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Abstract: Background and objectives: The aim of the present retrospective single-center study is
to evaluate the diagnostic performance of contrast-enhanced ultrasound (CEUS) for assessing
Bosniak III complex renal cystic lesions with histopathological validation. Materials and Methods:
49 patients with CEUS-categorized Bosniak III renal cystic lesions were included in this retrospective
study. All patients underwent native B-mode, Color Doppler, contrast-enhanced ultrasound (CEUS)
between 2010-2020. Eight and five patients underwent computed tomography (CT) and magnetic
resonance imaging (MRI), respectively. Twenty-nine underwent (partial) nephrectomy allowing for
histopathological analysis. The applied contrast agent for CEUS was a second-generation blood
pool agent. Ultrasonography examinations were performed and interpreted by a single experienced
radiologist with more than 15 years of experience (EFSUMB Level 3). Results: CEUS examinations were
successfully performed in all included patients without registering any adverse effects. The malignancy
rate of CEUS-categorized Bosniak III renal lesions accounted for 66%. Initially, cystic complexity
was visualized in native B-mode. In none of the renal lesions hypervascularization was detected
in Color Doppler. CEUS allowed for detection of contrast enhancement patterns in all included
Bosniak III renal lesions. Delayed wash-out could be detected in 6/29 renal lesions. In two cases
of histopathologically confirmed clear-cell RCC, appropriate up-grading from Bosniak IIF to III
was achieved by CEUS. Conclusions: CEUS depicts a promising imaging modality for the precise
diagnostic workup and stratification of renal cystic lesions according to the Bosniak classification
system, thereby helping guidance of adequate clinical management in the future.
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1. Introduction

Renal cell carcinoma (RCC) accounts for up to 3% of all cancer entities, 30% of patients with
RCC present with metastatic disease [1]. It represents the urological cancer with the highest mortality
rates of up to 40%. The detection rates of RCC have significantly increased during the last decades
mainly owing to advancing imaging technologies. Still, a relevant proportion of incidentally found
renal lesions remains indeterminate and necessitates further diagnostic. Up to 8% of RCCs appear as
complex cystic lesions.

Cystic renal lesions appear in over 50% of people of 50 years of age or older [2]. Due to the
increasing use of more advanced cross-sectional imaging, mainly computed tomography (CT) and
magnetic resonance imaging (MRI), incidental renal lesions are more frequently detected, the majority
of which reveals to be simple and uncomplicated cysts [3]. Nevertheless, incidentally found renal
lesions may feature complicating characteristics in up to 10%, encompassing contrast enhancement,
intracystic septa, mural thickening, calcifications or nodular components, thus remaining indeterminate
and may show malignant potential. Therefore, close follow-up examinations and/or surgery and
histopathologic elucidation are indispensable.

Since its introduction in 1986, the Bosniak classification system has helped radiologists to classify
renal lesions and helped estimate the likeliness of benign and malignant origin based on CT criteria [4].
Upon later modification, renal cysts can be subdivided into five different Bosniak subtypes (I-IV and
IIE, “F” = follow-up). Whereas Bosniak I and II subtypes have a malignancy rate of nearly 0%, IIF,
III and IV are associated with malignancy rates of approximately 5%, 50% and 100% respectively [5,6].
The morphologic boundaries between benign and malignant renal lesions often are blurred. Of note,
classifying renal lesions to a Bosniak subtype determines therapeutic management of the patient. It is
therefore obvious that a precise assessment and classification of renal lesions is pivotal in order to guide
adequate clinical management of the patient. The latest proposed update of the Bosniak classification
system was published in 2019 [7]. Of note, it incorporates MRI features of renal lesions into the
stratification. Besides CT and MRI and its proven accurate diagnostic performance for renal imaging,
contrast-enhanced ultrasound (CEUS) is still not included in the latest Bosniak classification system.

Contrast enhancement is a critical morphologic feature which may allow to distinguish between
malignant and benign origin of the renal lesion. It can be detected by using elaborate CT or MRI.
Both imaging modalities need thorough evaluation before being performed due to ionizing radiation
in case of CT, potential allergic reactions to iodinated or gadolinium-based contrast agents, potential
renal and thyroid gland impairments or possible metallic medical devices, e.g., cardiac pacemakers
in patients. Conventional ultrasound, including native B-mode and Color Doppler, is not feasible to
visualize contrast enhancement of renal lesions. In contrast and as its name implies, CEUS overcomes
the shortcomings of conventional ultrasound and allows for dynamic visualization of microperfusion [8]
at higher spatial and temporal resolutions compared to CT and MRI and has previously already
proven high diagnostic accuracy in renal imaging, in particular in the differentiation of renal masses
and clarifying indeterminate renal lesions [9,10]. CEUS depicts a strikingly sensitive imaging tool
by which even single microbubbles can be visualized within a cystic wall or septum [11]. It may
therefore assist with precise stratification of renal lesions by appropriate categorization into Bosniak
subtypes [12]. Noteworthy, CEUS is inexpensive, easily accessible and repeatable and has an excellent
safety profile [13]. The advantageous role of CEUS for visualization of complex renal lesions was
already described in several clinical studies [14-17]. It could be shown that CEUS allows for equivalent
diagnostic performance compared to CT and MRI for assessing complex renal lesions.

The aim of the present European single-center study is to evaluate the diagnostic performance of
CEUS in comparison with histopathology for assessing Bosniak III renal cystic lesions.

