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Abstract Diagnosis of renal cell carcinomas (RCC) subtypes on computed tomography (CT)
and magnetic resonance imaging (MRI) is clinically important. There is increased evidence
that confident imaging diagnosis is now possible while standardization of the protocols is still
required. Fat-poor angiomyolipoma show homogeneously increased unenhanced attenuation,
homogeneously low signal on T2-weighted MRI and apparent diffusion coefficient (ADC) map,
may contain microscopic fat and are classically avidly enhancing. Papillary RCC are also typ-
ically hyperattenuating and of low signal on T2-weighted MRI and ADC map; however, their
gradual progressive enhancement after intravenous administration of contrast material is a
differentiating feature. Clear cell RCC are avidly enhancing and may show intracellular lipid;
however, these tumors are heterogeneous and are of characteristically increased signal on T2-
weighted MRI. Oncocytomas and chromophobe tumors (collectively oncocytic neoplasms) show
intermediate imaging findings on CT and MRI and are the most difficult subtype to character-
ize accurately; however, both show intermediately increased signal on T2-weighted with more
gradual enhancement compared to clear cell RCC. Chromophobe tumors tend to be more homo-
geneous compared to oncocytomas, which can be heterogeneous, but other described features
(e.g. scar, segmental enhancement inversion) overlap considerably between tumors. Tumor
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grade is another important consideration in small solid renal masses with emerging studies on
both CT and MRI suggesting that high grade tumors may be separated from lower grade disease
based upon imaging features.
© 2018 Société francaise de radiologie. Published by Elsevier Masson SAS. All rights reserved.

Introduction from iodine [29,31]. Typically, when pseudoenhancement is

Small renal masses are commonly incidentally discovered on
computed tomography (CT) and magnetic resonance imaging
(MRI) examinations [1]. Once a small renal mass is characte-
rized as enhancing (i.e. shown to be solid instead of cystic),
the presumptive diagnosis becomes renal cell carcinoma
(RCC). Those malignant tumors represent 80% of <4 cm solid
renal masses in large surgical series [2,3]. Approximately
20% of <4cm solid renal masses are benign, namely renal
oncocytomas and fat-poor angiomyolipomas (AML) [3—5].
Differentiating between RCC and benign <4cm solid renal
masses is thus highly desirable to optimize treatment. More-
over, RCC show variable behavior depending on their subtype
with clear cell RCC being the most aggressive compared
to papillary RCC and the least aggressive variant chromo-
phobe RCC [6—8]. Surveillance of small renal masses is now
becoming a popular option in clinical practice since the
risk of metastatic disease from renal masses <4cm is low
[8—12]. However, surveillance of clear cell and potentially
other high grade small RCCs may occasionally yield unfavor-
able outcomes. Therefore, subtyping of RCCs and potentially
providing information on anticipated grade are pathological
features, which would be desirable to be extracted from
imaging data.

This review article presents the established and emerg-
ing literature regarding the capabilities of both CT and MRI
to differentiate between benign and malignant small renal
masses, subtypes among the various RCC categories and also
predict histological grade of disease [12—27].

Computed tomography

CT is the mainstay for the primary assessment of indetermi-
nate renal masses [28]. CT is highly accurate to differentiate
solid masses from simple and complex cysts by noting
enhancement within a mass and absence of enhancement
within a cyst. On conventional CT, enhancement is con-
sidered present when there is a >20 Hounsfield unit (HU)
difference in attenuation of a mass comparing non-contrast
enhanced CT (NECT) and contrast-enhanced CT (CECT)
images [29,30]. Pitfalls in the CT evaluation of renal masses
have been previously described [29]; however, there are two
notable exceptions which merit discussion. Pseudoenhance-
ment, which is the artificial increase in attenuation of a
cyst on CECT compared to NECT images, can result in the
misclassification of a cyst as a solid mass on CT [29,31].
Pseudoenhancement tends to occur more commonly in small
endophytic masses [29] and is thought to be related to inad-
equate algorithmic correction of beam hardening artifacts

