomyolipoma with minimal fat.

tense on T2-weighted images, clear cell
renal cell carcinoma is more likely than
an angiomyolipoma with minimal fat.
However, papillary renal cell carcinoma
is also typically hypointense on T2-
weighted images (62,65). Therefore, a
homogeneously enhancing renal mass
that is both hyperattenuating at unen-
hanced CT and hypointense at T2-
weighted MR imaging could represent
either angiomyolipoma with minimal
fat or papillary renal cell carcinoma.
Percutaneous biopsy is the only way to
distinguish them, short of surgical resec-
tion. Biopsy can be used to diagnose an-
giomyolipoma with minimal fat and pap-
illary renal cell carcinoma (36). Hyper-
attenuating, enhancing renal masses
may represent other benign tumors that
include metanephric adenoma, oncocy-
toma, and leiomyoma (66,67).
Oncocytoma is another benign re-
nal tumor that may be found inciden-
tally (68). In a patient with a known
oncocytoma, a conservative approach
such as leaving the mass alone, obser-
vation, or a minimally invasive form of
treatment such as open partial ne-
phrectomy, laparoscopic partial ne-
phrectomy, or ablation may be indi-
cated. Although there are some image-
based features that can be used to
raise the possibility of oncocytoma
(eg, homogeneous enhancement, cen-
tral scar at CT or MR), none is suffi-
ciently diagnostic and a tissue diagno-
sis is needed. Historically, surgical re-
section has been indicated both to
obtain a definitive tissue diagnosis and
to treat the lesion. There is an ongoing
debate concerning the natural history
of this tumor and the extent of surgery
(or whether removal is necessary). Al-
though oncocytomas are considered
benign, some demonstrate invasive
features such as lymphovascular and
renal capsular involvement (68). Since
oncocytoma can be diagnosed now
with reasonable certainty by using
percutaneous biopsy, the role of bi-
opsy in the diagnosis of oncocytoma is
emerging (36,69). However, biopsy
results may not be definitive since
some renal cell carcinomas have onco-
cytic features and it has not been es-
tablished which, if any, of these
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masses should undergo biopsy. Never-
theless, the fact that biopsy can be
used to reach a probable diagnosis is
helpful in patients with masses that
have suggestive features of oncocy-
toma and in whom surgery would
carry above-average risk.

Although MR imaging and percuta-
neous biopsy can be used to help diag-
nose small, hyperattenuating (at unen-
hanced CT), homogeneously enhanc-
ing renal masses, the roles of MR and
biopsy have not been established fully,
particularly when a renal mass is dis-
covered incidentally at an imaging test
performed for a nonrenal complaint.
More studies will be needed to estab-
lish fully the role of MR imaging and
percutaneous biopsy in these masses.
Nevertheless, we have found both
techniques to be helpful adjuncts to US
and CT when a small (=3 c¢cm), homo-
geneously enhancing, hyperattenuat-
ing (at unenhanced CT) renal mass is
encountered incidentally. Patients
with these masses have been referred
to radiologists for percutaneous abla-
tion; MR imaging and biopsy have
been found to be particularly useful in
preventing benign masses from being
inadvertently ablated (70).

Solid Renal Mass Size as a Factor

A study of 2 770 resections of solid renal
masses found that 12.8% were benign;
almost all were oncocytomas and angio-
myolipomas (71). However, when strat-
ified according to size, the proportion of
benign masses was 25% among masses
smaller than 3 cm, 30% among masses
less than 2 cm, and 44% among masses
smaller than 1 cm (71). Hence, there
was a direct relationship between ma-
lignancy and the size of the mass: the
smaller the renal mass, the greater the
percentage of benign causes. To our
knowledge, there are limited data re-
garding the natural history of small re-
nal cell carcinoma. However, data
derived from the active surveillance of
renal masses in the elderly are emerging
(28,29,72-74). Most incidentally dis-
covered renal cell carcinomas are low
stage (9,75,76). In addition, it appears
that the smaller the cancer, the less ag-
gressive the clinical behavior (26,27,

71,77), particularly in masses smaller
than 3 ecm (78). Some have debated this
point and have claimed that small can-
cers may be aggressive (79-81). A
meta-analysis of the literature reviewed
234 small (mean diameter, 2.6 cm) solid
masses (of which only approximately
one-half were pathology-proved renal
cancers) that were followed up. Lesion
size at presentation did not predict
growth rate. Approximately 1% of pa-
tients (three masses) developed metas-
tases during follow-up (79); each mass
demonstrated interval growth during
observation. In a recent series (28), one
patient developed metastases during
observation, but the mass had grown to
8 cm. The authors concluded that al-
though all renal cancers managed with
observation alone have the potential to
metastasize, currently available data
suggest that the risk of developing me-
tastases during observation is low, par-
ticularly if there is no observed interval
growth (28). Observation of small renal
masses is supported further by data that
demonstrate that, concomitant with the
increasing incidence of renal cancer
over the past decades, the mortality
rate from kidney cancer has also in-
creased (82). This is explained, at least
in part, by the fact that the increased
incidence of renal cell carcinoma is due
to the increased detection of small renal
cancers; these small cancers are being
cured. However, the number of de-
tected large, lethal renal masses has not
diminished and their treatment not
changed (82). It is these masses that
contribute to renal cancer mortality.
Since the detection and treatment of
small cancers have not diminished renal
cancer mortality, it has been suggested
that at least some of them could be ob-
served instead of treated. However,
data regarding the watchful waiting ap-
proach are sparse and typically derived
from retrospective studies that include
selection bias, inherent errors in the
measurements of renal masses, and
short interval follow-up. Most impor-
tant, virtually all series have focused on
enhancing renal masses that were pre-
sumptively diagnosed as renal cancers.
Since small enhancing renal masses may
be benign (71), these data likely in-

cluded a small percentage of benign
masses and may underestimate the risk
of observing renal cancers.

Imaging Modalities and Techniques

A detailed review of technique is be-
yond the scope of this treatise. How-
ever, many incidental renal masses are
detected during a radiologic examina-
tion designed to detect extrarenal dis-
ease. Therefore, CT or an MR examina-
tion using protocols designed to evalu-
ate renal masses may be needed to
characterize the mass fully if the initial
examination is not diagnostic. Impor-
tant elements of these protocols include
obtaining images before and after con-
trast material administration and recon-
structing sections that are no thicker
than 3-5 mm. Incidental renal masses
are often small, and the features used to
classify them are also small or subtle;
the importance of detailed technique
was emphasized by Bosniak (3,11)
years ago and is still important today.
We use the same protocols to observe
renal masses as are used to evaluate
them initially. CT or MR examination,
with and without intravenous contrast
material, is recommended when ob-
serving renal masses so that subtle mor-
phologic changes may be identified (eg,
in the case of a Bosniak IIF mass). It
may be appropriate to utilize only post-
contrast-enhanced CT or MR examina-
tions in patients with solid renal masses
that have been fully characterized and
simply need to be observed for growth.
Technologic advances in each of the
cross-sectional imaging modalities allow
radiologists to evaluate (and observe)
masses more thoroughly than ever be-
fore.