2. Materials and Methods

This retrospective single-center study was approved by the local institutional ethical committee
of the institutional review board (Date of Approval: 14 March 2017, Ethic Code: 17-087) and all
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contributing authors followed the ethical guidelines for publication in Medicina. All study data
were gathered according to the principles expressed in the Declaration of Helsinki/Edinburgh 2002.
Oral and written informed consent of all patients were given prior to each CEUS examination and their
associated risks and potential complications have been carefully described. All CEUS examinations
were performed and analyzed by a single skilled radiologist with more than 15 years of clinical
experience in advanced ultrasound techniques (EFSUMB Level 3). All included patients underwent
native B-mode, Color Doppler and CEUS scans. At the time of the examination, up-to-date high-end
ultrasound systems with adequate CEUS protocols were utilized (Siemens Ultrasound Sequoia 52000,
53000, Siemens, Mountain View, CA, USA; Philips Ultrasound iU22, EPIQ7, Philips, Seattle, WA, USA).
A low mechanical index was used in all cases to avoid early destruction of microbubbles (<0.2). For all
CEUS examinations, the second-generation blood pool contrast agent SonoVue® (Bracco, Milan, Italy)
was used. Then, 1.0-2.4 mL of SonoVue® was applied. After contrast agent was applied, a bolus of
5-10 mL sterile 0.9% sodium chloride solution was given. No adverse side effects upon administration
of SonoVue® could be observed. All CEUS examinations were successfully performed and image
quality was sufficient in all cases allowing for proper diagnostic analysis of the sonomorphological
appearance of the renal lesions. The patient files and imaging records were retrieved from the picture
archiving and communication system (PACS) of our institution for further analysis.

The vascular phases of CEUS comprised cortical phase (8-35 s after i.v. application), corticomedullary
phase (36-120 s after i.v. application) and late phase (>120 s to the disappearance of the microbubbles).
Dynamic contrast differences in the perfusion of the renal parenchyma compared to the lesions
were evaluated with qualitative analysis of wash-in and wash-out characteristics. Evaluation of
morphological features included: location, size, shape and echogenicity of the lesions. Vascularization
was assessed using Color Doppler and CEUS. Retrospective analysis of archived cine-loops of all
included patients was performed.

Between 01/2010-04/2020, 476 patients in total underwent renal contrast-enhanced ultrasound
(Figure 1). Forty-nine patients with renal lesions categorized as Bosniak type Il by CEUS were included
in this retrospective single-center study. Eight patients additionally underwent CT scan; five patients
underwent additional MRL

476 patients who underwent renal CEUS
between 01/2010-04/2020

49 included patients with renal cystic lesions, Bosniak IIT

20 patients without surgical treatment
and without follow-up

’ 29 patients who underwent (partial) nephrectomy ‘

/ I 10 benign tumors ]

‘ 19 malignant tumors ‘

Clear-cell RCC (n=12) *  Benign epithelial (hemorrhagic) cyst (n = 4)
Chromophobe RCC (n=1) *  Oncocytoma (rn=3)

Papillary RCC (n = 3) * Papillary renal adenoma (n = 1)
Multilocular cystic RCC (n=1) ¢ Cystic hamartoma (n = 1)

Mixed RCC (n=2) *  Adult cystic nephroma (n=1)

Figure 1. Flowchart illustrating selection of patients with Bosniak III renal cystic lesions. CEUS: contrast-
enhanced ultrasound; RCC: renal cell carcinoma.
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Twenty-nine of 49 patients underwent (partial) nephrectomy in the local Department of Urology.
The histopathological analysis was performed in collaboration with the local Institute of Pathology.
Histopathological results were used as the diagnostic reference standard.

3. Results

CEUS examinations were performed in all 49 included patients without registration of any adverse
effects (Supplementary Table S1). The female to male ratio was 1: 2.2. In total, 26 renal lesions were
located on the left side, 23 renal lesions were located on the right side (left: right-ratio = 1.1: 1).
The average diameter of the renal lesions was 3.4 cm (min = 0.8 cm, max = 12.0 cm). The mean age
of the patient at the time of CEUS examination was 64 years (range: 35-92 years). Histopathological
analysis revealed the following renal cell carcinoma (RCC) subtypes listed with decreasing frequencies:
41% (12/29) clear-cell RCC, 10% (3/29) papillary RCC, 7% (2/29) mixed RCC, 3% (1/29) multilocular
cystic RCC and 3% (1/29) chromophobe RCC; benign entities comprised 14% (4/29) benign epithelial
cysts, 10% (3/29) oncocytoma and 3% (1/29) papillary renal adenoma, cystic hamartoma and adult
cystic nephroma (Table 1).

Table 1. Malignant and benign histopathologic subtypes of Bosniak III type renal lesions categorized
by contrast-enhanced ultrasound (CEUS). Percentages may not add up to due to rounding. RCC—renal
cell carcinoma.

