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Abstract
Purpose  To prospectively characterize computed tomography (CT)-indeterminate renal masses (CTIRM) using acoustic 
radiation force impulse (ARFI) elastography and contrast-enhanced ultrasound (CEUS) and to correlate quantitative imaging 
findings with histopathology or interim follow-up (FU).
Methods  123 patients with CTIRM (longest diameter < 4 cm) underwent ARFI and CEUS with CT image fusion (IF). Exclu-
sion criteria included all contraindications for CEUS and IF. Shear wave velocity (SWV), shear wave ratio (SWR), peak 
intensity (PE), time to peak (TTP) and wash-in rate (Wi) were quantified. In case of a cystic lesion classified as ≤ Bosniak 
2F, follow-up imaging was performed.
Results  77 out of 123 patients underwent surgical resection of a lesion due to suspect imaging findings, whereas 46 patients 
underwent FU, which did not show upgrading in Bosniak category. Histopathology revealed 58 renal cell carcinomas [five 
chromophobe (chRCC), 18 papillary (pRCC) and 35 clear cell (ccRCC)], ten oncocytomas and nine non-malignant renal 
lesions (one minimal fat AML, three focal nephritis and five infected cysts). SWV and SWR differed significantly between 
ccRCC, pRCC, chRCC (p = 0.0024, F = 13.94) and in SWR also for oncocytoma (p < 0.0001, F = 14.35). In CEUS, oncocy-
toma and ccRCC showed significant higher PE values (p < 0.0001, F = 77.31) as well as higher Wi and lower TTP compared 
to all other solid lesions.
Conclusions  Quantitative CEUS and ARFI imaging can provide relevant information to further characterize CT-indetermi-
nate renal masses to guide urological decision making and offer the possibility of differentiation between ccRCC from less 
malignant RCC subtypes and from oncocytoma.
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Abbreviations
ARFI	� Acoustic radiation force impulse
CEUS	� Contrast-enhanced ultrasound
CT	� Computed tomography
CECT	� Contrast-enhanced computed tomography
DCE-MRI	� Dynamic contrast-enhanced magnet reso-

nance tomography
PE	� Peak enhancement

TTP	� Time to peak
CTIRM	� CT-indeterminate renal masses
SWV	� Shear wave velocity
SWR	� SWV ratio
US	� Ultrasound
WiAUC​	� Area under the curve (wash-in)

Introduction

Growing examination numbers in abdominal imaging lead 
to an increased detection of indeterminate renal masses in 
asymptomatic individuals [1]. Renal masses are often inci-
dentally detected in contrast-enhanced computed tomogra-
phy (CECT) performed for other reasons. Differentiation 
between benign and malignant lesions is challenging in 
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urological practice but determines the subsequent urologi-
cal treatment or follow-up. An indeterminate renal mass is 
defined as “a lesion that cannot be diagnosed confidently as 
benign or malignant when discovered” [1]. Most of the rou-
tinely performed CECTs use only one contrast phase of the 
kidneys, thus enhancement patterns are not available to dif-
ferentiate innate hyperdense lesions (e.g., hyperdense cysts) 
from solid lesions. In solid renal masses, surgical resection is 
usually performed because reliable identification of benign 
tumors like oncocytoma by imaging is considered challeng-
ing [2]. If lesions are categorized as indeterminate, work-up 
with multiphase CECT is still the gold standard for charac-
terization of renal tumors and complicated cysts [3]. Beside 
multiphase CECT, dynamic contrast-enhanced magnetic 
resonance imaging (DCE-MRI) or contrast-enhanced ultra-
sound (CEUS) can characterize renal lesions. The potential 
nephrotoxic effect of iodinated contrast media and gadolin-
ium-based MR contrast media, higher potential for allergic 
reactions to these contrast agents, higher costs and restricted 
availability of MRI limit their use in clinical routine.

