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Abstract

Purpose of Review In recent years, there has been renewed interest in the use of contrast-enhanced ultrasound (CEUS) in
abdominal imaging and intervention. The goal of this article is to review the practical applications of CEUS in the kidney,
including renal mass characterization, treatment monitoring during and after percutaneous ablation, and biopsy guidance.
Recent Findings Current evidence suggests that CEUS allows accurate differentiation of solid and cystic renal masses and is an
acceptable alternative to either computed tomography (CT) or magnetic resonance imaging (MRI) for characterization of
indeterminate renal masses. CEUS is sensitive and specific for diagnosing residual or recurrent renal cell carcinoma (RCC)
following percutaneous ablation. Furthermore, given its excellent spatial and temporal resolution, CEUS is well suited to
demonstrate tumoral microvascularity associated with malignant renal masses and is an effective complement to conventional
grayscale ultrasound (US) for percutaneous biopsy guidance.

Summary Currently underutilized, CEUS is an important problem-solving tool in renal imaging and intervention whose role will
continue to expand in coming years.

Keywords Contrast-enhanced ultrasound - Renal imaging - Renal mass biopsy

Introduction

Incidental renal masses are commonly identified in cross-
sectional imaging. In one recent analysis, for example, up to
14% of patients undergoing screening computed tomography
colonography were found to have an incidental renal mass [1].
Distinction between benign and malignant renal masses can
be challenging on the basis of imaging features alone. One
systematic review of the literature showed that renal masses
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suspected of being renal cell carcinoma (RCC) by imaging
had a significant chance of benignity after nephrectomy. The
risk of the mass being benign was greatest for lesions less than
1 cm (40%) but was almost 20% for lesions measuring 2—
3 cm; masses between 4 and 7 cm still had a 9% of being
benign [2]. Renal mass biopsy can reliably and safely differ-
entiate between benign and malignant lesions [3].
Approximately 15% of percutaneous, image-guided renal
mass biopsies are non-diagnostic [4, 5]. Non-diagnostic rates
are higher for endophytic [6], cystic, and hypoenhancing [7]
lesions.

Despite ready availability and routine use in both Europe
and Asia, contrast-enhanced ultrasound (CEUS) has been
slow to gain traction in the USA, due in part to regulatory
obstacles and reliance on alternative imaging modalities, such
as computed tomography (CT) and magnetic resonance imag-
ing (MRI) [8]. However, following the Food and Drug
Administration’s 2016 decision to approve the use of
Lumason (Bracco Diagnostics Inc., Monroe Township, NJ)
for the characterization of indeterminate liver lesions, there
has been renewed interest in the utility of CEUS across a range
of diagnostic and interventional applications. Consisting of
gas-filled microbubbles encapsulated by a supportive shell,
usually composed of phospholipids [9], ultrasound contrast
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agents (UCAs) are safe in patients with renal insufficiency, as
they are metabolized exclusively by the liver and lungs; the
phospholipid shell is broken down by the liver, while the gas
within the microbubbles is exhaled [10¢¢]. Furthermore,
UCAs possess an excellent safety profile, with a documented
severe adverse event rate of 0.007-0.0086% [11, 12], compa-
rable to that of gadolinium and superior to that observed with
iodinated contrast agents [13, 14]. Because the microbubbles
within UCAs range in size from 1.5 to 2.5 pum, they are small
enough to traverse capillary beds but too large to egress the
intravascular space [10¢e, 15]. As a result, UCAs are pure
intravascular agents, providing excellent spatial and temporal
evaluation of lesional vascularity [16+]. When coupled with
the inherent advantages of ultrasound (US)—accessibility, af-
fordability, portability, lack of ionizing radiation, and dynamic
real-time imaging capabilities—the overall safety, absence of
nephrotoxicity, and superb spatial and temporal resolution of
UCAs render CEUS particularly well suited to use in image-
guided renal interventions. The objective of this article is to
review the potential applications of CEUS in renal imaging
and intervention, including renal mass characterization, treat-
ment monitoring during and after percutaneous ablation, and
biopsy guidance.

