BJR

Accepted:

08 June 2021 21 July 2021

Received:
15 July 2021

Revised: |

Cite this article as:

https://doi.org/10.1259/bjr.20210707

© 2021 The Authors. Published by the British Institute of Radiology under
the terms of the Creative Commons Attribution 4.0 Unported License
http:/creativecommons.org/licenses/by/4.0/, which permits unrestricted
use, distribution and reproduction in any medium, provided the original
author and source are credited.

Como G, Valotto C, Tulipano Di Franco F, Giannarini G, Cereser L, Girometti R, et al. Role of contrast-enhanced ultrasound in assessing
indeterminate renal lesions and Bosniak 22F complex renal cysts found incidentally on CT or MRI. Br J Radiol 2021; 94: 20210707.

FULL PAPER

Role of contrast-enhanced ultrasound in assessing
indeterminate renal lesions and Bosnhiak >2F complex
renal cysts found incidentally on CT or MRI

1GIUSEPPE COMO, 2CLAUDIO VALOTTO, 'FRANCESCO TULIPANO DI FRANCO, 2GIANLUCA GIANNARINI,
TLORENZO CERESER, 'ROSSANO GIROMETTI and 'CHIARA ZUIANI

lInstitute of Radiology, Department of Medicine, University of udine, University Hospital S. Maria della Misericordia, Udine, Italy
2Urology Unit, University Hospital S. Maria della Misericordia, Udine, Italy

Address correspondence to: Prof Rossano Girometti
E-mail: rossano.girometti@uniud.it

Objective: To investigate the impact of contrast-
enhanced ultrasound (CEUS) in reclassifying incidental
renal findings categorized as indeterminate lesions (IL)
or Bosniak > 2F complex renal cysts (CRC) on CT or MRI.
Methods: We retrospectively included 44 subjects who
underwent CEUS between 2016 and 2019 to assess 48 IL
(n=12) and CRC (n = 36) incidentally found on CT or MRI.
CEUS was performed by one radiologist with 10 year of
experience with a sulfur hexafluoride-filled microbubble
contrast agent. The same radiologist, blinded to clin-
ical information and previous CT/MRIs, retrospectively
reviewed CEUS images/videos, categorizing renal find-
ings with Bosniak-derived imaging categories ranging
from O (indeterminate) to 5 (solid lesion). CEUS-related
reclassification rate was calculated (proportion of IL
reclassified with an imaging category >0, or CRC reclas-
sified below or above imaging category >2F). Using
histological examination or a > 24 months follow-up as

INTRODUCTION

Over the last years, improved imaging technology led to
increased incidental detection of renal findings in patients
undergoing CT and/or MRI examinations for reasons
unrelated to the genitourinary system.! CT and MRI are
accurate in characterizing and driving the management
of most incidental findings. However, sometimes CT and
MRI findings can be ambiguous. Some incidental findings
present as indeterminate lesions (IL) with unclear solid
vs cystic nature,> thus prompting the problem of how to
further differentiate and manage them.* Moreover, up to
8% of incidental findings are complex renal cysts (CRC)
with difficult Bosniak categorization on CT or MRL> In
particular, the main difficulty is differentiating Bosniak 2F
vs Bosniak 3 category. While about 50% of Bosniak 3 cate-
gory findings are benign,® reliable differentiation between

the standard of reference, we also estimated per-lesion
sensitivity/specificity for malignancy.

Results: CEUS reclassified 24/48 findings (50.0%; 95%
C.l. 35.2-64.7), including 12/12 IL (100%; 95%Cl| 73.5-
100) and 12/36 CRC (33.3%; 95% C.I. 18.5-50.9), mostly
above category >2F (66.7%). CEUS and CT/MRI showed
96.0% (95%Cl 79.7-99.9) vs 44.0% (95%Cl 24.4-65.1)
sensitivity, and 82.6% (95%Cl 61.2-95.1) vs 60.9% (95%CI
38.5-80.3%) specificity.

Conclusion: CEUS provided substantial and accurate
reclassification of CT/MRI incidental findings.

Advances in knowledge: Previous studies included
Bosniak 2 incidental findings, thus possibly underes-
timating CEUS-induced reclassification rates. Using a
more meaningful cut-off (Bosniak >2F), problem-solving
CEUS was effective as well, with higher reclassification
rates for CRC than in literature.

2F and 3 category should be provided in order to tailor
patient management.

Contrast-enhanced ultrasound (CEUS) is gaining ever-
increasing acceptance as a tool to assess renal lesions,
given the rapidity of execution, reduced costs, safe contrast
medium profile, and promising clinical results.”® By using a
microbubble contrast-agent, CEUS is able to characterize IL
by differentiating even minimally vascularized solid lesions
from avascular cysts, thus helping in addressing them to
proper management.”” CEUS also showed better accu-
racy than CT in assessing Bosniak categorization-related
features such as internal septa, parietal thickening, mural
nodules, and contrast-enhancement.”'® A recent metanal-
ysis by Furrer et al'! showed 85 vs79% pooled accuracy in
characterizing complex renal cysts for CEUS vs CT/MRI,
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respectively. Several studies also found CEUS to be effective
in assessing malignant incidental renal findings, with approxi-
mately 95% accuracy for masses presenting as indeterminate
on CT,® 96% sensitivity/100% specificity for masses of unclear
solid nature on MRI,'? and 100% sensitivity/96.6% specificity for
indeterminate or cystic renal lesions found on ultrasound, CT
or MRL."

