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Abstract
Objective To investigate the usefulness of contrast-enhanced ultrasound (CEUS) in the evaluation of renal masses.
Methods This study included 255 patients with renal masses. Ages ranged from 18–86 years. CEUS was used for determining
malignancy or benignancy and findings were correlated with the histopathological outcome. Out of 255 lesions, 212 lesions were
malignant (83.1%) and 43 were benign (16.9%). Diagnostic accuracy was tested using the histopathological diagnosis as the gold
standard.
Results CEUS showed a sensitivity of 99.1% [95% confidence interval (CI): 96.7%, 99.9%], a specificity of 80.5% (CI: 65.1%,
91.2%), a positive predictive value of 96.4% (CI: 93.0%, 98.4%) and a negative predictive value of 94.3% (CI: 80.8%, 99.3%).
Kappa for diagnostic accuracy was κ = 0.85 (CI: 0.75, 0.94). Of 212 malignant lesions, 200 renal cell carcinomas and 12 other
malignant lesions were diagnosed. Out of 43 benign lesions, 10 angiomyolipomas, 3 oncocytomas, 8 renal cysts and 22 other
benign lesions were diagnosed.
Conclusion CEUS is an useful method to differentiate between malignant and benignant renal lesions. To date, to our knowledge,
this is the largest study in Europe for the evaluation of renal lesions using CEUS with a histopathological validation.
Key Points
• CEUS helps clinicians detect and characterise unclear solid and cystic renal lesions
• CEUS shows a high diagnostic accuracy in the characterization of these lesions
• Proper surgical treatment or follow-up can be given with better diagnostic confidence
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Abbreviations
CE-CT Contrast-enhanced computed tomography
CEUS Contrast-enhanced ultrasound
CI Confidence interval
NPV Negative predictive value
PACS Picture archiving and communication system
PPV Positive predictive value

Introduction

With the almost ubiquitous use of ultrasound across all
clinical disciplines, incidentally found unclear renal le-
sions are more commonly seen nowadays and preopera-
tive clinical management and characterisation of these le-
sions is important for patient care [1–6]. Mainly, inciden-
tally found renal lesions are benign simple renal cysts and
malignancy can be safely ruled out using different imag-
ing methods [7–9]. The main differential diagnosis for
solid or cystic renal lesions is the renal cell carcinoma
that shows an incidence rate of 3% of all malign neo-
plasms and is one of the most common tumours of the
urinary tract [2]. In the up-to-date 2014 European guide-
lines for renal cell carcinoma, contrast-enhanced comput-
ed tomography (CE-CT) and magnetic resonance imaging
(MRI) are the initial imaging modalities of choice for the
characterisation and diagnosis of renal cell carcinomas. In
patients with chronic renal failure or a known allergy to
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contrast media containing iodine or gadolinium, contrast-
enhanced ultrasound (CEUS) can be used as a comple-
mentary option [9, 10]. Different to CE-CT and MRI,
ultrasound contrast agents are purely intravascular and
do not diffuse into the interstitial space [11–13].
Additionally, they can be used independently from thyroid
and renal function and show a low incidence of adverse
events like an anaphylactic reaction that only occurs in 1
of 10,000 cases [14, 15]. Nowadays, CEUS is used in
clinical daily routine as a fast, low-risk and cost-
effective modality for the local diagnosis and staging of
renal cell carcinomas [16–19]. Using CEUS, malignant
renal lesions show an enhancement pattern different from
the surrounding healthy renal parenchyma, making it pos-
sible to differentiate between benign and malignant renal
lesions (see Table 1). Unfortunately, some benign renal
lesions like oncocytomas are hard to differentiate from
malignant lesions like renal cell carcinomas because of
similar enhancement patterns in CEUS, CE-CT and MRI
[20, 21]. This retrospective analysis study was performed
to compare the sensitivity and specificity of CEUS in the
evaluation of unclear renal lesions to the histopathological
outcome as a gold standard.

Methods

Between 2005 and 2015, a total of 981 patients with unclear
cystic or solid renal lesions were consecutively examined at
our department using CEUS. We retrospectively analysed a
sub-cohort of this study cohort with a total of 255 patients with
a single cystic or solid renal lesion who additionally received a
histological workup of this lesion after surgical removal of the
lesion or biopsy. From the initial 981 patients with a CEUS
examination, we excluded all patients without histopatholog-
ical data (e.g. patients with Bosniak I, II or II F cysts). The
local ethics committee approved this study. All study data
were collected in compliance with the principles of the

Helsinki/Edinburgh Declaration of 2002. Oral and written in-
formed consent of all patients was obtained prior to each
CEUS examination at the time of the examination.