Renal Mass Characterization

Commonly encountered in day-to-day urologic and radiologic
practice, renal cysts have a reported overall prevalence of
approximately 7-10% in the general population, with inci-
dence increasing with age; it has been estimated that approx-
imately 50% of individuals over the age of 50 years will ulti-
mately develop renal cysts [17, 18]. Frequently, these cysts are
asymptomatic and are detected incidentally during imaging
examinations performed for other indications. Simple cysts
pose no diagnostic dilemma, appearing on US as anechoic
structures with thin walls and posterior through transmission
and on CT and MRI as well-circumscribed, non-enhancing
lesions with imaging characteristics identical to those of sim-
ple fluid [18, 19]. Challenges arise when cysts are complicated
by infection, hemorrhage, or proteinaceous material, resulting
in imaging appearances that can overlap with those of solid
masses [17]. Up to 8% of renal cysts may demonstrate com-
plex imaging features [18]. Further confounding accurate
characterization of these lesions is the fact that approximately
10% of renal cell carcinomas (RCCs) appear cystic on imag-
ing [18].

Originally developed in 1986, the Bosniak classification
system aims to simplify the diagnosis of cystic renal lesions
by stratifying them into one of five categories (I, IL, IIF, III, IV)
based on the presence or absence of worrisome imaging fea-
tures, such as septations, calcification, solid mural nodules,
and internal enhancement. Category I and II lesions
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correspond with simple and minimally complex cysts, respec-
tively. They carry no risk of malignancy and require no further
work-up. Category III and IV lesions exhibit characteristics
concerning for malignancy and are typically managed surgi-
cally. Category IIF lesions are indeterminate and can be
followed with repeat imaging at 6- and 12-month intervals.
Stability is reassuring for benignity, while increasing size or
complexity may be indicative of malignancy [18, 20]. Though
the Bosniak system first described renal lesions on the basis of
their CT imaging features, subsequent work demonstrated that
the system could be accurately applied to lesions evaluated
with MR [21].

B-mode and Doppler US permit confident assessment of
simple renal cysts (Bosniak I) but are insufficiently sensitive
to subtype more complex lesions [20]. The superior spatial
and temporal resolution of CEUS enable exquisite evaluation
of the renal microvasculature, potentially facilitating identifi-
cation of blood flow within septations and nodules that may
be occult even at contrast-enhanced CT or MR [20]. Recent
work has focused on the utility of CEUS in the further char-
acterization of indeterminate cystic renal lesions. An early
investigation found perfect concordance between CEUS and
contrast-enhanced CT (CECT) for the differentiation of surgi-
cal and non-surgical complex cystic lesions [22]. A subse-
quent analysis demonstrated superiority of CEUS with respect
to the diagnosis of malignancy when compared to CECT, with
the overall diagnostic accuracy of CEUS ranging from 80 to
83% and the accuracy of CECT ranging from 63 to 75% [23].
A study of 31 pathologically proven cystic masses by Park
et al. described the overall accuracy of CEUS as 90% com-
pared to 74% for CECT; furthermore, additional information
obtained with CEUS resulted in upstaging of the Bosniak
classification in 26% of lesions [24]. Similar results were ob-
tained by Clevert et al., who used CEUS to upgrade the clas-
sification of 19% of 37 renal masses [25].

