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a b s t r a c t
Image-guided percutaneous ablation techniques are increasingly being used for the treatment of malignant tumors of the liver and kidney. Contrast enhanced ultrasound (CEUS) is a real-time dynamic imaging
technique that plays an important role in the pre-, intra-, and post-procedural management of these
patients. This review will focus on the role of CEUS in the evaluation of patients undergoing treatment
with percutaneous ablation for hepatic or renal tumors.
© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Contrast enhanced ultrasound (CEUS) is a contrast harmonic
imaging technique that allows to detect and characterize focal
lesions by assessing their microvascularization with a second generation contrast material (SonoVue, Bracco, Milano, Italy) at a low
mechanical index (MI < 0.2) [1].
Ultrasound contrast materials have an excellent safety proﬁle
with adverse reactions much lower than that reported for other
radiologic or magnetic resonance contrast agents [2]. There is no
evidence of organ damage, such as nephrotoxicity that is an impor-
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tant safety concern with computed tomography (CT) iodinated
contrast agents [3].
Percutaneous image-guided ablation techniques are widely
applied for the treatment of tumors in different organs, such as
liver and kidney when surgery is not indicated. The most widely
accepted consensus guidelines for treatment of hepatocellular carcinoma (HCC) and renal cell carcinoma (RCC) now include ablative
therapies as ﬁrst- or second-line therapy. For HCC, the Barcelona
Clinic Liver Cancer (BCLC) staging system recommends thermal
ablation as a curative treatment in very early (0) and early (A) stages
[4]. Excellent local tumor control and improved survival rates have
been achieved in selected patients with colorectal or breast liver
metastases [5,6]. For the treatment of RCC, the European Association of Urology (EAU) guideline recommends the use minimally
invasive therapies, including percutaneous ablation, in high-risk
surgical candidates [7].
Percutaneous ablation relies on imaging at every step of the
process in order to detect, guide, and conﬁrm complete tumor
coagulation. Contrast enhanced computed tomography (CECT) or
contrast enhanced magnetic resonance imaging (CEMRI) are the
reference standards for staging of liver and kidney tumors prior to
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ablative therapy, and for assessing the completeness of ablation at
the end of the procedure and during the follow-up. In Europe and
Asia, ultrasound (US) is the imaging modality most often used to
guide applicator placement [5,6,8]. Ideally, ultrasound could also
be used to detect residual unablated tissue which could then be
re-targeted for coagulation during a single treatment session.
CEUS is a real-time dynamic imaging technique that plays an
important role in the management of patients treated with ablation for malignant tumors [2]. Due to the capability to accurately
depict tumor vascularity, CEUS can be used to detect and characterize tumors, guide the placement of ablation devices when tumors
are not visible at conventional grey-scale US, and to follow up
patients during the immediate and delayed post-ablation periods.
According to the European Federation of Societies for Ultrasound
in Medicine and Biology (EFSUMB) guidelines [2], the use of CEUS
in patients treated with ablation therapy is recommended in the
following situations:
a Pretreatment evaluation, including characterization of suspected malignant abdominal tumors and treatment planning to
assess number and size of the lesions;
b CEUS-guidance during ablation in lesions not visible by conventional US;
c Periprocedure evaluation performed immediately or within
24 h after ablation;
d Follow-up, when CECT or CEMRI are contraindicated or inconclusive.
This review will focus on the role of CEUS in the evaluation of
patients undergoing percutaneous treatments for hepatic and renal
tumors.