Today, preoperative imaging of renal lesions is still far 
from ideal as 25–30% of resected lesions are benign or indo-
lent and may not require surgery [4]. Besides differentiation 
of benign lesions from renal cell carcinoma (RCC), differ-
entiation of RCC subtypes on imaging is difficult [5, 6]. 
However, preoperative imaging-based differentiation and 
further subtyping of RCCs has prognostic significance, as 
clear cell renal carcinoma (ccRCC) and other rare subtypes 
including collecting duct, papillary type 2, and medullary 
RCC are aggressive tumors, while papillary type 1 (pRCC), 
chromophobe (chRCC) and multilocular cystic lesions with 
unknown malignant potential seem to be more indolent 
[7–10].

Currently, research using different features of ultrasound 
technology for differentiating subtypes of RCC is growing. 
Multimodality fusion imaging systems have been developed 
recently for improvement of lesion detection and characteri-
zation. As malignant tissues are generally stiffer than benign, 
the evaluation of tissue elasticity might be useful for the 
characterization of renal masses [11]. Acoustic radiation 
force impulses (ARFI) can be used as an additional ultra-
sonographic technique in the differentiation of benign and 
malignant lesions since the diagnostic accuracy of B-mode 
ultrasound is low. CEUS is described as superior to CECT 
with respect to intralesional vascularity [12]. To date, no 
prospective study has reported imaging characterization of 
small incidentally detected CT-intermediate lesions by quan-
titative elastography using ARFI and quantitative CEUS 
after image fusion.

Hence, the purpose of this work was to prospectively 
evaluate quantitative imaging parameters derived from 
ARFI and CEUS for differentiating indeterminate renal 

masses detected on CT into benign and different subtypes 
of malignancy.

Materials and methods

Patient characteristics

This prospective study was approved by the institutional 
review board (361/2015BO2), and informed consent was 
obtained. Patients with an incidental finding of a CT-inde-
terminate renal mass smaller than 4 cm in diameter [13] 
were planned for routine B-mode ultrasound and offered 
B-mode ultrasound with image fusion (IF) and additional 
imaging with ARFI and CEUS. Bosniak classification 
was applied to cystic lesions in accordance with CT and 
B-mode ultrasound. In case of a cystic lesion ≤ Bosniak 2F, 
follow-up was performed. Patients were enrolled between 
July 2015 and May 2016. Exclusion criteria include all 
contraindications for CEUS with SonoVue® (Bracco, Italy) 
such as evidence of chronic kidney disease and additional 
contraindications of CT/US image fusion like cardiac pace-
makers. The ultrasound examination was performed within 
7 days (range 0–7) related to the baseline CT examination 
and in case of surgical resection within 10 days before sur-
gery. The examination time per patient included IF, B-mode 
ultrasound, power Doppler ultrasound (PDUS), ARFI and 
CEUS. Details on the imaging performed are given in the 
Supplement Material.

Statistical analysis

Summary statistics of the measured shear wave velocity 
(SWV) and shear wave ratio (SWR) from ARFI as well as 
the perfusion parameters from CEUS are reported as mean 
and standard deviation. Groups were compared using one-
way ANOVA. For all tests, p values smaller than 0.05 were 
considered significant. p values were adjusted for multiple 
testing. The calculations were performed using Prism 6 
(GraphPad software, La Jolla, CA, USA).

Results

Between July 2015 and May 2016, 123 patients (male 77; 
mean age 64 years; range 32–79 years) were included with 
an incidental finding of a renal lesion that could not be diag-
nosed confidently as benign or malignant in primary con-
trast-enhanced CT, therefore defined as CTIRM in CECT. 
All patients underwent IF for lesion detection and characteri-
zation, B-mode ultrasound with PDUS, ARFI imaging and 
CEUS imaging. As described above, pure cystic lesions or 
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cystic lesions without a relevant solid component were not 
evaluated with ARFI.

