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Abstract
AIM: To investigate the feasibility and accuracy of cone 
beam computed tomography (CBCT) in assessing the 
ablation zone after liver tumor ablation.

METHODS: Twenty-three patients (17 men and 6 
women, range: 45-85 years old, mean age 65 years) 
with malignant liver tumors underwent ultrasound-
guided percutaneous tumor ablation [radiofrequency 
(n  = 14), microwave (n  = 9)] followed by intravenous 
contrast-enhanced CBCT. Baseline multidetector 
computed tomography (MDCT) and peri-procedural 
CBCT images were compared. CBCT image quality 
was assessed as poor, good, or excellent. Image 
fusion was performed to assess tumor coverage, and 
quality of fusion was rated as bad, good, or excellent. 
Ablation zone volumes on peri-procedural CBCT and 
post-procedural MDCT were compared using the non-
parametric paired Wilcoxon t -test.

RESULTS: Rate of primary ablation effectiveness was 
100%. There were no complications related to ablation. 
Local tumor recurrence and new liver tumors were 
found 3 mo after initial treatment in one patient (4%). 
The ablation zone was identified in 21/23 (91.3%) 
patients on CBCT. The fusion of baseline MDCT and 
peri-procedural CBCT images was feasible in all 
patients and showed satisfactory tumor coverage (at 
least 5-mm margin). CBCT image quality was poor, 
good, and excellent in 2 (9%), 8 (35%), and 13 (56%), 
patients respectively. Registration quality between peri-
procedural CBCT and post-procedural MDCT images 
was good to excellent in 17/23 (74%) patients. The 
median ablation volume on peri-procedural CBCT and 
post-procedural MDCT was 30 cm3 (range: 4-95 cm3) 
and 30 cm3 (range: 4-124 cm3), respectively (P -value > 
0.2). There was a good correlation (r  = 0.79) between 
the volumes of the two techniques. 

CONCLUSION: Contrast-enhanced CBCT after tumor 
ablation of the liver allows early assessment of the 
ablation zone.
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enhanced CT in assessing ablation margins. The authors 
concluded that the techniques were nearly equivalent. 
Because of  the advantages of  US-guided procedures 
and limitations of  these techniques in monitoring tumor 
coverage, we hypothesized that CBCT could be used to 
assess effective ablation, especially in centers without CT 
dedicated to interventional radiology.

Thus, the purpose of  this study was to evaluate 
the feasibility and accuracy of  CBCT in assessing the 
ablation zone immediately after US-guided percutaneous 
tumor ablation with either RFA or MWA compared to 
pre-procedural CT and post-procedural CT 1-2 mo after 
ablation.

MATERIALS AND METHODS
Patients and tumor characteristics
Institutional review board approval was obtained for 
this retrospective study and informed consent was 
waived. Inclusion criteria were: (1) the presence of  a 
solitary malignant liver tumor treated percutaneously < 
40 mm in diameter; (2) RFA or MWA performed in the 
interventional radiology room with CBCT acquisition 
immediately after tumor ablation; and (3) available pre- 
and 1-2 mo post-procedural contrast-enhanced CT scan 
examinations. 

Between June 2009 and September 2012, 29 patients 
were identified. Six of  these patients were excluded: 
three were lost to follow-up and another three could 
not receive iodine intravenous contrast agents. Thus, the 
final patient population included 23 patients (17 men 
and 6 women, range 45-85 years old, mean age 65 years 
old). There were 17 patients with HCC. Twelve patients 
presented with treatment-naïve HCC while five others 
had new tumors following either liver resection (n = 2), 
or transarterial chemoembolization (n = 3). Four patients 
had recurrent liver metastases following liver resection 
(3 colorectal and 1 breast). Two patients had recurrent 
intrahepatic cholangiocarcinoma following liver resection. 
The median tumor size was 20 mm (range: 8-40 mm). 
The median follow-up was 10.8 mo (range: 2-33 mo).