However, to our knowledge current evidence on CEUS has
been acquired including incidental findings initially classified
as Bosniak 2 by CT or MRI (up to 58.7% of CRC in previous
studies'®). This might have underestimated the impact of CEUS,
as Bosniak 2 observations are easy-to-characterize findings with
low likelihood of reclassification. Consequently, little is known
on the role for CEUS in a population of incidental findings
including Bosniak category >2F as a more meaningful CRC cut-
off for prompting a problem-solving examination.

On this basis, the purpose of this study was to determine the
impact of CEUS in reclassifying incidental renal findings initially
assessed as IL or CRC with Bosniak category >2F.

METHODS AND MATERIALS

Study population and revision of previous imaging
This study was approved by the referring Institutional review
board. Because of the retrospective design, the acquisition of
written informed consent was waived.

We reviewed patients records to identify all subjects who, in
accordance with our institutional policy, underwent CEUS to
further asses renal lesions found incidentally in previous CT or
MRI examinations performed for indications unrelated to the
genitourinary system.

The period of search was February 2016 to October 2019. Of 77
eligible patients, we included those with a CT or MRI examina-
tion performed within 3 months before CEUS, showing one or
more renal findings assessed as IL or CRC with Bosniak classifi-
cation at least 2E*"° In accordance with the American College of
Radiology definition,'® a renal finding was considered as indeter-
minate when difficult to diagnose as benign or malignant at the
time of primary imaging, e.g. because of indistinguishable solid
vs cystic pattern. Other inclusion criteria were the availability of
the standard of reference as defined below, and having under-
gone an image revision confirming the indeterminate nature of
renal findings. Image revision was performed by a study coor-
dinator with 10 years of experience in abdominal imaging,
blinded to CEUS results, who reviewed CT and MRI examina-
tions to assess technical adequateness and confirm renal find-
ings as IL or CRC. CT examinations were assessed as adequate
if performed with contrast administration on a > 16 row scanner
with reconstructed slice thickness <2.5mm. MRI were assessed
as adequate if performed on a > 1.5 T magnet, being inclusive of
at least transverse in-phase/out-of-phase T weighted imaging,
fat-suppressed T, weighted imaging, and diffusion-weighted
imaging (DWI). When both CT and MRI were available, the
coordinator included in the analysis MRI in the case of IL, and
the examination with the highest Bosniak score in the case of
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CRC. CT criteria to confirm a lesion as IL were attenuation
values in the range 20-70 Hounsfield units (HU) on unenhanced
scan, combined with homogeneous appearance and/or equivocal
contrast-enhancement after intravenous contrast administration
(increase in attenuation <20 HU). No lesion was assessed as IL
based on MRI appearance. All patients were confirmed with
IL or CRC requiring problem-solving CEUS. We excluded 33
patients with no standard of reference available (see below).

Final population included 44 subjects (33 males, 11 females)
with a mean age of 68.1 years (range 36-90 years), and a total of
48 renal index lesions. Index lesion was defined as the imaging
finding prompting CEUS. Patients have previously performed a
total of 47 examinations, i.e. CT alone in 32/44 cases, MRI alone
in 9/44 cases, and both CT and MRI in the remaining 3/44 cases.
A total of 17 examinations have been performed outside the
Institute of Radiology, University of Udine, University Hospital
S. Maria della Misericordia, Italy.

CEUS technique

CEUS examinations were performed during clinical routine by a
single radiologist with 20 years of experience in abdominal ultra-
sound (10 years specifically in CEUS), unblinded to previous CT
and/or MRI findings, using a Logiq E9 system (General Elec-
tric Healthcare, Milwaukee, W1, USA). This radiologist did not
correspond to the study coordinator.

After preliminary grayscale and color Doppler investigation,
CEUS was set with low acoustic power to achieve minimum
microbubble destruction (mechanical index of 0.12). Each lesion
confirmed by preliminary ultrasound investigation (100%) was
evaluated separately after intravenous administration of a 2.4 ml
dose of a sulfur hexafluoride-filled microbubble contrast agent
(SonoVue, Bracco, Mllan, Italy), followed by a 10 ml saline flush.
Per-index lesion digital cine-clips were acquired from the start
of contrast injection to at least 2min thereafter, together with
static images, and sent to the picture archiving and digital system
(PACS) (Suitestensa, Ebit AET, Genova, Italy) for subsequent
review.

Image analysis and standard of reference

Starting from late 2020, the same radiologist who performed
CEUS examination reviewed images and videos stored in
the PACS, blinded to the original report, as well as to CT and
MRI images and clinical history. We did not use original CEUS
reports for analysis, as this would have implied unblinding to
those data. Reader was aware only of the side and site of the inci-
dental finding to be reviewed.

