La radiologia medica (2019) 124:1043-1048
https://doi.org/10.1007/s11547-019-01057-1

VASCULAR AND INTERVENTIONAL RADIOLOGY q

Check for
updates

Thermal ablation with fusion imaging guidance of hepatocellular
carcinoma without conspicuity on conventional or contrast-enhanced
US: surrounding anatomical landmarks matter

Marco Calandri'@ - Valeria Ruggeri? - Patrizia Carucci® - Stefano Mirabella® - Andrea Veltri' - Paolo Fonio? -
Carlo Gazzera?

Received: 3 December 2018 / Accepted: 18 June 2019 / Published online: 3 July 2019
© Italian Society of Medical Radiology 2019

Abstract

Aim Evaluating clinical and technical factors affecting thermal ablation of B-Mode/CEUS inconspicuous HCC nodules,
relying only on fusion imaging (FI) performed under conscious sedation and using previously acquired CT or MR.
Materials and methods Among 367 HCC nodules treated in the study period, data of 37 B-mode/CEUS undetectable HCC
nodules treated with FI-guided ablation were extracted from our prospectively collected institutional database. Analyzed
variables included patients’ sex, age, cirrhosis etiology, Child—Pugh status, size of the lesion, liver segment, subcapsular
or central liver site, type of imaging used for fusion (MR/CT), and the presence of surrounding anatomical landmarks
(SAL) <3 cm from the index lesion.

Results The primary efficacy was 59.4% (22/37 nodules); nine lesions (24.3%) were partially ablated (PA), six lesions
(16.7%) were mistargeted (MA). Eight nodules were retreated with a CA obtained in all cases (100% CA, secondary effi-
cacy in 30/37—81.1%). LTP was observed in 2/30 cases (6.7%). Two minor complications were registered (Clavien—Dindo,
Gradel, CIRSE Classification Grade 2). SAL were related to a better ablation outcome (37.5% vs 84.6% p=0.01). No dif-
ferences were observed between CA group and PA-MA group in terms of lesion size (15.4 mm vs 14.9 mm p =0.63), liver
segment (p=0.58), subcapsular or central liver site (8/22 36% vs 4/15 26.7% p=0.84), and imaging (MR vs CT, p=0.72).
Conclusion Even in the presence of potentially critical conditions (completely B-Mode/CEUS inconspicuous nodules, spon-
taneous breathing, and previously acquired CT or MRI), FI-only guidance is safe and allows having good primary, secondary
efficacy and LTP rates. The outcome of the procedure is heavily affected by the presence of SAL.
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Introduction

Image-guided percutaneous thermal ablation is a well-estab-

lished curative treatment for the very early and early stage

54 Marco Calandri of hepatocellular carcinoma (HCC) [1, 2] that remains the

marco.calandri @unito.it sixth most common cancer worldwide and the third leading
cause of cancer-related deaths in the world [3].

Nowadays, ultrasound (US) guidance, especially in
Europe and eastern countries, remains the most used guiding
modality because of its several advantages, such as real-time
control, accessibility, relatively low cost without ionizing
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6]. Indeed, according to the literature data, approximately
14.6-33.1% of the HCC nodules are inconspicuous on con-
ventional B-mode evaluation and ablation could not be per-
formed under the sole US guidance [4, 7-9].

Contrast-enhanced US (CEUS) has been reported as a
valuable aid in these cases to target properly the nodules.
However, because of poor conspicuity, location or low arte-
rial phase wash-in, there are some cases (up to 45% in the
literature series) in which even CEUS fails to clearly detect
the nodule [10].

In recent years, fusion imaging (FI) has been proposed
as a solution to overcome these limitations of US guidance,
enabling a real-time display of MR or CT images on the
same screen during ablation [11-15].

Despite the presence in the literature of several reports
on this topic, factors affecting FI guidance during ablation
of US inconspicuous HCC nodules have never been fully
investigated, especially if performed under conscious seda-
tion, when patients can breathe spontaneously, potentially
affecting the synchronization process of FI.

The aim of our study is to evaluate, in this specific setting,
the most relevant factors affecting the outcome of thermal
ablation of completely inconspicuous HCC nodules with FI
guidance.