The routine protocol included a baseline multidetector 
CT (MDCT) scan examination performed before 
percutaneous tumor ablation for future comparison. A 
CT scan examination was performed between 1-2 mo 
after tumor ablation, every 3 mo for 1 year, and every 6 
mo thereafter.

Helical multiphasic CT examinations were performed 
using a 64-section MDCT scan (CT Light-Speed Ultra; 
GE Healthcare, Milwaukee, WI, United States). All 
examinations included an unenhanced liver acquisition, 
and arterial, portal venous, and delayed phase images at 
30-35, 70, and 180 s, respectively, after an intravenous 
injection of  a 2 mL/kg dose of  non-ionic contrast material 
(Iobitridol; Xenetix®, Guerbet, Aulnay-sous-bois, France), 
administered at a rate of  4 mL/s with a mechanical 
power injector (Medrad; Pittsburgh, PA, United States). 
Reconstruction slice thickness was 1.25 mm.
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Core tip: Immediate intravenous contrast-enhanced 
cone beam computed tomography after percutaneous 
tumor ablation of the liver provides early assessment 
of the ablation zone and may provide the same 
information as multidetector computed tomography 
(MDCT) performed 1-2 mo after ablation. This is 
particularly interesting for centers that do not have 
MDCT in interventional rooms.
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INTRODUCTION
Local ablative techniques have become increasingly 
popular for the treatment of  small malignant tumors of  
the liver, especially hepatocellular carcinoma (HCC) and 
liver metastases. Radiofrequency ablation (RFA) is the 
most widely used of  these methods[1]. Microwave ablation 
(MWA) is another technique that has become increasingly 
popular since it does not require the conduction of  
electricity into tissue and it is not limited by charring[2]. 
Its efficacy has been shown to be similar to RFA in local 
tumor control[3,4].

One of  the main drawbacks of  local ablation is local 
intrahepatic recurrence. The most common risk factors 
for local tumor progression are tumor size, proximity to 
a major vessel, subcapsular location, and an insufficient 
ablative safety margin[5-7]. The latter factor seems to play 
a major role because significant agreement (86.8%) was 
found between the exact sites of  local tumor progression 
and an insufficient ablative margin[8].

Procedure guidance methods include ultrasound, 
computed tomography (CT) scan and, more rarely, mag-
netic resonance imaging[9-11]. Depending on the insti-
tution, the patient characteristics, and the experience 
of  the interventional radiologists, percutaneous tumor 
ablation can be guided by ultrasound only, CT scan only, 
or both. In the latter case, ultrasound is usually used for 
initial probe placement and CT to assess tumor coverage. 

Cone beam computed tomography (CBCT) has 
been mainly evaluated for vascular applications such as 
transarterial chemoembolization[12-14], but also for non-
vascular applications, such as image-guided procedures 
of  the spine and pelvis[15]. Morimoto et al[16] described 
their initial experience in the liver in five patients who 
underwent radiofrequency ablation for malignant tumors, 
in which CBCT was used for needle placement but not 
to assess tumor coverage. More recently, Iwazawa et 
al[17,18] compared the effectiveness of  CBCT and contrast-



Tumor ablation
For each procedure, coagulation parameters were within 
the normal values. All RF (n = 14) and microwave (n = 
9) ablations were performed percutaneously by one of  
two radiologists (8 and 10 years of  experience) in the 
angiography room using real-time ultrasound guidance 
on an inpatient basis. Patients received conscious sedation 
with fentanyl citrate and propofol. Local anesthesia 
was achieved by injecting 5 mL of  1% lidocaine 
hydrochloride. 

RF procedures were performed with a 15-gauge 
expandable electrode (Talon-Star-Burst; RITA Medical 
System, Mountain View, CA, United States) for 
monopolar (n = 5), and with internally cooled electrodes 
(Prosurge; Celon/Olympus, Berlin, Germany) for 
multiprobe (n = 9) procedures. Microwave procedures 
were performed with a 14-gauge cooled-shaft antenna 
(Aculis;  Microsulis Medical Limited, Denmead, 
Hampshire, United Kingdom) in the remaining patients. 
Single-session ablations were performed depending on 
the tumor size and manufacturer’s recommendations, and 
included a 5-mm margin of  normal-appearing hepatic 
tissue surrounding the tumor.