During each reading session, IL and CRC to review were shown
to him by the study coordinator. For the purpose of analysis, the
radiologist categorized renal findings according to the above-
mentioned criteria reported in Table 1, i.e. using a modified
version of the Bosniak classification including imaging category 0
(IL) and imaging category 5 (findings presenting as solid). Image
analysis did not include time-intensity curves (TIC) plotting
contrast enhancement over time, as they are not part Bosniak
categorization. Moreover, the focus on differential diagnoses
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Table 1. Sonographic criteria used to categorize renal lesions on CEUS (adapted from Schoots et al'’)

Imaging Contrast-enhanced ultrasound
category Definition Findings on B-mode ultrasound criteria
0 Indeterminate solid versus cystic Unspecific, i.e. without the appearance of a tumor or No contrast enhancement
lesion cyst
1 Simple cyst = Bosniak 1 Thin walls, and no septa, and sharp margins, and no No contrast enhancement
calcifications and/or solid components
2 Minimally complex cyst = Septa thinner than 1 mm, with or without subtle No contrast enhancement, or slight contrast
Bosniak 2 calcifications enhancement of the septa
2F Slightly complex cyst = Bosniak Multiple septa, and/or minimally thickened walls, Moderate contrast enhancement of the walls
2F and/or thin or thick calcifications and/or septa
3 Complex cyst = Bosniak 3 Homogenous or irregular thickening of the walls and/ Contrast enhancing septa and/or thickened
or septa, and/or irregular calcifications wall
4 Mixed solid-cystic lesion = Homogenous or irregular thickening of the walls and/ Contrast enhancing septa, and/or irregular
Bosniak 4 or septa, and/or irregular calcifications, and/or solid contrast enhancing soft tissue components
components
5 Solid lesion Homogeneous or heterogeneous echoic soft tissue, Diffuse, homogeneous enhancement
with or without anechoic components

CEUS, contrast-enhanced ultrasound.

for which TIC might represent a contribution was beyond the
purpose of this study.

The standard of reference was pathological examination in
lesions referred to surgery, as well as histological examination
after biopsy. For index lesions assessed as benign by CEUS, the
surrogate standard of reference was stability over an imaging
follow-up of at least 24 months (median 27 months, range 24-39
months), defined as absent changes in appearance and size.

Data analysis

Quantitative data were presented with descriptive statistics,
using mean (+ standard deviation) or median (with interquartile
range; IQR) values, after checking for data normality with the
Shapiro-Wilk test. Notable proportions were coupled with 95%
confidence intervals (95% CIs).

We first assessed the reclassification rate, calculated as the propor-
tion of changes in imaging categorization provided by CEUS as
compared to CT and/or MRI over the total number of lesions,
IL alone, and CRC alone. The threshold for reclassification was
set imaging category >2F vs imaging category <2F in the case
of CRC. For IL, we assessed as reclassified any lesion in which
CEUS attributed an imaging 1-5 category according to what
reported in Table 1. IL categorized as 0 on CEUS were considered
as persistently indeterminate/non-reclassified. The agreement
between CT/MRI and CEUS in assessing imaging categories was
investigated with Cohen’s x (k) statistic. Reference k values were
as follows: 0.01-0.20 slight agreement; 0.21-0.40 fair agreement;
0.41-0.60 moderate agreement; 0.61-0.80 substantial agreement;
and 0.81-0.99 almost perfect agreement.'®

After matching imaging results with the standard of refer-
ence and surrogate standard of reference, we calculated the
per-imaging category cancer detection rate (CDR) of CT/MRI
or CEUS. CDR was defined as the percent ratio between the

number of malignant cases and the total number of assignments
in that category. Analysis was performed on a per-index lesion
basis.

Finally, we calculated sensitivity and specificity for malignancy
of CEUS and CT/MRYI, using image category >2F as the cut-off.

Analysis was performed with a commercially available software
(MedCalc Software bvba v. 18.11.6, Ostend, Belgium), using an
a value of 0.05.

RESULTS

Lesions characteristics and categorization by CT or
MRI

Of initial examinations, 26/35 CT studies were performed with
a quadriphasic protocol including unenhanced scan, late arte-
rial phase, portal venous phase, and delayed phase 3-5min after
contrast injection. All the remaining CT examinations lacked
one or more of the above phases, except for the portal venous
phase. MRI studies were performed without contrast adminis-
tration in the three cases associated with CT. All the remaining
9/12 standalone MRI examinations included a quadriphasic
post-contrast scan.

Of 48 lesions referred to CEUS, 12 were IL (25.0%) and 36 were
CRC (75.0%). Median (IQR) lesion size on CT or MRI was
26.5mm (10-45mm) for all lesions, 27.8 mm (16-47 mm) for IL
alone, and 26 mm (10-55mm) for CRC alone. Of 44 patients, 3
showed two unilateral lesions, 1 presented two bilateral lesions,
while 40 presented one single unilateral lesion.