With regard to the modality choice,
it should be emphasized that US is often
sufficient alone to diagnose most cystic
renal masses as benign, particularly
those in category I. The remaining
masses are often best characterized and
observed with multidetector CT per-
formed before and after intravenous
contrast material administration and
with thin (3-5 mm) sections. MR imag-
ing may be used in lieu of CT, and in
particular, in patients with allergy to io-
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dinated contrast material. To limit radi-
ation exposure, MR may be preferable
when observing renal masses in young
patients. MR may be useful also in char-
acterizing small (1-2 cm) renal masses
in which an accurate attenuation mea-
surement cannot always be obtained
with CT. When encountering such
masses, differentiating a neoplasm from
a simple cyst may be difficult, particu-
larly if thin sections are not used. MR
can be used to characterize these
masses as simple cysts when they are
sharply demarcated from renal paren-
chyma, have a smooth thin wall, do not
contain septa, and contain a signal in-
tensity similar to simple fluid (eg, urine
or cerebrospinal fluid) on T2-weighted
images (83). MR may be helpful also in
category IIF and III lesions. MR, partic-
ularly by using subtraction techniques,
may be used to demonstrate enhance-
ment in heavily calcified cystic masses
and in cystic masses with questionable
enhancement at CT (84,85). MR also
aids the evaluation of the small, hyper-
attenuating, homogeneously enhancing
renal mass as detailed earlier. MR may
be helpful in answering questions re-
lated to the staging of renal cell carci-
noma left unanswered at CT and US.
MR imaging also may be considered
in patients with renal insufficiency (85).
However, there may be an association
between patients with renal insuffi-
ciency who receive intravenous gadolin-
ium-based contrast material and the
development of nephrogenic systemic
fibrosis, a rare potentially fatal dermop-
athy (86). Until the relationship be-
tween intravenous gadolinium-based
contrast agents and nephrogenic sys-
temic fibrosis becomes more clear,
when evaluating an indeterminate renal
mass in a patient with or at risk for
renal insufficiency, we recommend that
MR imaging with an intravenous gado-
linium-based contrast agent be used
with caution if the estimated glomerular
filtration rate is lower than 60 mL/min/
1.73 m* and perhaps only when MR is
considered a medical necessity in a par-
ticular patient. However, in our experi-
ence, this is rarely the case when eval-
uating an indeterminate renal mass. An
alternative evaluation strategy might be

more prudent, such as arriving at a
probable diagnosis based on US and CT
findings alone and following the mass if
the probability of malignancy is low or
considering percutaneous biopsy or sur-
gery if the probability of malignancy is
high. MR imaging without an intrave-
nous gadolinium-based contrast mate-
rial could provide contributory informa-
tion regarding the appearance of a renal
mass on T1- and T2-weighted images,
but the diagnostic value of this informa-
tion alone has not been shown. Diffu-
sion-weighted MR imaging may be help-
ful in the future (87).

Management Recommendations

Herein, our goal is to derive a frame-
work that clinicians, including radiolo-
gists, can use to approach the incidental
renal Recommendations are
based on the probability of disease, pa-
tient factors, and whether subsequent
imaging is likely to be helpful. For ex-
ample, very small (<1 cm) cystic renal
lesions are highly likely to be benign and
difficult to characterize fully. Further-
more, a diagnosis would not likely be
made after many years of follow-up im-
aging if there was no change in size or
morphology. In addition, there is the
societal perspective; some might argue
that the cumulative cost of following
these lesions across all populations over
a period of several years would far out-
weigh the benefit of finding a rare can-
cer.

mass.

Recommendations Based on Probability
of Disease

On detection of an incidental renal neo-
plasm, broadly, options include doing
nothing, observation, imaging with an-
other modality, percutaneous biopsy, or
surgery or ablation. Ignoring the mass is
based on the presumption that the mass
is benign and clinically unimportant;
this is usually reserved for those masses
that, based on their imaging appear-
ance, have an extremely high probabil-
ity of being benign. Observation or
watchful waiting is generally recom-
mended for masses that are probably
benign; a low probability of malignancy
exists, hence, the mass is observed with

serial imaging. Biopsy, in general, is
performed for a mass that could be ei-
ther benign or malignant (and that can
likely be diagnosed definitively at bi-
opsy). These masses have a higher
probability of being malignant than
those that would be simply observed but
not high enough to subject a patient to
invasive treatment such as surgery with-
out obtaining a confirmatory tissue di-
agnosis. Surgery is recommended for
masses that have a high probability of
being malignant; the probability of ma-
lignancy is so high that a negative test
result (eg, percutaneous biopsy) would
not change substantially the posttest
probability. Percutaneous ablation is a
relatively recent treatment method that
has the potential to be curative and of-
fers a less-invasive option to the patient
with co-morbidity and limited life ex-
pectancy (88-98).

Recommendations based on proba-
bility of disease carry several uncertain-
ties. For example, we do not know the
precise probability of disease in a given
circumstance. Knowledge regarding the
probability of cancer is largely based on
case series and not on individual feature
analyses that allow us to predict proba-
bility of cancer on the basis of every
combination of features. The Bosniak
classification allows us to group cystic
renal masses into five probability ranges
(one of the main reasons why this clas-
sification has been so useful in clinical
practice for so many years). However,
we do not know the probability of dis-
ease on the basis of several individual
features. In particular, among the inde-
terminate (category IlI) group, we do
not know the precise probability of a
cystic renal mass being malignant or be-
nign. Another knowledge gap is how to
manage probability; this problem is
common to all incidental findings in all
organ systems. For example, even if we
knew that a mass had a 2% chance of
being malignant, the question of appro-
priate management has social, ethical,
and economic considerations.

Recommendations Based on Clinical
History

Management of a patient’s problem is
based on the synthesis of multiple fac-

Radiology: \/olume 249: Number 1—0Qctober 2008

25



Radiology

REVIEW: Management of the Incidental Renal Mass

Silverman et al

tors that are considered together to ren-
der a medical decision. Patient factors
such as age, life expectancy, co-morbid-
ity, and patient preference must also be
weighed in the management decision.
Although there are many patient factors
that contribute to management deci-
sions, life expectancy and co-morbidi-
ties are two important ones.

The greatest incidence of solid renal
masses thought to represent small renal cell
carcinomas is in patients older than 70
years in whom multiple co-morbidities may
affect management decisions (75). It is diffi-
cult to derive general recommendations on
the basis of age alone; life expectancy of an
otherwise healthy elderly patient may in
fact be longer than a younger patient with a
medical illness. With regard to co-morbid-
ity, if the risk of treatment is increased as a
result of co-morbid illness, observation of a
renal mass that otherwise would have been
treated might be considered.