suspected, an MRI can be performed to confirm the pres-
ence or absence of enhancement within a lesion [29]. More
recently, it has been shown that dual-energy (DE) CT can
effectively eliminate pseudoenhancement in renal masses
through the use of higher keV monoenergetic images or
iodine overlay images due to better correction of beam hard-
ening effects [29,32] (Fig. 1). Not all solid tumors show a
>20HU difference in attenuation comparing NECT to CECT
images and a substantial proportion of papillary RCC will
not meet this threshold for enhancement at multiphase CT
[29]. Most of these tumors will show intermediate range
enhancement (between 10 or 15 and 20 HU difference) and
can be further characterized with MRI (Fig. 2) [29]. DE-CT
has also been recently preliminarily shown to be more sen-
sitive for detection of enhancement using 70 keV images or
through the use of iodine overlay data and iodine concentra-
tion measurements compared to attenuation measurement
(Fig. 2) [29,33]; however, further study into this topic is
required.

Non-enhanced computed tomography

On NECT, characterization of small renal masses relies pre-
dominantly on the detection of bulk or macroscopic fat,
calcification and the baseline density of a mass. A small renal
mass containing bulk or macroscopic fat can be confidently
diagnosed as a renal angiomyolipoma [34]. The presence of
bulk fat in RCC is rare [34]. Calcifications occur sporadically
in RCC, generally does not occur in angiomyolipoma (AML)
[34] and may occur in renal oncocytoma [35], therefore pres-
ence of calcification is useful to exclude the diagnosis of
fat-poor AML only. Baseline attenuation of a renal mass at
NECT has been investigated in fat-poor AML as a potential
discriminating feature from RCC because the smooth mus-
cle predominance of fat-poor AML should result in higher
baseline attenuation (Fig. 3) [12,36]. It has been shown
repeatedly that higher attenuation in a small renal mass at
NECT is a feature of fat-poor AML; however, as a stand-alone
feature, density is insufficient for diagnosis due to unac-
ceptable overlap in attenuation values with RCC [13]. When
the density of a homogeneous renal mass at NECT exceeds
70HU, a diagnosis of a hemorrhagic cyst can be confidently
established [28,29,37].

Contrast-enhanced computed tomography

At multi-phase CECT, enhancement pattern can be used to
discriminate clear cell from papillary RCC with the for-
mer showing avid enhancement with washout of iodine
and the latter showing gradual progressive enhancement
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Figure 1.

61-year-old man with left upper pole indeterminate mass detected on ultrasound (not shown). Multiphase renal mass protocol

CT was performed for further characterization. Axial non-contrast enhanced CT image (A) shows a homogeneous mass in the upper pole of
the left kidney (white arrow) with attenuation value of 30 HU. The mass shows an increase in attenuation on axial corticomedullary phase (B)
and nephrographic phase (C) contrast enhanced CT images which is in the indeterminate range for enhancement. Axial color iodine-overlay
image (D) obtained from 70keV rapid-kVp-switch dual-energy CT at the same level shows no iodine within the mass. Quantitative analysis
showed iodine concentration of 0.3 mg/mL which is below previously described thresholds of enhancement. A diagnosis of hemorrhagic cyst

was confidently established without proceeding to MRI and confirmed on follow-up examinations (not shown).

[12,16,29,38]. Using DECT, Mileto et al. also demonstrated
that iodine concentration was significantly higher in clear
cell compared to papillary tumors (Fig. 4) [39]. Fat-poor
AML and oncocytic neoplasms also show avid enhance-
ment and enhancement pattern alone is not sufficient to
discriminate between renal masses on CT or MRI. It is
important to emphasize that when designing a dedicated
renal mass multi-phase CT protocol, a nephrographic phase
(generally around 120s) is required to optimally discrim-
inate between renal masses and renal parenchyma and
to maximize detection of enhancement in papillary RCC
[16,28,29].

CT texture analysis

Various authors have investigated the role of CT texture
analysis for diagnosis of renal mass subtypes. Previous
studies have shown that fat-poor AML are more homoge-
neous, both subjectively and quantitatively, compared to
RCC [23,29,40]. Clear cell RCC has also been shown to be
more heterogeneous at texture analysis compared to papil-
lary tumors [12,15,40]. Further development in this field is
required.

