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Diagnostic Modalities
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Abbreviations

CT Computed tomography
CECT Contrast-enhanced CT
CEUS Contrast-enhanced ultrasound
DWI Diffusion-weighted imaging
FSE Fast spin echo
FDG Fluorine-18 fluoro-2-deoxyglucose
GRE Gradient-recalled echo
PET Positron emission tomography
RCC Renal cell carcinomas
US Ultrasound

3.1  Background

Over the last decade, the incidence of renal can-
cer in the United Kingdom has increased by 
almost a third [1]. This is largely attributable to 
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Key Messages

• Incidental detection of small renal 
masses is increasingly common, and 
these masses require accurate charac-
terisation with imaging to facilitate 
management decisions.

• Contrast-enhanced CT (CECT) has high 
diagnostic accuracy for the diagnosis of 
RCC and remains the mainstay for radio-
logical evaluation of both cystic and solid 
lesions.

• MRI and contrast-enhanced US are 
good techniques for problem-solving 
in lesions deemed indeterminate by 
CECT or for patients in which CECT is 
contraindicated.

• In a mass that demonstrates measurable 
enhancement on CT or MRI, no specific 
imaging features can conclusively dis-
tinguish between RCC and 
oncocytoma.

• Percutaneous biopsy should be consid-
ered in lesions that remain indetermi-
nate after initial imaging investigations.
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increased incidental detection, due to the wide-
spread use of cross-sectional imaging. Currently, 
between 50 and 61% of all renal cancers are 
detected incidentally, compared with only 13% in 
the 1970s [2, 3]. There has been an associated 
stage migration with incidentally detected renal 
cell carcinomas (RCC) tending to be of both 
lower stage and grade. Optimum management of 
small renal tumours poses a particular challenge 
to the renal cancer multidisciplinary team, for 
two key reasons. Firstly, up to 20% of renal 
masses smaller than 4 cm in diameter are benign 
[4–6]. Secondly, there are multiple management 
strategies available to clinicians including 
nephrectomy, partial nephrectomy, ablation and 
observation. Accurate characterisation of renal 
masses is therefore fundamental to achieving the 
best outcomes for patient with small renal 
tumours. In this chapter, the different imaging 
modalities will be evaluated, and their role in 
characterising both small cystic and solid renal 
lesions will be discussed.

The Goals of Imaging: Key Questions to Be 
Answered
 1. Is the mass solid or cystic?
 2. Is the mass benign or malignant?
 3. Does the tumour exhibit features of biological 

aggressiveness?
 4. What anatomical information can be provided 

to aid surgical treatment and decision-making?

3.2  Computed Tomography

CT is the primary imaging modality used for 
identification and characterisation of small renal 
masses. In this section we will discuss the imag-
ing features that enable differentiation between 
solid and cystic lesions and potentially between 
benign and malignant lesions. While these fea-
tures are discussed in the context of CT imaging, 
they are applicable to other imaging modalities.

Accurate CT evaluation of a small renal mass 
can only be achieved with reference to the clini-
cal history of the patient. The majority of inflam-
matory, vascular or post-traumatic 
“pseudotumours” can be diagnosed correctly 
when the clinical history highlights the possibil-
ity of these conditions (Fig. 3.1).

3.2.1  Enhancement

Enhancement of renal masses is considered to be 
the most important factor in distinguishing 
between a cyst and a solid renal mass [7, 8]. A 
renal mass protocol CT must therefore include 
images obtained before and after administration 
of iodinated contrast media. Post-contrast images 
should be obtained during the nephrographic 
phase (85–120 s post-contrast administration) as 
there is maximal and homogeneous enhancement 
of renal parenchymal, increasing the conspicuity 

a b

Fig. 3.1 Pre- (a) and (b) post-contrast axial CT images demonstrate a rim enhancing left interpolar lesion with adjacent 
perinephric stranding. Aspirated material cultured E. coli
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of renal masses. An increase in the attenuation of 
a renal lesion of at least 20 Hounsfield units 
(HU), following contrast administration, repre-
sents definitive enhancement and is in keeping 
with a solid lesion or solid component [8]. A 
lesion with post-contrast enhancement of less 
than 10 HU is classed as non-enhancing. Lesions 
enhancing by 10–20 HU are considered to be 
indeterminate and will require further characteri-
sation (Figs. 3.2, 3.3, 3.4 and 3.5).