Management decisions are often the
purview of the primary care physician or
a clinical specialist in the field, typically a
urologist. Given the fact that there are
numerous factors that need to be consid-
ered, management guidelines cannot be
derived for all patients. Indeed, each pa-
tient is unicue and deserves an individual
synthesis of all factors such that the ulti-
mate decision is appropriate for that pa-
tient. For example, follow-up of a cate-
gory IIF cystic mass is an appropriate ap-
proach in general. However, if the same
mass was found in a young, otherwise
healthy patient who was anxious about
the chance (albeit small) of a malignancy,
surgical resection may also be appropri-
ate, particularly if a nephron-sparing pro-
cedure can be performed. This latter ap-
proach would alleviate patient anxiety and
eliminate the need for repeated, long-term
follow-up examinations. Similarly, while
category Ill lesions are surgical lesions, in a
patient who is a poor surgical risk, a watch-
ful waiting approach may be prudent.

Recommendations in Patients in the

General Population

Cystic Renal Masses

The Bosniak classification detailed
above suggests how cystic renal

masses can be diagnosed and man-
aged. Coupled with the size factor, a
set of management recommendations
can be derived (Table 1). We concur
with Bosniak’s recommendation that a
cystic lesion that is smaller than 1 cm
and appears to be simple cyst, that is,
a low-attenuation (0-20 HU) mass
containing no septations, nodularity,
calcifications, or enhancement, can be
presumed to be benign and need not
be pursued further (38). In the radiol-

ogy report, we typically state that
these lesions are highly likely to be
benign renal cysts. If multiple renal
cysts are found in a young patient, a
cystic nephropathy can be considered.

Solid Renal Masses

Solid masses, in general, are more
likely than cystic masses to be malig-
nant and therefore recommendations
are overall more aggressive (Table 2).
Solid masses that are found inciden-

Table 1

Management Recommendations for Patients with an Incidental Cystic Renal Mass

Bosniak

Category  Imaging Features (5)

Co-morbidities or Limited

General Population  Life Expectancy

I Hairline-thin wall; no septa, calcifications, or
solid components; water attenuation; no

enhancement
Il Few hairline—thin septa with or without

Ignore Ignore

Ignore Ignore

IIF

v

perceived (not measurable) enhancement;
fine calcification or a short segment of
slightly thickened calcification in the wall
or septa; homogeneously high-attenuating
masses (=3 cm) that are sharply
marginated and do not enhance

Multiple hairline-thin septa with or without
perceived (not measurable) enhancement,
minimal smooth thickening of wall or
septa that may show perceived (not
measurable) enhancement, calcification
may be thick and nodular but no
measurable enhancement present; no
enhancing soft-tissue components;
intrarenal nonenhancing high-attenuation
renal masses (>3 cm)

Thickened irregular or smooth walls or
septa, with measurable enhancement

Criteria of category I, but also containing
enhancing soft-tissue components
adjacent to or separate from the wall or
septa

Observe'™

Surgery!

Surgery!

Observe™ or ignore’

Surgery! or observe®

Surgery! or observe'

Note.—These recommendations are to be followed only if non-neoplastic causes of a renal mass (eg, infections) have been
excluded; see text for details. The recommendations are offered as general guidelines and do not necessarily apply to all

patients.

*When a mass smaller than 1 cm has the appearance of a simple cyst, further work-up is not likely to yield useful information.

T CT or MR at 6 and 12 months, then yearly for 5 years; interval and duration of observation may be varied (eg, longer intervals
may be chosen if the mass is unchanged; longer duration may be chosen for greater assurance).

*In selected patients (eg, young), early surgical intervention may be considered, particularly if a minimally invasive approach
(eg, laparoscopic partial nephrectomy) can be utilized.

§ Cystic masses 1.5 cm or smaller that are not clearly simple cysts or that cannot be characterized completely may not require

further evaluation in patients with co-morbidities and in patients with limited life expectancy.

I Surgical options include open or laparoscopic nephrectomy and partial nephrectomy; each provides a tissue diagnosis. Open,
laparoscopic, and percutaneous ablation may be considered where available, but biopsy would be needed to achieve a tissue
diagnosis. Long-term (5- or 10-year) results of ablation are not yet known.
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tally may be evaluated as detailed
above; inflammatory masses, vascular
abnormalities, and angiomyolipomas
should be excluded. In the general
population, we recommend evaluating
the remaining solid masses (depend-
ing on their size) fully, with a tissue
diagnosis obtained either percutane-
ously or surgically. Solid masses
smaller than 1 cm (“very small” solid
masses) are challenging. First, there is
a reasonable chance that a very small
solid mass is benign. Second, it is of-

ten difficult to characterize a mass
smaller than 1 cm as solid and enhanc-
ing, despite a meticulous technique us-
ing state-of-the-art CT and MR imag-
ers. Third, these masses are often too
small to biopsy. Therefore, when en-
countering a mass that is believed to
be solid and is less than 1 cm in size, it
is reasonable to observe them with an
initial examination with CT or MR at
3-6 months followed by yearly exam-
inations. A full work-up could ensue
when the mass reaches 1 cm in size.

Recommendations in Patients with

Limited Life Expectancy or Comorbidity
That Increases the Risk of Treatment

Cystic Renal Masses

Cystic masses can be evaluated as they
would in the general population, but
with a less aggressive approach for
some masses (Table 1). Bosniak has
recommended that lesions between 1.0
and 1.5 cm that cannot be characterized
completely, that is, they measure higher

Table 2

Management Recommendations for an Incidental Solid Renal Mass in Patients in the General Population

Mass Size Probable Diagnosis Recommendation Comment
Large (>3 cm) Renal cell carcinoma* Surgery® Angiomyolipoma with minimal fat, oncocytoma, and
other benign neoplasms may be found at surgery
Small (1-3 cm) Renal cell carcinoma * Surgery® If hyperattenuating and homogenously enhancing,

Very small (<1 cm)

Renal cell carcinoma, oncocytoma, angiomyolipoma*

Observe until 1 cm$

consider MR and percutaneous biopsy to diagnose
angiomyolipoma with minimal fat
Thin (=3 mm) sections help confirm enhancement

Note.—These recommendations are best followed after non-neoplastic causes of a renal mass (eg, infections) have been excluded; see text for details. The recommendations are offered as general

guidelines and do not necessarily apply to all patients.

* Provided there is no detectable fat at CT or MR with protocols designed to evaluate renal masses.

T Surgical options include open or laparoscopic nephrectomy and partial nephrectomy; both provide a tissue diagnosis. Open, laparoscopic, and percutaneous ablation may be considered where
available, but biopsy would be needed to achieve a tissue diagnosis. Long-term (5- or 10-year) results of ablation are not yet known.

* Benign entities are more likely in small renal masses than large ones.
S CT or MR at 3-6 months and 12 months, then yearly; interval and duration of observation may be varied (eg, shorter interval if the mass is enlarging).