Magnetic resonance imaging
T2-weighted MRI

T2-weighted (T2W) MRI has been suggested as the first
imaging sequence to be used in the initial assessment of
small solid renal masses for potential MRI subtyping [41].
On T2-weighted MRI, fat-poor AML (due to their intrinsi-
cally high smooth muscle content) (Fig. 5) and papillary
RCC (due to their papillary projections and internal hem-
orrhagic contents) (Fig. 6) both show low signal intensity
[22,42—44], which differ significantly from clear cell RCC
(Fig. 7) and oncocytic neoplasms (Figs. 8 and 9) which are
high to intermediate signal on T2W MRI [42,45]. T2W MRI
is highly accurate to separate fat-poor AML and papillary
RCC from clear cell RCC and oncocytic tumors and, when
combined with other features can further separate the diag-
noses with high degrees of accuracy [17]. T2W MRI is robust
as it can be performed as a breath-hold single shot half-
Fourier acquisition which is relatively insensitive to motion
and rapidly acquired. Quantitative signal intensity ratios of
renal masses compared to internal controls such as the renal
cortex have been described [17,46,47]; however, generally
subjective evaluation is more reproducible than quantitative
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Figure 2.  54-year-old man with left upper pole indeterminate mass detected on single phase enhanced CT (not shown). Multi-phase renal
mass protocol CT was performed for further characterization. Axial unenhanced CT image (A) shows a homogeneous mass in the upper pole
of the left kidney (white arrow) with an attenuation value of 36 HU. The mass shows an increase in attenuation on axial corticomedullary
phase (B) and nephrographic phase (C) CT images which his in the indeterminate range for enhancement. Axial iodine-overlay image (D)
obtained from 70 keV rapid-kVp-switch dual energy CT at the same level shows low level density within the mass and quantitative analysis
showed iodine concentration of 1.75mg/mL which is above the 1.3 mg/mL threshold described by Zarzour et al. to differentiate renal cell
carcinoma (RCC) from hemorrhagic cyst. A diagnosis of papillary RCC was established at percutaneous biopsy.

Figure 3.  55-year-old woman with small fat-poor angiomyolipoma in the left kidney interpolar region. The tumor was identified on multi-
phase CT performed to rule out vasculitis. Axial NECT image (A) shows a homogeneously hyperattenuating nodule in the interpolar region
of the left kidney (white arrow) measuring 52 HU. The mass shows avid enhancement on axial corticomedullary phase (B) and washes out
contrast on nephrographic phase (C) CECT images. The mass was reported as most likely representing an RCC and was resected with final
pathology compatible with a smooth muscle predominant AML.

analysis across institutions [48]. MR imaging of oncocytoma Dynamic gadolinium chelate enhanced MRI
may show high signal intensity on T2-weighted MRI com-
pared to renal cortex and may demonstrate a central scar Epithelial tumor enhancement present similar features on

which is typically of low signal intensity and shows homo- MRI as CT and give useful information when trying to distin-
geneous enhancement after intravenous administration of a guish subtypes of RCC. The clear cell RCCs usually present
gadolinium chelate. with intense and rapid enhancement (Fig. 7), during the
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Figure 4.

84-year-old man with suspicious renal mass detected on ultrasound performed at another facility. Multi-phase renal mass

protocol CT was performed for further characterization. Axial NECT image (A) shows a heterogeneous mass in the interpolar region of the
right kidney (white arrow). The mass shows avid heterogeneous enhancement on axial corticomedullary phase (B) and washout of contrast
on the nephrographic phase (C) CECT images. Axial iodine-overlay image (D) obtained from 70keV rapid-kVp-switch DECT at the same level
shows marked iodine uptake within the mass measuring 3.75mg/mL. There is a central non-enhancing portion within the mass which may

reflect necrosis. Biopsy confirmed clear cell RCC.

cortimedullary and nephrographic phases, which help to dif-
ferentiate clear cell tumors from the lower enhancement
of papillary RCC (Fig. 6) and chromophobe RCC (Fig. 8)
[24]. On later phases, clear cell RCC shows rapid washout
of contrast, appearing hypointense to the renal cortex by
the excretory phase. Moreover, because of areas of necrosis,
clear cell RCC enhancement is often heterogeneous. Fat-
poor AML also commonly show avid early enhancement with
washout kinetics at contrast-enhanced CT and MRI (Fig. 5)
[12]. This enhancement pattern overlaps with clear-cell RCC
and chromophobe tumors but differs from papillary RCC,
which typically show a gradual progressive wash-in enhance-
ment pattern [24].