By definition (see above), all IL were categorized 0 with CT and
MRI, while CRC were categorized 2F, 3 and 4 in 16/36 (44.4%),
12/36 (33.3%) and 8/36 (22.2%) cases, respectively.
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Table 2. Overview of cases reclassified by CEUS vs CT and MRI
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Reclassification towards category >2F Reclassification towards category <2F
(n=16) (n=8)
Number of Number of
Initial CT/MRI Post-CEUS reclassified Initial CT/ Post-CEUS reclassified
category category cases MRI category category cases
CRC 2F 3 5/36 - -
2F 4 1/36 - -
- - 3 2 2
. - 3 2F 3
- - 4 2F 1
IL 0 3 1/12 -
0 4 2/12
0 5 7/12 - - -
0 2 2

CEUS, contrast-enhanced ultrasound; CRC, complex renal cyst; IL, indeterminate lesion.

Reclassification by CEUS

According to CEUS, no findings were categorized as indetermi-
nate (score 0). IL were assigned category 2 in 2/12 cases (16.7%),
category 3 in 1/12 cases (8.3%), category 4 in 2/12 cases (16.7%),
and category 5 in the remaining 7/12 cases (58.3%) respectively.
CRC were attributed imaging category 1 in 4/36 cases (11.1%),
category 2 in 5/36 cases (13.9%), category 2F in 9/36 cases
(25.0%), category 3 in 9/36 cases (25.0%), category 4 in 5/36
cases (13.9%), and category 5 in 4/36 cases (11.1%), respectively.
Overall, CEUS categorized renal findings > 2F in 28/48 cases.

Details on reclassifications are shown in Table 2. CEUS reclas-
sified 24/48 CT/MRI findings (50.0%; 95% CI 35.2-64.7),
including 12/12 IL (100%; 95% CI 73.5-100) and 12/36 CRC
(33.3%; 95% CI 18.5-50.9) (Figure 1 and Figure 2). Most of them
occurred towards imaging category >2F (16/24; 66.7%).

The agreement between CT/MRI and CEUS in assigning imaging
category >2F vs imaging category <2F was slight (k = 0.12) for all
lesions, and fair (k = 0.33) when CRC only were considered.

CDR
The CDR for each imaging category attributed by CT or MRI vs
CEUS is shown in Table 3.

Among 28 findings categorized >2F by CEUS, 26/28 were surgi-
cally removed. Of them, 24/26 were found to be malignant (5
papillary renal cell carcinoma [RCC] Type 2, 6 papillary RCC
Type 1, 1 papilary RCC solid/tubular variant, 10 clear cell carci-
nomas, 1 multilocular cystic neoplasm of low malignant poten-
tial and 1 high grade papillary urothelial carcinoma), while 2/26
were benign (1 renal oncocytoma and 1 focal segmental glomer-
ulosclerosis, previously categorized 3 and 4 by CT, respectively).
The remaining 2/28 lesions were referred to surveillance with
CEUS, given severe comorbidity contraindicating intervention.
None of them showed changes over time, so that they were cate-
gorized as false-positives.

One of the lesions categorized <2F by CEUS showed an increase
in size (over 50%) at a CT scan performed at 25 months from
the baseline CEUS, as confirmed by subsequent CEUS evalua-
tion (where it was recategorized as 4). This false-negative case
was finally proven to be papillary renal carcinoma by surgery. No

Figure 1. CEUS-induced reclassification to Bosniak 3 cyst of a
right-sided IL found on CT. The round renal mass with partially
ill-defined margins showed soft-tissue attenuation on basal
unenhanced scan (values in the circular ROl in A). However,
no significant contrast-enhancement was found, as shown
by an increase in attenuation values < 20 HUs (values in the
ROI in B). B-mode ultrasound (C) found a largely anechoic
lesion, with multiple, small solid nodules better appreciated
as enhancing areas after microbubble contrast administra-
tion (arrow in D). The lesion was proven to be clear cell renal
carcinoma after surgical resection. CEUS, contrast-enhnaced
ultrasound; HU, Hounsfield unit; IL, indeterminate lesion; ROI,
region of interest.

' ’
ea: 74.256 mm?* (W: 9.458 mm H: 9.997 mm)
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Figure 2. Reclassification of a CRC from Bosniak 2F (initial
CT categorization) to Bosniak 3 category (final CEUS cate-
gorization). CT found a well-defined round mass in the left
kidney, showing fluid attenuation and thin incompletely cal-
cified septa on both unenhanced scan (arrow in A) and post-
contrast arterial and venous phases (arrows in B and C). On
preliminary B-mode ultrasound, a complex cysts with hyper-
echoic components was found (arrow in D), some of which
showed measurable enhancement during CEUS evaluation
(arrow in E). The lesion was referred to surgical treatment
with pathological diagnosis of multilocular cystic renal neo-
plasm of low malignant potential. CEUS, contrast-enhnaced
ultrasound; CRC, complex renal cyst.

other lesions categorized <2F by CEUS were found to be malig-
nant at follow-up.

Sensitivity for malignancy of CEUS and CT/MRI was 96.0%
(95%CI 79.7-99.9) vs 44.0% (95%CI 24.4-65.1), while specificity
was 82.6% (95%CI 61.2-95.1) versus 60.9% (95%CI 38.5-80.3%),
respectively.