2. Liver
2.1. Pretreatment evaluation
Imaging of liver malignancies with CEUS relies on the histological and vascular features of the different tumors. HCC generally
arises in patients with a background of chronic liver disease
through a multistep process. A subset of regenerative nodules
develops into dysplastic nodules which can harbor small foci of
well-differentiated HCC. This manifests on CEUS as a small area
of intranodular vascularity during the hepatic arterial phase with
portal phase and late phase wash-out [9].
Surveillance strategies for HCC in at-risk populations are aimed
at detecting HCC during the early stages, and is recommended to
be performed with conventional US every 6 months. According to
the EFSUMB guidelines, CEUS is not recommended for surveillance
of cirrhotic patients if the target is not visible during the B-mode
evaluation. The main reason for this is the short duration of the
arterial phase during which time it is not possible to adequately
survey the entire liver. In half of cases of early HCC, there is an
absence of wash-out during the portal and delayed phases which,
while longer in duration, are also not ideal for detecting early HCC
[2].
CEUS has prognostic signiﬁcance for the efﬁcacy of both ablation and intra-arterial treatments. When ablation is not indicated
and alternative therapies such as transarterial chemoembolization
(TACE) or percutaneous ethanol injection (PEI) are considered, the
assessment of vascular conspicuity of HCC with CEUS is predictive
of treatment success. For ablation, Maruyama et al. have reported
that the quantitative assessment of CEUS ﬁndings of HCC during the
arterial phase before ablation is predictive for distant recurrence
[10].
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The typical enhancement pattern of liver metastases at CEUS in
the arterial phase is variable, and depends on the primary tumor
cell type [11,12]. Hepatic metastases also typically demonstrate
rapid wash-out, within 30–40 s after injection, which becomes
more apparent in the portal and late phases. Tumors that are
hypovascular by CECT and CEMRI tend to be hypoenhancing at
CEUS in the arterial phase, whereas hypervascular metastases are
typically hyperenhancing. Even hypovascular liver metastases can
demonstrate a peripheral hypervascular halo during the arterial
phase. The marked washout in the late phase, which lasts up to
4–5 min, aids detection of even very small metastases (less than
5 mm in size) with accuracy at least comparable to CECT and CEMRI
[2,13–15]. The enhancement pattern of liver metastases with CEUS
is especially helpful because the echogenicity of metastases on conventional grey-scale US may be similar to that of the background
liver, making detection without contrast material difﬁcult.
In the pretreatment staging of liver metastases, CEUS can play
an important role in determining the eligibility of the patients for
ablation due to the ability to detect small satellites and additional
small metastases not visible with other imaging modalities [14–16]
(Fig 1). CEUS is also very accurate in deﬁning the true size of liver
metastases due to the hypervascular halo often seen during the
arterial phase only. This halo corresponds to a chronic inﬂammatory inﬁltrate without evidence of tumor inﬁltration [13,17]. In
order to reduce the possibility of recurrence – due to the risk of
promoting neovascularization and production of tumoral growth
factors – the hypervascular halo should be included in the treatment volume during the planning for ablation procedures.
2.2. CEUS guidance ablation
The success of percutaneous ablation relies on precise targeting via an imaging technique. Typically, B-mode US is used to
insert the applicator into the targeted tumor. To achieve this end
however, the ability to visualize the tumor is mandatory. In certain situations, tumor visualization can be particularly difﬁcult. For
example, metastases may become more difﬁcult to detect after the
administration of chemotherapy. Local recurrences (both HCC and
metastases) can also be problematic to visualize, particularly discriminating between the viable and non-viable components of the
tumor. In both of these cases, CEUS can facilitate needle positioning
by detecting the area of viable/recurrent tumor. Of note, the use of
CEUS in this setting is superior for liver metastases due to the prolonged wash-out period in the portal venous and late post-vascular
phases. For HCC, the use of CEUS for targeting viable tumor can be
more challenging due to the transient nature of the hyperenhancement during the arterial phase and the lack of wash-out in 25–42%
of small tumors [18].
2.3. Periprocedure efﬁcacy assessment
There are a number of interstitial ablative procedures in use
today for the treatment of liver tumors, including chemical ablation
(e.g., ethanol or acetic acid) and thermal therapies (e.g., radiofrequency, laser, microwave, focused ultrasound, and cryoablation).
Chemical ablation is generally limited to the treatment of small
HCC, or for HCC in locations near vulnerable structures such as
major bile ducts. Thermal therapies are utilized both for HCC and
liver metastases. Tumors are usually targeted for ablation therapies using US-guidance, thus it is highly convenient to use the same
imaging modality for assessing the efﬁcacy of the treatment immediately post-procedure. The one exception to this is the use of CEUS
immediately after chemical injection.
In fact the hyperechogenicity determined by the chemical
agents such as ethanol or acetic acid and the gas bubbles created
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Fig. 1. 45 year-old female with liver metastases from breast cancer. Contrast enhanced ultrasound shows a small hypoenhancing subcapsular liver metastasis not detected
at the baseline ultrasound.