T1-weighted dual-echo chemical shift MRI

Kim et al. first described the use of chemical shift MRI as a
potential diagnostic tool for fat-poor AML as they reported
that scattered fat cells result in a signal drop on opposed-
phase (OP) compared to in-phase (IP) images [49]. Later,
Outwater et al. showed that clear cell RCC also character-
istically lose signal on OP chemical shift MRl due to the
presence of intracellular lipid molecules [50]. It is now
understood that signal loss on OP MRI can occur to some
degree in nearly all renal tumors [51,52]; however, most
commonly and to the greatest extent in clear cell RCC
(Fig. 7) and fat-poor AML [51]. Therefore, a substantial sig-
nal intensity drop on OP MRI among T2W hyperintense renal
masses would favor a clear cell RCC over an oncocytic neo-
plasm and among hypointense renal masses on T2W images

would favor a diagnosis of fat-poor AML over papillary RCC
[12]. The utility of this imaging finding in practice is limited
because not all clear cell RCC will show signal drop on OP
MRI and only a minority of fat-poor AML demonstrate this
finding [47,53].

A signal intensity drop on IP compared to OP images
(due to the susceptibility artifact) is an imaging finding that
is described in RCC, most commonly papillary tumors due
to chronic hemorrhage and hemosiderin deposition [22,43].
This finding is not encountered in fat-poor AML which do not
hemorrhage [22]. Similarly, an acutely hemorrhagic small
renal mass showing high signal on fat suppressed T1W gra-
dient recalled echo images would favor a diagnosis of RCC
[28,54].

Diffusion-weighted imaging

As proposed in prostate carcinoma [55,56], DWI helps to
establish the aggressiveness of clear-cell RCCs [57]. A
decreasing trend of ADC values was observed with increas-
ing Fuhrman nuclear grade [58]. Higher ADC values for
low-grade tumors (Fuhrman grade <2) have been reported
compared to high grade tumors (Fuhrman grade >3) [57].
The mean ADC of high grade RCC has also been reported
to be significantly lower than low grade tumors [58]. The
ADC value of papillary RCCs (Fig. 6) may be also dis-
criminant with lower reported values of ADC compared to
other renal tumors such as oncocytomas or clear-cell RCCs
[24,59]. Limitations of DWI exist; however, in that quantita-
tive assessment may not be reproducible across MR systems
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Figure 5. 42-year-old woman with small fat-poor angiomyolipoma in the right kidney. The tumor was identified incidentally on CT (not

showed). Axial T2-weighted MR image (A) shows a homogeneous low signal intensity nodule (white arrow). The mass presented low signal
intensity on DWI (C) and low ADC values on ADC map (D). The mass is isointense on T1-weighted MR image before intravenous administration
of a gadolinium chelate (D), the mass shows avid enhancement on axial TIW MR image (E) and washes out contrast on nephrographic phase

(F).

and institutions and are subject to the variable b values
used. AML also have low ADC values (Fig. 5) which overlap
considerably with papillary RCC [12].

Multi-parametric MRI approach to
diagnosis of small renal masses

Imaging features of the most common renal tumors differ on
multiparametric MRI (Table 1). A standardized step-by-step
approach to the images helps to differentiate a particular
tumor subtype from another and to standardize reporting
[60]. We recently proposed an algorithm based on: (1) T2w
images, (2) Dual echo chemical shift MRI; (3) DWI; (4) wash-
in analysis of DCE-images; and (5) wash-out analysis of DCE
images [60]. T2W images help distinguish between fat-poor
AML and papillary RCC, which are characteristically of low
T2w signal intensity from the other tumors [24,46,61—66].
Clear cell RCC and fat poor AML may show a signal drop on
out-phase sequences whereas it is not reported for onco-
cytoma [24,27,46,67]. This signal drop may be sporadically
observed in chromophobe RCC [64,68] or papillary RCC [44];
however, tends to be less when compared to clear cell RCC
and fat poor AML. Low ADC is often observed for AML and
papillary RCC while ADC remains heterogeneous but often

