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With the widespread availability and use of cross-sec-
tional imaging (computed tomography [CT], ultraso-
nography [US], and magnetic resonance ((MR] imag-
ing), the detection of small renal masses has become
commonplace [1-5]. Unfortunately, thisimproved abil -
ity to detect these previously unrecognized renal masses
has caused some consternation for radiologists and re-
ferring physicians, because difficulty in classifying
these masses may complicate management decisions.
Once a small renal mass is detected, characterizing the
lesion with a specific diagnosis is most important, be-
cause some of these masses are malignancies diagnosed
a an early stage, and the single most important deter-
minant in the prognosis of primary renal malignancy is
the stage of the tumor at the time of treatment initiation
[6]. Renal cell carcinoma (RCC) is resistant to both ra-
diotherapy and chemotherapy [6]. Therefore, diagnosis
at an early stage, when the tumor is surgically resect-
able, offers a patient the best chance for long-term sur-
vival. Alternatively, because nephrectomy is associated
with a 5% perioperative mortality and a higher rate of
morbidity [7], accurate characterization of benign rend
masses may prevent unnecessary surgery. Inthisarticle,
radiologic techniques for detection, characterization,
and management of small renal masses are discussed.

Detection

The detection of small renal masses should be a high
priority when imaging the kidneys. A significant pro-
portion of these masses are malignant, and early detec-
tion offers the best hope for cure in these patients.
Therefore, renal imaging techniques should be opti-
mized for renal mass detection. For intravenous urog-
raphy (IVU), optimal technique includes bolusinjection
of contrast material coupled with the use of tomography
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during the nephrogram phase. To improve tumor detec-
tion, nephrotomograms should be obtained in all urog-
raphy patients with a history of hematuria and in pa-
tients 40 years old and older because the risk of RCC
increases with increasing age, and RCCs arerarein per-
sons younger than 40 years of age.

Optimal US technique requires the use of a trans-
ducer operating at least 3.5 MHZ, coupled with modern
US techniques. The detection and characterization of
small renal masses may be enhanced with color-Doppler
and power-Doppler techniques because subtle vascular
abnormalities may be detected in areas of otherwise un-
recognizable gray-scale abnormality.

Renal masses are often detected incidentally during
CT during scanning of patients referred without uro-
logic symptoms [1-5]. In many cases, CT is performed
only after the injection of intravenous contrast material,
which will be adequate for visualization of detectable
renal masses but suboptimal for mass characterization
(Fig. 1). To avoid overlooking small renal lesionsin all
patients, including those without urologic symptoms,
the CT examination of the kidneys should be planned
to optimize renal mass detection. Collimation should be
10 mm or less, and for patients in whom a renal abnor-
mality is specifically suspected, 5-mm scan collimation
should be used. When helical CT is used, the kidney
should be scanned early during the corticomedullary
phase, which is usually imaged when scans are initiated
at the level of the diaphragm 50—60 s after initiation of
the power injection of contrast material. Imaging is re-
peated during the tubular nephrogram phase, with renal
scanning initiated approximately 2 min later. This bi-
phasic combination of scansimprovesthe detection rate
of renal masses with helical CT equipment [8]. Some
small renal masses can go undetected if only the corti-
comedullary phase or only the tubular nephrogram
phase is evaluated with helical CT [8].

MR imaging equipment and scanning capabilities
vary greatly. To optimize the detection of small rena
masses, high-field-strength MR imaging equipment
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should be employed in conjunction with fast scan se-
guences. Axia and either sagittal or corona imaging of
the kidneys should be performed in al cases. In equiv-
ocal situations, the use of intravenous gadolinium con-
trast medium with MR scanning improves lesion detec-
tion and characterization [9]. Even though MR imaging
is comparable to CT for the detection of small rend
masses, it does require significantly more time, at a
greater expense, than does CT. Therefore, MR imaging
is usually reserved for patients who cannot tolerate the
intravenous injection of iodinated contrast material for
optimal CT scanning. Otherwise, MR imaging has no
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Fig. 1. One-centimeter left renal cyst adequately charac-
terized only with very thin CT collimation. A A 1-cm
well-circumscribed mass was detected in the medial por-
tion of the left kidney on this contrast infused CT scan
with 5-mm collimation. Sonography of this lesion was
indeterminate due to the patient’s large body habitus.
This mass was felt to represent a small RCC. B A follow-
up CT scan with 3-mm collimation done before (not
shown) and after the intravenous injection of contrast
material demonstrates that this mass is not only well cir-
cumscribed but also water density. The mass increased
by only 4 HU with contrast infusion. This mass could be
diagnosed definitively as a simple cyst only following
very thin-section (3 mm) renal CT.