The main limitation of the use of enhancement 
is lesion size. As lesion size decreases, sampling 

error and image artefacts can lead to erroneous 
attenuation measurements and potential misclas-
sification of renal lesions [8, 9]. Multiple authors 
have questioned the reliability of attenuation 
measurements in sub-centimetre masses.

3.2.2  Macroscopic Fat

Macroscopic fat within a solid renal lesion is 
highly suggestive of angiomyolipoma (AML), the 
commonest benign renal neoplasm. Macroscopic 

a b

Fig. 3.2 Simple cyst. Pre- (a) and (b) post-contrast axial CT images demonstrate enhancement of less than 10 HU

a b

67.91 HU, 12.2 sd
2.6248 cm^2

71.31 HU, 19.1 sd
2.4920 cm^2

Fig. 3.3 Pre- (a) and (b) post-contrast axial CT images demonstrate indeterminate enhancement of 14 HU. This was 
confirmed as a hyperdense cyst on ultrasound
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fat is best demonstrated on unenhanced CT, where 
it returns characteristic low attenuation, measuring 
between −10 HU and −100 HU (Fig. 3.6).

AMLs are pathologically classified as choristo-
mas, containing muscle, fat and vascular tissue. 
The relative proportions of these tissues vary 
between AMLs, but the majority of lesions are fat-
rich, resulting in the classical imaging finding of 
macroscopic fat. 3–4.5% of AMLs contain micro-
scopic fat not detectable by CT [10, 11] and can be 
misdiagnosed as RCC. Further diagnostic confu-
sion can arise in the setting of RCCs containing 
macroscopic fat [12–15]. Various mechanisms 
have been described to explain the presence of 
intra-tumoural fat including engulfment of peri-
nephric or renal sinus fat [14], osseous metaplasia 

[12] and cholesterol necrosis [15]. A potential dif-
ferentiator between fat-poor AML and fat-contain-
ing RCC is the presence of coexisting calcification 
[12], which occurs within fat- containing RCC but 
is extremely rare in AML (Figs. 3.7 and 3.8).

3.2.3  Growth Rate

Multiple studies have demonstrated growth rate to 
be of limited utility in distinguishing between 
benign and malignant renal masses. Small renal 
tumours grow slowly regardless of histopatholog-
ical subtype with average growth rates reported to 
be 0.28 cm/year (range of 0.09–0.86 cm/year) 
[16]. 70% of small renal masses under imaging 

a b

Fig. 3.4 Pre- (a) and (b) post-contrast axial CT images demonstrate indeterminate enhancement of 15 HUs. Histology 
confirmed a papillary type 1 RCC

a b

Fig. 3.5 Pre- (a) and (b) post-contrast axial CT images demonstrate post-contrast enhancement of 45 HU. Histology 
confirmed a clear cell RCC
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surveillance will not exhibit measurable growth 
during follow-up periods of up to 32 months [17–
20], and Kunkle et al. found that enhancing renal 
lesions that did not grow during a 24-month fol-
low-up period were about as likely to be malig-

nant (83%) as the lesions that did exhibit growth 
(89%) [20]. Several authors have reported no sta-
tistically significant difference in growth rates 
between small RCCs and oncocytomas [16, 21].

Fast growth rates during early follow-up 
within the first year are a potentially useful indi-
cator of aggressive tumours. In a meta-analysis of 
284 solid lesions, only 2% of patients developed 
metastases at a mean follow-up of 33.5 months. 
However, the mean growth rate of the metastatic 
group was double that of other lesions, at 0.8 cm/
year [22] (Figs. 3.9 and 3.10).