Table 3

Management Recommendations for an Incidental Solid Renal Mass in Patients with Limited Life Expectancy or Co-morbidities That

Increase the Risk of Treatment

Mass Size Probable Diagnosis

Recommendation

Comment

Large (>3 cm)

Small (1-3 cm)

Very small (<1 cm)
angiomyolipoma*

Renal cell carcinoma*

Renal cell carcinoma*

Renal cell carcinoma, oncocytoma,

Surgery™ or observe

Surgery™ or observe

Observe until 1.5 cm®

Angiomyolipoma with minimal fat, oncocytoma, other

benign neoplasms may be found at surgery; Biopsy
can be utilized preoperatively to confirm renal cell
carcinoma

If hyperattenuating and homogenously enhancing,

consider MR and percutaneous biopsy to diagnose
angiomyolipoma with minimal fat

Thin (=3 mm) sections help confirm enhancement

Note.—These recommendations are best followed after non-neoplastic causes of a renal mass (eg, infections) have been excluded; see text for details. The recommendations are offered as general

guidelines and do not necessarily apply to all patients.

* Provided there is no detectable fat at CT or MR with protocols designed to evaluate renal masses.

T Surgical options include open or laparoscopic nephrectomy and partial nephrectomy; both provide a tissue diagnosis. Open, laparoscopic, and percutaneous ablation may be considered where
available, but biopsy would be needed to achieve a tissue diagnosis. Long-term (5- or 10-year) results of ablation are not yet known.

* Benign entities are more likely in small renal masses than large ones.

S CT or MR at 3—6 months and 12 months, then yearly; interval of observation may be varied (eg, shorter intervals if the mass is enlarging); duration of observation may be individualized. Observation
may be considered for a solid renal mass of any size in a patient with limited life expectancy or co-morbidities that increase the risk of treatment, particularly when the mass is small. It may be
safe to observe a solid renal mass beyond 1.5 cm; however, there are insufficient data to provide definitive recommendations on the risks and benefits of observation.
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than water attenuation at CT or are not
clearly cysts at US, need not be evalu-
ated further in patients who are elderly,
fragile, or with an underlying life-
threatening disorder (eg, metastatic
carcinoma, severe heart disease) that
will clearly limit life expectancy (38).
This recommendation is based on the
fact that most of these lesions will be
benign cysts mimicking solid neoplasms
or neoplasms with a slow growth rate
(26,47,99). Ignoring these lesions is fur-
ther supported by economic consider-
ations. As discussed above, it is reason-
able to observe category III cystic
masses in patients with co-morbid con-
ditions.

Solid Renal Masses

In patients with limited life expectancy
or co-morbidities, solid masses can be
evaluated as they would in the general
population; however, observation may
be appropriate, particularly for small
(=3 cm) renal masses (Table 3). If we
accept the tenet that most small (=3
cm) cancers are not as aggressive as
large ones, it is tempting to select them
for less aggressive management algo-
rithms in patients who have co-morbid
disease that either limits their life span
or makes a surgical procedure risky. In
the past, Bosniak has recommended ob-
servation alone in the patients with solid
neoplasms smaller than 1.5 c¢cm based
on the likelihood that most small renal
cell carcinomas grow slowly (25-27)
and that “length bias” and “lead bias”
are likely factors when a small lesion is
discovered incidentally (100). An ex-
pert panel commission of the American
College of Radiology agrees that a “wait
and see” approach for renal masses 1.5
cm or smaller in the elderly is prudent
(101). However, renal cell carcinoma is
curable when confined to the kidney,
and any course of management short of
surgical intervention should be chosen
carefully.

Most recommendations in the liter-
ature to date have been made as if open
surgery (and its attendant risks) was
the only effective local treatment for re-
nal cancer. Emerging minimally invasive
procedures such as laparoscopic partial
nephrectomy and percutaneous abla-

tion techniques are less invasive and
carry less risk. Laparoscopic partial ne-
phrectomy might allow a more aggres-
sive approach in young healthy patients
with an indeterminate mass. Similarly,
one might consider ablation of solid
masses or category [V cystic masses in
the elderly or in patients with co-morbid
disease who otherwise would have been
observed if surgery were the only op-
tion. Treatment effectiveness data fol-
lowing ablation are promising, and its
use in these patients is being embraced
(88-98). However, 5-year data are only
now beginning to appear in the litera-
ture; 10-year data will need to be ana-
lyzed to understand the effectiveness of
the procedure (88-98). Furthermore, a
meta-analysis of the literature through
2005 revealed that only 88% of renal
masses ablated by using a surgical ap-
proach and 59% of masses ablated by
using a percutaneous approach under-
went biopsy (91). As described above,
small renal masses (the ones most ame-
nable to ablation) may be benign, and
imaging alone cannot be used to diag-
nose renal cell carcinoma definitively.
Unlike surgery, in which a mass is ex-
amined fully at pathologic examination
after it is removed, during percutaneous
ablation the tumor is treated in situ.
Unless biopsy is performed, a tissue di-
agnosis cannot be obtained. Once a tu-
mor is ablated, the patient needs to be
observed as if the lesion was cancerous.
Therefore, we recommend that percutane-
ous ablation be preceded by percutane-
ous biopsy (in advance of the day of
the ablation procedure) to ensure that
the mass is malignant and warrants
treatment (36,70). Tissue diagnosis is
needed for two reasons, to prevent pa-
tients from undergoing an unnecessary
procedure with its attendant risks (al-
beit small) and to be sure that the data
used ultimately to determine which pa-
tients are best treated with ablation do
not include benign masses. Neverthe-
less, on the basis of promising data, ab-
lation may become the standard treat-
ment of small renal cell carcinoma in the
future. Data will be needed to deter-
mine which patients are suitable. In par-
ticular, future study will be needed to
determine the cost-effectiveness of ab-

lating small renal cancers in the elderly
that otherwise would have been ig-
nored, or observed, if open surgery
were the only option (36).

Finally, a discussion of the manage-
ment of incidental findings would not be
complete without acknowledging medi-
colegal aspects. Follow-up recommen-
dations of indeterminate renal masses
are no doubt related in part to a per-
ceived liability of missing a cancer
(102). Since renal cell carcinoma is a
curable disease when confined to the
kidney, it is difficult to refrain from eval-
uating and following all indeterminate
renal masses. Nevertheless, we believe
that the guidelines presented here are a
practical and medically sound approach
to the incidental renal mass. Again, it
must be emphasized that these are
“guidelines” and the evaluation and
treatment of each case must be individ-
ualized depending on the imaging find-
ings, the age and condition of the pa-
tient, and the diagnostic and treatment
options available. In the future, as our
ability to detect and characterize renal
masses evolves, so too will the recom-
mendations that follow from the discov-
ery of an incidental renal mass.

Acknowledgment: The authors thank Morton
A. Bosniak, MD, for his comments and sugges-
tions to many parts of the manuscript and for his
important contributions to this subject through-

out his distinguished career.

References

1. Kissane JM. Congenital malformations. In:
Hepinstall RH, ed. Pathology of the kidney.
Boston, Mass: Little, Brown, 1974;69-119.

2. Tada S, Yamagishi J, Kobayashi H, Hata Y,
Kobari T. The incidence of simple renal
cyst by computed tomography. Clin Radiol
1983;34:437-439.

3. Bosniak MA. The small (less than or equal
to 3.0 ¢cm) renal parenchymal tumor: detec-
tion, diagnosis, and controversies. Radiol-
ogy 1991;179:307-317.

4. Stone JH. Incidentalomas: clinical correla-
tion and translational science required.

N Engl J Med 2006;354:2748 -2749.