proven advantage over CT for the detection of small
renal masses.

Small renal masses, those 3 cm or less in diameter,
are most commonly detected with cross-sectional im-
aging techniques. However, 52% of masses 2—-3 cmiin
diameter can be detected with intravenous urography
[10], atest commonly used in the evaluation of patients
with hematuria and other urinary tract symptoms.
Smaller renal masses will usually go undetected with
intravenous urography. All renal masses larger than 15
mm in diameter should be detectable with CT scanning
with 5-mm collimation and dynamic contrast material
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enhancement [11]. With US, all renal tumorslarger than
25 mm are detectable [11]. The sensitivity of renal US
declines rapidly as lesion size decreases. Virtualy no
renal tumors 5 mm or smaller are detectable with US,
and only one-fourth of renal masses 10—15 mm in di-
ameter are detectable with US[11]. By comparison, CT
detects 47% of rena tumors 5 mm or smaller and 75%
of tumors 10—15 mm in diameter [11]. Similar studies
with MR imaging have not yet been published, but most
authorities agree that the sensitivity of MR imaging for
the detection of renal masses is comparable to that of
CT.

Renal mass characterization

Once small renal masses are detected, the task of char-
acterizing them is of paramount importance. The radi-
ologic approach to characterization of small rena
masses depends on the mode of detection.

M ass detected with IVU

Although small renal masses can be detected with IVU,
characterization of all of these renal masses should be
pursued with other imaging techniques. With urography
alone, only 76% of renal masses are correctly charac-
terized as simple cysts or as solid, presumably malig-
nant, renal masses [12]. This level of accuracy is un-
acceptable because readily available modalities such as
USand CT markedly increasethe accuracy of diagnosis.
The most cost-effective approach to characterizing renal
masses detected on VU is to proceed with renal US
[12], which characterizes most renal masses adequately
as simple cysts, complex cysts, or solid renal masses.
The solid masses and the complex cyststhen require CT
or MR imaging for further characterization and staging.
Only one massin five detected with VU and then eval-
uated with renal US has indeterminant features requir-
ing further imaging evaluation for diagnosis [12]. Le-
sions that do require further imaging because of
indeterminant US features should be studied with CT or
MR imaging tailored for renal mass characterization and
staging. Both techniques should include 5-mm-thick
scans through the kidney before and after the injection
of intravenous contrast material. Once this sequence of
imaging studies is completed, virtualy all renal masses
detected with 1VU should be adequately characterized
as either benign or probably malignant [12], and man-
agement decisions can proceed.

M ass detected with renal US

Many renal masses are first detected with renal US. In
the vast majority of these masses, featuresarediagnostic
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of asimplerenal cyst, and no further imaging evaluation
is necessary. Approximately one in five renal masses
cannot be adequately characterized [12] with renal US
because of indeterminant features with this modality.
These masses can be imaged with a complementary
study, i.e., CT or MR imaging focused on renal mass
characterization as described above. Combining US
with CT or MR imaging results in accurate characteri-
zation of nearly 100% of renal masses greater than 10
mm in diameter [11, 12]. Neither US nor CT isreliable
in characterization of renal masses 10 mm or smaller
[11]. It should be emphasized that any renal mass that
does not meet US criteriafor asimple cyst requires fur-
ther evaluation with CT or MR imaging. In particular,
the hyperechoic renal mass, a pattern once thought typ-
ical of benign angiomyolipoma (AML), requiresfurther
evaluation to exclude a small RCC (Figs. 2, 3). Even
though RCCs can appear hypoechoic, isoechoic, or hy-
perechoic with renal US, the single most common US
appearance of asmall RCC isthat of ahyperechoic mass
[13] (Fig. 3), often mimicking the appearance of AML.
With CT or MR imaging, fat is detectable in nearly all
AMLs (Fig. 2) [14, 15], thereby confirming the diag-
nosis. If fat is not detectable with an adequate CT or
MR imaging examination, a solid mass should be pre-
sumed to be an RCC. Finally, gray-scale renal US can
be augmented with Doppler and power Doppler US for
improved characterization of small renal masses [16,
17]. Increased and aberrant vascularity in a renal mass
strongly suggests malignancy, whereas benign lesions
do not demonstrate findings of neoplasiaon Doppler US
[16]. Abnormal or questionable findings with Doppler
US should always lead to further evaluation with rena
CT or MR imaging.