3.2.4  Central Scar

Oncocytomas are the second commonest benign 
renal neoplasm, accounting for approximately 
3–7% of all renal lesions [23]. The presence of a 
central stellate scar is often suggested as a feature 
of oncocytoma; however, this is not a reliable 
imaging finding. Less than half of all  oncocytomas 
show a central scar [24] with some authors 
reporting this feature to be present in as few as 
11% of cases [25]. Necrosis within RCC can lead 
to central areas of low attenuation mimicking a 
scar. There is currently no CT imaging feature 
that reliably distinguishes RCC from oncocy-
toma (Figs. 3.11 and 3.12).Fig. 3.6 Coronal post-contrast CT image demonstrates a 

right upper pole lesion containing macroscopic fat

a b

Fig. 3.7 Pre- (a) and (b) post-contrast axial CT images demonstrate an enhancing lesion with no visible macroscopic 
fat in a patient with tuberous sclerosis. Biopsy proven as an AML
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3.3  CT of Small Cystic Renal 
Masses

Renal cysts are common, estimated to be present 
in 50% of adults over 50 years of age [26]. 
However, as 6% of asymptomatic renal masses 
have been shown to be cystic renal malignancies 
[27], a robust method for evaluating cystic renal 
masses is required. The Bosniak classification of 
renal cystic lesions was first described in 1986 

and has subsequently gained widespread accep-
tance [8, 28]. Bosniak described five categories 
of cystic renal mass ordered in increasing proba-
bility of malignancy (summarised in Table 3.1 
and Fig. 3.4).

A series evaluating 116 cystic renal masses 
found good concordance between Bosniak clas-
sification and histopathology, with the authors 
concluding that Bosniak classification is useful 
for separating surgical from non-surgical cystic 
lesions [29]. High-quality CT is critically impor-
tant in the accurate characterisation of cystic renal 
masses [29–31] (Fig. 3.13).

3.4  Morphometric Scoring 
Systems

In the last 5 years, several systems have been pro-
posed to help evaluate the anatomical complexity 
of small renal masses. The main catalyst for these 
scoring systems has been shift in surgical prac-
tice towards treating a greater proportion of small 
renal masses with partial rather than radical 
nephrectomy. The R.E.N.A.L. nephrometry score 
and PADUA classification systems are the most 
widely used and are clearly outlined in their orig-
inal articles [32, 33].

Other scoring systems have been described 
including the C index method that evaluates the 
single anatomical feature of proximity of tumour 
to the central renal sinus [34], renal tumour inva-

Fig. 3.8 Post-contrast axial CT image demonstrates an 
enhancing mass containing macroscopic fat and a small 
focus of peripheral calcification. Biopsy proven as a papil-
lary RCC type 1

a b

Fig. 3.9 (a, b) Post-contrast axial CT images of a clear cell RCC over a 5-year period showing typical slow growth

E. Alison et al. 
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a b c

Fig. 3.10 Serial post-contrast axial CT images of renal 
mass in a patient with lung cancer, at baseline (a), at 
3 months (b) and at 6 months (c). The mass demonstrated 

rapid growth. Biopsy proven as metastasis from the pri-
mary SCC of the lung

Fig. 3.11 Coronal post-contrast CT image of a left lower 
pole lesion with central scar. Histology confirmed this to 
be an oncocytoma

Fig. 3.12 Axial post-contrast CT image of an enhancing 
left renal mass with a central area of low attenuation which 
mimicked a scar. Histology proven to be a clear cell RCC

Table 3.1 Bosniak classification of renal cystic lesions (adapted from reference 8, Israel and Bosniak 2005)

Category Imaging features Management

I Water attenuation, hairline thin wall with no septa, calcifications or 
solid components. No enhancement

No intervention
Benign, simple

II Few hairline thin septa that may enhance (not measurably). Fine 
calcification or short segment of thickened calcification in wall or 
septa
Or uniformly high-attenuation lesion <3 cm that does not enhance

No intervention
Benign

IIF Multiple hairline thin septa, perceived (not measurable) enhancement 
of septa or wall
Minimal thickening of septa or wall. Thick or nodular calcification in 
wall or septa
Totally intrarenal, non-enhancing high-attenuation lesions >3 cm

Requires follow-up

III Thickened smooth or irregular walls and/or septa in which 
measurable enhancement is present

50% malignant
Intervention required as 
neoplasm cannot be excluded

IV Distinct enhancing soft tissue components independent of the wall or 
septa. Also have features of category III lesions

Resection
Clearly malignant
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sion index that quantifies tumour depth invasion 
into renal parenchyma [35] and renal pelvic score 
that assesses renal pelvis anatomy irrespective of 
renal tumour features [36].