DISCUSSION

In our study, CEUS reclassified 50% of incidental renal lesions
found on CT and/or MRI, being able to define whether IL were
solid or cystic in 100% of cases, and changing the Bosniak clas-
sification in about one-third (33.3%) of CRC. Of note, the large
majority of lesions classified category >2F by CEUS were found

Como et al

malignant at final pathology (24/28), with 96% of malignant
cases categorized 3-5. These results suggest that, when avail-
able, CEUS might be used for systematic target analysis of inci-
dental IL and CRC found at CT and/or MRI, as the probability
of reclassification and ruling-in malignancy is high. While this
might increase costs and complexity of the diagnostic pathway,
it is reasonably more effective, less costly, and at a lower risk of
delaying relevant diagnoses than a CT and/or MRI follow-up of
IL or CRC incorrectly categorized <2F.

Findings initially assessed as 2F by CT and/or MRI were the main
object of reclassification among CRC, which occurred in 72.2%
of assignments, either on the side of downgrading or upgrading
(52.8 and 46.2% of the reclassified cases, respectively). This is in
accordance with previous results by Schwarze et al,'® and matches
with the expectedly high sensitivity of CEUS we observed.'***~2?
The reclassification rate we found in the CRC group was higher
compared to what previously shown (10-20%).”'*** A possible
explanation is that, differently from our work, previous studies
included Bosniak category 2 cysts (prevalence up to 58.7%), thus
potentially underestimating the reclassification impact of CEUS.
Indeed, category 2 findings are easy to categorize, and have a
reasonably low probability of being reclassified. This might also
explain why CT and/or MRI showed lower sensitivity, specificity
and accuracy compared to previous works,”>** except a study
by Defortescu et al*® which included Bosniak 2F and 3 observa-
tions only (sensitivity/specificity for CT and MRI of 36/76%, and
71/91% for MRI, respectively).

Because of reclassification, CEUS led to a more appropriate cate-
gorization of CRC, as shown by two main results. First, CEUS met
the expected per-category CDR better than CT/MRL i.e. 11.1
vs27.8% for category 2F, 77.8 vs40% for category 3, 80 vs75%
for category 4, and 75 vs0% for category 5, respectively. Second,
CEUS was able to reclassify all IL findings, analogously to what
reported by Bertolotto et al,” suggesting that there is quite low
likelihood for an incidental CT/MRI finding to remain indeter-
minate after CEUS. Not surprisingly, the agreement between CT/
MRI and CEUS was slight (k = 0.12) and fair (k = 0.33) when
assessing all lesions and CRC, respectively. One might assume
that better agreement between CEUS and CT/MRI found in
prior studies®*~*” might has been overinflated by the inclusion
of Bosniak 1 and 2 CT/MRI findings.

Table 3. Overview of cancer prevalence on a per-imaging category basis, as assessed by CT//MRI or CEUS

Per-imaging category CDR
0 1 2 2F 3 4 5
All CT/MRI | 10/12 (83.3%) : - 5/18(27.8%) | 4/10(40.0%) |  6/8 (75.0%) .
fesions CEUS : 0/4 (0%) 0/7 (0%) 19 (1.1%) | 8/10 (80.0%) 617 (85.7%) 10/11
(90.9%)
L CT/MRI | 10/12(83.3%) - : -
CEUS : - 0/2 (0%) 1/1 (100%) 2/2 (100%) 7/7 (100%)
CRC CT/MRI : - : 5/18 (27.8%) | 4/10 (40.0%) |  6/8 (75.0%) :
CEUS : 0/4 (0%) 0/5 (0%) Y9 (1L1%) | 7/9 (77.8%) 4/5(80.0%) | 3/4(75.0%)

CDR, cancer detection rate;CEUS, contrast-enhanced ultrasound;CRC, complex renal cyst; IL, indeterminate lesion.
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Was the use of CEUS effective from a clinical point of view?
CEUS led to one false-negative case initially categorized 2F,
which was assessed as a slow-growing cancer during the
follow-up. On the other hand, the examination correctly
downgraded 16.7% cases to category <2F. Our results suggest
that CEUS has the potential to discontinue improper follow-up
examinations, though long-term controls might be advisable to
identify false-negative 2F assignments, which amount to up to
12% in literature!” (11% in our series). Further studies should
define the most adequate time interval for follow-up, and/or
assess which imaging and/or clinical features can stratify 2F
patients for differentiating follow-up strategies. As testified by
high specificity, a few cases only were false-positives, including
one oncocytoma and one focal segmental glomerulosclerosis.
However, CEUS enhancing pattern of oncocytoma, angiomy-
olipoma and other benign entities cannot reliably differen-
tiate them from RCC,?® so that final diagnosis after surgical
resection cannot be reasonably interpreted as an overtreat-
ment. Other two suspicious lesions under surveillance showed
no evolution during the follow-up. While classified as false-
positives for the purpose of analysis, they might in fact repre-
sent low-grade cancers with slow evolution candidate to CEUS
surveillance. Future studies on advanced imaging techniques,
e.g. those based on artificial intelligence, might provide addi-
tional criteria for diagnosis in those doubtful cases in which
biopsy or intervention cannot be performed.