Mass detected with CT or MR imaging

Commonly, renal masses are first detected with CT or
MR imaging of the abdomen performed for nonurologic
symptoms. If the imaging features are typical for asim-
ple cyst, i.e., water density content without enhance-
ment and smooth thin margins, a simple cyst can be
diagnosed without further imaging evaluation. In addi-
tion, fat detected within a solid renal mass indicates a
diagnosis of AML [15], and no further imaging is nec-
essary for characterization of the mass unless the im-
aging findings suggest that the fat is not intrinsic to the
tumor but is perirenal fat that has been encompassed by
an aggressive renal malignancy. Unfortunately, some
small renal masses lack definitive CT features. In these
cases, it is helpful to obtain thin scan sections (5 mm or
thinner collimation) through the kidneys while the pa-
tient remains in the scanner. Ideally, scan collimation
should be no greater than half of the cephalocaudal di-
ameter of the renal mass to avoid partial-volume aver-
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Fig. 2. USand CT of asmdl rend angiomyolipoma. A View of the
upper pole of the right kidney from a sagittd rend US demonstrates
asmall hyperechoic mass (arrows). This mass requires further char-
acterization with rena CT or MR. B Thin-section CT through the
upper pole of the right kidney demonstrates a well-circumscribed fat-
containing mass (arrow) in the upper pole of the right kidney. This
finding confirms the diagnosis of angiomyolipoma

Fig. 3. Sonography and CT of a hyperechoic renal cell carcinoma.
A Sagittal renal US of the right kidney demonstrates a markedly
hyperechoic renal mass (arrows) in the upper pole. B Contrast-in-
fused CT in this area demonstrates a well-circumscribed, homoge-
neous mass in the upper pole of the right kidney, corresponding to
the area of US abnormality. Visual inspection of the CT suggests
that this represents a smple cyst. However, US better demonstrates
that this is a solid mass. Upon resection, this was found to be a
well-differentiated RCC.

aging artifacts. After thin-section scanning, if features  impede complete characterization of very small renal
of a simple cyst (Fig. 1) or AML (Figs. 2, 4) can be  masses.

confirmed, the imaging evaluation of these masses is When masses are imaged with CT, careful evalua
complete. In practice, even with theoretically adequate  tion of their attenuation coefficients should be obtained
thin-section scanning, partial-volume averaging may  from the scans both before and after injection of contrast
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Fig. 4. Thin-section CT scanning to demonstrate fat in an angiomyoli-
poma. A This patient was scanned following a motor vehicle accident,
and a 2-cm renal mass was detected using 7-mm collimation with
helical CT. The imaging features of this mass clearly excluded a
simple cyst, and it was felt to represent a malignancy. B A 3-mm-
thick helical CT through this lesion clearly demonstrates that thisisa
fat-containing mass with focal high-density areas centrally. The high-
density areas likely represent focal hemorrhage within this angio-
myolipoma. Thin-section CT considerably improved our ability to
characterize this lesion as a benign neoplasm.

material. Many small renal masses lack obvious ag-
gressive features with visual inspection alone [18]. Al-
though enhancement greater than 10 Hounsfield units
(HU) is a standard cutoff for separating benign from
malignant renal masses, up to 50% of renal masseswith
thislevel of enhancement are benign [19]. Alternatively,