Research has already begun evaluating these 
scoring systems to help risk-stratify patients 
undergoing partial nephrectomy (PN) and inves-
tigating whether these scores can predict surgical 
and oncological outcomes. Studies have shown 
that patients with higher scores have increased 
intraoperative complications [37, 38] and post- 
operative complications [39]. However, these 
studies have included predominately open PN 
and some laparoscopic PN series with more var-
ied outcomes reported following robotic-assisted 
PN [40]. Higher morphometric scores have also 
been associated with increased risk of metastases 
and death from RCC, but further studies are 
needed to validate these relationships [41].

CT is the imaging workhorse in the evaluation 
of small renal masses. However, there are situa-
tions when MRI or ultrasound should be consid-
ered. Patients who cannot receive iodinated contrast 
media due to allergy or advanced kidney disease 
and individuals with genetic predisposition to renal 
tumours, who are likely to undergo serial imaging, 
should be offered alternate imaging modalities.

3.5  Magnetic Resonance 
Imaging (MRI)

MRI offers a reliable alternative to CT for the 
evaluation of small renal masses and is the imag-
ing modality of choice in patients who are aller-

gic to iodinated contrast media. While MR 
contrast agents cannot be administered safely in 
end-stage renal failure, an unenhanced MRI is 
likely to yield better diagnostic information than 
unenhanced CT. MRI is also useful in patients 
who are likely to undergo serial imaging, to 
diminish the burden of ionizing radiation.

3.5.1  Protocol

MRI protocols used to evaluate renal masses vary 
depending on the manufacturer and institution. 
However, a generic renal mass protocol should 
include T2 fast spin echo (FSE) in three planes, 
axial T1 in and out of phase, fat-saturated 3D 
gradient-recalled echo (GRE) pre- and post- 
contrast (gadolinium) and diffusion-weighted 
imaging (DWI).

3.5.2  Enhancement

As with CT, the presence of enhancement follow-
ing intravenous contrast is a key factor in 
 distinguishing solid renal neoplasms from cysts. 
However, unlike CT, the tissue dose response to 
MRI contrast agents is non-linear, and conse-
quently there is no universally accepted tech-
nique for measuring enhancement [8]. Described 
techniques include subjective, visual comparison 
[8, 42], image subtraction [8, 42–44] and quanti-
tative increase in signal intensity [42, 44].

A quantitative increase in the signal intensity 
returned from a renal mass on post-gadolinium 

a b c d

Fig. 3.13 Pre- (a) and (b) post-contrast coronal images 
of a left upper pole lesion with enhancing, irregular septa 
consistent with a Bosniak III lesion. Pre- (c) and (d) post- 

contrast axial images of a Bosniak IV cystic left renal 
lesion containing an enhancing soft tissue nodule

E. Alison et al. 
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T1-weighted images, of greater than 15%, is con-
sidered to represent enhancement. This 15% 
threshold for signal intensity increase will yield a 
100% sensitivity for renal tumour and result in a 
lower than 6% false positive rate [46]. Subtraction 
imaging involves digital subtracting unenhanced 
T1-weighted images from an identical sequence 
performed post-contrast administration. This 
technique has a reported 99% sensitivity for solid 
renal tumours [44]. There is evidence the supe-
rior contrast resolution of MRI may overcome 
the problem of CT pseudoenhancement, allowing 
more accurate characterisation of small renal 
masses [8, 42] (Fig. 3.14).

3.5.3  Soft Tissue Characterisation

MRI provides superior soft tissue contrast com-
pared with CT, which confers a number of potential 
advantages when evaluating small renal masses.