Malignant (n = 19) n %
Clear-cell RCC 12 4
Chromophobe RCC 1 3
Papillary RCC 3 10
Multilocular cystic RCC 1 3
Mixed RCC 2 7

Benign (n = 10)

Benign epithelial (hemorrhagic) cyst 4 14
Oncocytoma 3 10

Papillary renal adenoma 1 3
Cystic hamartoma 1 3

Adult cystic nephroma 1 3

In none of the included renal lesions, hypervascularization could be detected using Color Doppler
ultrasound (Table 2). In 16/29 (55%) patients who underwent (partial) nephrectomy peripheral contrast
enhancement could be visualized in CEUS, of which 10/16 (63%) and 6/16 (37%) histopathogically
revealed to be malignant and benign, respectively. In 18/29 (62%) Bosniak III renal lesions, intraseptal
contrast enhancement by CEUS could be detected, of which 11/18 (61%) and 7/18 (38%) turned out to
be malignant and benign, respectively. In total, 4/29 (14%) renal lesions featured focally thickened
septa which featured contrast enhancement, of which 3/4 (75%) turned out to be malignant. 6/29 (21%)
renal lesions showed wash-out during late phase, half of which revealed to be the renal lesions turned
out to be malignant. A representative appearance of a Bosniak III renal lesion is illustrated in Figure 2.
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Table 2. Overview of clinical characteristics, imaging findings, treatment and histopathology of 29 patients with CEUS-categorized Bosniak III lesions. RCC—renal cell

carcinoma, HU—Hounsfield units, L—left, R—right. CD—Color Doppler, CEUS—contrast-enhanced ultrasound, CT—computed tomography, MRI—magnetic

resonance imaging, F—female, M—male.

Patient Sex Age  Location (S:;le) Native B-Mode Vascu(lélgfation CEUS CT MRI Hi;l;r:;;ﬁle()risgy
moor R e Otiesed ' Intraseptal ' T Bk Tr | Clearcel RCC
I T T - P ety

wall thickening
#3 F 61 R 3.5 Cystic, septated - iletl;iapslv;;rtzlll - - Pargiiil;’ﬁrﬁggmy
M F & R 16 Cystic - Peripheral — :  earedi RCC
L g
#6 M 74 L 2.0 Cystic - };irr;};};;r’czll , . Parzilzgiigﬂrgggmw
#7 F 66 L 7.0 Cystic, complex - Intraseptal - - mi?gfgii?i}:;ﬁg?éc
T T - P
MO F 6 R 15 Cystie - Intraseptal : : e RCC
MM B L2 e e - :
M2 L 1S e e - : " eraie
#13 M 68 L 15 Partially cystic - Peripheral - - Partial nephrectomy:

clear-cell RCC
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Table 2. Cont.

. . Size . Vascularization Treatment:
Patient Sex Age Location (cm) Native B-Mode (CD) CEUS CT MRI Histopathology
Septated, calcified,
early enhancement, Nevhrectomy:
#14 M 86 4.0 Cystic, septated - Intraseptal wash-out in - Nephrectomy:
delayed phase cystic clear-cell RCC
— Bosniak IIT
. . Nephrectomy:
#15 M 63 2.0 Cystic - Peripheral - ) clear-cell RCC
. Native MRI: T2w:
Peripheral, inlv h .
intraseptal mainly hyperintense Renal biopsy:
#16 F 62 2.5 Partially cystic - - - with hypointense '
wash-in/ . oncocytoma
septations T1w:
wash-out .
hypointense
#17 F 64 35 Cystic _ Intraseptal _ ) Partla.l nephrectomy:
cystic hamartoma
Partially cystic, : .
#18 M 67 3.0 focally _ Intraseptal ~ ) Partial nephl"ectomy.
thickened septa cyst, no malignancy
#19 M 71 1.2 Cystic . Peripheral B ) Partial nephl.‘ectomy:
cyst, no malignancy
#20 F 48 10.0 Cystic, septated _ Intraseptal _ ) Partial nephrectomy:
. ySHe ep P adult cystic nephroma
Peripheral and
#21 M 76 2.0 Cystic - Intraseptal _ ) Partial nephrectomy:
' wash-in/ oncocytoma
wash-out
Peripheral . .
#22 M 46 0.8 Cystic _ wash-in/ B } Partl.al nephrectomy:
wash-out papillary adenoma
#23 F 69 8.0 Cystic, septated - Intraseptal - - Partial nephrectomy:

cyst, no malignancy
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7 0f 16

. Size . Vascularization Treatment:
Patient Sex Age (cm) Native B-Mode (CD) CEUS CT MRI Histopathology
Peripheral . .
#24 M 69 25 Cystic - wash-in/ - - Partial nephrectomy:
Papillary RCC
wash-out
Partial nephrectomy:
. . Hemorrhagic,
#26 M 66 5.0 Cystic - Peripheral - - xantho-granulomatous cyst,
no malignancy
. . Septated, partially .
Cystic, septated, Peripheral, i Partial nephrectomy:
#27 M 67 7.0 tially calcified int tal calcified - f
partially calcifie intrasepta — Bosniak IIF oncocytoma
. . Partial nephrectomy:
#32 M 83 47 Cystic - Peripheral - - clear-cell RCC
Intraseptal .
. . Partial nephrectomy:
#35 M 48 2.5 Cystic, septated - wash-in/ - - clear-cell RCC
wash-out
Septated, Partial nephrectomy:
#38 M 60 1.2 Cystic, septated - Peripheral contrast-enhanced - P y:

— Bosniak type ITF

clear-cell RCC

“_a

—No / None or not available.
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(©)

Figure 2. Cont.
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Figure 2. Complex renal cyst, Bosniak III subtype. (a) Inhomogeneous renal cystic lesion (orange
arrows) with irregular septations is illustrated in native B-mode; (b) Neither perilesional nor intraseptal
hypervascularization is detected in Color Doppler sonography; (c) Intraseptal contrast enhancement
(orange arrow) is visualized by CEUS (left), displayed in a side-by-side manner with corresponding
native B-mode (right). (d) Corresponding native computed tomography (CT) scan reveals focal mural
calcifications of the renal lesion (small red arrow), axial reformation. (e) Discrete contrast enhancement
of the septation is detected in contrast-enhanced CT (small green arrow), CT arterial phase, and axial
reformation. The patient underwent nephrectomy, histopathology revealed clear-cell RCC.