Fig. 5. Very small RCC demonstrated with CT. This 1-cm exophytic
renal mass (arrow) was detected incidentally while scanning this pa-
tient for unrelated symptoms. The CT demonstrates a solid, markedly
enhancing 1-cm renal mass. Because no fat is evident, this mass must
be presumed to be an RCC. It was resected with partial nephrectomy,
and this diagnosis was confirmed.

masses with enhancement greater than 20 HU after the
injection of contrast material are nearly always malig-
nant [19]. The mgjority of small RCCs appear solid or
have mixed solid and cystic components. These lesions
usually have reatively high attenuation values (>20
HU) on CT scans before contrast material infusion [19].
In addition, enhancement of most of these small RCCs
is greater than 20 HU after the intravenous injection of
contrast material (Fig. 5) [19]. Unfortunately, enhance-
ment to a lesser degree is fairly nonspecific and can
indicate either a benign lesion or a hypovascular neo-
plasm. Many of these lesions require surgical explora
tion for diagnosis. With helical CT, reformatting of the
image slices with overlapping thin reconstruction may
be useful to minimize partial-volume averaging arti-
facts. However, one study of this technique failed to
demonstrate any advantage over standard thin-section
CT for characterization of renal masses[19]. Helical CT
does appear superior to conventional CT for fat detec-
tion in smal AMLs [20].

Masses that appear predominantly cystic with CT
may be classified according to the Bosniak system [21].
Bosniak’s observations on cystic masses may be hel pful
in directing management decisions for these patients.
With this system, amalignant lesion is diagnosed when-
ever the cystic mass contains enhancing solid compo-
nents and irregular margins (class 1V). Lesions that are
complex, septated, or multiloculated cysts or contain
nonenhancing solid components, calcifications that are
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dense and irregular, or a combination of these features
are suspicious for malignancy (class11l). Typical high-
density cyststhat do not exhibit significant enhancement
after infusion of contrast material, cysts with severa
thin septations, cysts with thin peripheral calcifications,
or obviously infected cysts are classified as class |l le-
sions and are considered benign. If multipleclass|| fea
tures are present (class I1F), then follow-up CT imaging
is recommended in 6 months to confirm the benign na-
ture of these lesions. If features remain indeterminant,
several options are available. Renal US can be per-
formed immediately and in most cases will lead to ade-
guate characterization and diagnosis of masses that are
indeterminant on CT examinations (Fig. 3). One study
showed that approximately 12% of renal masses
scanned with CT required renal US for complete char-
acterization and diagnosis [12]. If US is not performed
or is inadequate and if the initial CT or MR imaging
examination was not tailored to the evaluation of renal
masses, then the patient can be reexamined with CT or
MR imaging on another day. On repeat scanning, con-
tiguous 5-mm or thinner scans should be imaged before
and after the injection of intravenous contrast material.
In some patients, this approach will alow the confident
diagnosis of asimple cyst, AML, or malignancy. If fea-
tures remain indeterminant, options include follow-up
surveillance renal imaging, percutaneous mass biopsy,
or surgical exploration with mass excision.

Follow-up imaging has been advocated to charac-
terize the aggressiveness of small renal masses[22—24].
This technique is usually reserved for patients who are
poor operative candidates, who have small renal masses,
or for those with small renal masses that are indeter-
minant, but likely benign, based on imaging features.
Semiannual and annual renal CT is suggested for these
patients [24]. With this technique, growth of lesions can
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Fig. 6. Small RCC demonstrating aggressive features.
This contrast-enhanced CT through the right kidney
demonstrates a solid right renal mass (arrows). Although
this mass is small (2 cm in diameter), its margins are ir-
regular and there is an ill-defined mass—kidney interface.
These imaging features suggest a more aggressive le-
sion. Radical nephrectomy was performed, confirming
the lesion as a poorly differentiated RCC.