Macroscopic fat, indicating AML, can be read-
ily identified within small renal masses on conven-
tional T1, T2 and fat-suppressed sequences. There 
is evidence to suggest MRI may have utility in dif-
ferentiating fat-poor AMLs from fat-containing 
RCCs based on the T2 signal characteristics of 

these lesions. Fat-poor AMLs are hypointense on 
T2-weighted images due to the smooth muscle 
content, whereas clear cell RCCs are hyperin-
tense [11, 47]. However, the diagnosis of fat-poor 
AMLs cannot be confidently based on this fea-
ture alone, as papillary RCCs can also demon-
strate hypointensity on T2-weighted sequences 
[48] (Fig. 3.15).

Standard MRI sequences have not been shown 
to offer any greater sensitivity than CT in distin-
guishing between RCC and oncocytoma. Beer 
et al. found that both MRI and CT classified all 
oncocytomas within their series as surgical 
lesions [49]. Hecht et al. also classified all onco-
cytomas evaluated with MRI as malignant lesions 
[44]. This reflects a long-standing challenge in 
renal imaging, where no definite imaging fea-
tures have been identified to distinguish oncocy-
toma from RCC. More recently, DWI has shown 
promise in the differentiation of RCC from onco-
cytoma, with one large meta-analysis demon-
strating a statistically significant difference 
between the diffusion characteristics of these 
lesions [50].

The superior soft tissue contrast of MRI affords 
better visualisation of cyst contents and septa-
tions. In calcified cystic lesions, enhancement 

a b

Fig. 3.14 Coronal T1-weighted (a) and post-contrast T1-weighted (b) images of a left lower pole renal mass demon-
strating enhancement. Histology confirmed an RCC
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may also be better evaluated by MRI as, unlike 
CT, calcifications do not mask enhancement. In 
one study comparing MRI and CT evaluation of 
Bosniak cysts, MRI tended to upgrade the Bosniak 
category due to depiction of additional septa, 
improved visualisation of the cyst wall, septal 
thickening and enhancement. However, in this 
cohort of 69 renal masses, only two lesions were 
upgraded from non-surgical to surgical [7]. Beer 
et al. reported that of 56 lesions, none were 
upgraded from non-surgical to surgical lesions by 
MRI [49] (Fig. 3.16).

3.6  Ultrasound

Greyscale US is useful in distinguishing between 
solid and cystic renal masses; however, tradition-
ally it has not played a further role in the evalua-
tion of solid renal masses. With the advent of 
microbubble contrast agents, contrast-enhanced 
ultrasound (CEUS) has shown potential in the 
further evaluation of renal lesions. Microbubbles 
demonstrate tissue perfusion characteristics that 
are analogous to post-contrast enhancement seen 
with CT and MRI. Due to their size, microbub-
bles remain entirely intravascular which makes 
CEUS exquisitely sensitive to blood flow and can 

demonstrate minimal flow not visible by 
CT. CEUS is increasingly utilised as a problem- 
solving tool in masses when enhancement is 
inadequately characterised by cross-sectional 
imaging. Microbubbles have an excellent safety 
profile [51] and can be used in patients with 
impaired renal function. The European Federation 
of Societies for Ultrasound in Medicine currently 
recommends CEUS for the characterisation of 
solid renal masses [52] (Fig. 3.17).

CEUS  has also been used to evaluate solid 
renal lesions with encouraging results. Several 
small studies have examined the enhancement pat-
terns of solid renal neoplasms, in particular com-
paring RCC and AMLs. Certain features including 
heterogeneous enhancement, enhanced peritu-
moural rim enhancement and early washout have 
been strongly associated with RCC [53–55].