In patient #1 additional MRI categorized renal cystic lesion as Bosniak IIF type, histopathology
finally revealed clear-cell RCC. In patients #27 and #38, renal cystic lesions were categorized as Bosniak
IIF by CT; histopathology revealed oncocytoma and clear-cell RCC, respectively. Figure 3 illustrates
the heterogeneous morphology of two renal oncocytoma. Similar to the findings in CEUS, the renal
cystic lesion in patient #14 was categorized as Bosniak III by CT, underlying cystic clear-cell RCC was
histopathologically elucidated.
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Figure 3. Cont.
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Figure 3. Cont.
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(8)

Figure 3. Renal oncocytoma in CEUS and CT. (a) In patient #16 inhomogeneous, round renal lesion in the

upper pole of the right kidney is visualized in native B-mode (orange arrows). (b) No hypervascularization
can be registered by Color Doppler sonography (orange arrows). (c) Early marginal contrast enhancement
of the lesion is detected in CEUS (orange arrow, left), displayed in a side-by-side-manner with native
B-mode (right). (d) Following delayed marginal wash-out is detected by CEUS (orange arrow, left),
displayed in a side-by-side-manner with native B-mode (right). (e) Predominantly T2w-hyperintense
correlate (yellow arrow) with T2w-hypointense septations in native magnetic resonance imaging
(MRI), coronal reformation. (f) Corresponding T1lw-hypointense appearance of the lesion (yellow
arrow), native MRI, axial reformation. (g) In patient #27, a large renal cystic lesion (asterisk) with
irregular septations (yellow arrow) and calcifications (green arrow) of the right kidney is shown by CT,
venous phase, axial reformation. The patient underwent partial nephrectomy, renal oncocytoma was
histopathologically confirmed.

The remaining 20/49 did not undergo any urological treatment in our University Hospital, so final
histopathological analysis is lacking. In patients #33, #37, #44 and #46, whereas CT or MRI described
a hemorrhagic renal cyst, dynamic visualization of microperfusion by CEUS could show peripheral
contrast enhancement of the cystic lesion. In patient #44, additional peripheral wash-out of the renal
cystic lesion could be registered during late phase in CEUS and intraseptal contrast enhancement could
be detected by CEUS in patient #46. Sonomorphologic features and thus Bosniak subtypes from CEUS
examination of renal cystic lesions in patients #36, #40 and #48 matched the Bosniak categorization by
either CT or MRL

4. Discussion

The high diagnostic accuracy of CEUS to differentiate between malignant and benign renal lesions
had previously been reported [14,18]. It could be shown that CEUS is more sensitive to contrast
enhancement of renal cystic lesions than CT and MRI [19,20]. Due to its higher spatial and temporal
resolutions, CEUS was reported to be superior to CT to detect contrast enhancement of tiny cyst walls,
septa and solid parts of complicated cysts, thereby allowing for up- or downgrading of renal cysts
according to the Bosniak classification system [21-23]. The aim of the present study was not to compare
the diagnostic performance of CEUS versus CT/MRI, however two renal lesions were upgraded from
IIF to III by CEUS, in both of which clear-cell carcinoma was revealed by histopathology.

CEUS showed equivalent diagnostic validity compared to more elaborate CT and MRI [24] in
terms of assessing indeterminate renal lesions. Nevertheless, several studies described that CEUS like
any other imaging modality is unfeasible to safely distinguish between RCC subtypes solely relying on
qualitative imaging features. Due to overlapping morphologic features, some benign entities, benign
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complicated cysts or oncocytoma, may even be misinterpreted as malignant lesions by diagnostic
imaging [25]. Although contrast enhancement is a typical feature of malignant lesions, 10/29 Bosniak
III renal lesions which featured contrast enhancement, revealed to be benign by histopathology in our
study. In our present study, three oncocytomas were categorized as Bosniak III renal lesions (patients
#16, #21, #27) by CEUS, including one upgrading from Bosniak IIF to III (patient #27), thus prompting
(partial) nephrectomy. Oncocytomas are described as predominantly benign tumors, only few case
reports of metastasizing and infiltrative growth of oncocytomas are published. Thus, its benign
entity still is debatable [26]. The sonomorphological overlap between renal oncocytoma and renal
cell carcinoma was previously demonstrated [27-29]. So far, no sonomorphological feature has been
established allowing for valid differentiation between oncocytoma and renal cell carcinoma.

Besides confirmed benign adult cystic nephroma, cystic hamartoma and papillary renal adenoma,
hemorrhagic renal cysts were among the benign renal lesions which were categorized as Bosniak III.

Our findings demonstrate a malignancy rate of approximately 66% of CEUS-categorized Bosniak
III renal cystic lesions. This percentage is relatively high comparing the striking heterogeneity of results
from other studies. This might be explained due to the pre-selected study cohort at our Interdisciplinary
Center at a University Hospital, the higher diagnostic accuracy of CEUS compared to mostly used
and less accurate CT and MRI for stratification of renal lesions and the high experience level at which
CEUS examinations were performed [30].

The cost-effectiveness of CEUS in comparison with CT and MRI in several abdominal diseases
had already been described [31]. A recent work demonstrated the cost-effectiveness of CEUS over
MRI to investigate incidentally found renal lesions. Their results showed less expensive diagnostic
management of cystic renal lesions by CEUS compared to MRI. Accurate stratification of renal cystic
lesions respecting the Bosniak classification is pivotal for subsequent clinical management of the
patients. Besides from affecting patients’ health, unnecessary diagnostics and misdiagnosis may
prompt inadequate treatment, thus resulting in maldistribution of financial resources.