5. Israel GM, Bosniak MA. How I do it: evalu-
ating renal masses. Radiology 2005;236:
441-450.

6. Rigsby CM, Rosenfield AT, Glickman MG,
Hodson J. Hemorrhagic focal bacterial

28

Radiology: \/olume 249: Number 1—October 2008



>
i}
c
g
G
o

REVIEW: Management of the Incidental Renal Mass

Silverman et al

10.

11.

12.

13.

14.

15.

17.

18.

19.

nephritis: findings on gray-scale sonogra-
phy and CT. AJR Am J Roentgenol 1986;
146:1173-1177.

. Jayson M, Sanders H. Increased incidence

of serendipitously discovered renal cell car-
cinoma. Urology 1998;51:203-205.

. Konnak JW, Grossman HB. Renal cell car-

cinoma as an incidental finding. J Urol
1985;134:1094-1096.

. Luciani LG, Cestari R, Tallarigo C. Inciden-

tal renal cell carcinoma-age and stage char-
acterization and clinical implications: study
of 1092 patients (1982-1997). Urology
2000;56:58-62.

Rodriguez-Rubio FI, Diez-Caballero F, Mar-
tin-Marquina A, Abad JI, Berian JM. Inci-
dentally detected renal cell carcinoma. BrJ
Urol 1996;78:29-32.

Bosniak MA. The current radiological ap-
proach to renal cysts. Radiology 1986;158:
1-10.

Bae KT, Heiken JP, Siegel CL, Bennett HF.
Renal cysts: is attenuation artifactually in-
creased on contrast-enhanced CT images?
Radiology 2000;216:792-796.

Birnbaum BA, Hindman N, Lee J, Babb
JS. Multi-detector row CT attenuation
measurements: assessment of intra- and
interscanner variability with an anthropo-
morphic body CT phantom. Radiology
2007;242:109-119.

Birnbaum BA, Hindman N, Lee J, Babb JS.
Renal cyst pseudoenhancement: influence
of multidetector CT reconstruction algo-
rithm and scanner type in phantom model.
Radiology 2007;244:767-775.

Maki DD, Birnbaum BA, Chakraborty DP,
Jacobs JE, Carvalho BM, Herman GT. Re-
nal cyst pseudoenhancement: beam-hard-
ening effects on CT numbers. Radiology
1999;213:468 -472.

. Bosniak MA. Diagnosis and management of

patients with complicated cystic lesions of
the kidney. AJR Am J Roentgenol 1997;
169:819-821.

Israel GM, Bosniak MA. Follow-up CT of
moderately complex cystic lesions of the
kidney (Bosniak category IIF). AJR Am J
Roentgenol 2003;181:627-633.

Bosniak MA. Problematic renal masses. In:
McClennan BL, ed. Syllabus: a categorical
course in genitourinary radiology. Oak
Brook, Ill: Radiological Society of North
America, 1994; 183-191.

Hartman DS, Weatherby E 3rd, Laskin
WB, Brody JM, Corse W, Baluch JD. Cystic
renal cell carcinoma: CT findings simulating

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

a benign hyperdense cyst. AJR Am J Roent-
genol 1992;159:1235-1237.

Jonisch Al, Rubinowitz A, Mutalik P, Israel
G. Can high attenuatin renal cysts be differ-
entiated from renal cell carcinoma at unen-
hanced computed tomography? Radiology
2007;243:445-450.

Chung EP, Herts BR, Linnell G, et al. Anal-
ysis of changes in attenuation of proven
renal cysts on different scanning phases of
triphasic MDCT. AJR Am J Roentgenol
2004;182:405-410.

Siegel CL, McFarland EG, Brink JA, Fisher
AJ, Humphrey P, Heiken JP. CT of cystic
renal masses: analysis of diagnostic perfor-
mance and interobserver variation. AJR

Am J Roentgenol 1997;169:813-818.

Spaliviero M, Herts BR, Magi-Galluzzi C,
et al. Laparoscopic partial nephrectomy for
cystic masses. J Urol 2005;174:614-619.

Israel GM, Bosniak MA. Calcification in cys-
tic renal masses: is it important in diagno-
sis? Radiology 2003;226:47-52.

Volpe A, Panzarella T, Rendon RA, Haider
MA, Kondylis FI, Jewett MA. The natural
history of incidentally detected small renal
masses. Cancer 2004;100:738 -745.

Bosniak MA, Birnbaum BA, Krinsky GA, Wa-
isman J. Small renal parenchymal neoplasms:
further observations on growth. Radiology
1995;197:589-597.

Kassouf W, Aprikian AG, Laplante M,
Tanguay S. Natural history of renal masses
followed expectantly. J Urol 2004;171:111-
113.

Kunkle DA, Crispen PL, Chen DY, Green-
berg RE, Uzzo RG. Enhancing renal masses
with zero net growth during active surveil-
lance. J Urol 2007;177:849 -853.

Wehle MJ, Thiel DD, Petrou SP, Young PR,
Frank 1, Karsteadt N. Conservative man-
agement of incidental contrast-enhancing
renal masses as safe alternative to invasive
therapy. Urology 2004;64:49-52.

Curry NS, Cochran ST, Bissada NK. Cystic

renal masses: accurate Bosniak classifica-

tion requires adequate renal CT. AJR Am J
Roentgenol 2000;175:339-342.

Koga S, Nishikido M, Inuzuka S, et al. An
evaluation of Bosniak’s radiological classifi-
cation of cystic renal masses. BJU Int 2000;
86:607-609.

Aronson S, Frazier HA, Baluch JD, Hartman
DS, Christenson PJ. Cystic renal masses: use-
fulness of the Bosniak classification. Urol Radiol
1991;13:83-90.

Lang EK. Renal cyst puncture studies. Urol
Clin North Am 1987;14:91-102.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

Bosniak MA. Should we biopsy complex
cystic renal masses (Bosniak category III)?
AJR Am J Roentgenol 2003;181:1425-
1426.

. Harisinghani MG, Maher MM, Gervais DA,

et al. Incidence of malignancy in complex
cystic renal masses (Bosniak category III):
should imaging-guided biopsy precede sur-
gery? AJR Am J Roentgenol 2003;180:755-
758.

Silverman SG, Gan YU, Mortele KJ, Tuncali
K, Cibas ES. Renal masses in the adult
patient: the role of percutaneous biopsy.
Radiology 2006;240:6 -22.

Jinzaki M, McTavish JD, Zou KH, Judy PF,
Silverman SG. Evaluation of small (</= 3
cm) renal masses with MDCT: benefits of
thin overlapping reconstructions. AJR Am J
Roentgenol 2004;183:223-228.

Bosniak MA, Rofsky NM. Problems in the
detection and characterization of small re-
nal masses. Radiology 1996;198:638 -641.

Bracken RB, Chica G, Johnson DE, Luna
M. Secondary renal neoplasms: an autopsy
study. South Med J 1979;72:806 - 807.