Cone beam CT acquisition technique
CBCT was performed at the end of  the tumor ablation 
procedure. Electrodes were retracted to avoid metallic 
artifacts. If  tumor coverage was satisfactory on 3D 
images, electrodes were removed and the needle track 
was treated by thermocoagulation.

CBCT was performed during breath holding, after 
elevating the patients’ arms above the head on a large 
format digital flat-panel angiographic system (GE-
Healthcare Innova™ 4100IQ; Chalfont St Giles, United 
Kingdom). In the first 14 patients, the CBCT acquisitions 
took 10 seconds (10 s group) while in the remaining 
9 patients CBCT rotation speed was decreased and 
acquisitions were obtained during a 20-s rotation protocol 
(20 s group). Acquisition started 70 s after intravenous 
administration of  90 mL of  a non-ionic contrast agent 
(Iobitridol; Xenetix®, Guerbet, Aulnay-sous-bois, France), 

administered at a rate of  3 mL/s with a mechanical 
power injector (Medrad; Pittsburgh, PA, United States). 
No arterial phase acquisitions were obtained. 

Reconstructed images were automatically forwarded 
to a specific workstation (Innova3DXR software and 
Advantage Workstation; GE Healthcare, Chalfont St 
Giles, United Kingdom) through the local network for 
analysis using various renderings of  3D images, such as 
volume rendering, maximum intensity projection, and 
multi-planar reformations.

Image analysis
The following analysis of  images was retrospectively 
performed by two experienced radiologists blinded to the 
results, and a consensus was obtained: (1) evaluation of  
CBCT image quality; (2) assessment of  technical success, 
i.e., tumor coverage at the end of  tumor ablation; and (3) 
comparison of  ablation zones with CBCT with 1-2 mo 
post-procedural MDCT data.

Image quality of  cone beam CT: The quality of  
CBCT images was evaluated on a semi-quantitative scale 
ranging from 1-3 based on detection of  the ablation zone 
and the presence of  artifacts as follows: (1) poor: no 
visible ablation; (2) good: detection of  ablation but the 
presence of  artifacts preventing a clear definition of  the 
zone; and (3) excellent: detection of  the ablation zone 
and no artifacts. Figure 1 illustrates a poor image quality.

Assessment of  tumor coverage: Baseline MDCT 
and peri-procedural CBCT images were compared and 
tumor coverage was assessed using multimodality image 
fusion performed with commercially available software 
(Integrated Registration; GE Healthcare, Chalfont St 
Giles, United Kingdom). The quality of  image fusion 
was rated in relation to the contours of  the liver and 
vessels by an experienced radiologist as follows: (1) 
bad registration (> 20 mm for liver contours); (2) good 
registration (between 5-20 mm for both liver vessels and 
contours); and (3) excellent registration for both liver 
vessels and contours (< 5 mm for both liver vessels and 
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Figure 1  Illustration of a poor quality cone beam computed tomography image obtained in a 65-year-old man with hepatocellular carcinoma on hepatitis 
C virus cirrhosis background. A: Visibility of the ablation zone is poor (arrow); B: Post-ablation multi-detector computed tomography performed at 6 wk showed 
complete ablation.
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were no complications related to ablation. Local tumor 
recurrence and new liver tumors were found 3 mo after 
initial treatment in one patient (4%). 

In this study, the delay between preoperative CT and 
tumor ablation ranged from 1 to 58 d (median, 7 d) and 
the delay between tumor ablation and post-operative CT 
ranged from 28 to 63 d (median, 47 d).