The United States Food and Drug Administration (FDA) approved the use of CEUS in 2016 for
liver applications, CEUS has since then obtained widespread acceptance for evaluating a broad range
of different conditions [32-34]. A relevant cohort of patients in whom incidentally found focal renal
lesions are detected often have comorbidities, including impairment of renal function, thyroid gland
disbalances, allergic reactions or cardiac affections, thus depending on metallic medical devices like
cardiac pacemakers. Hence, thorough evaluation before CT or MRI are performed is critical. With its
excellent safety profile and less frequent adverse effects, CEUS may be performed in those patients with
less hesitations and allowing for visualizing renal cystic lesions and possible microperfusion at higher
spatial and temporal resolutions compared to CT and MRI. In case indeterminate renal lesions are
detected in CT using inappropriate protocols, further ionizing CT scan can be avoided by using CEUS
instead. In addition, advantages of non-ionizing CEUS are its wide accessibility and the possibility to
directly repeat examinations at less frequent risks/complications than CT and MRI. CT and MRI are
more expensive than CEUS and especially MRI is considered time-consuming. Moreover, CEUS allows
for visualization of microperfusion in real-time at high frame rates for several minutes at multiple
angles, thereby avoiding timing problems of image acquisition upon application of contrast agents.
Compared to contrast agents used in CT and MRI, contrast agents for CEUS are purely intravascular
contrast agents that do not diffuse into the tissue. In order to capture detectable contrast enhancement
of renal cystic lesions by CT or MRI relevant concentrations of intravenous contrast agents are necessary.
In critically ill patients, applying high volumes of contrast media may affect renal function and result in
cardiac decompensation. In contrast, a comparably insignificant volume of contrast agents is required
for CEUS overcoming those risks. Furthermore, in case renal lesions are incidentally found during
ultrasound examination of the abdomen, CEUS can be additionally performed allowing for scrutiny
and avoiding time delay which in turn would otherwise increase anxiety of the patient.

Up to date, recent clinical urological guidelines do not recommend CEUS as the primary imaging
modality to analyze cystic renal lesions, but state it as an adjunct instrument [35]. Furthermore, CEUS is
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not included as an imaging modality in the recent Bosniak classification system [7]. The application
of CEUS for accurately stratifying renal lesions according to the Bosniak classification system was
already demonstrated in several studies [12]. Contrast-enhanced ultrasound proved to be more reliable
in assessing complex renal lesions than conventional ultrasound [36]. Furthermore, CEUS showed
equivalent diagnostic performance in evaluating complex renal lesions in comparison with CT and
MRI [14-17,37]. The European Federation of Societies for Ultrasound in Medicine and Biology
(EFSUMB) recommends comprehensive CEUS when indeterminate renal masses are incidentally
detected in CTs, most of which are performed without an appropriate protocol for the evaluation of
renal lesions [38]. Recently, the beneficial and promising role of CEUS for follow-up of Bosniak 2F lesions
was demonstrated [15]. By using CEUS as a diagnostic instrument for follow-up, contrast-enhanced CT
and MRI and their associated risks may be reduced. Moreover, by means of fusion imaging previously
acquired data from CT and MRI scans may be integrated and processed in up-to-date ultrasound
devices, allowing for real-time computerized fusion of cross-sectional images with ultrasound images
in a real-time manner. Fusion imaging may allow to further evaluate focal renal lesions, particularly of
previously as indeterminate described lesions [39].

Complementary to other recent studies, our data indicate that CEUS depicts a reliable imaging
tool to scrutiny Bosniak III lesions [36]. Respecting the above-described assets of CEUS over CT and
MRI- including diagnostic accuracy, safety profile and economic perspective- and general shortcomings
of diagnostic imaging for evaluating renal lesions, CEUS should be considered a primary imaging
modality for the assessment, appreciation the nature and probability of malignancy and guiding
subsequent clinical management of renal lesions.

The study has several limitations. All patients were retrospectively included at one University
hospital. All examinations were performed by one single radiologist using different up-to-date
ultrasound systems.

To our knowledge, our study contains the largest cohort of CEUS-categorized Bosniak III renal
lesions which were validated by histopathology.

Our findings are in line with previous studies and imply a promising role of CEUS in the diagnostic
workup and precise stratification of renal cystic lesions, thereby guiding adequate clinical management
in the future.

Supplementary Materials: The following are available online at http://www.mdpi.com/1010-660X/56/12/692/s1,
Table S1: Overview of clinical characteristics, imaging findings, treatment and histopathology of all included patients.

Author Contributions: Conceptualization, V.S., J.R., T.G., and D.-A.C.; methodology, V.S.,].R,, T.G., and D.-A.C.;
validation, V.S., J.R., T.G., B.O.S. and D.-A.C.; formal analysis, all authors; investigation, all authors; resources,

J.R. and D.-A.C.; data curation, V.S,, J.R., S.C.,CM., M.FFE,B.0OS., M.S.,, TK,, D.-A.C.; original draft preparation,
VS, T.G,, D.-A.C,; writing—review and editing, all authors; visualization, V.S., J.R., T.G., and D.-A.C.; supervision,
VS, JR, T.G, and D.-A.C,; project administration, V.S, J.R., T.G., and D.-A.C. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bhatt, J.R.; Finelli, A. Landmarks in the diagnosis and treatment of renal cell carcinoma. Nat. Rev. Urol. 2014,
11, 517-525. [CrossRef]