The CEUS examinations were conducted with high-end
ultrasound systems with up-to-date CEUS-specific examina-
tion protocols available at the time of the examination
(Sequoia/S2000/S3000, Siemens Healthineers; HDI
5000/iU22/EPIQ 7/Affiniti, Philips Ultrasound; LOGIQ E9,
GE Healthcare). Used ultrasound probes included C6-1 HD,
C5-1, C4-1 and V4-1 probes available at the time of the ex-
amination. All CEUS examinations were initially performed
and interpreted by a single radiologist with more than 15 years
of experience in CEUS and a corresponding level 3 training
level of the European Federation of Societies for Ultrasound
in Medicine and Biology (EFSUMB). A low mechanical in-
dex (always < 0.4) was used for examination to avoid unin-
tentional destructions of microbubbles.

A second-generation blood pool contrast agent media
(SonoVue®, Bracco) was used in all examinations and was
administered through a peripheral 20–22-G needle as a bolus
injection followed by a flush of 5 to 10 ml of 0.9% saline
solution (0.9% NaCl). Contrast agent (1.6 to 2.4 ml) was ad-
ministered in most cases and with a maximum of 4.8 ml and
minimum of 1.0 ml, depending on the used ultrasound ma-
chine and ultrasound probe. In most cases, a single dose of
contrast agent was given. After the injection of the contrast
agent, cine loops were acquired and stored in the picture ar-
chiving and communication system (PACS) of our depart-
ment. Examination time ranged between 3 and 5 minutes for
the whole examination. If additional imaging was necessary, a
total of up to three injections of contrast agent was given.

We retrospectively obtained from the patients record files the
results of the initial CEUS examinations. All findings of the
CEUS examinations were reported at the time of the examina-
tionwithout knowing the histopathological results. Lesionswere
classified as malignant or benign depending on their enhance-
ment behaviour in the CEUS examination (see Table 1). We

Table 1 Characteristic enhancement pattern of solid renal lesions using CEUS compared to the renal cortex (adapted from [5])

Solid lesion Arterial enhancement pattern Venous enhancement pattern Delayed phase

Clear cell renal cell carcinoma Hyperenhancement Venous wash-out Persistent wash-out

Papillary renal cell carcinoma Hypoenhancement Hypoenhancement Hypoenhancement

Chromophobic renal cell carcinoma Hypoenhancement Hypoenhancement Hypoenhancement

Oncocytoma Inconstant Inconstant Inconstant

Angiomyolipma Inconstant Inconstant Inconstant

Metastasis/lymphoma Hypoenhancement Hypoenhancement Hypoenhancement

Pseudotumour Isoenhancement Isoenhancement Isoenhancement

Pyelonephritis Hypoenhancement Hypoenhancement Hypoenhancement

Renal abscess Non-enhancement Non-enhancement Non-enhancement
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additionally retrospectively evaluated all stored cine loops from
our PACS to assess the stored cine loops by a second indepen-
dent reader who was blinded to the histopathological outcome.
We also calculated the intraclass correlation coefficient using
two-way mixed average measures on absolute agreement [ICC
(3, k)]. The second reader of the examinations was a radiologist
with more than 3 years of experience in CEUS and a corre-
sponding level 1 training level of the EFSUMB.

For statistical analysis, diagnostic accuracy of CEUS was
tested using sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV). Additionally, exact
95% confidence intervals (CI) were calculated for all values.

Results

Patient ages ranged from 18 to 86 years [mean age 62 years;
standard deviation (SD) ± 13]. Out of the 255 renal lesions, a

total of 212 lesions were malignant (83.1%) and 43 were found
to be benign (16.9%) in the final histopathological report.
Histological material could be gathered after surgical removal
of the lesion, after biopsy or after fine-needle aspiration.

Depending on their enhancement pattern (see Table 1),
CEUS showed a sensitivity of 99.1% (95% CI: 96.7%,
99.9%), a specificity of 80.5% (95% CI: 65.1%, 91.2%), a
PPV of 96.4% (95% CI: 93.0%, 98.4%) and an NPV of
94.3% (95% CI: 80.8%, 99.3%). Kappa for diagnostic accu-
racy was κ = 0.85 (95% CI: 0.75, 0.94).