Materials and methods
Study design

This study was approved by the institutional ethics review
board. Written informed consent was obtained from each
patient. The prospectively compiled interventional radiology
liver ablation registry of our institution was retrospectively
evaluated and updated by review of the electronic medical
records to identify consecutive patients who underwent per-
cutaneous liver ablation for the treatment of HCC nodules
from January 2016 through May 2018.

Patient selection, ablation eligibility criteria
and technique

Patients were considered for percutaneous ablation in case
of no more than three HCC nodules, measuring <3 cm each.
HCC diagnosis was performed with cross-sectional imaging
(CT or MRI) according to EASL criteria.

Indication for ablation was discussed at the institution’s
multidisciplinary HCC tumor board. Patients underwent
percutaneous image-guided ablation according to BCLC
indications. Exclusion criteria were platelets count < 50,000,
INR > 1.5, and the presence of massive ascites.

Among 367 HCC nodules treated in 272 patients in the
study period, 58 nodules in 42 patients were considered as
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undetectable with conventional B-mode ultrasound only.
Among these, 21 nodules were visible with good conspicu-
ity at CEUS examination by injecting 2.4 ml of SonoVue
(Bracco, Milan, Italy); 37 nodules in 26 patients were com-
pletely undetectable at B-mode or CEUS examination and
FI guidance was performed. Variables extracted from the
database or updated by review of electronic medical records
for each patient and procedure included sex, age, cirrhosis
etiology, Child—Pugh status, size of the lesion, liver seg-
ment, subcapsular or central liver site, type of imaging used
for fusion (MRI sequences or CT phases), and the presence
of surrounding anatomical landmarks (SAL); SAL were
defined as any anatomical structure (such as vessels larger
than 3 mm, cysts or ligaments) no more distant than 3 cm on
axial CT or MR images from the index lesion.

Ablations were done under conscious sedation by inter-
ventional radiologists using a 17-gauge RFA electrode
multi-tined needle (Med-Italia, Medolla, Italy) with a radi-
ofrequency generator (RF3000, 200 W capacity, Radiofre-
quency Ablation System, Boston Scientific). No virtual nee-
dle assistance was used. Procedures were performed under
conscious sedation and spontaneous breathing. Before the
needle insertion, 10 ml of 2% lidocaine hydrochloride was
injected at the puncture site.

Fusion imaging process

Before fusion imaging, the pre-acquired dynamic CT or
MRI DICOM volume data were loaded into the ultrasound
unit (Esaote My Lab Twice, Genova, ITA). The patient
was always positioned in the supine position as for the CT
and MRI scan. With the plane registration, the physician
found the same plane on real-time US and uploaded CT or
MR images (any plane can be used but, for simplicity, the
umbilicus axial plane was considered the first choice) [16].
After plane registration, point registration was performed to
improve the matching. This was usually performed by using
an internal point near the target lesion. Other available func-
tions, such as “rotate” or “drag,” were useful to optimize the
real-time US-CECT/CEMRI matching [17].

Assessment of tumor ablation results

Standardized terminology and reporting criteria for tumor
ablation were utilized to determine ablation endpoints [18].
Accordingly, primary efficacy rate was defined as the per-
centage of target tumors successfully eradicated following
the initial procedure. Residual unablated tumor (partial
ablation PA) was defined as the presence of peripheral or
nodular enhancement within 1 cm of the ablated area at the
first imaging follow-up (triple-phase contrast-enhanced com-
puted tomography [CT] or magnetic resonance [MR]). We
defined missed ablation (MA) as the condition of complete
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mistargeting of the nodule at the first ablation attempt, when
the distance between ablated volume center and ideal target
point preoperatively established was greater than 5 mm [19].
The secondary efficacy rate is defined as including tumors
that have undergone successful repeat ablation. Local tumor
progression (LTP) was defined as the appearance of tumor
foci at the edge of the ablation zone or within 1 cm after at
least one cross-sectional imaging had demonstrated com-
plete ablation.

Statistical analysis

The normality of distribution for continuous numeric data
was assessed with Saphiro—Wilk test. Thus, according to
the defined groups, data were reported as mean, standard
deviation (SD), and ranges for normally distributed vari-
ables, while median, ranges, and interquartile ranges were
used for not normally distributed variables. Non-continuous
non-normally distributed variables were analyzed using
Chi-Squared test or Fisher’s test in case of small numbers.
In case of small data (such as segment location), pooled
analysis was performed. Mann—Whitney test was used to
compare continuous non-normally distributed variables. p
values below 0.05 were considered statistically significant.
Statistical analysis was performed using GraphPad Stats
Software (2018).