In addition to its utility in accurately categorizing complex
cystic masses, CEUS has proven efficacious in differentiating
solid masses from cystic lesions incidentally identified on
cross-sectional imaging studies. On CT examinations, fluid
typically has an attenuation value of less than 20 Hounsfield
units (HUs). Accordingly, on unenhanced CTs, lesions with a
mean attenuation of less than 20 HUs are consistent with
simple cysts [18], while small lesions with densities of greater
than 70 HUs have been shown to have a greater than 99.9%
chance of benignity [26]. Lesions with HU values ranging
from 20 to 70 are regarded as indeterminate and have tradi-
tionally been triaged to either CECT or MRI for definitive
evaluation. On CECT, solid renal masses enhance following
the administration of contrast. True enhancement is defined as
an increase in HUs from the unenhanced phase to the
nephrographic phase of at least 15-20. In cystic lesions, par-
ticularly those measuring less than 4 cm, a phenomenon
known as pseudoenhancement has been observed; this refers
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to an artifactual increase in attenuation of cystic lesions fol-
lowing contrast administration, typically measuring less than
15-20 HUs and potentially the result of reconstruction algo-
rithms employed by the scanner to reduce beam-hardening
artifacts [27, 28]. Similar spurious enhancement has been not-
ed on contrast-enhanced MR examinations, especially in cys-
tic lesions that display intrinsic high signal intensity on T1-
weighted images [18]. CEUS provides a cost-effective alter-
native to additional cross-sectional imaging studies when
these indeterminate. In some instances, initial evaluation with
conventional B-mode US may allow adequate differentiation
of a simple cyst from a hypovascular renal mass, such as a
papillary RCC. If complex features are identified, subsequent
injection of UCAs can be performed, enabling immediate de-
piction of enhancement or internal vascularity and confirma-
tion of malignancy [18, 20]. Because of the ability of CEUS to
detect tumoral microvascularity, some authors note that it has
excellent sensitivity for the detection of malignancy but that
its false-positive rate is higher than that of CECT [18, 20, 23,
29]. As a result, the combined use of CEUS, with its high
sensitivity, and CECT, with its superior specificity, may fur-
ther decrease misdiagnosis rates and allow for the most accu-
rate classification of renal masses [29].

Recently, literature has emerged suggesting that the in-
creasing incidence of RCC in the last several decades is attrib-
utable to an uptick in the identification of small renal masses
(defined as those measuring less than or equal to 4 cm in size);
reportedly, 20-30% of these tumors have benign histology,
while 70-80% of the malignant lesions are low-grade lesions
with dubious metastatic potential [30]. As a result, more pa-
tients are opting for close active surveillance of small renal
tumors, particularly the elderly and those with significant
medical comorbidities that limit the feasibility of surgery. In
these patients, intervention is deferred unless tumors exhibit
demonstrable growth over time [30]. Because of its excellent
sensitivity, its ability to distinguish cystic from solid masses,
and its lack of ionizing radiation and nephrotoxicity, CEUS
may prove valuable in the longitudinal surveillance of these
masses, with CECT and MRI used as adjunctive imaging mo-
dalities as clinically necessary.

CEUS may also be helpful in distinguishing true renal
masses from pseudolesions such as fetal lobulations,
prominent columns of Bertin, and dromedary hump, which
sometimes pose diagnostic challenges with conventional
grayscale and Doppler US. Enhancement of the potential
mass equal to that of the renal cortex on all imaging
phases and the identification of medullary pyramids within
the area of concern are features that allow confident diag-
nosis of a pseudomass (Fig. 1). [31e, 32¢]. Acute focal
pyelonephritis can also occasionally present a diagnostic
dilemma, as infection can result in renal enlargement,
effacement of the renal sinus fat, and alterations in paren-
chymal echogenicity that can mimic a mass [33]. Several

studies [34, 35] have demonstrated the efficacy of CEUS
in identifying characteristic parenchymal changes ob-
served in cases of pyelonephritis, potentially confirming
infection as the cause of the abnormal sonographic appear-
ance of the kidney and obviating the need for further
work-up.

In contrast to CECT and MRI, which capture static images
of renal enhancement at discrete time points, CEUS allows
monitoring of contrast wash-in and washout in real-time.
This information can then be used to generate enhancement
curves. Some investigators have attempted to utilize the data
generated by CEUS examinations to histologically classify
and subtype solid renal masses. In an early analysis of 84
pathologically proven RCCs, Xu et al. identified heteroge-
neous arterial-phase hyperenhancement, subsequent washout,
and perilesional rim-like enhancement as features predictive
of malignancy [36]. A subsequent study by King et al. found
that peak enhancement greater than that of the renal cortex and
rapid time to peak intensity were indicative of clear cell RCC,
while hypoenhancement with respect to the renal cortex and
slower time to peak enhancement were more characteristic of
papillary RCC [37]. Wei et al. found similar diagnostic per-
formance when comparing CEUS and CECT but noted that
CEUS enabled allowed for better qualitative diagnosis of
small papillary RCCs [38]. These early results are encourag-
ing and suggest that the enhancement characteristics of renal
masses obtained with CEUS may be beneficial in predicting
histologic subtypes of malignancy, but given the significant
overlap between both benign and malignant masses and the
technical difficulty involved in producing time-intensity
curves, further study is needed [32°].