Image quality of cone beam CT 
Image quality was poor, good, and excellent in 2 (9%), 
8 (35%), and 13 (56%), patients respectively (Table 1). 
The best image quality was observed in the 20 s group 
[8/9 excellent examinations (89%) vs 5/14 (36%) in 
the 10 s group, P = 0.04]. In the 2 patients with poor 
quality CBCT images, the ablation volume could not be 
visualized because of  the very peripheral position of  the 
tumor (n = 1) and artifacts from significant movement 
during acquisition (n = 1).

Comparison of CBCT with baseline MDCT, and 1-2 mo 
MDCT
For patients with visible ablation zones (21/23, 91%), 
the fusion of  baseline MDCT and peri-procedural CBCT 
images showed satisfactory tumor coverage (Figure 2). 
The minimal margin ablation of  5 mm was achieved in 
all cases. 

Registration quality between peri-procedural CBCT 
and baseline MDCT images was excellent in 13 (57%) 
patients, good in 4 (17%) patients, and bad in 6 (26%) 
patients (Table 1). The median registration time was 5 
min (range: 3-8 min). The best registration was observed 
in the 20 s group [6/9 excellent registrations (67%) vs 
6/14 (43%) in the 10 s group, P = 0.04]. Figure 2 shows 
a comparison between peri-procedural CBCT and both 
baseline and 1-2 mo post-procedural MDCT images. 

The median ablation zone volumes of  peri-procedural 
CBCT and 1-2 mo post-procedural MDCT images 
were 30 cm3 (range: 4-95 cm3) and 30 cm3 (range: 4-124 
cm3), respectively (P-value > 0.2) (Table 1). There was 
a good correlation (r = 0.79) between the volumes of  
the two techniques. Figure 3 shows the distribution of  
the ablation zone volumes assessed by both CBCT and 
1-2 mo post-procedural MDCT images, and the Bland-
Altman limits of  agreement.

Radiation dose
The median DAP of  3D acquisitions performed on 
CBCT was 43.8 Gy.cm2 (range: 21-74 Gy.cm2). The 
median effective dose was 7.0 mSv (range: 3.3-11.8 mSv) 
for CBCT. The median effective dose was 36 mSv (range: 
20-52 mSv) for all CT phases and 14.7 mSv (range: 6-27 
mSv) for one CT acquisition.

DISCUSSION
This study evaluated a combination of  ultrasound and 
contrast-enhanced CBCT for the assessment of  hepatic 
tumor ablation. Results show that this combination is 

contours). Tumor coverage was defined as partial if  
portions of  the tumors could be seen outside the hypo-
attenuating ablation zone, complete if  the entire tumor 
was located within the hypo-attenuating ablation zone, 
and satisfactory if  at least 5 mm margin of  normal-
appearing hepatic tissue surrounded the tumor in the 
hypo-attenuating ablation area. The margins were 
assessed in the three spatial dimensions by measuring the 
distance between the border of  the treated lesion and the 
outer border of  the ablation zone. 

Comparison of  ablation zones with cone beam CT 
and 1-2 mo MDCT: The effectiveness of  the technique 
was evaluated 1-2 mo after treatment with contrast-
enhanced MDCT using standard, previously described 
terminology[19]. Peri-procedural CBCT images were 
compared to MDCT images. The ablation zone volume 
was calculated and compared for both sets of  images 
using specific semi-automatic software (Volume Viewer; 
GE Healthcare, Waukesha, WI, United States).

Radiation dose: Dose area product (DAP) of  each 3D 
acquisition performed on CBCT was initially stored and 
the mean DAP was calculated. We also recorded the 
radiation dose of  1-2 mo post-procedural multiphasic 
MDCT. In order to compare the radiation dose between 
CBCT and CT, conversion factors were used to obtain 
effective dose estimation in milliSievert (mSv). For CT, 
we used the conversion factor of  0.015 mSv/mGy per 
centimeter which is commonly used. The issue of  patient 
dose in C-arm CBCT is complex. No conversion factor 
has been yet broadly adopted for 3D acquisitions with 
CBCT. Researchers estimated a DAP to effective dose 
coefficient for hepatic interventions of  0.16 mSv/mGy 
per square centimeter. We extrapolated this result to 
calculate a mean effective dose.