by the injection, can be retained within the tumor for a prolonged
period, and mask the microbubbles from the contrast agents.
During therapies (RF, MW, LASER HIFU) a transient hyperechoic
zone occurs adjacent to the applicator, and then grows to cover
the tumor and a margin. This imaging ﬁnding is due to the high
intensity of energy deposition into the tumor that produces outgassing of water vapor and cavitation depending on the amount of
applied energy. The size of the hyperechoic area cannot be used
to precisely deﬁne the size of ablation zone at all times because
it is transient and may vary with different energy sources [19,20].
The use of CEUS is optimal when the hyperechoic area due to outgassing has faded—at which time CEUS is reliable for determining
areas of devascularized and residual tumor. If residual unablated
tumor is detected, immediate retreatment can be performed in the
same session under CEUS guidance, thus reducing the incidence
of local tumor progression and the cost per patient (Fig 2a and
b) [21,22]. To reduce the rate of local tumor progression, an adequate ablative margin for metastases and HCC, 10 mm and 5 mm
respectively, is strongly recommended [21].
Several studies have reported the usefulness of CEUS to evaluate therapeutic efﬁcacy immediately or within 24 h after ablation,
showing both high sensitivity and speciﬁcity [21–27]. Following the
injection of US contrast, a complete response to ablation therapy
is characterized by the absence of enhancement within or at the
periphery of the tumor, whereas residual unablated tumor is characterized by persistent focal enhancement with the same imaging
characteristics as the original tumor [2]. It is of note that immediately after ablative treatments, CEUS typically shows peripheral
enhancement surrounding the ablation zone. This ﬁnding is due
to reactive hyperemia, and is usually regular in conﬁguration and
approximately 1.0 cm in thickness (Fig 2b). The differentiation
between a peripheral reactive halo and residual unablated tumor
can be difﬁcult. In general, uniform thickness of the hyperenhancing halo without wash-out in the late phase suggests reactive
hyperemia, whereas residual tumor appears irregular, and the
hypervascular components demonstrate wash-out consistent with
the original enhancement pattern of the targeted tumor. The

peripheral reactive halo may account for both false negative results,
by masking small microscopic foci of residual disease, and false
positive results if there are some irregularities of the ablation margins. In our experience, CEUS performed immediately after ablation
underestimates the size of the ablation zone, probably because of
the presence of sub-lethally injured tissue at the periphery of the
ablation zone which will eventually become necrotic (Fig 3a and
b). CEUS can also be used to detect active peritoneal hemorrhage,
hepatic infarction, and hematomas (Fig 4a and b). Overall, the use
of CEUS during ablation procedures for HCC has been reported to
spare a second treatment session in 31.1% of patients along with a
substantial reduction of costs [22].
Several recent studies have reported that CEUS has a high speciﬁcity and sensitivity in the evaluation of liver tumors post-TACE
compared to CECT as the gold standard [28,29].
In the immediate post-treatment evaluation, CEUS has several
advantages and limitations.
2.4. Advantages
a. High conﬁdence in adequate treatment of a targeted tumor and
margins, and early detection of residual tumor needing to be
retreated.
b. Precise targeting of areas that require retreatment.
c. Early detection of complications.
2.5. Limitations
a. Poor visualization of the entire volume of the ablated tumor in
difﬁcult anatomic locations (e.g., hepatic dome, posterior segments).
b. Difﬁculty in the evaluation of small amounts of residual viable
tissue which can be masked by the peripheral hyperemic halo.
c. Difﬁculty in the evaluation of multiple tumors treated in the
same session because US, and subsequently CEUS, is not a
panoramic imaging technique with ﬁxed imaging planes.
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Fig. 2. 77 year-old male with a large HCC treated with microwave ablation. (a) During the ablation session the antenna is placed under CEUS-guidance in the residual viable
tumoral tissue (b)10 min after the treatment CEUS shows a complete ablation of the tumor with peripheral inﬂammatory enhancement.