be monitored and, supporters claim, there is little risk
of advancement of tumor stage. With this approach, sur-
gery would be recommended for tumors that exceeded
3 c¢cm on follow-up imaging or those that develop more
aggressive or characteristic imaging characteristics, be-
cause of the increased risk of developing advanced dis-
ease. Rapid growth or development of features such as
marginal irregularity (Fig. 6) or evidence of extracap-
sular spread should lead to diagnosis of a malignant
renal mass, and treatment should be undertaken as nec-
essary. Studies have shown that if small RCCs have not
metastasized at the time of diagnosis, then advanced
stage and aggressive histology are very unlikely [22,
24]. These tumors usually grow lessthan 1 cm per year,
and some are stable for prolonged periods without treat-
ment [22, 24]. Unfortunately, RCCs are notorious for
having a variable course. That is, RCCs may be stable
for a prolonged period before inexplicably entering a
phase of aggressive growth [6, 25]. In addition, once
advanced disease, particularly lymphatic or hematol ogic
metastases, develops, treatment is usualy ineffective.
Furthermore, tumor spread may go undetected, even
with appropriate surveillanceimaging. Lymph node me-
tastases are found in 4% of normal-sized (<1 cm in
diameter) regional lymph nodes in patients with RCC
[26]. We have seen such a case where a patient with
lymphoma had a 2-cm renal mass detected incidentally
during staging. In conjunction with ongoing intensive
therapy for the lymphoma, the renal mass was observed
for 2 years without demonstrating any growth or evi-
dence of spread. With the patient’s lymphoma in re-
mission nephrectomy was undertaken. Surgery dem-
onstrated a 2-cm RCC with metastatic tumor in the
regional lymph nodes. Even in retrospect, lymphade-
nopathy was not visible on the CT examinations. This
case illustrates the potential hazard of a nonoperative
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imaging approach to the small renal mass. Therefore, a
watchful -waiting approach should be used only in high-
surgical-risk patientswith small renal massesthat do not
appear benign, recognizing that thereisasmall, but def-
inite, risk of advancement of disease during the period
of surveillance.

We rarely employ percutaneous renal mass biopsy
for the diagnosis of small renal masses. Although per-
cutaneous renal mass biopsy is a safe procedure when
performed under imaging guidance, resultsrarely affect
management decisions. If the biopsy reveal sfrankly ma-
lignant tissue, then surgical excision of the massisin-
dicated. However, even if histologic findings are benign
or indeterminant, the possibility of a renal malignancy
must still be considered. One area of arena mass may
have benign features, whereas an adjacent area may
contain malignant tissue [27]. Because only limited
areas of the mass will be biopsied, benign histologic
findings cannot be considered unequivocal evidence of
a benign mass. In these cases, biopsy should be consid-
ered indeterminant, and surgery or surveillanceimaging
will be required.

The final option for evaluation of imaging-indeter-
minant small renal massesisexploratory surgery. A sur-
gical approach that is being used more often is renal
mass excision with partial nephrectomy. Frozen sec-
tions of the renal mass can be rapidly analyzed histo-
logically. If the histol ogic findingsindicate that the mass
is benign, renal-sparing surgery can be completed. If
histologic examination indicates that the mass was ma-
lignant, renal-sparing surgery can be completed if it is
expected to be curative, or the surgeon can proceed to
complete a radical nephrectomy.
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Fig. 7. Multiple small RCCs in a patient
with von Hippel-Lindau disease. This con-
trast-infused CT through the kidney dem-
onstrates a typical 2-cm RCC (arrow).
Thisis a solid mass without any internal
fat, typical of RCC. In addition, thereis
an 8-mm mass (arrowhead) located
nearby in the kidney. This massis too
small to characterize based on its imaging
features. However, due to this patient’s
high risk for developing multicentric
RCC, both of these lesions were removed
and proved to be RCCs.