No adverse reactions to contrast media administra-
tion were encountered. Mean lesion diameter was 2.1 cm 
(range 1.2–3.6 cm). Lesions showed a wide range of hyper-, 
hypo- or isoechogenicity compared with renal parenchyma, 
but echogenicity showed no correlation with histopathol-
ogy except for cystic lesions, which showed the typical 
hypoechogenicity. PDUS showed vascular flow in 39/123 
lesions (32%). Only patients with solid lesions (ccRCC, 
pRCC, chRCC, minimal fat angiomyolipoma or oncocy-
toma) showed vascular flow in PDUS, but PDUS shows 
no significant differences between these different tumor 
entities. Mean examination time per patient including IF, 
PDUS, ARFI and CEUS was 14 min. Altogether, 51 lesions 
(41%) were classified as cystic in categories according to 
the Bosniak classification system, and 72 lesions (59%) 
were classified as solid. Five of the cystic lesions had a 
complex cystic appearance and were rated as category III 
and underwent surgical resection. Histologically, all cat-
egory III cysts showed no signs of malignancy but signs of 
chronic inflammation and fibrosis, and thus were classified 
as chronic-infected cysts. 58/72 solid lesions (81%) were 
histologically classified as renal cell carcinoma (ccRCC: 
n = 35, pRCC type 1: n = 18 and chRCC: n = 5), whereas 

10/72 lesions (14%) were classified as oncocytoma. 1/72 
(1%) minimal fat angiomyolipoma and 3/72 (4%) chronic 
focal nephritis were defined (Fig. 1). The non-resected cystic 
lesions (n = 46) included five lesions in category I, 30 in 
category II and 11 in category IIF according to the Bosniak 
classification. All cystic lesions were followed with ultra-
sound and/or MRI/CT for a minimum of 24 months and all 
lesions were stable in size and category.

Acoustic radiation force impulse (ARFI) imaging

The lesions were located in a mean depth of 5.7 cm (range 
3.4–7.5 cm). No significant differences concerning lesion 
depth were observed between different tumor entities. Per-
forming ARFI quantification, mean tissue shear velocities 
for renal lesions was 2.7 m/s (range 0.7–4.96 m/s). Renal 
parenchyma mean tissue shear velocity was 2.0 m/s (range 
1.5–2.8 m/s). Mean SWV and SWR stratified by histol-
ogy are summarized in the Supplement Material. ccRCC 
showed SWV of 3.4 ± 0.8  m/s that was significantly 
higher compared to pRCC (2.2 ± 1.0 m/s, p < 0.001) and 
chRCC (1.9 ± 0.5 m/s, p = 0.0024, F = 13.94). Significant 
higher ratios (SWR) between ROIlesion and normal renal 
cortex (ROIparenchyma) were present in ccRCC (1.8 ± 0.4 

Fig. 1   Flow chart for included CT-intermediate renal lesions
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compared to 1.1 ± 0.5 in pRCC, p < 0.001; 1.0 ± 0.1 in 
chRCC, p = 0.02; 1.6 ± 0.3 in oncocytoma, p < 0.0001, 
F = 14.35).

Contrast‑enhanced ultrasound (CEUS)

Peak enhancement in ccRCC and oncocytoma 
showed higher values compared to all other entities 
(194.0 ± 43.8% for ccRCC and 135.9 ± 28.1% for onco-
cytoma; p < 0.0001, F = 77.31). Additionally, significant 
differences were present between ccRCC and oncocytoma 
(p < 0.0001, Fig. 2a and Table 1 in Supplement Material). 
TTP was close to each other, and we observed significant 
differences between oncocytoma (101.9 ± 11.8%) and 
ccRCC (87.4 ± 13.0%, p = 0.01, F = 9.1) and furthermore 
between ccRCC and the different renal cell carcinoma 
subtypes (pRCC 109.6 ± 8.8%, chRCC 106.9 ± 22.3%, 
p < 0.0001 and p = 0.02, respectively). Oncocytoma 
(126.2 ± 20.5%) and ccRCC (189.4 ± 56.8%) showed 
significantly higher values for wash-in compared to all 
other entities (p = 0.009, Fig.  2b). Significant differ-
ences between oncocytoma (101.9 ± 11.8%) and ccRCC 
were observed (87.4 ± 13.0%, p = 0.01, F = 9.1) as well 
as between ccRCC and the different renal cell carcinoma 
subtypes (pRCC 109.6 ± 8.8%, chRCC 106.9 ± 22.3%, 
p < 0.0001 and p = 0.02, respectively). The results of 
quantitative data analysis from CEUS are summarized in 
the Supplement Material. Patient examples for a malig-
nant and a non-malignant lesion are given in Fig. 3.