2.6. CEUS and follow-up
Generally, the imaging follow-up for the assessment of treatment efﬁcacy of oncologic patients treated with ablation therapies
is based on contrast imaging modalities such as CT, MR or PET performed within 6 weeks after ablation. Nonetheless, the imaging
modality that is used and the timing for follow-up examinations may differ between institutions. Several groups perform
contrast-imaging evaluation on the same day of the procedure
and thereafter every 3 or 4 months [30]. Ideally, the same imag-

ing modality is used post-ablation as was used for staging prior to
ablation.
CECT or CEMRI are considered the gold standard for the assessment of therapeutic efﬁcacy because of a high diagnostic accuracy
together with a large ﬁeld of view which permits comprehensive evaluation of the primary tumor, lymph nodes, and potential
metastatic sites [30]. However, CEUS can be an important part of
the follow-up algorithm depending on the tumor type.
For HCC, the use of CEUS is recommended for post-ablation
follow-up when CECT or CEMRI are inconclusive or contraindicated
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Fig. 3. 71 year-old male with small HCC treated with radiofrequency ablation. (a) 10 min after ablation CEUS shows a small thermolesion (17 × 23 mm) (b) 24 h later CEUS
shows a thermolesion larger than before (25 × 33 mm).

[2,31]. CEUS can be particularly useful when a small area of recurrence is suspected by US, CECT, or CEMRI. The real-time imaging
capability and repeatability with multiple contrast doses of CEUS
can help detect viable tissue in ambiguous cases. Several studies
have reported an accuracy for CEUS similar to CECT or CEMRI in the
follow-up of patients treated with ablation therapies [32,33].
For the follow-up of metastases post-ablation, CEUS is highly
accurate because complete scanning of the liver is achievable during the prolonged late phase [31]. In fact, several studies have
conﬁrmed that the accuracy of CEUS in the detection of liver metas-

tases is comparable to that of CECT and CEMRI [14,34,35]. In our
series of 32 patients with 44 metastases treated with microwave,
11.3% (5/44) of the tumors had a local recurrence smaller than 8 mm
that was not detectable at CEMRI and PET [unpublished data]. Special attention should be given to detecting small areas of washout
at the periphery of the ablation zone that may be the only sign of
local tumor progression. If such an area is noted, a second contrast
injection should be performed for conﬁrmation with arterial, portal
venous, and delayed phase imaging (Fig 5a–c). Once the diagnosis
of local tumor progression has been established, CEUS-guided abla-
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Fig. 4. 68 year old male with HCC treated with radiofrequency ablation. (a) CEUS performed immediately after radiofrequency ablation shows infarction of the liver segment
3; (b) CECT performed 24 h later conﬁrms the infarction.

tion can be performed to achieve a complete response while the
tumor is still small.
3. Kidney
Renal cell carcinoma represents the 9th most common malignancy in Europe, accounting for almost 90% of all kidney
malignancies and 2–3% of all cancers, with a rate of annual incidence of 2% except in Denmark and Sweden, where the incidence
is decreasing. In Europe on 2008 there were 88,400 new cases
and 39,300 kidney cancer-related deaths per year [36]. The use of
ablation therapies such as cryotherapy, RF or MW in kidney malignancies is now recommended for patients who are at high risk
of complications from surgery [7], and it is becoming increasingly
popular due to the high local control rates, minimal complications,
and rapid recovery when percutaneous approaches are used.

Solid renal tumors show an enhancement pattern different from
that of the surrounding renal parenchyma at CEUS. Similar to
other contrast enhanced techniques like CECT and CEMRI, CEUS is
not able to differentiate malignant from benign solid lesions [37].
For RCC, CEUS shows a hyper or iso-enhancement of the tumor,
which is homogeneous or heterogeneous in the arterial (corticomedullary) phase (15–20 s after injection) and is followed by
washout in late phase, generally faster than that of the normal
renal parenchyma. Some tumors, such as papillary RCCs, display
a relatively hypovascular enhancement pattern compared to the
normal renal parenchyma both in the corticomedullary phase and
late phase [37]. According to the EFSUMB guidelines, the use of
CEUS can be useful in the management of RCC patients undergoing
ablation procedures due to the improved visualization of ambiguous tumors, the assessment of therapeutic efﬁcacy within 24 h after
ablation, the detection of unablated tumors and local tumor pro-
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Fig. 5. 48 year old female with breast cancer and a liver metastasis in segment 3 treated with microwave ablation.CEUS detected a peripheral and irregular hypoenhancing
area which was suspicious for local recurrence. (a) A second injection of the contrast agent showed wash-in (b) and wash-out (c) of this area conﬁrming the local recurrence.

