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Abstract
AIM:To evaluate the feasibility of intravenous contrast-
enhanced C-arm computed tomography (CT) for as-
sessing ablative areas and margins of liver tumors.

METHODS: Twelve patients (5 men, 7 women; mean 
age, 69.5 years) who had liver tumors (8 hepatocellular 
carcinomas, 4 metastatic liver tumors; mean size, 16.3 
mm; size range, 8-20 mm) and who underwent per-
cutaneous radiofrequency ablations (RFAs) with a flat-
detector C-arm system were retrospectively reviewed. 
Intravenously enhanced C-arm CT and multidetector 
computed tomography (M�CT) images were obtained 
at the end of the RFA sessions and 3-7 d after RFA to 
evaluate the ablative areas and margins. The ablated 
areas and margins were measured using axial plane 
images acquired by both imaging techniques, with prior 
contrast-enhanced M�CT images as the reference. 
The sensitivity, specificity, and positive and negative 
predictive values of C-arm CT for detecting insufficient 
ablative margins (< 5 mm) were calculated. Statistical 
differences in the ablative areas and margins evaluated 

with both imaging techniques were compared using a 
paired t -test. 

RESULTS: All RFA procedures were technically succe-
ssful. Of 48 total ablative margins, 19 (39.6%) and 20 
(41.6%) margins were found to be insufficient with 
C-arm CT and M�CT, respectively. Moreover, there were 
no significant differences between these 2 imaging 
techniques in the detection of these insufficient abla-
tive margins. The sensitivity, specificity, and positive 
and negative predictive values for detecting insufficient 
margins by C-arm CT were 90.0%, 96.4%, 94.7% and 
93.1%, respectively. The mean estimated ablative ar-
eas calculated from C-arm CT (462.5 ± 202.1 mm2) 
and from M�CT (441.2 ± 212.5 mm2) were not signifi-
cantly different. The mean ablative margins evaluated 
by C-arm CT (6.4 ± 2.2 mm) and by M�CT (6.0 ± 2.4 
mm) were also not significantly different. 

CONCLUSION: The efficacy of intravenous contrast-
enhanced C-arm CT in assessing the ablative areas and 
margins after RFA of liver tumors is nearly equivalent to 
that of M�CT.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Radiofrequency ablation (RFA) is an established local 
therapy for managing malignant liver tumors because of  
its applicability to minimally invasive treatment. A recent 
randomized controlled trial demonstrated that RFA for 
small hepatocellular carcinoma confers a survival benefit 
comparable to that of  surgical resection[1]. In addition, 
RFA offers patients the potential benefits of  safety, rea-
sonable cost, and reduced hospitalization, while result-
ing in postoperative outcomes comparable to those of  
surgery[2]. To achieve curative ablation, complete ablation 
of  the tumor with ablative margins of  at least 5 mm is re-
quired[3]. Failure to obtain these sufficient safety margins 
is one of  the significant prognostic factors affecting local 
tumor progression[4]. The ablative areas and margins are 
usually evaluated after RFA therapy with postprocedural 
contrast-enhanced multidetector computed tomography 
(MDCT) or magnetic resonance (MR) imaging[3,5]. How-
ever, an immediate assessment of  therapeutic efficacy 
using CT or MR imaging can be difficult to accomplish 
unless the procedure can be performed on the available 
CT or MR imaging equipment. Otherwise, the patient 
must be transferred to the nearest imaging scanner, whi-
ch requires significant preparation time and carries an 
increased risk of  contamination of  both the patient and 
the RFA equipment. 

The flat-detector C-arm angiographic system is a 
relatively new imaging system that generates both con-
ventional angiographic images and multisectional soft 
tissue images similar to those of  CT[6,7]. Moreover, re-
cent developments in C-arm cone-beam CT technology 
have enabled the prompt acquisition of  CT-like images 
without the need for patient transfer and with a CT dose 
index lower than that of  conventional CT[8,9]. Further-
more, a wider free space than that for a conventional CT 
scanner is available in the C-arm equipment, and thus, 
easier and safer RFA procedures would be expected. 
C-arm CT images are acquired by rotating a flat detec-
tor around the patient, and these images provide useful 
information about tumor location and configuration[10]. 
The images can also be used to determine the best navi-
gation route for the needle[11] to perform RFA of  liver 
tumors. Due to the low-contrast nature of  C-arm CT[12], 
assessment of  the therapeutic efficacy of  RFA requires 
contrast-enhanced C-arm CT images that are commonly 
acquired by injecting contrast material through a catheter 
previously placed in the hepatic artery[11]. The intravenous 
administration of  contrast material is a convenient and 
timesaving technique that is less invasive for the patients. 
However, the application of  intravenously enhanced 
C-arm CT for assessing the therapeutic efficacy of  RFA 
has not yet been documented. 