Discussion

The increased number of incidental renal findings due to an 
overall increase in abdominal CT-imaging leads to detec-
tion of indeterminate renal masses (CTIRM). Multiphase 
CT with unenhanced and enhanced phases is still the gold 
standard for characterization of renal lesions, but the evalu-
ation of enhancement can be difficult [14].

Therefore, the aim of this study was to use advanced 
quantitative ultrasound methods (ARFI and CEUS) to differ-
entiate CTIRM. As described in other studies, effectiveness 
of CEUS can decrease if the lesion cannot be adequately 
identified by US. Therefore, quantitative imaging with ARFI 
and CEUS after US/CT image fusion was performed [15]. 
To our knowledge, this study is the largest series to exam-
ine both benign lesions including oncocytomas and differ-
ent types of RCC with quantitative ARFI and CEUS after 
image fusion. All cystic lesions classified as Bosniak 2F 
and without histological confirmation were followed over a 
minimum of 24 months without upgrading according to the 
Bosniak classification.

ARFI elastography has been introduced in the last years, 
but only a few studies with small patient numbers system-
atically evaluated ARFI elastography in renal lesions [16]. 
The main limitation of ARFI imaging is the lack of quanti-
fication from pure cystic lesions or cystic lesions with thin 
septa without solid components. Thus, ARFI imaging can 
only be validly performed for solid or cystic lesions with 
a relevant solid component. We observed significant dif-
ferences in SWV between histologically proven ccRCC 

Fig. 2   Box plots for CEUS evaluation: peak enhancement (a) and wash-in area under the curve (b). p values from ANOVA are indicated for 
group comparisons
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Fig. 3   53-year-old male patient with incidentally detected renal mass 
on CECT. Image fusion in side-by-side view shows a small lesion (a, 
arrow) of the left kidney (left, angulated CT image). The correspond-
ing B-mode sonography (right) reveals a lesion with nearly no echo-
genicity and presence of distal acoustic enhancement. ARFI mode 
reveals an increased SWV of 3.82 m/s (b). CEUS (c, left) reveals a 
lesion with wall enhancement; histology showed a cystic lesion with 
chronic inflammation and fibrosis. Quantification of CEUS param-

eters (d). e–h Show a 71-year-old male patient with an incidentally 
detected renal mass on CECT. Image fusion shows a small lesion (e, 
arrow) of the left kidney (left, angulated CT image). The correspond-
ing B-mode sonography (right) reveals a lesion with low echogenicity 
and the presence of distal acoustic enhancement. ARFI mode reveals 
an increased SWV of 2.73  m/s (f). CEUS (g, left) reveals a lesion 
with inhomogeneous enhancement; histology showed a pRCC. Quan-
tification of CEUS parameters (h)
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compared to pRCC and chRCC. The SWV of solid compo-
nents of chronic-infected cysts were significantly lower com-
pared to all other solid lesions. Significantly higher ratios 
between ROIlesion and ROIparenchyma were present in ccRCC 
in comparison to other RCC subtypes or to oncocytoma. A 
study from Clevert et al. with 12 histological proven renal 
lesions, reported that elastography has the potential to dif-
ferentiate between benign and malignant renal lesions [16]. 
Göya et al. reported that classical AML with macroscopic 
fat content shows relevant lower SWV value than RCC val-
ues (p = 0.002). However, other methods like B-mode ultra-
sound, CT and MRI detect macroscopic fat and AMLs with 
poor fat content were not included in this study [17]. Fur-
thermore, they did not find significant differences between 
the RCC subgroups and further differentiation between 
infectious lesions and RCC with SWV values was not possi-
ble, which is in line with our findings. In comparison to their 
study, we could include a relevant number of oncocytomas, 
which represent the most frequent benign differential diag-
nosis to RCC. This entity could be separated from ccRCC 
with respect to their SWV values by AFRI.