There are some study limitations. Previous CT/MRI exam-
inations were performed with different machines and tech-
niques, even outside of our Institution, including protocols
not targeted to the kidneys and the urinary tract. Addition-
ally, different radiologists read the examinations. One might
argue that those factors might have limited the robustness
of initial assessment of IL and CRC, and in turn deflated the
accuracy of CT and MRI. Of note, this reflects the incidental
nature of the findings under investigation, and the real clin-
ical scenario in which CEUS has been used as a problem-
solving tool, i.e. a referral centre with a dedicated radiologist.
This might represent a reasonable base for generalizability,
at least in a similar ideal scenario, as indirectly proven by
diagnostic accuracy we observed. However, we acknowledge
that it was impossible to assess the inter -reader agreement,
so that further multi readers studies on larger populations
should validate our results. Second, having involved a single
reader who performed both original CEUS examinations and
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retrospective rereading might have increased the risk of recall
bias. However, we believe this risk was reasonably minimized
by the long interval of time between original CEUS examina-
tions (February 2016-October 2019) and re-evaluation, which
started in late 2020. Third, we cannot exclude selection bias
towards more aggressive lesions, as testified by 83.3% cancer
prevalence in findings initially assessed as IL by CT/MRI,
which is higher than previously observed (62%).” The CDR we
observed in Bosniak 3 findings was also higher than currently
assumed to be within this category.® Recent data suggest that
many category three lesions are benign or slow-progressing
entities.!”**" However, even assuming having preselected
lesions at higher risk, this would be an ideal scenario in clin-
ical practice, as the use of an additional imaging tool such as
CEUS should be supported by adequate pre-test probability to
be reasonably cost-effective. Finally, there is no histological
diagnosis of benignity for most findings categorized <2F by
CEUS, suggesting potential overestimation of CEUS sensi-
tivity. On the other hand, the follow-up was reasonably long in
our series, exceeding the 20 months average time to progres-
sion found by Tames AVC et al.*!

In conclusion, CEUS was accurate in characterizing incidental
CT/MRI renal findings initially classified as IL or CRC with
Bosniak category 2F or larger. In particular, CEUS reclassified
100% IL, and 33.3% CRC compared to CT/MRI, referring most
of them to proper treatment. Because of higher sensitivity for
malignancy, our results suggest that CEUS is a valuable problem-
solving tool to action more proper strategies of incidental CT/
MRI observations, including follow-up discontinuation or inter-
vention, with a minimal risk of false-negatives. Whether CEUS
can be used systematically should be the matter for further
studies stratifying patients’ pre-test risk of malignancy.

FUNDING
Open Access Funding provided by Universita degli Studi di
Udine within the CRUI-CARE Agreement.

PATIENT CONSENT
Informed consent waived because of the retrospective study
design.

ETHICS APPROVAL
The study has been approved by the Institutional Review Board
of the Department of Medicine, University of Udine.

REFERENCES

1. Jemal A, Bray E Center MM, Ferlay ], Ward

3. Bertolotto M, Cicero C, Perrone R, 4. Silverman SG, Israel GM, Herts BR, Richie

E, Forman D. Global cancer statistics. CA
Cancer ] Clin 2011; 61: 69-90. doi: https://
doi.org/10.3322/caac.20107

American College of Radiology Management
of the incidental renal mass on CT: a white
paper of the ACR incidental findings
Committee. 2017;.

Degrassi F, Cacciato F, Cova MA. Renal
masses with equivocal enhancement at CT:
characterization with contrast-enhanced

ultrasound. AJR Am ] Roentgenol 2015; 204:
W557-65. doi: https://doi.org/10.2214/AJR.

14.13375

JP. Management of the incidental renal mass.
Radiology 2008; 249: 16-31. doi: https://doi.
org/10.1148/radiol.2491070783

. Warren KS, McFarlane J. The Bosniak

classification of renal cystic masses. BJU Int
2005; 95: 939-42. doi: https://doi.org/10.
1111/j.1464-410X.2005.05442.x

6 of 7 birpublications.org/bjr

Br J Radiol;94:20210707


http://birpublications.org/bjr
https://doi.org/10.3322/caac.20107
https://doi.org/10.3322/caac.20107
https://doi.org/10.2214/AJR.14.13375
https://doi.org/10.2214/AJR.14.13375
https://doi.org/10.1148/radiol.2491070783
https://doi.org/10.1148/radiol.2491070783
https://doi.org/10.1111/j.1464-410X.2005.05442.x
https://doi.org/10.1111/j.1464-410X.2005.05442.x

BJR

6.

10.

11.

12.

13.

14.