Mitnick JS, Bosniak MA, Rothberg M,
Megibow AJ, Raghavendra BN, Subra-
manyam BR. Metastatic neoplasm to the
kidney studied by computed tomography
and sonography. J Comput Assist Tomogr
1985;9:43-49.

Rybicki FJ, Shu KM, Cibas ES, Fielding JR,
vanSonnenberg E, Silverman SG. Percuta-
neous biopsy of renal masses: sensitivity
and negative predictive value stratified by
clinical setting and size of masses. AJR
Am J Roentgenol 2003;180:1281-1287.

Choyke PL, Glenn GM, Walther MM, Zbar
B, Linehan WM. Hereditary renal cancers.
Radiology 2003;226:33-46.

Linehan WM, Vasselli J, Srinivasan R, et al.
Genetic basis of cancer of the kidney: dis-
ease-specific approaches to therapy. Clin
Cancer Res 2004;10(18 pt 2):6282S-
6289S.

Tickoo SK, Reuter VE, Amin MB, et al.
Renal oncocytosis: a morphologic study of
fourteen cases. Am J Surg Pathol 1999;23:
1094-1101.

5. Silverman SG, Gan YU, Mortele KJ, Tuncali

K, Cibas ES. Renal mass biopsy in the new
millennium: an important diagnostic proce-
dure. In: Ramchandani P, ed. Syllabus: cat-
egorical course in diagnostic radiology—
genitourinary radiology. Oak Brook, Ill: Ra-
diological Society of North America, 2006;
219-236.

Silverman SG, Mortele KJ, Tuncali K, Jin-
zaki M, Cibas ES. Hyperattenuating renal

Radiology: \/olume 249: Number 1—0Qctober 2008

29



Radiology

REVIEW: Management of the Incidental Renal Mass

Silverman et al

47.

48.

49.

50.

51.

52.

53.

55.

58.

59.

masses: etiologies, pathogenesis, and imag-
ing evaluation. RadioGraphics 2007;27:
1131-1143.

Birnbaum BA, Bosniak MA, Megibow AJ,
Lubat E, Gordon RB. Observations on the
growth of renal

1990;176:695-701.

neoplasms. Radiology

Cohen HT, McGovern FJ. Renal-cell carci-
noma. N Engl J Med 2005;353:2477-2490.

Bosniak MA, Megibow AJ, Hulnick DH,
Horii S, Raghavendra BN. CT diagnosis of
renal angiomyolipoma: the importance of
detecting small amounts of fat. AJR Am J
Roentgenol 1988;151:497-501.

Castoldi MC, Dellafiore L., Renne G, Schiaffino
E, Casolo F. CT demonstration of liquid intratu-
moral fat layering in a necrotic renal cell carci-
noma. Abdom Imaging 1995;20:483-485.

Helenon O, Chretien Y, Paraf F, Melki P,
Denys A, Moreau JF. Renal cell carcinoma
containing fat: demonstration with CT. Ra-
diology 1993;188:429 -430.

Lesavre A, Correas JM, Merran S, Grenier
N, Vieillefond A, Helenon O. CT of papil-
lary renal cell carcinomas with cholesterol
necrosis mimicking angiomyolipomas. AJR
Am J Roentgenol 2003;181:143-145.

Strotzer M, Lehner KB, Becker K. Detec-
tion of fat in a renal cell carcinoma mimick-
ing angiomyolipoma. Radiology 1993;188:
427-428.

. Schuster TG, Ferguson MR, Baker DE,

Schaldenbrand JD, Solomon MH. Papillary
renal cell carcinoma containing fat without
calcification mimicking angiomyolipoma on
CT. AJR Am J Roentgenol 2004;183:1402-
1404.

Israel GM, Hindman N, Hecht E, Krinsky
G. The use of opposed-phase chemical shift
MRI in the diagnosis of renal angiomyolipo-
mas. AJR Am J Roentgenol 2005;184:
1868-1872.

. Outwater EK, Bhatia M, Siegelman ES,

Burke MA, Mitchell DG. Lipid in renal clear

cell carcinoma: detection on opposed-

phase gradient-echo MR images. Radiology
1997;205:103-107.

. Jinzaki M, Tanimoto A, Narimatsu Y, et al.

Angiomyolipoma: imaging findings in le-
sions with minimal fat. Radiology 1997;205:
497-502.

Kim JK, Park SY, Shon JH, Cho KS. Angio-
myolipoma with minimal fat: differentiation
from renal cell carcinoma at biphasic helical
CT. Radiology 2004;230:677-684.

Sant GR, Ayers DK, Bankoff MS, Mitcheson
HD, Ucci AA Jr. Fine needle aspiration biopsy

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

in the diagnosis of renal angiomyolipoma.

J Urol 1990;143:999-1001.

Hosokawa Y, Kinouchi T, Sawai Y, et al.
Renal angiomyolipoma with minimal fat. Int
J Clin Oncol 2002;7:120-123.

Amendola MA, Bree RL, Pollack HM, et al.
Small renal cell carcinomas: resolving a di-
agnostic dilemma. Radiology 1988;166:
637-641.

Shinmoto H, Yuasa Y, Tanimoto A, et al.
Small renal cell carcinoma: MRI with patho-
logic correlation. J Magn Reson Imaging
1998;8:690-694.

Yamashita Y, Honda S, Nishiharu T, Urata
J, Takahashi M. Detection of pseudocap-
sule of renal cell carcinoma with MR imag-
ing and CT. AJR Am J Roentgenol 1996;
166:1151-1155.

Yoshimitsu K, Kakihara D, Irie H, et al.
Papillary renal carcinoma: diagnostic ap-
proach by chemical shift gradient-echo and
echo-planar MR imaging. J Magn Reson
Imaging 2006;23:339-344.

Sussman SK, Glickstein MF, Krzymowski
GA. Hypointense renal cell carcinoma: MR
imaging with pathologic correlation. Radi-
ology 1990;177:495-497.

Fielding JR, Visweswaran A, Silverman SG,
Granter SR, Renshaw AA. CT and ultra-
sound features of metanephric adenoma in
adults with pathologic correlation. J Com-
put Assist Tomogr 1999;23:441-444.

Jinzaki M, Tanimoto A, Mukai M, et al.
Double-phase helical CT of small renal pa-
renchymal neoplasms:
pathologic findings and tumor angiogenesis.
J Comput Assist Tomogr 2000;24:835-
842.

correlation with

Chao DH, Zisman A, Pantuck AJ, Freed-
land SJ, Said JW, Belldegrun AS. Changing
concepts in the management of renal onco-
cytoma. Urology 2002;59:635-642.

Liu J, Fanning CV. Can renal oncocytomas
be distinguished from renal cell carcinoma
on fine-needle aspiration specimens? a
study of conventional smears in conjunction
with ancillary studies. Cancer 2001;93:
390-397.

Tuncali K, vanSonnenberg E, Shankar S,
Mortele KJ, Cibas ES, Silverman SG. Eval-
uation of patients referred for percutane-
ous ablation of renal tumors: importance of
a preprocedural diagnosis. AJR Am J
Roentgenol 2004;183:575-582.