Results

From January 2016 to May 2018, a total of 37 HCC nodules
in 26 patients (see Table 1 for nodule and patient character-
istics) underwent image-guided ablation relying only on FI
guidance in consideration of their undetectability at conven-
tional B-mode or CEUS imaging. (See Table 1 for patients’
characteristics.)

According to Clavien—Dindo classification, only two
minor complications requiring standard medical therapy
(grade I) were observed after two ablation sessions. Accord-
ing to CIRSE classification of complications, only two non-
severe complications occurred (grade II).

Complete ablation (primary efficacy) was obtained in
22/37 nodules (59.4%); nine lesions (24.3%) were partially
ablated (PA), whereas six lesions (16.7%) were mistargeted
(MA). Eight nodules were retreated with a CA obtained in
all cases (100% CA, overall secondary efficacy in 30/37—
81.1%). Among the seven remaining nodules, in four cases
(two patients), intrahepatic progression was observed and
TACE was performed; in two cases, patients underwent liver
transplantation, and in one case, patient was lost to follow-
up. On the whole, LTP was observed in 2/30 cases (6.7%).
Mean time F.U was 12.4 months.

Table 1 Patients’ and nodules characteristics

Patients N 26

Age+SD (range) 62.6+9.6 (34-81)
Male/female 20/6
Liver disease etiology

HCV 16
HBV 3
Alcohol

Other 2
Child—Pugh score

A5 12
A6

B7

Nodules N 37

Mean nodule size mm +SD (range) 15.2 (7-27)
Nodule location
Subglissonian/parenchymal 25/12
Segment 2/3/4/5/6/7/8 2/3/9/1/3/8/11
Presence/absence of SAL*<3 cm 13/24

MRP/CT® 30/7

4SAL surrounding anatomical landmarks
"Hepatobiliary phase
€ Arterial phase

The presence of surrounding anatomical landmarks was
statistically related to a better ablation outcome (37.5% vs
84.6% p=0.01). No differences were observed between CA
group and PA-MA group in terms of patients’ age (58.3 vs
63.8 years p=0.23), Child—Pugh class (6.2 vs 5.6 for both
groups, median 6, p=0.6), cirrhosis etiology (HCV-related
in 10/22 in CA group vs 8/15 in PA-MA group, p=0.82),
lesion size (15.4 mm vs 14.9 mm p=0.63), liver segment
(9722 vs 9/15 p=0.58), subcapsular or central liver site (8/22
36% vs 4/15 26.7% p=0.84), and type of imaging used for
fusion imaging (MRI sequences, 19/22, 86% vs 12/15, 80%
p=0.45) (see Table 2).

Discussion

Our study investigated the role of fusion imaging guidance
in treating HCC nodules completely undetectable at conven-
tional B-mode US or CEUS evaluation.

The main findings of our study were:

e The primary efficacy of FI-guided treatments is 59.4%;

the secondary efficacy reaches the 81.1% with a LTP
rates at 1 year F.U. of 6.7%;
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Table 2 CA group vs PA-MA group

Characteristics Complete Partial-missed p
ablation group ablation group
(22) (15)
Age (year)+SD 583+11.2 63+9.9 0.23
Female (male) 4 (18) 2(13) 0.46
Etiology (HCV/others) 10/12 8/7 0.82
Child-Pugh? 6.2 5.6 0.6
Lesion diameter +SD 154+49 14.9+3.5 0.63
Subglissonian/parenchy- 8/14 4/11 0.84
mal
Segment 9/11 9/7 0.58
Presence/absence of 14/8 1/14 0.01
SAL<3 cm
MR/CT imaging 19/3 12/3 0.72

Bold value indicates p < 0.05
#Analysis was performed as a continuous variable

®Pooled analysis of upper segments (4a, 7 and 8) vs other locations

e The outcome of the procedure is affected by the presence
of anatomical landmark (CA in the absence of AL 37.5%
vs CA in the presence of SAL 84.6% p=0.01);

e The lesion site (segment, subglissonian or central paren-
chymal lesion) does not significantly affect the ablation
outcome (p > 0.05).