Out of the 212malignant lesions, a total of 130 clear cell renal
carcinomas, 59 papillary renal cell carcinomas, 7 chromophobe
renal cell carcinomas, 4 combined clear cell and papillary renal
cell carcinomas and 12 other malignant lesions, e.g. metastases,
were diagnosed (mean lesion size 2.3 cm;minimal lesion size 0.7
cm; maximal lesion size 7.8 cm). Out of the 43 benign lesions, a
total of 10 angiomyolipomas, 3 oncocytomas, 8 benign renal
cysts and 22 other benign lesions were diagnosed (18

Fig. 1 aHyperechoic renal lesion in a patient visualised in native B-mode
ultrasound (yellow arrows). The patient was referred from his urologist
for further evaluation of this unclear renal lesion. b There is no major
vascularisation that can be visualised using colour-Doppler (yellow
arrows), rather suggesting a benign renal lesion. CEUS was recommend-
ed for further verification. c CEUS shows a hypoenhancement of the

unclear renal lesion (yellow arrows) in the arterial phase and a continuing
hypoenhancement in the venous phase (shown in this picture), suggesting
a papillary/chromophobic renal cell carcinoma. This diagnosis of a pap-
illary renal cell carcinoma was later confirmed after surgical resection

4544 Eur Radiol (2018) 28:4542–4549



pseudotumours and 4 renal abscesses; mean lesion size 1.8 cm;
minimal lesion size 0.8 cm; maximal lesion size 6.3 cm).
Pseudotumours showed characteristic features of a solid lesion
using conventional B-mode ultrasound and a persistent
isoenhancement in all phases using CEUS and were all biopsied
for further evaluation. Histological work-up always showed non-
neoplastic tissue. The four renal abscesses showed awell-defined
hypoechoic area with sharp margins suggesting a potentially
malignant lesion using B-mode ultrasound and a non-
enhancement using CEUS and were also biopsied for further
evaluation. Histological work-up then revealed a renal abscess.
Using CEUS, 10 lesions were falsely identified as malignant or
benign, whereas 8 lesions were false positive and 2 lesions false
negative. The eight false-positive lesions included five
oncocytomas or angiomyolipomas (lesion size ranged from
0.8 to 3.2 cm) and three Bosniak category III cystic lesions
(lesion size ranged from 1.4 cm to 3.6 cm; see Figs. 1, 2, 3,
and 4). The two false-negative lesions consisted of two clear
cell renal cell carcinomas (lesion size 0.8 and 0.9 cm), both of

which did not exhibit an arterial enhancement pattern in the
arterial phase, maybe due to the fact that it was missed during
the histopathological examination that these lesions could have
shown mixed features of a papillary and clear cell renal cell
carcinoma. In our examination, both lesions showed a contin-
uous hypoenhancement in all phases.

The calculated interrater reliability was r = 0.9 with a p ≤
0.001 for the blinded read of the second reader which shows a
great interobserver variability for two independent radiologists.

Discussion

Incidentally found renal lesions are a challenge to sufficiently
characterise but critical for patient management. Although
most malignant lesions can preoperatively be diagnosed with
adequate certainty, some histopathological benign lesions are
biopsied or surgically removed because of uncertain imaging
results. CEUS can be used to evaluate unclear renal lesions

Fig. 2 aHyperechoic renal lesion in a patient visualised in native B-mode
ultrasound (red arrows). The patient was referred from his urologist for
further evaluation of this unclear renal lesion. Contrast-enhanced ultra-
sound was suggested for further evaluation of this lesion. b Contrast-
enhanced ultrasound shows a hypoenhancement of the unclear renal
lesion (red arrows) in the venous phase, suggesting a malignant renal
lesion. c CEUS shows a continuing and persistent hypoenhancement in

the delayed phase, strengthening the suggested diagnosis of a malignant
renal lesion in line with sonographic features of a papillary/chromophobic
renal cell carcinoma (red arrows). However, after surgical removal, the
histopathological results showed a benign angiomyolipoma, showing that
angiomyolipomas show inconstant features during CEUS and can be
misinterpreted as a malignant lesion
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with a high PPV and NPV. To our knowledge, this is the
biggest study in Europe to date evaluating renal lesions using
CEUS with a histopathological validation. The biggest study
cohort of patients with unclear renal masses that were evalu-
ated using CEUS in the USA included 306 patients and
showed similar results [21]. The additional use of CEUS for
these lesions can aid diagnosis and reduce the number of bi-
opsies and surgical removal or can validate malignancy in
lesions that otherwise only would be followed up. In this ret-
rospective study, we demonstrated that CEUS shows a high
PPV (96.4%), a good specificity (80.5%) and an excellent
sensitivity (99.1%) for the prediction of a renal tumour com-
parable to other imaging modalities like CTorMRI.We could
also demonstrate a great interobserver variability (r = 0.9)
between two independent readers of the stored cine loops.