Very small renal masses

Neither CT nor USisreliable in characterization of re-
nal masses 10 mm or smaler in diameter. The over-
whelming majority of these masses are simple cysts. In
practice, these very small renal masses are routinely
overlooked or presumed to be simple cysts if most CT
features of a simple cyst are present, unless the patients
are predisposed to the development of RCC or these
very small renal masses are obviously not smple cysts.
In patients with a high risk for RCC development, even
benign-appearing renal masses should be considered
suspicious for malignancy (Fig. 7). This group of pa
tients includes those with von Hippel-Lindau disease
and other patients with familial RCC patterns[6]. Some
of the renal cysts in patients with von Hippel-Lindau
disease contain occult foci of malignancy [28] and with
time will develop imaging features typical of malig-
nancy. Therefore, any renal mass detected in avon Hip-
pel-Lindau patient should be evaluated thoroughly for
malignant features. If such features are not apparent
with careful imaging techniques, then close follow-up
with CT scanning or MR imaging of the kidneys should
be performed every 3—6 months to monitor these le-
sions.

Imaging after treatment

Small renal tumors can be resected with either standard
radical nephrectomy or partial nephrectomy. Radical
nephrectomy is the conventional therapy for RCC of
any size in a patient with anormal contralateral kidney.
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Absolute indications for partial nephrectomy include bi-
lateral RCCs or unilateral RCC in an anatomic or func-
tiona solitary kidney [6, 29]. Partial nephrectomy is
also favored in patients with risk factors for developing
disease in the contralateral kidney. This group includes
patients with hypertension, stone disease, diabetes mel-
litus, or von Hippel-Lindau disease [29]. In addition,
many surgeons perform partial nephrectomies for RCC
resection in patients whose contralateral kidney is nor-
mal and who have no known risk factors if the tumors
are considered to be readily amenable to this form of
surgical resection [29]. This includes tumors that are
peripheral in location, away from the rena hilus, with-
out evidence of lymph node disease or extension into
therenal vein. Therate of local recurrencein the treated
kidney is 2% or less [6], a rate similar to the rate at
which asynchronous RCCs develop in the contralateral
kidney after radical nephrectomy.

Because patients with RCC are often treated with
partia nephrectomy, radiologists should be aware of
considerations for follow-up imaging of these patients.
In 1-3% of patients with a solitary RCC, an asynchro-
nous contralateral RCC will develop. In patients with
predisposing factors for RCC development, including
von Hippel-Lindau disease, long-standing rena insuf-
ficiency, clear-cell RCC with trandocation between
chromosome 3 and chromosome 6 or 8, or hereditary
multifocal papillary RCC, the percentage is consider-
ably higher. In all of these high-risk patientsand in those
with asolitary RCC, at least semiannual and then annual
renal CT should be preformed for surveillance. Patients
without hereditary predisposition for RCC development
can be followed up with renal CT annually for aninitial
surveillance period of 5 years after tumor resection. In
addition to evaluation of the contralateral kidney for the
development of asynchronous RCC, follow-up should
include close monitoring of the operative bed. For stage
| and stage Il RCC, local recurrence is uncommon;
fewer than 5% of patients have such recurrences after
radical nephrectomy [6]. However, up to 25% of pa-
tients devel op distant metastases after nephrectomy [6].
Therefore, the lung bases, liver, skeletal system, and
lymph nodes should be carefully evaluated on every fol-
low-up CT scan in a patient with a history of RCC. In
addition, in assessing the renal bed in patients who have
undergone nephrectomy, care must be taken to under-
stand the extent of surgery when evaluating residual soft
tissue. Adrenalectomy, once a standard component of
radical nephrectomy, is now considered optional by
many surgeons treating RCC because the ipsilateral ad-
renal gland is involved with RCC in only 4% of these
patients [30]. Involvement of the adrenal gland is usu-
aly detected easily with preoperative CT or MR im-
aging. Therefore, an unaffected adrenal gland may be
preserved after nephrectomy (Fig. 8), and its presence
should not be misinterpreted as a pathologic massin the
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renal bed. In addition, scar tissue may develop in the
surgical bed after either partial or radical nephrectomy.
Confluent areas of fibrosis (Fig. 9) can mimic recurrent
RCC. Follow-up imaging or CT-guided biopsy may be
necessary to distinguish postoperative fibrosis from re-
current tumor in these patients. Finally, on occasion,
perinephric fat may be used to fill arenal surgical defect
(Fig. 10) after tumor excision. In these cases, postop-
erative imaging can demonstrate what appears to be in-
traparenchymal fat mimicking an AML [31]. Thisfind-
ing should be recognized as an expected postoperative
appearance rather than as interval development of an
AML.