Frank I, Blute ML, Cheville JC, Lohse CM,
Weaver AL, Zincke H. Solid renal tumors:
an analysis of pathological features related
to tumor size. J Urol 2003;170:2217-2220.

72.

73.

74.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Kato M, Suzuki T, Suzuki Y, Terasawa Y,
Sasano H, Arai Y. Natural history of small
renal cell carcinoma: evaluation of growth
rate, histological grade, cell proliferation
and apoptosis. J Urol 2004;172:863-866.

Lamb GW, Bromwich EJ, Vasey P, Aitchison
M. Management of renal masses in patients
medically unsuitable for nephrectomy: natural
history, complications, and outcome. Urology
2004;64:909-913.

Sowery RD, Siemens DR. Growth charac-
teristics of renal cortical tumors in patients
managed by watchful waiting. Can J Urol
2004;11:2407-2410.

. Chow WH, Devesa SS, Warren JL, Fraumeni

JF Jr. Rising incidence of renal cell cancer in the
United States. JAMA 1999;281:1628-1631.

Homma Y, Kawabe K, Kitamura T, et al.
Increased incidental detection and reduced
mortality in renal cancer: recent retrospec-
tive analysis at eight institutions. Int J Urol
1995;2:77-80.

Rendon RA, Stanietzky N, Panzarella T,
et al. The natural history of small renal
masses. J Urol 2000;164:1143-1147.

Remzi M, Ozsoy M, Klingler HC, et al. Are
small renal tumors harmless? analysis of
histopathological features according to tu-
mors 4 cm or less in diameter. J Urol 2006;
176:896 - 899.

Chawla SN, Crispen PL, Hanlon AL, Green-
berg RE, Chen DY, Uzzo RG. The natural
history of observed renal
masses: meta-analysis and review of the
world literature. J Urol 2006;175:425-431.

enhancing

Hsu RM, Chan DY, Siegelman SS. Small
renal cell carcinomas: correlation of size
with tumor stage, nuclear grade, and histo-
logic subtype. AJR Am J Roentgenol 2004;
182:551-557.

Oda T, Miyao N, Takahashi A, et al.
Growth rates of primary and metastatic le-
sions of renal cell carcinoma. Int J Urol
2001;8:473-477.

Hollingsworth JM, Miller DC, Daignault S,
Hollenbeck BK. Rising incidence of small
renal masses: a need to reassess treatment
effect. J Natl Cancer Inst 2006;98:1331-
1334.

Nascimento AB, Mitchell DG, Zhang XM,
Kamishima T, Parker L, Holland GA. Rapid
MR imaging detection of renal cysts: age-
based standards. Radiology 2001;221:628 -
632.

Israel GM, Hindman N, Bosniak MA. Eval-
uation of cystic renal masses: comparison
of CT and MR imaging by using the Bosniak
classification system. Radiology 2004;231:
365-371.

30

Radiology: \/olume 249: Number 1—October 2008



Radiology

REVIEW: Management of the Incidental Renal Mass

Silverman et al

85.

86.

87.

88.

89.

90.

Rofsky NM, Weinreb JC, Bosniak MA,
Libes RB, Birnbaum BA. Renal lesion char-
acterization with gadolinium-enhanced MR
imaging: efficacy and safety in patients with
renal insufficiency. Radiology 1991;180:
85-89.

Grobner T. Gadolinium: a specific trigger
for the development of nephrogenic fibros-
ing dermopathy and nephrogenic systemic
fibrosis? Nephrol Dial Transplant 2006;21:
1104-1108.

Cova M, Squillaci E, Stacul F, et al. Diffu-
sion-weighted MRI in the evaluation of re-
nal lesions: preliminary results. Br J Radiol
2004;77:851-857.

de Baere T, Kuoch V, Smayra T, et al.
Radio frequency ablation of renal cell
carcinoma: preliminary clinical experience.

J Urol 2002;167:1961-1964.

Gervais DA, McGovern FJ, Wood BJ, Gold-
berg SN, McDougal WS, Mueller PR. Radio-
frequency ablation of renal cell carcinoma:
early clinical experience. Radiology 2000;217:
665-672.

Gervais DA, McGovern FJ, Arellano RS,
McDougal WS, Mueller PR. Renal cell
carcinoma: clinical experience and techni-

91.

92.

93.

94.

95.

cal success with radio-frequency ablation of
42 tumors. Radiology 2003;226:417-424.

Hui GC, Zu K, Tuncali K, Tatli S, Morrison
PR, Silverman SG. Comparison of percuta-
neous and surgical approaches to renal tu-
mor ablation: meta-analysis of effectiveness
and complication rates. JVIR (in press).

Mayo-Smith WW, Dupuy DE, Parikh PM,
Pezzullo JA, Cronan JJ. Imaging-guided
percutaneous radiofrequency ablation of
solid renal masses: techniques and out-
comes of 38 treatment sessions in 32 con-
secutive patients. AJR Am J Roentgenol
2003;180:1503-1508.

Pavlovich CP, Walther MM, Choyke PL, et
al. Percutaneous radio frequency ablation
of small renal tumors: initial results. J Urol
2002;167:10-15.

Roy-Choudhury SH, Cast JE, Cooksey G,
Puri S, Breen DJ. Early experience with
percutaneous radiofrequency ablation of
small solid renal masses. AJR Am J Roent-
genol 2003;180:1055-1061.

Shingleton WB, Sewell PE Jr. Percutaneous
renal tumor cryoablation with magnetic
resonance imaging guidance. J Urol 2001;
165:773-776.

96.

<

97.

98.

99.

100.

101.

102.

Shingleton WB, Sewell PE Jr. Percutaneous
renal cryoablation of renal tumors in pa-
tients with von Hippel-Lindau disease.
J Urol 2002;167:1268-1270.

Silverman SG, Tuncali K, vanSonnenberg
E, et al. Renal tumors: MR imaging-guided
percutaneous cryotherapy—initial experi-
ence in 23 patients. Radiology 2005;236:
716-724.

Uchida M, Imaide Y, Sugimoto K, Uehara
H, Watanabe H. Percutaneous cryosurgery
for renal tumours. Br J Urol 1995;75:132-
136.

Wills JS. Management of small renal neo-
plasms and angiomyolipoma: a growing
problem. Radiology 1995;197:583-586.

Black WC, Ling A. Is earlier diagnosis really
better? The misleading effects of lead time
and length biases. AJR Am J Roentgenol
1990;155:625-630.

Francis IR, Choyke P, Bluth E, et al. Inde-
terminate renal masses. ACR Appropriate-
ness Criteria, Summary of Literature Re-
view. Reston, Va: American College of
Radiology, 2005.

Berlin L. Failure to diagnose lung cancer:

anatomy of a malpractice trial. AJR Am J
Roentgenol 2003;180:37-45.

Radiology: \/olume 249: Number 1—0Qctober 2008

31



Radiology 2008

Thisisyour reprint order form or pro formainvoice
(Please keep a copy of thisdocument for your records.)

Reprint order forms and purchase orders or prepayments must be received 72 hours after receipt of form either
by mail or by fax at 410-820-9765. It isthe policy of Cadmus Reprints to issue one invoice per order.
Please print clearly.