high for oncocytomas and clear cell RCC [24,57,59,69—71].
Akin to T2w imaging, chromophobe RCC presents a slightly
low ADC compared to these 2 last subtypes. Finally, the
analysis of DCE is critical to formulate an imaging diag-
nosis [24,27,46,72—74]. Clear cell RCC as well as fat poor
AML present a rapid and intense enhancement during the
corticomedullary phase, whereas, peak of enhancement is
slightly delayed for oncocytoma and chromophobe RCC.
For all of these tumor subtypes, a wash-out pattern of
enhancement is observed over time. The enhancement is
conversely progressive for papillary RCC. Canvaser et al.
retrospectively reviewed 121 cT1a masses who underwent
magnetic resonance imaging and partial or radical nephrec-
tomy using a predefined algorithm [41]. Applying various
thresholds of confidence using their algorithm achieved
78% sensitivity and 80% specificity and 95% sensitivity with
58% specificity. The use of probability scales or Likert
scores when reporting multiparametric MRI in a standard-
ized fashion may decrease the number of diagnostic renal
mass biopsies and potentially the number of nephrectomies
performed for benign diagnoses. Nevertheless, standard-
ization of imaging protocols and reporting criteria is still
needed to improve interobserver reliability and larger sam-
ple sizes or multi-institutional studies are desired to confirm
accuracy.
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Figure 6. 52-year-old man with 12mm papillary renal cell carcinoma in the left kidney. The tumor was identified incidentally on CT
examination (not showed). Axial and coronal T2-weighted MR images (A and B) show a homogeneous low signal intensity nodule (white
arrow). The mass has low ADC values on ADC map (C). The mass is isointense on T1-weighted MR image before intravenous administration
of a gadolinium chelate (D), the mass shows progressive enhancement on axial T1-weighted image (E) without wash-out on nephrographic

phase (F).

Figure 7. 65-year-old man with 77 mm clear cell RCC in the left kidney. The tumor was identified on ultrasound and CT examination (not
shown). Coronal T2-weighted MR image (A) shows a heterogeneous mid low signal intensity nodule with flow voids, central necrosis and a
pseusocapsule (white arrow). The mass shows a mid-signal drop on dual chemical shift MR images (B and C) and low ADC values on ADC map
(D). The mass is isointense on T1-weighted MR image before intravenous administration of a gadolinium chelate (E), the mass shows avid
but heterogeneous enhancement on axial T1-weighted MR images (F).
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Figure 8. 61-year-old man with 25 mm chromophobe RCC in the right kidney. The tumor was identified on ultrasound examination (not

showed). Axial T2-weighted MR image (A) shows a homogeneous mid low signal intensity nodule (white arrow). The mass displays no signal
drop on dual chemical shift MR images (B and C) but low ADC values on ADC map (D). The mass is isointense on T1-weighted MR image before
intravenous administration of a gadolinium chelate (E) and shows homogeneous but slightly delayed enhancement on axial T1-weighted MR

image intravenous administration of a gadolinium chelate (F).

Other imaging findings

Other imaging findings in the characterization of small renal
masses are generally not useful. Segmental enhancement
inversion (SEI) though initially described as being a specific
finding for oncocytoma is very controversial [54,75] with
limited utility on CT and MRI thus far [28,54,75]. The pres-
ence of a central scar also described as being a feature of
oncocytoma [54]; can also be seen in RCC [28,38,64,74].
Using MRI, Rosenkrantz et al. observed similar features in
oncocytomas and chromophobe RCC [68]. Galmiche et al.
demonstrated that oncocytomas present significantly higher
ADC (P=0.002) and faster enhancement (P=0.007—0.012)
but lower Sl (P=0.03) than chromophobe RCC [74]. This
combination provided sensitivity of 92.3% (24/26), speci-
ficity of 93.8% (15/16), and accuracy of 92.9% (39/42) for
the diagnosis of oncocytomas.

A variety of growth patterns have been described in renal
masses on imaging, a recent study showed that a substantial
amount of exophytic growth (i.e. nearly entirely exophytic
pattern) was associated with benign lesions; however, there
was overlap between groups and other growth features were
not useful [48].