CEUS is also  proving of value in the assess-
ment of cystic renal lesions. Several authors have 
compared CEUS with CT in the evaluation of cys-
tic renal masses. Ascenti et al. found high concor-
dance between CEUS and CECT in the 
characterisation of cystic lesions and 100% concor-
dance between the modalities in categorising 
lesions as surgical or non-surgical [56]. Other stud-
ies support this, reporting CEUS  to have a compa-
rable diagnostic accuracy to CECT [57–59].

a b

Fig. 3.15 Axial T1-weighted (a) and coronal fat-suppressed (b) sequences of an AML demonstrate macroscopic fat 
within the lesion

E. Alison et al. 
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3.7  Positron Emission 
Tomography

Fluorine-18 fluoro-2-deoxyglucose (FDG) posi-
tron emission tomography (PET) relies upon the 
cellular uptake of glucose to accumulate radio-

tracer within lesions in order to characterise 
them. Currently the role of FDG PET in small 
renal masses is limited for two key reasons. 
Firstly, normal renal parenchyma has high activ-
ity on FDG PET imaging tending to obscure 
small renal masses, and secondly FDG uptake is 
highly variable in RCC. Several studies have con-

a b

Fig. 3.16 Coronal T1-weighted MRI sequences pre- (a) and post-contrast (b) demonstrate no enhancement of the 
exophytic right lower pole lesion, consistent with a hyperdense cyst

a b c

Fig. 3.17 CEUS showing typical enhancement pattern of 
a RCC. Figure (a) pre-contrast, with prompt enhancement 
in the early phase (b), and early washout (c). This lesion 

demonstrated indeterminate enhancement on preceding 
CT. Histology confirmed a papillary RCC
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firmed that PET has a more variable and overall 
poorer diagnostic accuracy in detecting RCC 
than CT [60–63]. Novel radiotracers may provide 
unique ways to characterise renal masses [64, 
65], but these remain as research tools and have 
yet to find routine clinical application (Fig. 3.18).

3.8  Imaging-Guided 
Percutaneous Biopsy

Percutaneous biopsy of renal masses had largely 
fallen out of favour prior to the turn of the cen-
tury, as the diagnostic accuracy of this procedure 
did not significantly outperform that of cross- 
sectional imaging. In a series of 2474 biopsies 

reported by Lane et al., percutaneous biopsy only 
achieved a sensitivity and specificity of 70% and 
60%, respectively, for the diagnosis of RCC [66]. 
With advances in imaging-guided percutaneous 
biopsy techniques and simultaneous develop-
ments in histological analysis, this technique now 
has an increasing role in the characterisation of 
small renal masses.

The benefits of obtaining a histological diag-
nosis are clear and include identifying surgical 
lesions from those found to be indeterminate on 
imaging, obtaining specific tumour subtype and 
grade information to help prognostication and 
guide systemic treatment and obtaining histologi-
cal confirmation of malignancy prior to com-
mencing ablative treatments such as 
radiofrequency ablation and cryotherapy.

Current imaging-guided biopsy techniques 
have sensitivities of 70–100% and specificity of 
100% [66–74]. Small lesion size has been shown 
to negatively affect the diagnostic performance of 
percutaneous biopsy. Rybicki et al. reported 
lesions of 4–6 cm having greatest sensitivity and 
NPV of 97% and 89%, respectively, in compari-
son to 85% and 60% for lesions smaller than 
3 cm [73]. Percutaneous biopsy has been shown 
to have a good safety profile with low rates of 
complications. Tumour seeding is only rarely 
encountered with only seven cases reported in the 
literature [75] (Fig. 3.19).

Fig. 3.18 Axial fused  FDG PET-CT image demonstrat-
ing low-grade FDG avidity in the left kidney

a b

Fig. 3.19 Ultrasound-guided (a) and CT-guided (b) biopsy of a renal mass

E. Alison et al. 
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 Conclusions

Incidental detection of small renal masses on 
imaging, undertaken to evaluate unrelated 
symptoms or conditions, is a common occur-
rence. Subsequent management of small renal 
masses is dependent upon accurate imaging 
characterisation. Most small renal masses can 
be classified into surgical or non-surgical lesions 
by CT. However, in cases which are indetermi-
nate by CT criteria, further investigation with 
MRI or CEUS will often lead to a definitive 
diagnosis. Considering the central role that 
imaging plays in the management of small renal 
masses, all clinicians involved in renal cancer 
treatment should have an understanding of the 
interpretation and diagnostic performance of the 
relevant imaging modalities.
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