2. Seppala, N; Kielar, A.; Dabreo, D.; Duigenan, S. Inter-rater agreement in the characterization of cystic renal
lesions on contrast-enhanced MRI. Abdom. Imaging 2014, 39, 1267-1273. [CrossRef]

3. Bosniak, M.A. Problems in the radiologic diagnosis of renal parenchymal tumors. Urol. Clin. N. Am. 1993,
20, 217-230.

4. Bosniak, M.A. The current radiological approach to renal cysts. Radiology 1986, 158, 1-10. [CrossRef] [PubMed]

5. Curry, N.S.; Cochran, S.T.; Bissada, N.K. Cystic renal masses: Accurate Bosniak classification requires
adequate renal CT. AJR Am. J. Roentgenol. 2000, 175, 339-342. [CrossRef] [PubMed]


http://www.mdpi.com/1010-660X/56/12/692/s1
http://dx.doi.org/10.1038/nrurol.2014.194
http://dx.doi.org/10.1007/s00261-014-0162-5
http://dx.doi.org/10.1148/radiology.158.1.3510019
http://www.ncbi.nlm.nih.gov/pubmed/3510019
http://dx.doi.org/10.2214/ajr.175.2.1750339
http://www.ncbi.nlm.nih.gov/pubmed/10915671

Medicina 2020, 56, 692 15 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hartman, D.S.; Choyke, P.L.; Hartman, M.S. From the RSNA refresher courses: A practical approach to the
cystic renal mass. Radiographics 2004, 24, S101-S115. [CrossRef] [PubMed]

Silverman, S.G.; Pedrosa, I; Ellis, ].H.; Hindman, N.; Schieda, N.; Smith, A.D.; Remer, E.M.; Shinagare, A.B.;
Curci, N.E.; Raman, S.S.; et al. Bosniak Classification of Cystic Renal Masses, Version 2019: An Update
Proposal and Needs Assessment. Radiology 2019, 292, 475-488. [CrossRef]

Mu, J.; Mao, Y.; Li, F; Xin, X.; Zhang, S. Superb microvascular imaging is a rational choice for accurate
Bosniak classification of renal cystic masses. Br. J. Radiol. 2019, 92, 20181038. [CrossRef]

Edenberg, J.; Gloersen, K.; Osman, H.A.; Dimmen, M.; Berg, G.V. The role of contrast-enhanced ultrasound
in the classification of CT-indeterminate renal lesions. Scand. J. Urol. 2016, 50, 445-451. [CrossRef]

Chang, E.H.; Chong, WK.; Kasoji, S.K.; Dayton, P.A.; Rathmell, W.K. Management of Indeterminate Cystic
Kidney Lesions: Review of Contrast-enhanced Ultrasound as a Diagnostic Tool. Urology 2016, 87, 1-10.
[CrossRef]

Lerchbaumer, M.H.; Putz, EJ.; Riibenthaler, J.; Rogasch, J.; Jung, E-M.; Clevert, D.-A.; Hamm, B.;
Makowski, M.; Fischer, T. Contrast-enhanced ultrasound (CEUS) of cystic renal lesions in comparison
to CT and MRI in a multicenter setting. Clin. Hemorheol. Microcirc. 2020, 75, 419-429. [CrossRef] [PubMed]
Riibenthaler, J.; Bogner, E; Reiser, M.; Clevert, D.A. Contrast-Enhanced Ultrasound (CEUS) of the Kidneys by
Using the Bosniak Classification. Ultraschall Med. Eur. |. Ultrasound 2016, 37, 234-251. [CrossRef] [PubMed]
Piscaglia, F.; Bolondi, L. The safety of Sonovue® in abdominal applications: Retrospective analysis of 23188
investigations. Ultrasound Med. Biol. 2006, 32, 1369-1375. [CrossRef] [PubMed]

Riibenthaler, J.; De Figueiredo, G.N.; Mueller-Peltzer, K.; Clevert, D.A. Evaluation of renal lesions using
contrast-enhanced ultrasound (CEUS); a 10-year retrospective European single-centre analysis. Eur. Radiol.
2018, 28, 4542-4549. [CrossRef]

Riibenthaler, J.; Cetatka, S.; Froelich, M.F,; Stechele, M.; Marschner, C.; Sabel, B.O.; Bogner, F.; Schnitzer, M.L,;
Overhoff, D.; Hokamp, N.G.; et al. Contrast-Enhanced Ultrasound (CEUS) for Follow-Up of Bosniak 2F
Complex Renal Cystic Lesions—A 12-Year Retrospective Study in a Specialized European Center. Cancers
2020, 12, 2170. [CrossRef]

Zhou, L.; Tang, L.; Yang, T.; Chen, W. Comparison of contrast-enhanced ultrasound with MRI in the diagnosis
of complex cystic renal masses: A meta-analysis. Acta Radiol. 2018, 59, 1254-1263. [CrossRef]

Sanz, E.; Hevia, V; Gémez, V.; Alvarez, S.; Fabuel, ] .-J.; Martinez, L.; Rodriguez-Patrén, R.; Gonzélez-Gordaliza, C.;
Burgos, E-J. Renal Complex Cystic Masses: Usefulness of Contrast-Enhanced Ultrasound (CEUS) in Their
Assessment and Its Agreement with Computed Tomography. Curr. Urol. Rep. 2016, 17, 89. [CrossRef]
Bertolotto, M.; Cicero, C.; Perrone, R.; Degrassi, F.; Cacciato, F.; Cova, M.A. Renal Masses with Equivocal
Enhancement at CT: Characterization With Contrast-Enhanced Ultrasound. Am. J. Roentgenol. 2015, 204,
W557-W565. [CrossRef]