Statistical analysis
Numerical variables were expressed as medians and ran-
ges. Categorical variables were summarized as numbers 
and percentages. Ablation zone volumes ob-tained from 
peri-procedural CBCT and from 1-2 mo post-procedural 
MDCT were compared using the non-parametric 
paired Wilcoxon t-test (P < 0.05 was considered to be 
significant). Ablation zone volumes measured on peri-
procedural CBCT and 1-2 mo post-procedural MDCT 
were compared with the Bland and Altman plot and 
Pearson’s correlation coefficient. Statistical analyses were 
performed using SAS software (SAS Institute, Cary, NC, 
United States).

RESULTS
Ablation procedures
All tumors were treated according to protocol and co-
vered completely as confirmed by ultrasound. Complete 
ablation was confirmed 1-2 mo post-CBCT on MDCT. 
Thus the rate of  primary effectiveness was 100%. There 
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feasible, effective in assessing tumor coverage, and can 
provide immediate information on the ablation zone, 
which is well correlated to the reference CT performed 
one to two months after the procedure.

The goal of  monitoring is to identify changes 
that occur during tumor ablation and determine 
tumor coverage, which is a key factor in local tumor 
progression[15]. Ultrasound, which is effective for tumor 
targeting, is limited for ablation monitoring, mainly due 
to the production of  gas during the procedure. However, 
during ultrasound guided-ablation, the addition of  a 
contrast agent (CEUS) provides important information 
for immediate treatment assessment, to detect and 
remove residual viable tumor areas[20]. The first aim 
of  this study was to determine whether contrast-en-
hanced CBCT could be a useful tool and an interesting 
alternative to CEUS or MDCT for assessing the technical 
success of  treatment. The use of  intravenous contrast-
enhanced acquisitions provided significant attenuation 
differences between the treated area and the adjacent liver 
parenchyma. In this study, the reliability of  this technique 
was very good, since the contrast-enhanced CBCT 
images visualized the targeted area in all patients except 
two (9%). Moreover, limited results were observed in the 
first patients and were due to the learning curve.

Protocol optimization including a decrease in the 
CBCT rotation speed and patient positioning clearly 
improved the quality of  images. Tumor coverage was 

satisfactory in all cases with at least a 5-mm margin 
of  normal-appearing hepatic tissue around the tumor 
within the hypo-attenuating ablated area on fusion 
images. Tumor coverage is even more important in large 
tumors treated by a multiprobe technique or other tumor 
ablation techniques requiring careful needle placement. In 
these cases, immediate visualization of  tumor coverage 
can be used to reposition the needles and perform an 
additional ablation. In the present series, tumor coverage 
was satisfactory so that electrode needle replacement was 
not necessary. Indeed, combining the CBCT technology 
and integrated navigation software can also help guide 
needles during percutaneous tumor ablation[16].

The second aim of  this study was to determine whe-
ther contrast-enhanced CBCT could predict the ablation 
volume immediately after the ablative procedure. Thus, 
peri-procedural CBCT images were compared with 
1-2 mo post-procedural MDCT used as the reference 
imaging modality. There was an excellent correlation 
between ablation zone volumes. Interestingly, besides 
the quantitative results, image registration of  the two 
approaches matched very well in most cases, confirming 
that immediate assessment of  the ablation zone was 
highly reliable. These results are similar to those published 
by Iwazawa et al[18] indicating that the combination of  
ultrasound and peri-procedural CBCT provides an 
interesting alternative to MDCT. This combination 
could become the standard of  care in centers in which 
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Table 1  Patients and ablation characteristics

Patient Sex Age 
(yr)

Tumor size (mm) Tumor volume (cm3) Ablation volume (cm3) Registration CBCT image quality

CBCT MDCT Quality Time (mo)