These findings are in line with several previous studies con-
ducted about this topic [21–24] and shows contradicting re-
sults to a previously conducted study by Haendl et al. de-
scribed in 2009 in their well-conducted prospective study with
a multireader assessment approach and a sequential analysis
of enhancement phases a chaotic vascularisation pattern of
renal cell carcinomas but with an only relative small cohort
of 30 patients and with only 3 benign renal lesions in the study
cohort all consisting of oncocytomas that can show inconstant
imaging features using CEUS [25]. In our study, mostly
oncocytomas and angiomyolipomas were misdiagnosed using
cross-sectional imaging techniques, which is concordant to
other studies that reported similar difficulties in the differenti-
ation of these entities from malignant tumours due to imaging
features of these lesions being similar to malignant lesions

Fig. 3 a Hypoechoic cystic renal lesion in a patient with the suggested
diagnosis of a renal cell carcinoma (white arrows). The patient was
referred for further verification of the diagnosis. b Using colour
Doppler mode major, vascularisation of the cystic renal lesion can be
visualised in line with sonographic features of a malignant renal lesion
(white arrows). c CEUS shows an arterial hyperenhancement of the

unclear renal lesion (white arrows) with evidence of necrotic areas
sugges t ing a mal ignan t rena l l e s ion . d CEUS shows a
hypoenhancement in the venous phase in line with an early venous
wash-out suggesting a renal cell carcinoma (white arrows). The diagnosis
was confirmed after surgical removal of the lesion
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[25–29]. In our study, we had problems differentiating these
lesions from malignant lesions independently from the size of
the lesion as both small oncocytomas and angiomyolipomas
(< 1 cm) and bigger oncocytomas and angiomyolipomas (> 1
cm) were misinterpreted as false positive. In general, it was
more difficult to assess the vascularisation patterns of small
renal lesions in comparison to bigger renal lesions.

For patients suffering from chronic renal failure or with im-
paired renal function CEUS can be used as an alternative im-
aging modality. CEUS can also be used in patients suffering
from hyperthyroidism, with metal implants that are not suitable
for MRI or known history of allergic reaction to iodine or gad-
olinium. Additionally, using CEUS adds the benefit of using a
non-ionising radiation approach compared to CT and is

much more cost-effective than using MRI. Furthermore,
CEUS is a dynamic examination technique with the ability to
repeat contrast agent administration multiple times because of
the characteristic features of the used contrast agents that do not
interfere with renal, thyroid or hepatic function. The high PPV
and NPV of CEUS could reduce the number of CT and MRI
examinations, the associated use of radiation and contrast
agents with renal toxicity and the associated economic burden
for the health system.

This study was limited by several factors. First of all, this
was a retrospectively conducted single-centre study with only
one radiologist evaluating the lesions at CEUS. Different equip-
ment was used and contrast agent doses varied with patients
depending on the CEUS techniques existing at the time of the

Fig. 4 aHyperechoic renal lesion in a patient visualised in native B-mode
ultrasound (red arrows). The patient was referred from his urologist for
further evaluation of this unclear renal lesion. b Colour Doppler shows
some vascularisation inside the unclear renal lesion, rather suggesting a
malignant lesion (red arrows). CEUS was recommended for further ver-
ification. c CEUS shows an isoenhancement in the arterial phase rather
suggesting a benign renal lesion, as malignant renal cell carcinomas rather
show a hypoenhancement in the arterial phase (red arrows). d CEUS

shows a persistent isoenhancement of the lesion in the venous phase with
no signs of a venous wash out or beginning hypoenhancement of the
lesion (red arrows), suggesting a benign renal lesion, for example an
oncocytoma. Neither an arterial hyperenhancement nor an arterial
hypoenhancement or early wash-out during the nephrographic phase
could be detected, suggesting a benign renal lesion. The diagnosis was
histopathologically confirmed after biopsy
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examination. In this study, only a relatively small percentage of
all unclear lesions were found to be benign (16.9%) in histo-
pathological workup, which is much lower compared to the
expected 45% from national statistics [30]. Additionally, there
were no patients in our study population with the diagnosis of a
pyelonephritis that may be visualised as a vascularised renal
lesion using CEUS, because this diagnosis normally can be
made based on clinical findings.

Conclusion

This study confirms the relevance of CEUS as an essential
additional diagnostic tool. This relatively new method offers
manifold ways of diagnosis and future oncological therapy.
Establishing CEUS in clinical routine allows fast, correct,
low-risk and cost-effective examinations. CEUS can be used
for differentiation of unclear renal lesions, thus reducing the
number of unnecessary biopsies or operations.
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