Author Name

Title of Article

Issue of Journa
Number of Pages
ColorinArticle? Yes / No

(Please Circle)

Reprint #
KB #

Publication Date
Symbol Radiology

Please include the journal name and reprint number or manuscript number on your purchase order or other correspondence.

Order and Shipping Information

Reprint Costs (Please see page 2 of 2 for reprint costs/fess)

Number of reprints ordered $
Number of color reprints ordered $

Number of covers ordered $
Subtotal $
Taxes $

(Add appropriate sales tax for Virginia, Maryland, Pennsylvania, and the
District of Columbia or Canadian GST to the reprintsif your order isto
be shipped to these locations.)

First address included, add $32 for
each additional shipping address $

TOTAL $

Shi pplng Address (cannot ship to a P.O. Box) Please Print Clearly

Name
Institution
Street
City
Country
Quantity Fax
Phone: Day Evening
E-mail Address

State Zip

Additional Shipping Address* (cannot ship toaP.0. Box)
Name

Institution

Street
City
Country
Quantity Fax
Phone: Day Evening
E-mail Address

* Add $32 for each additional shipping address

State Zip

Payment and Credit Card Details

Enclosed: Personal Check

Credit Card Payment Details
Checks must be paid in U.S. dollars and drawn on aU.S. Bank.
CreditCard: __ VISA __ Am.Exp. _ MasterCard
Card Number
Expiration Date
Signature:

Please send your order form and prepayment made payable to:
Cadmus Reprints
P.O. Box 751903

Charlotte, NC 28275-1903
Note: Do not send express packages to thislocation, PO Box.
FEIN #:541274108

Signature

Invoice or Credit Card Information

Invoice Address Please Print Clearly
Please complete I nvoice address asit appearson credit card statement

Name

[ nstitution
Department
Street

City
Country
Phone Fax
E-mail Address

State Zip

Cadmuswill process credit cards and Cadmus Journal
Services will appear on the credit card statement.

If you don’t mail your order form, you may fax it to 410-820-9765 with
your credit card information.

Date

Signatureis required. By signing this form, the author agrees to accept the responsibility for the payment of reprints and/or al charges

described in this document.

RB-9/26/07

Page 1 of 2



Radiology 2008

Black and White Reprint Prices

Color Reprint Prices

Domestic (USA only)
ca 50 | 100 | 200 | 300 | 400 | 500
Pages

Domestic (USA only)
S 50 | 100 | 200 | 300 | 400 | 500
Pages

1-4 $221 $233 | $268 | $285 $303 $323

1-4 $223 $239 | $352 | $473 $597 $719

5-8 $355 $382 | $432 | $466 $510 $544

5-8 $349 $401 | $601 | $849 | $1,099 | $1,349

9-12 $466 $513 | $595 | $652 $714 $775

9-12 $486 $517 | $852 | $1,232| $1,609 | $1,992

13-16 $576 $640 | $749 | $830 $912 $995

13-16 $615 $651 | $1,105 | $1,609 | $2,117 | $2,624

17-20 $694 $775 | $906 | $1,017| $1,117 | $1,220

17-20 $759 $787 | $1,357 | $1,997 | $2,626 | $3,260

21-24 $809 $906 | $1,071 | $1,200| $1,321 | $1,471

21-24 $897 $924 | $1,611 | $2,376 | $3,135 | $3,905

25-28 $928 | $1,041|$1,242 | $1,390 | $1,544 | $1,688

25-28 $1,033 | $1,071 | $1,873 | $2,757 | $3,650 | $4,536

29-32 $1,042 | $1,178 | $1,403 | $1,568 | $1,751 | $1,924

29-32 $1,175 | $1,208 | $2,122 | $3,138 | $4,162 | $5,180

Covers $97 $118 | $215 | $323 $442 $555

Covers $97 $118 | $215 | $323 $442 $555

I nter national (includes Canada and M exico)
#of 50 | 100 | 200 | 300 | 400 | 500
Pages

I nter national (includes Canada and M exico))
f#of 50 | 100 | 200 | 300 | 400 | 500
Pages

1-4 $272 $283 | $340 | $397 $446 $506

1-4 $278 $290 | $424 | $586 $741 $904

5-8 $428 $455 | $576 | $675 $784 $884

5-8 $429 $472 | $746 | $1,058| $1,374 | $1,690

9-12 $580 $626 | $805 | $964 | $1,115 | $1,278

9-12 $604 $629 | $1,061 | $1,545| $2,011 | $2,494

13-16 $724 $786 | $1,023 | $1,232 | $1,445 | $1,652

13-16 $766 $797 | $1,378 | $2,013 | $2,647 | $3,280

17-20 $878 $958 | $1,246 | $1,520 | $1,774 | $2,030

17-20 $945 $972 | $1,698 | $2,499 | $3,282 | $4,069

21-24 $1,022 | $1,119 | $1,474 | $1,795 | $2,108 | $2,426

21-24 $1,110 | $1,139 | $2,015 | $2,970 | $3,921 | $4,873

25-28 $1,176 | $1,291 | $1,700 | $2,070 | $2,450 | $2,813

25-28 $1,290 | $1,321 | $2,333 | $3,437 | $4,556 | $5,661

29-32 $1,316 | $1,452 | $1,936 | $2,355 | $2,784 | $3,209

29-32 $1,455 | $1,482 | $2,652 | $3,924 | $5,193 | $6,462

Covers $156 $176 | $335 | $525 $716 $905

Covers $156 $176 | $335 | $525 $716 $905

Minimum order is 50 copies. For orderslarger than 500 copies,
please consult Cadmus Reprints at 800-407-9190.

Reprint Cover
Cover prices are listed above. The cover will include the
publication title, articletitle, and author name in black.

Shipping

Shipping costs are included in the reprint prices. Domestic
orders are shipped via UPS Ground service. Foreign orders are
shipped via a proof of delivery air service.

Multiple Shipments
Orders can be shipped to more than one location. Please be
aware that it will cost $32 for each additiona location.

Delivery
Y our order will be shipped within 2 weeks of the journal print
date. Allow extratime for delivery.

Tax Due

Residents of Virginia, Maryland, Pennsylvania, and the District
of Columbia are required to add the appropriate sales tax to each
reprint order. For orders shipped to Canada, please add 7%
Canadian GST unless exemption is claimed.

Ordering

Reprint order forms and purchase order or prepayment is
required to process your order. Please reference journal name
and reprint number or manuscript number on any
correspondence. Y ou may use the reverse side of thisform asa
proformainvoice. Please return your order form and

prepayment to:
Cadmus Reprints

P.O. Box 751903
Charlotte, NC 28275-1903

Note: Do not send express packages to this location, PO Box.
FEIN #:541274108

Reprint Order Forms
and purchase or der

Rose A. Baynard or prepayments must
800-407-9190 (toll free number) |pereceived 72 hours

410-819-3966 (dl rect number) after recal pt of form.
410-820-9765 (FAX number)
baynardr@cadmus.com (e-mail)

Please direct all inquiriesto:
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