1 M 71 30 13.0 40   32 2    3.9 3
2 M 63 25   8.5 10   12 1    3.3 2
3 M 74 32 16.0 37   55 3    3.4 1
4 M 74 35 22.0 77   69 3    3.3 3
5 M 55 40 36.0    58.5   46 2    6.3 3
6 M 46 15   3.0 12        7.5 3 5 3
7 M 46 30 14.0 38   30 3 8 2
8 M 46 12   2.5 30   32 3 8 2
9 M 68 30 13.5 33  59 3    4.2 2
10 M 65 14   3.0 10   17 1 4 1
11 M 86   8   0.5 58   38 1 7 2
12 F 68 20   5.0   4   13 1 5 2
13 M 60 15   3.5 47   34 1 8 2
14 F 56 30 13.0 32   38 3 7 3
15 F 84 22   6.0 10   12 3 4 3
16 M 54 35 27.0 95 124 3 5 3
17 M 81 24   8.5   8     9 3 5 3
18 F 76 13   3.0   8     6 3 3 3
19 F 76 14   3.5 10   11 2 3 3
20 M 77 18   4.0 31   29 3 5 3
21 M 77 11   2.5 13   30 3 5 3
22 F 50 13   3.0 27   19 2 6 3
23 M 57 14   3.5   7     4 1 8 2

Registration quality of the liver contours was rated as follows: (1) poor registration (> 20 mm for liver contours); (2) good registration (between 5-20 
mm for both liver vessels and liver contours); and (3) excellent registration for both liver vessels and liver contours (< 5 mm for both liver vessels 
and liver contours). Cone beam computed tomography (CBCT) image quality was evaluated as follows: (1) poor quality: no visible ablation; (2) good 
quality: detection of ablation but presence of artifacts which hamper clear delineation; and (3) excellent quality: detection of ablation and no artifacts. 
Registration time corresponds to the duration of the software manipulation to achieve the best image fusion between baseline computed tomography and 
periprocedural CBCT. MDCT: Multidetector computed tomography.
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interventional radiology CT is not available. In these 
centers, the use of  CBCT rather than diagnostic CT 
could be more cost-effective, and make diagnostic CT 
available to other patients. Further study is needed on 
this issue. 

Indeed, despite the advantages of  CBCT in inter-
ventional radiology rooms, the quality of  images with 
this technology is not as good as that of  conventional 
MDCT. The increased scattered radiation generated by 
CBCT results in image artifacts, decreased contrast-to-
noise, and inaccuracies in CT calculations[13]. Although 
this new technique will not replace MDCT to detect local 
tumor progression in the near future, it can provide peri-
procedural information to identify incomplete treatment.

CBCT requires increased doses of  radiation. How-

ever, this is difficult to evaluate because there is no 
standard dose metric. For instance, the CT dose index 
and the dose length product do not correctly apply to 
cone beam geometries in a flat panel detector. Recently, 
Strocchi et al[21] compared the dose of  cone beam CT 
and MDCT in thoracic biopsy procedures. The authors 
concluded that although the differences were not always 
statistically significant, the general distribution of  organ 
doses showed that the MDCT-guided doses were higher 
than CBCT-guided doses.

We also wanted to compare the radiation dose of  
CBCT acquisition and CT. This task is rather difficult 
because there is a lack of  a universally accepted common 
dose metric. For instance, CT dose index and the dose 
length product do not correctly apply to cone beam geo-
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Figure 2  A 53-year-old man with small hepatocellular carcinoma in the right liver. On baseline arterial phase axial and coronal contrast-enhanced multidetector 
computed tomography (MDCT) (A and B), the tumor was hypervascular (arrow). On axial and coronal contrast-enhanced cone beam computed tomography (CBCT) 
immediately after radiofrequency ablation (C and D), the ablation zone was clear and markedly hypoattenuating. Image fusion performed between baseline arterial 
phase contrast-enhanced MDCT and contrast-enhanced CBCT showed satisfactory tumor coverage (E). The ablation zone is clearly visible on 1-mo post-procedural 
axial and coronal contrast-enhanced MDCT (F and G). The volume of necrosis obtained from contrast-enhanced CBCT and 1-mo post-procedural contrast-enhanced 
MDCT was similar.