CEUS allows the evaluation of macro- and especially 
microvascular enhancement with higher temporal and space-
related resolution compared to CT and MRI and was shown 
to be more sensitive than CECT and MRI in detecting intral-
esional vascularity [18]. Our quantitative results showed that 
ccRCC and oncocytoma had higher values for PE compared 
to all other entities but also discernable from one another. 
With regard to wash-in, oncocytoma and ccRCC showed 
significantly higher values than other entities. We observed 
significant differences for TTP between oncocytoma and 
ccRCC and furthermore between ccRCC and pRCC, as well 
as chRCC.

Barr et al. analyzed the CEUS pattern of 596 indeter-
minate focal renal lesions qualitatively and concluded 
that CEUS is highly sensitive and specific in character-
izing indeterminate renal masses [12]. The first study 
with quantitative CEUS in renal tumors from Aoki et al. 
described a shorter TTP for renal tumors compared renal 
parenchyma but no differences between different tumor 
entities [19]. Furthermore, they reported that malignant 
renal tumors enhance more quickly than surrounding renal 
parenchyma and have relative hyperenhancement at time 
to peak [19–21]. Xue et al. described that 88% of 84 renal 
cell carcinomas showed hyperenhancement in the cortical 
phase [4]. In a small cohort (n = 12), Kasoji et al. showed 
that PE provided significant differences between ccRCC, 
pRCC and chRCC [22]. It is described that oncocytomas 
may show some enhancement patterns similar to renal 
cell carcinomas [23]. We could show that oncocytoma 
and ccRCC differed from each other in PE, WI and TTP. 
Compared to previous studies reporting that oncocytoma 
is indistinguishable from ccRCC, we observed significant 

differences between ccRCC and oncocytoma. This incon-
stancy may be due to heterogeneity of lesions at different 
sizes or different grading may influence the enhancement 
patterns [22].

In our study, cystic lesions classified as category III 
showed no malignancy, but signs of chronic inflamma-
tion and fibrosis. Especially in case of infected cysts with 
mural enhancement there may be overlap between benign 
and malignant disease [23]. Recent studies reported a 
higher accuracy of CEUS compared to CT in the detec-
tion of wall and septa microvasculature in complex cysts 
[24, 25]. Thus, recent guidelines of the European Federa-
tion of Societies for Ultrasound in Medicine and Biology 
(EFSUMB) consider the characterization of complex cysts 
as one of the main indications for CEUS. The study from 
Barr et al. found a sensitivity of 100% and a specificity 
of 96.6%, with a positive predictive value of 91.5% and a 
negative predictive value of 100% in characterization of 
IRM [12]. With the introduction of quantitatively CEUS, 
it seems to be possible to differentiate different types of 
solid lesions.

Our study holds several limitations. First, it represents a 
single center experience. We only examined lesion < 4 cm, 
so larger tumors could show different behaviors due to hya-
linization or necrosis at CEUS imaging. Examination time 
and imaging interpretation in ultrasound are dependent on 
the examiner, but quantification of CEUS imaging offers 
objectivity. A technical limitation is the lack of parallel 
ARFI and CEUS when using the fusion mode with CT, 
thus we used this step only to identify the lesion of interest. 
One major limitation of ARFI imaging itself is represented 
by the fact that elastography of pure cystic lesions and/or 
cystic lesions with septa does not provide useful information 
[26, 27]. Also, we did not obtain a histological diagnosis of 
benign cystic lesions but present a lengthy follow-up (mini-
mum of 24 months).

In conclusion, characterization of small CT-indeterminate 
renal masses using acoustic radiation force impulse elastog-
raphy and contrast-enhanced ultrasound as differentiation of 
ccRCC from oncocytoma and chRCC/pRCC seems possible 
and can support urological decision making.
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