gression, and the ability to guide reablation of recurrent viable
tissue [37].
3.1. Pretreatment evaluation
Similar to the liver, ablation of renal tumors is performed under
conventional US guidance in most European and Asian centers. The
diagnostic work-up in patients with renal tumors includes staging with CECT and CEMRI. The assessment of tumor vascularity
before ablation is very useful as a baseline for comparison with
the post-treatment ﬁndings. Therefore, CEUS should be included
as a pre-procedure imaging modality if it will be used postablation.
3.2. Intraprocedure evaluation
The timing for the use of CEUS in the ablation of RCC is not standardized. The use of CEUS immediately after the procedure has
certain advantages and disadvantages over the more traditional
use of CECT. In a retrospective study, patients treated with per-

cutaneous RFA were divided in two groups: one received CEUS at
the end of ablation and the other one received only conventional
US. CECT, considered the gold standard, was performed in both
groups seven days after the procedure. The CEUS group achieved
a local tumor control of 94.6% versus the 86.1% obtained in the
conventional US group [38]. However, it should be underlined
that immediately after RFA the hyperechoic bubbles generated by
the gas vapor overlap with the surrounding hyperechoic structures, such as fat and muscles, and mask also the renal cortex.
This latter is a poor acoustic window for allowing a good evaluation with CEUS (Fig 6). Due to the transient narrowing of the
renal cortex the ﬁndings of not completely ablated tumor, such as
hyperenhancement at the periphery of the lesion, can be missed.
Conversely, CEUS may be more sensitive in the detection of small
ablation-related complications, such as kidney hematoma and
perirenal effusion [39,40]. Several studies have assessed the use
of CEUS from one day to one week after ablation of RCC, and
report a high sensitivity, speciﬁcity and accuracy for early detection of residual unablated tumor tissue, comparable to CECT and
CEMRI [38–42].
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Fig. 6. 78 year-old male with renal cell carcinoma treated with radiofrequency ablation.The evaluation of treatment efﬁcacy with CEUS performed 10 min after radiofrequency
ablation is impaired by the gas vapor that overlaps with the surrounding hyperechoic structures masking the periphery of the lesion.

3.3. CEUS and follow-up
The Guidelines of the European Association of Urology have
proposed that the timing of imaging surveillance after partial
nephrectomy or ablative treatment for RCC is 6 months, and every
year thereafter [36]. Nonetheless, several groups prefer to perform a contrast-imaging evaluation after one month and every 3–4
months thereafter.
The ﬁrst published study on the use of CEUS after ablation of
RCC reported the following follow-up algorithm: a ﬁrst evaluation at 24 h after RF using CEUS and CECT or CEMRI, then every
4 months for the ﬁrst year with the same imaging modalities.
After the ﬁrst year, follow-up was performed every 4 months with
CEUS, and CECT or CEMRI every 8 months to reduce costs and the
effects of iodinated contrast agents [39]. The reported sensitivity
and speciﬁcity of CEUS for the evaluation of residual or recurrent
RCC are 82.2–100%, and 96.6–100% [39,40,43,44], respectively, with
an accuracy of 90.5–98.1% [39,40,43]. The concordance of CEUS
with CECT or CEMRI ranges between 80 and 100% [38–42].
4. Conclusion
In conclusion, CEUS is an important tool throughout the management of patients undergoing ablation procedures from pre- to
post- procedure imaging. However, it is important to be mindful of
the inherent limitations of US imaging, such as operator expertise,
obesity, hepatic steatosis, the potential for poor patient cooperation, and limitations in imaging certain anatomic locations.
In patients with HCC, CEUS can add signiﬁcant information to
CECT and CEMRI ﬁndings, and appears to be a useful modality to
follow patients post-treatment. For liver metastases that have been
ablated, CEUS appears to be more sensitive than CECT, CEMRI and
PET for the early detection of very small local recurrences, and CEUS
is an excellent modality to help target and re-treat viable tissue.
In kidney malignancies treated with ablation therapies, CEUS is a
safe, cost effective, and accurate imaging technique for assessment

of therapeutic efﬁcacy. CEUS may be particularly helpful in patients
with renal insufﬁciency undergoing kidney tumor ablation due to
the safety proﬁle of ultrasound contrast agents in this population
compared to iodinated contrast materials.
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