Renal Intervention

In recent years, percutaneous ablation—including radiofrequen-
cy (RF), microwave (MW), and cryoablation technologies—has
emerged as a viable alternative to either partial or complete ne-
phrectomy for treatment of small renal masses measuring less
than 34 cm [39, 40]. Placement of ablation probes is typically
performed under sonographic guidance. However, identification
of small masses, particularly those found in obese patients or
located near the renal medulla, can be difficult with grayscale
US. In these instances, CEUS may be useful to facilitate identi-
fication of the ablation target and to guide probe placement
[10e¢]. Furthermore, CEUS has shown high sensitivity and spec-
ificity in the detection of residual disease in the immediate post-
procedural period [41], with nodular enhancement at the periph-
ery of the ablation cavity suggestive of incomplete treatment of
tumor. It is important to differentiate this from normal post-
ablation hyperemia, which usually manifests as a complete rim
of uniform enhancement in all vascular phases following contrast
administration [10e¢]. Because UCAs are intravascular agents
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Fig. 1 Mass projecting into the renal sinus fat on outside ultrasound with
request for biopsy. Grey scale panel (left) shows projection of soft tissue
into the renal sinus. Contrast image (right) shows this enhances equal to

that are metabolized by the liver and lungs, CEUS cannot be used
to evaluate excretory function or depict injury to the renal
collecting system following ablation [10ee].

Surveillance following percutaneous ablation has custom-
arily taken the form of either CECT or MRI. However, several
studies have shown comparable performance of CEUS, with
sensitivity and specificity ranging from 82.2 to 100% and 96.6
to 100% for the demonstration of residual or recurrent RCC
[41]. The lack of exposure to ionizing radiation and absence of
nephrotoxicity make CEUS an attractive alternative to CECT,
while the relative cost-effectiveness of CEUS in comparison
to MRI may make it more suitable for long-term follow-up in
patients who need repeated contrast-enhanced examinations
[10ee].

In years past, the role of percutaneous image-guided sam-
pling in the treatment of renal tumors was somewhat contro-
versial, with many choosing to eschew biopsy prior to surgical

normal renal parenchyma on all phases and was determined to be a
prominent column of Bertin. Biopsy was averted for this normal variant
pseudomass

resection, believing that it had little impact on management
decisions [42, 43]. Recently, however, there has been some-
thing of a paradigm shift, as numerous studies have demon-
strated the safety, accuracy, and utility of preoperative biopsy,
particularly with regard to large or locally advanced tumors
[44-46]. Depending on operator preference, biopsies can be
performed using either CT or US guidance, though US is
favored given its ability to provide real-time imaging and its
lack of ionizing radiation [S]. A common cause of biopsy
failure is an inability to distinguish the target from surround-
ing structures, a challenge more frequently encountered with
small lesions and deep intraabdominal masses [10ee, 47].
When difficulties with target visualization are encountered,
CEUS has proven useful in increasing lesion conspicuity
[10ee, 48-50]. One study of focal liver lesions showed that
performance of CEUS prior to biopsy resulted in a significant
increase in diagnostic yield, with an even greater benefit

Fig.2 Indeterminate renal mass in a 62-year-old female. (A) Unenhanced
CT shows a right renal mass with intermediate attenuation of 40
Hounsfield units (arrow). Initial biopsy (not shown) using conventional
grayscale and color Doppler US was non-diagnostic. (B) A repeat biopsy
was performed using CEUS, increasing the conspicuity of the endophytic
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mass and facilitating the diagnosis of type 2 papillary RCC. The papillary
RCC lesion enhances less than the surrounding renal parenchyma
(arrow). Of note, the patient had an allergy to iodinated contrast, but
there was no contraindication to use of an ultrasound contrast agent
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Fig. 3 42 year old male with large right renal mass. (A) Contrast-
enhanced CT shows large renal mass with areas of central necrosis
(arrow). (B) Grayscale US (left panel) fails to fully depict the degree of
central necrosis (arrow) within the mass. Administration of contrast (right