On the whole, primary efficacy of FI-guided ablation pre-
sented in our series may appear below the literature-reported
results for US conspicuous HCC nodules [2, 20].

In recent years, several retrospectives [13, 20-25], and
one prospective studies [26] evaluated FI technique and
compared it with the conventional ultrasound guidance (see
Table 2). The reported technical success rate of these pro-
cedures was around 90% (89.2-92%).

However, these series often included nodules with poor
conspicuity [22] or CEUS positivity [25]. In a more recent
series, Mauri et al. [19] analyzed a series of FI-guided abla-
tion of completely inconspicuous liver metastases and they
demonstrated a similar primary success rate (56.7% 17/30
patients, in the PET-CT group). In our series, however, even
in case of missed ablation at the first ablation, the ablation
scar was used as reliable internal anatomical landmark to
repeat the FI targeting and to perform ablation. Indeed, we
reached a 100% CA as a second attempt with an overall LTP
rate (6.7%) in line with the other literature reports about
poorly visible or visible nodules [13, 22, 26].

As for the anatomical landmarks, they are well known
among FI operators for their role in the second part of the
plane and point registration [17]. Our study suggests for
them a role of paramount importance in case of ablation of
completely inconspicuous nodules in procedures performed
in critical technical conditions, such as under conscious
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sedation, spontaneous breathing and with a pre-acquired
CT. Indeed, once co-registration is performed, a surround-
ing anatomical landmark in proximity of the target may help
the operator to continually visualize the area of interest, even
during respiratory movements (see Fig. 1). The presence of
SAL < 3 cm permitted to achieve a better local result (37.5%
vs 84.6%, p=0.01).

Despite its relevance, the breathing status during FI reg-
istration and during the procedure is rarely described in
the literature reports. However, many studies with primary
efficacy rates above 90% (such as the one of Mauri et al.
[21]) are performed with patients under general anesthesia.
In fact, with endotracheal general anesthesia, the breath of
the patient can be well controlled using a breathing machine
for as long as 2 min, greatly facilitating co-registration and
subsequent ablation.

Furthermore, our series was characterized by the usage of
pre-acquired cross-sectional imaging (CT or MR). In other
series, the availability of CT in the operatory room allowed
for acquisition of real-time CT images with the patient
already under general anesthesia and in the desired decu-
bitus, so the correspondence between CT and US images is
increased [27].

However, these facilities are rarely available in most
of the IR services worldwide and physicians are usually
asked to merge with real-time US a pre-acquired CT or
MRI in supine position. Furthermore, costs and risks of
general anesthesia should be carefully evaluated. There-
fore, we believe our study gives pertinent information on
the relevance of anatomical landmarks in a specific but
widespread clinical setting of fusion imaging.

As for other possible predicting factors that may affect
the outcome of the ablation, our study did not find any sig-
nificant statistical correlation. Relevantly, despite a preva-
lence of HCC nodules located in segment 7 and 8 (19/37,
51%), this did not affect the outcome of the FI-guided
ablation if compared with other segment site (p =0.58).
Even the subglissonian or central parenchyma site of the
lesion seems not to affect the ablation outcome. As for
clinical- and patient-related factors potentially affecting
the ablation outcomes, as well as in the other literature
series [21, 28], we did not find any significant correlation
(p>0.05).

The major limitation of our study is its retrospective
nature and a relatively limited sample size; for the same
reason, we could not stratify results based on minimal
margin size given the need for a much larger sample size;
however, these problems are common with other published
papers on similar series [19, 22, 25].

In conclusion, our study demonstrates the feasibility
of FI-guided ablation under conscious sedation of incon-
spicuous HCC nodules with acceptable primary, excel-
lent secondary efficacy, and LTP rates. The presence of
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Fig. 1 Fusion imaging guidance of two lesion located in the seven segments next to a 4 cm cyst (a, b). Physician can only rely on virtual mark-
ers. MRI control 40 days later (c), d confirms the correct ablation with two adequate ablation scars

anatomical landmarks in proximity of the inconspicuous
HCC target is a relevant predictive factor of effective abla-
tion outcome that can overcome the challenges of respira-
tory movements during FI-guided ablation.
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