A B C

D E F

G
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metries of  a flat panel detector and the dose is non-linear 
with the central slice getting the highest dose. However 
imperfect and indirect, we have found that the median 
effective dose of  CBCT acquisition was inferior to that 
of  MDCT acquisition. Our results are in agreement with 
recent publications[22,23].

Besides its monocentric, retrospective design, the 
present study has certain limitations. Firstly, CBCT 
acquisitions were obtained during the portal venous phase 
to maximize the contrast between the ablation zone and 
the liver parenchyma. Nevertheless, the value of  arterial-
phase CBCT acquisitions for detecting residual arterial 
enhancement was not assessed. Secondly, an acquisition 
field of  view of  40 cm provides a reconstruction field of  
view of  23.2 cm due to the magnification effect caused 
by source image distance. Therefore, patient positioning 
is important, especially in obese patients. Indeed, 
positioning should be planned before the procedure, so 
that the ablation zone is in the center of  the acquired 
volume. In addition, the study population was fairly 
small. Finally, post-procedural MDCT was performed at 
different times after the ablation (1-2 mo). This might 
create a potential bias due to the progressive modification 
of  the ablation zone. Nevertheless, a significant 
correlation was observed between ablation volume on 
peri-procedural CBCT and post-procedural MDCT. This 
suggests that these modifications are limited and do not 
affect assessment of  the ablation volume.

In conclusion, this study shows that immediate 
intravenous contrast-enhanced CBCT following 
percutaneous tumor ablation of  the liver is feasible and 
could provide early assessment of  the ablation zone and 
margins.

COMMENTS
Background
Ablation is an increasingly used treatment for focal liver lesions, particularly 
hepatocellular carcinoma and liver metastases. The risk of local tumoral 
progression after the treatment is strongly associated with the volume of 

ablation, and especially the presence of peritumoral safety margins. Early 
assessment of the ablation volume is therefore very important.
Research frontiers
Early evaluation of ablation area can be performed with immediate contrast-
enhanced cross-sectional imaging such as computed tomography (CT) or 
magnetic resonance (MR). However, many teams use ultrasound guidance 
for liver ablation. In this setting, ablation volume is not easily evaluated. The 
authors show that contrast-enhanced cone beam computed tomography 
performed immediately after ablation may help in visualizing of the ablation 
volume.
Innovations and breakthroughs
Recent studies have demonstrated the clinical value of cone beam computed 
tomography (CBCT) for the guidance, monitoring and evaluation of numerous 
vascular and non-vascular interventional radiology procedures such as biopsies 
or intra-arterial therapies. This study enlarges the field of application of contrast-
enhanced CBCT to liver ablation procedures.
Applications
By showing ablation volume immediately after ablation, these results may lead 
to a more confident ablation procedure, avoiding the use of CT or MR which 
can therefore be dedicated to diagnostic purposes, and hopefully decrease the 
rate of local tumoral progression.
Terminology
CBCT refers to a recently developed imaging technique using X-ray. During 
the image acquisition, an X-ray source rotates around the patient and enables 
the acquisition of a volume of interest. The technology resembles that of CT, 
but is performed in interventional radiology rooms using a flat panel detector. It 
provides three-dimensional rendering of tissues and is very useful for catheter 
vascular and non-vascular procedure guidance, monitoring and evaluation.
Peer review
The authors examined the feasibility, image quality and immediate interest 
of contrast-enhanced CBCT for the evaluation of ablation volume after liver 
ablation. They showed that contrast-enhanced CBCT is feasible and could 
provide early assessment of the ablation zone and margins. They also showed 
that CBCT images are well correlated with the reference CT performed one to 
two months after the procedure. These results are interesting and may indicate 
that CBCT can provide early additional information for the management of the 
patients.
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