described when the lesion of interest was less than 2.0 cm
[51]. Conversely, when large masses are referred for biopsy,
it can be challenging to identify viable tumor tissue with con-
ventional imaging modalities. Large masses may outstrip their
vascular supply, resulting in central necrosis. Administration
of UCAs highlights the vascularized portions of tumor, poten-
tially reducing the likelihood of insufficient sampling and ob-
viating the need for repeat biopsy [16¢]. CEUS has also been
used effectively in patients with long-standing nephropathies
and atrophic kidneys to improve visualization of the kidneys
and facilitate acquisition of tissue [10ee].

Currently, in our practice, we use CEUS for renal mass
biopsy whenever the lesion is difficult to identify on B-
mode or color Doppler US or if a prior biopsy attempt
was non-diagnostic (Fig. 2). Additionally, CEUS is rou-
tinely used for large lesions measuring greater than 7 cm
to ensure that the four areas targeted for biopsy are en-
hancing and thus more likely to contain viable tissue,
reducing the likelihood of non-diagnosis and potentially
providing additional information for tumor subtyping
(Fig. 3). We frequently receive biopsy referrals for inde-
terminate masses identified on a preceding CT or MRI; in
some cases, CEUS allows definitive diagnosis of benign
cystic lesions, potentially eliminating the need for biopsy
altogether. CEUS can also be used after a procedure to
detect immediate bleeding complications.

Other Considerations

As previously described, UCAs are metabolized primarily
by the liver and lungs [9, 10e¢], rendering them safe for
use in patients in whom the nephrotoxicity of contrast
media is an important consideration, such as those with
renal insufficiency or end-stage renal disease (ESRD).

panel) better highlights vascularized tissue separate from necrotic tissue
(arrow), providing a viable biopsy target. Percutaneous CEUS-guided
biopsy confirmed the diagnosis of grade 4 clear cell RCC with
sarcomatoid and rhabdoid features

Though several recent studies [52—54] have found that
the link between iodinated contrast material and impaired
renal function may not be as robust as previously be-
lieved, many clinicians are reluctant to recommend
contrast-enhanced CT scans in patients with chronic kid-
ney disease (CKD). Similarly, concerns about the link
between gadolinium-based contrast agents and
nephrogenic systemic fibrosis (NSF) impacted the use of
MRI in this population in the early part of the decade
[55]. These limitations may be of particular relevance in
patients with polycystic kidney disease, whose disease
results in deleterious effects on renal function and in-
creased rates of RCC [56]. Though further research is
needed, preliminary investigations have shown high sen-
sitivity of CEUS in patients with CKD [57], suggesting
that this may be a valid alternative to cross-sectional stud-
ies in patients with contraindications to conventional con-
trast media who require frequent imaging surveillance.

CEUS has also shown promise in the evaluation of
renal transplants, as the uses enumerated above can also
be applied to renal allografts and autografts [20]. CEUS
may also play a role in the assessment of transplant
complications. One recent analysis found that CEUS is
superior to conventional Doppler imaging in the diagno-
sis of transplant renal artery stenosis and may serve as a
viable alternative to CT angiography [58]. CEUS also
enables diagnosis of transplant vein thrombosis and is
capable of evaluating small arteries and arterioles, which
are occult on traditional Doppler imaging. As such, dis-
turbances in graft microcirculation, such as areas of sub-
tle infarction, can be effectively interrogated with CEUS,
which may allow for more rapid identification of causes
of graft dysfunction and prompt implementation of
appropriate therapy [59].
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Conclusion

Despite its relatively recent regulatory approval in the USA,
CEUS has become an important problem-solving tool in renal
imaging and intervention, with proven efficacy in renal mass
characterization, treatment monitoring during and after percu-
taneous ablation, and biopsy guidance. As experience with
CEUS expands, new uses will continue to emerge.
Familiarity with the roles and applications of CEUS will en-
able practitioners to incorporate this important modality into
their day-to-day clinical practice.
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