Silverman SG, Pedrosa I, Ellis JH, Hindman
NM, Schieda N, Smith AD, et al. Bosniak
classification of cystic renal masses,

version 2019: an update proposal and

needs assessment. Radiology 2019; 292:
475-88. doi: https://doi.org/10.1148/radiol.
2019182646

Sidhu PS, Cantisani V, Dietrich CF, Gilja
OH, Saftoiu A, Bartels E, 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 Med 2018; 39: 154-80. doi:
https://doi.org/10.1055/s-0044-101254
Bertolotto M, Bucci S, Valentino M, Curro

F, Sachs C, Cova MA. Contrast-Enhanced
ultrasound for characterizing renal masses.
Eur ] Radiol 2018; 105: 41-8. doi: https://doi.
org/10.1016/j.ejrad.2018.05.015

Park BK, Kim B, Kim SH, Ko K, Lee HM,
Choi HY. Assessment of cystic renal masses
based on Bosniak classification: comparison
of CT and contrast-enhanced us. Eur ] Radiol
2007; 61: 310-4. doi: https://doi.org/10.1016/
j.ejrad.2006.10.004

Ascenti G, Mazziotti S, Zimbaro G, Settineri
N, Magno C, Melloni D, et al. Complex
cystic renal masses: characterization with
contrast-enhanced us. Radiology 2007; 243:
158-65. doi: https://doi.org/10.1148/radiol.
2431051924

Furrer MA, Spycher SCJ, Biittiker SM,

Gross T, Bosshard P, Thalmann GN, et al.
Comparison of the diagnostic performance
of contrast-enhanced ultrasound with that
of contrast-enhanced computed tomography
and contrast-enhanced magnetic resonance
imaging in the evaluation of renal masses:

a systematic review and meta-analysis. Eur
Urol Oncol 20205 3: 464-73. doi: https://doi.
org/10.1016/j.eu0.2019.08.013

Riibenthaler J, Paprottka K, Marcon J,
Hameister E, Hoffmann K, Joiko N, et al.
Comparison of magnetic resonance imaging
(MRI) and contrast-enhanced ultrasound
(CEUS) in the evaluation of unclear solid
renal lesions. Clin Hemorheol Microcirc 2016;
64: 757-63. doi: https://doi.org/10.3233/CH-
168034

Barr RG, Peterson C, Hindi A. Evaluation of
indeterminate renal masses with contrast-
enhanced us: a diagnostic performance study.
Radiology 2014; 271: 133-42. doi: https://doi.
org/10.1148/radiol. 13130161

Graumann O, Osther SS, Karstoft ], Horlyck
A, Osther PJS, et al. Bosniak classification
system: a prospective comparison of

15.

16.

17.

18.

19.

20.

21.

22.

23.

CT, contrast-enhanced us, and Mr for
categorizing complex renal cystic masses.
Acta radiol 2016; 57: 1409-17. doi: https://
doi.org/10.1177/0284185115588124
Riibenthaler ], Bogner F, Reiser M, Clevert
DA. Contrast-Enhanced ultrasound
(CEUS) of the kidneys by using the Bosniak
classification. Ultraschall Med 2016; 37:
234-51. doi: https://doi.org/10.1055/s-0042-
104646

Expert Panel on Urologic Imaging, Wang ZJ,
Nikolaidis P, Khatri G, Dogra VS, Ganeshan
D, et al. ACR appropriateness Criteria®
indeterminate renal mass. ] Am Coll Radiol
2020; 17(11S): S415-28. doi: https://doi.org/
10.1016/j.jacr.2020.09.010

Schoots IG, Zaccai K, Hunink MG, Verhagen
PCMS. Bosniak classification for complex
renal cysts reevaluated: a systematic review.
J Urol 2017; 198: 12-21. doi: https://doi.org/
10.1016/j.juro.2016.09.160

Landis JR, Koch GG. The measurement of
observer agreement for categorical data.
Biometrics 1977; 33: 159-74. doi: https://doi.
org/10.2307/2529310

Schwarze V, Riibenthaler J, Celatka S,
Marschner C, Froelich MFE, Sabel BO, et al.
Contrast-Enhanced ultrasound (CEUS)

for the evaluation of Bosniak ITI complex
renal cystic Lesions-A 10-year specialized
European single-center experience with
histopathological validation. Medicina
2020; 56: 692. doi: https://doi.org/10.3390/
medicina56120692

Lan D, QuH-C, Li N, Zhu X-W, Liu Y-L,
Liu C-L. The value of contrast-enhanced
ultrasonography and contrast-enhanced CT
in the diagnosis of malignant renal cystic
lesions: a meta-analysis. PLoS One 2016;

11: e0155857. doi: https://doi.org/10.1371/
journal.pone.0155857

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: 1254-63. doi: https://
doi.org/10.1177/0284185118755575
Marschner CA, Ruebenthaler J, Schwarze V,
Negrao de Figueiredo G, Zhang L, Clevert
DA. Comparison of computed tomography
(CT), magnetic resonance imaging (MRI)
and contrast-enhanced ultrasound (CEUS)
in the evaluation of unclear renal lesions.
Rofo 2020; 192: 1053-9. doi: https://doi.org/
10.1055/a-1127-3371

Sanz E, Hevia V, Gémez V, Alvarez S, Fabuel
J-J, Martinez L, et al. Renal complex cystic
masses: usefulness of contrast-enhanced

24.

25.

26.

27.

28.

29.

30.

31.