Summary

Rena masses 3 cm or smaller in diameter are detected
commonly. Fortunately, the overwhelming majority of
these lesions are simple cysts. With current technology,
in many cases it may be easier to detect than to char-
acterize definitively the very small lesion. Once lesions
are detected, efforts should be made to characterize
them asthoroughly as possible. Such efforts should rou-
tinely include CT or MR scans obtai ned both before and
after contrast materia infusion, which are tailored for
the evaluation of renal masses. Attenuation coefficients
of al renal masses should be evaluated on both preen-
hancement and postenhancement CT images. If the
baseline units exceed 20 HU, thin collimation (3 mm or
5 mm) should be used to minimize partia-volume ar-
tifacts. A mass with a baseline attenuation of less than
20 HU without significant enhancement and lacking
atypical features is a cyst that requires no further eval-
uation. Fat within a small renal mass indicates a benign
angiomyolipoma. Lesions smaller than 10 mm in di-
ameter are likely to be diagnostically indeterminant on
the basis of imaging characteristics alone because it is
difficult to avoid some artifactual elevation of the atten-
uation coefficientsin these very small masses. However,
in practice, minor attenuation elevation alone, without
avisble solid-tumor component in a small renal mass,
can be presumed to result from partial-volume averag-
ing artifact in a cyst, except in high-risk patients. For
larger masses, if a lesion is predominantly cystic but
fails to meet strict CT criteriafor a simple cyst, sonog-
raphy should be used for further evaluation. If thelesion
is detectable with sonography and characteristics indi-
cate asimple cyst, then evaluation of thislesion iscom-
plete. If atypical features remain or if US demonstrates
evidence of RCC, then surgery or follow-up imaging
should be pursued. Imaging-indeterminant lesions 1.5
cm or smaller in diameter can be followed with sur-
veillance imaging, unless they exhibit obvious imaging
features of malignancy, i.e., enhancing solid compo-
nents. Larger lesions may be excised or followed with
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Fig. 8. MR of adrena gland retained following nephrec-
tomy for renal malignancy. This T1-weighted MR image
demonstrates residual soft tissue (arrow) at the cephalad
aspect of the right perinephric space. This patient had
undergone radical nephrectomy 6 months prior to this
imaging study. These 5-mm-diameter soft tissue nodules
have been stable over prolonged surveillance and may
represent the right adrenal gland, which was spared dur-
ing surgery. The retained adrenal gland can easily be
mistaken for tumor recurrence, but one should be aware
that the adrenal gland is often spared with radical ne-
phrectomy.

Fig. 9. Perinephric scarring following partial nephrec-
tomy, which mimics local tumor recurrence. This con-
trast-enhanced axial CT through the lower pole of the
right kidney demonstrates a discrete 1-cm-diameter soft
tissue nodule (arrow) adjacent to the right kidney. This
perinephric nodule developed adjacent to the area where
an RCC had been excised 7 months prior to this CT.
The development of this soft tissue mass suggested post-
operative scarring or tumor recurrence. CT-guided nee-
dle biopsy of this perinephric lesion revealed benign fi-
brosis without evidence of tumor recurrence.

Fig. 10. CT of fat filling a surgical defect and mimicking
renal angiomyolipoma. This CT scan demonstrates a
small focus of fat (arrow) in the right renal parenchyma.
This patient has von Hippel-Lindau disease and previ-
ously underwent partial nephrectomy. The site of tumor
excision was packed with fat, leading to this CT appear-
ance. Fat is sometimes used to fill the surgical bed when
partial nephrectomy is performed.
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surveillance imaging in patients who are at increased
risk for surgical complicationsbecause of coexisting life
threatening illnesses. It should be recognized that im-
aging specificity for these small lesionsisnot 100%. Up
to 10% of solid renal masses are benign oncocytomas
or angiomyolipomas lacking CT-detectable fat [21, 32].
Somelesionsare complicated cystsor metastatic disease
[32]. These will be indistinguishable from malignancies
even with optimal imaging.
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