Ascenti, G.; Mazziotti, S.; Zimbaro, G.; Settineri, N.; Magno, C.; Melloni, D.; Caruso, R.; Scribano, E. Complex
Cystic Renal Masses: Characterization with Contrast-enhanced US. Radiology 2007, 243, 158-165. [CrossRef]
Chen, Y.; Wu, N.; Xue, T.; Hao, Y.; Dai, J. Comparison of contrast-enhanced sonography with MRI in the
diagnosis of complex cystic renal masses. J. Clin. Ultrasound 2015, 43, 203—-209. [CrossRef]

Quaia, E.; Bertolotto, M.; Cioffi, V.; Rossi, A.; Baratella, E.; Pizzolato, R.; Cova, M.A. Comparison of
Contrast-Enhanced Sonography with Unenhanced Sonography and Contrast-Enhanced CT in the Diagnosis
of Malignancy in Complex Cystic Renal Masses. Am. ]. Roentgenol. 2008, 191, 1239-1249. [CrossRef] [PubMed]
Clevert, D.-A.; Minaifar, N.; Weckbach, S.; Jung, E.; Stock, K.; Reiser, M.; Staehler, M. Multislice computed
tomography versus contrast-enhanced ultrasound in evaluation of complex cystic renal masses using the
Bosniak classification system. Clin. Hemorheol. Microcirc. 2008, 39, 171-178. [CrossRef] [PubMed]
Graumann, O.; Osther, S.S.; Karstoft, J.; Herlyck, A.; Osther, PJ.S. Bosniak classification system: A prospective
comparison of CT, contrast-enhanced US, and MR for categorizing complex renal cystic masses. Acta Radiol.
2016, 57, 1409-1417. [CrossRef] [PubMed]

Marschner, C.; Ruebenthaler, J.; Schwarze, V.; De Figueiredo, G.N.; Zhang, L.; Clevert, D.A. Comparison of
computed tomography (CT), magnetic resonance imaging (MRI) and contrast-enhanced ultrasound (CEUS)
in the evaluation of unclear renal lesions. RoFo Fortschr. Geb. Rontgenstrahlen Bildgeb. Verfahr. 2020, 192,
1053-1059. [CrossRef] [PubMed]


http://dx.doi.org/10.1148/rg.24si045515
http://www.ncbi.nlm.nih.gov/pubmed/15486234
http://dx.doi.org/10.1148/radiol.2019182646
http://dx.doi.org/10.1259/bjr.20181038
http://dx.doi.org/10.1080/21681805.2016.1221853
http://dx.doi.org/10.1016/j.urology.2015.10.002
http://dx.doi.org/10.3233/CH-190764
http://www.ncbi.nlm.nih.gov/pubmed/32039837
http://dx.doi.org/10.1055/s-0042-104646
http://www.ncbi.nlm.nih.gov/pubmed/27058636
http://dx.doi.org/10.1016/j.ultrasmedbio.2006.05.031
http://www.ncbi.nlm.nih.gov/pubmed/16965977
http://dx.doi.org/10.1007/s00330-018-5504-1
http://dx.doi.org/10.3390/cancers12082170
http://dx.doi.org/10.1177/0284185118755575
http://dx.doi.org/10.1007/s11934-016-0646-7
http://dx.doi.org/10.2214/AJR.14.13375
http://dx.doi.org/10.1148/radiol.2431051924
http://dx.doi.org/10.1002/jcu.22232
http://dx.doi.org/10.2214/AJR.07.3546
http://www.ncbi.nlm.nih.gov/pubmed/18806171
http://dx.doi.org/10.3233/CH-2008-1083
http://www.ncbi.nlm.nih.gov/pubmed/18503122
http://dx.doi.org/10.1177/0284185115588124
http://www.ncbi.nlm.nih.gov/pubmed/26019242
http://dx.doi.org/10.1055/a-1127-3371
http://www.ncbi.nlm.nih.gov/pubmed/32294790

Medicina 2020, 56, 692 16 of 16

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Schwarze, V.; Marschner, C.; De Figueiredo, G.N.; Knosel, T.; Riibenthaler, J.; Clevert, D.-A. Single-center
study: The diagnostic performance of contrast-enhanced ultrasound (CEUS) for assessing renal oncocytoma.
Scand. ]. Urol. 2020, 54, 135-140. [CrossRef] [PubMed]

Van Der Kwast, T.H.; Perez-Ordonez, B. Renal oncocytoma, yet another tumour that does not fit in the
dualistic benign/malignant paradigm? J. Clin. Pathol. 2007, 60, 585-586. [CrossRef] [PubMed]

Siracusano, S.; Quaia, E.; Bertolotto, M.; Ciciliato, S.; Tiberio, A.; Belgrano, E. The application of ultrasound
contrast agents in the characterization of renal tumors. World J. Urol. 2004, 22, 316-322. [CrossRef]