Grading of renal cell carcinomas with CT
and MRI

Grade of disease in RCC is an important predictor of aggres-
siveness. In clear cell RCC, the Fuhrman nuclear grading
(FNG) system is used and has been validated to correspond
with adverse patient outcomes including metastatic disease
and survival [6,76]. Grading of papillary RCC with the Type
1/Type 2 classification system and chromophobe RCC with
the Chromophobe tumor grading system is more controver-
sial; however, has also been shown to be useful to some
extent as they are both associated with adverse patient out-
comes [6,20,28]. In small renal masses, grade may be an
important parameter to consider particularly if a patient
is being enrolled in active surveillance. Histological grad-
ing of RCC at percutaneous biopsy can be performed, but
is generally not considered accurate due to sampling issues
and a substantial proportion of tumors will have their his-
tological grade altered after nephrectomy when compared
to biopsy [8,77]. The use of CT or MRI to predict grade of
disease is therefore desirable. Both CT and MRI parameters
including enhancement pattern, DWI metrics and texture
analysis have been shown to correlate with the FNG system,
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Table 1 Evocative MR features reported in the literature of the most common renal tumors (adapted from [60]).
Tumor AML AML Renal onco- Clear cell Papillary Chromophobe References
subtype without cytoma RCC RCC RCC
visible fat
% in 2—6 3—-7 75—80 10—15 5 [79]
surgical
series
T2- Heterogeneous Low signal Heterogeneous Heterogeneous Homogeneous Mid Hetero- [24,46,61—66]
weighted with high intensity Central Central Low signal geneity
signal area (scar) area intensity Central
intensity (necrosis) Pseudocapsule area
Pseudocapsule (necrosis)
Vascular
invasion
Vascular
signal void
T1- Heterogeneous - — Heterogeneous — — [46,68]
weighted with high High signal
signal intensity of
intensity central
area
Fat Signal - — Small area — — [67]
saturation suppression with signal
suppression
Dual Interface Signal drop No Signal drop Signal drop No [24,27,46,67]
chemical (Out-phase) Interface (in-phase)
shift MRI
DCE-MRI Heterogeneous Avid Heterogeneous Heterogeneous Slow Moderate [24,27,46,72,73]
arterial Moderate Avid enhance- wash-in and
enhance- wash-in and arterial ment wash-out
ment wash-out wash-in and
quick
wash-out
Late post- = = Complete Absence of — Absence of [64]
contrast late segmental segmental
T1- segmental inversion of inversion of
weighted inversion of necrosis necrosis
central scar
DWI — Low ADC — Heterogeneous Low ADC — [24,57,59,69—71,74]
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Figure 9.

47-year-old man with 25 mm oncocytoma in the left kidney. The tumor was identified incidentally on CT examination (not shown).

Axial and coronal T2-weighted MR images (A and B) show homogeneous low signal intensity nodule with central area (white arrow). The mass
displays heterogeneous ADC values on ADC map (C). The mass is isointense on T1-weighted MR image before intravenous administration of
a gadolinium chelate (D), the mass shows avid heterogeneous enhancement on axial T1-weighted MR image (E) and washes out contrast on

nephrographic phase with slight enhancement of the central area (F).

Type 1 versus Type 2 and more recently the Chromophobe
tumor grading system in clear cell, papillary and chro-
mophobe RCC respectively [8,20,78]. Future larger scale
studies are required to determine reproducibility of these
findings which have been only reported in single institution
retrospective analyses to date and how they can be incorpo-
rated into CT or MRI decision tree algorithms which are used
to diagnose a subtype of tumor encountered on imaging.

Conclusion

In conclusion, CT is highly accurate for differentiation of
solid from cystic masses and accuracy is improved using
dual-energy techniques to overcome the pitfall of pseu-
doenhancement with preliminary data suggesting it may also
have increased sensitivity for detection of enhancement
in papillary RCC which are characteristically hypoenhanc-
ing. Fat-poor AML can be diagnosed with a high degree of
accuracy when encountered in women and appearing homo-
geneously hyperattenuating on CT, hypointense on T2W and
ADC map and showing avid enhancement. Clear cell RCC
and oncocytic neoplasms (oncocytoma and chromophobe
RCC) are hyperintense on T2W MRI; however, degree of cor-
ticomedullary enhancement is higher in clear cell tumors
which may be a distinguishing feature. Grade of RCC is an
important prognostic factor which may not be accurately
reflected in biopsy specimens and preliminary data suggest
that both CT and MRI features may be useful to differentiate
between low and high-grade disease. Multicentric clinical
trials are now required to validate these results. Further
developments such standardization of the data collection

and analysis using newly developed radiomics techniques
would help to better identify the renal tumor subtypes.
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