Como et al

ultrasound (CEUS) in their assessment and
its agreement with computed tomography.
Curr Urol Rep 2016; 17: 89. doi: https://doi.
0rg/10.1007/s11934-016-0646-7

Sevcenco S, Spick C, Helbich TH, Heinz G,
Shariat SE, Klingler HC, et al. 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: 2239-47. doi: https://doi.
0rg/10.1007/s00330-016-4631-9

Defortescu G, Cornu J-N, Béjar S, Giwerc
A, Gobet F, Werquin C, et al. Diagnostic
performance of contrast-enhanced
ultrasonography and magnetic resonance
imaging for the assessment of complex renal
cysts: a prospective study. Int ] Urol 2017;
24: 184-9. doi: https://doi.org/10.1111/iju.
13289

Graumann O, Osther SS, Karstoft J, Horlyck
A, Osther PJS. Bosniak classification system:
a prospective comparison of CT, contrast-
enhanced us, and Mr for categorizing
complex renal cystic masses. Acta Radiol
2016; 57: 1409-17. doi: https://doi.org/10.
1177/0284185115588124

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: 203-9. doi: https://doi.
org/10.1002/jcu.22232

van Oostenbrugge T, Fiitterer JJ, Mulders
PFA. Diagnostic imaging for solid renal
tumors: a pictorial review. Kidney Cancer
2018; 2: 79-93. doi: https://doi.org/10.3233/
KCA-180028

Pruthi DK, Liu Q, Kirkpatrick IDC,
Gelfond J, Drachenberg DE. Long-Term
surveillance of complex cystic renal masses
and heterogeneity of Bosniak 3 lesions. J Urol
2018; 200: 1192-9. doi: https://doi.org/10.
1016/j.juro.2018.07.063

Chandrasekar T, Ahmad AE, Fadaak K,
Jhaveri K, Bhatt JR, Jewett MAS, et al.
Natural history of complex renal cysts:
clinical evidence supporting active
surveillance. ] Urol 2018; 199: 633-40. doi:
https://doi.org/10.1016/j.juro.2017.09.078
Tames AdeVC, Fonseca EKUN, Yamauchi
FI, Arrais GMSM, de Andrade TCM, Baroni
RH. Progression rate in Bosniak category IIF
complex renal cysts. Radiol Bras 2019; 52:
155-60. doi: https://doi.org/10.1590/0100-
3984.2018.0038

7 of 7 birpublications.org/bjr

Br J Radiol;94:20210707


http://birpublications.org/bjr
https://doi.org/10.1148/radiol.2019182646
https://doi.org/10.1148/radiol.2019182646
https://doi.org/10.1055/s-0044-101254
https://doi.org/10.1016/j.ejrad.2018.05.015
https://doi.org/10.1016/j.ejrad.2018.05.015
https://doi.org/10.1016/j.ejrad.2006.10.004
https://doi.org/10.1016/j.ejrad.2006.10.004
https://doi.org/10.1148/radiol.2431051924
https://doi.org/10.1148/radiol.2431051924
https://doi.org/10.1016/j.euo.2019.08.013
https://doi.org/10.1016/j.euo.2019.08.013
https://doi.org/10.3233/CH-168034
https://doi.org/10.3233/CH-168034
https://doi.org/10.1148/radiol.13130161
https://doi.org/10.1148/radiol.13130161
https://doi.org/10.1177/0284185115588124
https://doi.org/10.1177/0284185115588124
https://doi.org/10.1055/s-0042-104646
https://doi.org/10.1055/s-0042-104646
https://doi.org/10.1016/j.jacr.2020.09.010
https://doi.org/10.1016/j.jacr.2020.09.010
https://doi.org/10.1016/j.juro.2016.09.160
https://doi.org/10.1016/j.juro.2016.09.160
https://doi.org/10.2307/2529310
https://doi.org/10.2307/2529310
https://doi.org/10.3390/medicina56120692
https://doi.org/10.3390/medicina56120692
https://doi.org/10.1371/journal.pone.0155857
https://doi.org/10.1371/journal.pone.0155857
https://doi.org/10.1177/0284185118755575
https://doi.org/10.1177/0284185118755575
https://doi.org/10.1055/a-1127-3371
https://doi.org/10.1055/a-1127-3371
https://doi.org/10.1007/s11934-016-0646-7
https://doi.org/10.1007/s11934-016-0646-7
https://doi.org/10.1007/s00330-016-4631-9
https://doi.org/10.1007/s00330-016-4631-9
https://doi.org/10.1111/iju.13289
https://doi.org/10.1111/iju.13289
https://doi.org/10.1177/0284185115588124
https://doi.org/10.1177/0284185115588124
https://doi.org/10.1002/jcu.22232
https://doi.org/10.1002/jcu.22232
https://doi.org/10.3233/KCA-180028
https://doi.org/10.3233/KCA-180028
https://doi.org/10.1016/j.juro.2018.07.063
https://doi.org/10.1016/j.juro.2018.07.063
https://doi.org/10.1016/j.juro.2017.09.078
https://doi.org/10.1590/0100-3984.2018.0038
https://doi.org/10.1590/0100-3984.2018.0038