Haendl, T.; Strobel, D.; Legal, W.; Frieser, M.; Hahn, E.G.; Bernatik, T. Renal cell cancer does not show a
typical perfusion pattern in contrast-enhanced ultrasound. Ultraschall Med. 2009, 30, 58-63. [CrossRef]
Gerst, S.; Hann, L.E.; Li, D.; Gonen, M.; Tickoo, S.; Sohn, M.].; Russo, P. Evaluation of Renal Masses with
Contrast-Enhanced Ultrasound: Initial Experience. Am. J. Roentgenol. 2011, 197, 897-906. [CrossRef]
Sevcenco, S.; Spick, C.; Helbich, T.H.; Heinz, G.; Shariat, S.E,; Klingler, H.C.; Rauchenwald, M.; Baltzer, P.A.
Malignancy rates and diagnostic performance of the Bosniak classification for the diagnosis of cystic renal
lesions in computed tomography—A systematic review and meta-analysis. Eur. Radiol. 2017, 27, 2239-2247.
[CrossRef]

Gassert, F.; Schnitzer, M.; Kim, S.H.; Kunz, W.G.; Ernst, B.P,; Clevert, D.-A.; Norenberg, D.; Riibenthaler, J.;
Froelich, M.E. Comparison of Magnetic Resonance Imaging and Contrast-Enhanced Ultrasound as Diagnostic
Options for Unclear Cystic Renal Lesions: A Cost-Effectiveness Analysis. Ultraschall Med. Eur. ]. Ultrasound
2020. [CrossRef] [PubMed]

Seitz, K.; Strobel, D.; Bernatik, T.; Blank, W.; Friedrich-Rust, M.; Herbay, A.V.; Dietrich, C.F,; Strunk, H.;
Kratzer, W. A SchulerContrast-Enhanced Ultrasound (CEUS) for the characterization of focal liver lesions—
Prospective comparison in clinical practice: CEUS vs. CT (DEGUM multicenter trial). Parts of this manuscript
were presented at the Ultrasound Dreilandertreffen 2008, Davos. Ultraschall Med. 2009, 30, 383-389. [PubMed]
Isidori, AM.; Pozza, C.; Gianfrilli, D.; Giannetta, E.; Lemma, A.; Pofi, R.; Barbagallo, F.; Manganaro, L.;
Martino, G.; Lombardo, E; et al. Differential Diagnosis of Nonpalpable Testicular Lesions: Qualitative and
Quantitative Contrast-enhanced US of Benign and Malignant Testicular Tumors. Radiology 2014, 273, 606-618.
[CrossRef] [PubMed]

Quan, J.; Yunxiao, Z.; Jian, C.; Zhu, H.; Yuan, Z. Contrast-enhanced ultrasound in the diagnosis of solitary
thyroid nodules. . Cancer Res. Ther. 2015, 11, 41. [CrossRef] [PubMed]

Richard, P.O,; Violette, P.D.; Jewett, M.A ; Pouliot, F.; Leveridge, M.; So, A.; Whelan, T.F.; Rendon, R.; Finelli, A.
CUA guideline on the management of cystic renal lesions. Can. Urol. Assoc. J. 2017, 11, 66-73. [CrossRef]
[PubMed]

Qiu, X.; Zhao, Q.; Ye, Z.; Meng, L.; Yan, C.; Jiang, T. How does contrast-enhanced ultrasonography influence
Bosniak classification for complex cystic renal mass compared with conventional ultrasonography? Medicine
2020, 99, €19190. [CrossRef]

Oon, S.F; Foley, RW.; Quinn, D.; Quinlan, D.M.; Gibney, R.G. Contrast-enhanced ultrasound of the kidney:
A single-institution experience. Ir. J. Med. Sci. 2017, 187, 795-802. [CrossRef]

Sidhu, PS.; Cantisani, V.; Dietrich, C.E; Gilja, O.H.; Saftoiu, A.; Bartels, E.; Bertolotto, M.; Calliada, F.;
Clevert, D.-A.; Cosgrove, D.; et al. The EFSUMB Guidelines and Recommendations for the Clinical Practice
of Contrast-Enhanced Ultrasound (CEUS) in Non-Hepatic Applications: Update 2017 (Short Version).
Ultraschall der Med. Eur. J. Ultrasound 2018, 39, 154-180. [CrossRef]

Schwarze, V.; Riibenthaler, J.; Marschner, C.; Fabritius, M.P.,; Rueckel, J.; Fink, N.; Puhr-Westerheide, D.;
Gresser, E.; Froelich, M.E,; Schnitzer, M.L.; et al. Advanced Fusion Imaging and Contrast-Enhanced Imaging
(CT/MRI-CEUS) in Oncology. Cancers 2020, 12, 2821. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1080/21681805.2020.1736621
http://www.ncbi.nlm.nih.gov/pubmed/32162575
http://dx.doi.org/10.1136/jcp.2006.044438
http://www.ncbi.nlm.nih.gov/pubmed/17557864
http://dx.doi.org/10.1007/s00345-004-0410-3
http://dx.doi.org/10.1055/s-2008-1027189
http://dx.doi.org/10.2214/AJR.10.6330
http://dx.doi.org/10.1007/s00330-016-4631-9
http://dx.doi.org/10.1055/a-1110-7172
http://www.ncbi.nlm.nih.gov/pubmed/32052386
http://www.ncbi.nlm.nih.gov/pubmed/19688670
http://dx.doi.org/10.1148/radiol.14132718
http://www.ncbi.nlm.nih.gov/pubmed/24968192
http://dx.doi.org/10.4103/0973-1482.147382
http://www.ncbi.nlm.nih.gov/pubmed/25879334
http://dx.doi.org/10.5489/cuaj.4484
http://www.ncbi.nlm.nih.gov/pubmed/28360949
http://dx.doi.org/10.1097/MD.0000000000019190
http://dx.doi.org/10.1007/s11845-017-1725-6
http://dx.doi.org/10.1055/s-0044-101254
http://dx.doi.org/10.3390/cancers12102821
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