In this preliminary study, we evaluated the feasibility 
of  intravenously enhanced C-arm CT for the immediate 
assessment of  ablative areas and margins after RFA of  
malignant liver tumors.

MATERIALS AND METHODS
Study design
We retrospectively reviewed 12 patients (5 men, 7 wom-
en; mean age, 69.5 years) who had solitary liver tumors 
(8 hepatocellular carcinomas and 4 metastatic tumors; 
size range, 8-20 mm; mean size, 16.3 mm) and who un-
derwent intravenous contrast-enhanced C-arm CT and 
MDCT after RFA between December 2009 and April 
2011. All patients underwent contrast-enhanced MDCT 
within 56 d (mean, 35.6 d) prior to the RFA session. The 
diagnosis of  the tumor was confirmed from previous 
imaging findings as well as from elevated levels of  serum 
tumor markers. For evaluating ablative areas and margins, 
intravenously enhanced C-arm CT and MDCT images 
were obtained at the end of  the RFA sessions and 3-7 d 
after the sessions. Ablative areas and margins measured 
with both imaging techniques were compared, with pre-
procedural MDCT images as the reference.

This study proceeded in accordance with the guide-
lines of  our institutional review board, and written in-
formed consent was obtained from the patients.

Radiofrequency ablation
All RFA procedures were performed with a flat-detector 
C-arm angiographic system (Innova 3100; GE Health-
care, Waukesha, WI, United States). A 17-gauge radiofre-
quency electrode (Cool-tip radiofrequency electrode; Ra-
dionics, Burlington, MA, United States) with an exposed 
needle tip of  2 or 3 cm was used depending on the size 
of  the tumor. The needle was inserted using ultrasound 
(US) guidance in all cases. When the target tumor was 
poorly defined by the US, C-arm CT was used to assist 
the needle placement. The ablation was terminated when 
tissue resistance reached the maximum value or when 
the ablative duration exceeded 6 min. After the ablation 
was completed, the temperature of  the ablated tissue was 
measured. When the tissue temperature had not exceeded 
60 ℃, additional ablation was performed after needle re-
placement until the tissue temperature exceeded 60 ℃[13].

C-arm computed tomography
Intravenous contrast-enhanced C-arm CT images were 
obtained 2 min after injecting a 90-mL bolus of  io-
pamidol (300 mgI/mL; flow rate, 1 mL/s) through the 
antecubital vein by using a power injector. The image 
acquisition parameters were as follows: total scanning 
angle, 200°; acquisition time, 10 s; matrix size, 1500 × 
1500; isotropic voxel size, 0.2 mm; and effective field of  
view (FOV), 18 cm2. Raw data sets were transferred to 
an external workstation (Advantage Workstation 4.2; GE 
Healthcare), where the images were reconstructed with 
a slice thickness of  3-5 mm on multiple planes. Images 
were reconstructed within approximately 2.25 min of  the 
end of  each scan.

Multidetector computed tomography 
Triphasic contrast-enhanced MDCT images were ob-
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tained using a 16-MDCT scanner (Somatom Sensation, 
Siemens Medical Solutions, Forchheim, Germany) with 
the following scanning parameters: 120 kV; 182 mA; 
beam collimation, 0.75 mm; helical pitch, 1.15 mm; and 
rotation table speed, 0.5 s. Helical acquisition for arte-
rial, portal, and venous phase imaging was initiated at 20, 
60 and 160 s, respectively, after a threshold level of  100 
Hounsfield units (HU) was reached in the abdominal aor-
ta. Images were reconstructed in 5-mm thick transverse 
sections. 

Image analysis
Both contrast-enhanced C-arm CT images and portal-
phase MDCT images were viewed on a commercial 
workstation (eFilm Workstation; Infocom, Tokyo, Japan) 
by a single observer who had more than 10 years of  
experience in hepatic vascular intervention and liver im-
aging. Firstly, the diameters of  the ablated regions were 
measured in 2 orthogonal long and short axes by using 
axial plane images of  each imaging modality. By using an 
eclipse model, the estimated ablated area was calculated 
as πab, where a and b are one-half  of  the long and short 
axes, respectively. Secondly, the ablative margins of  each 
region were measured in 4 orthogonal directions on the 
axial plane image by measuring the distance from the 
nearest hepatic or portal vein, with preprocedural MDCT 
images as the reference (Figures 1 and 2). The distance 
measurements were performed manually on the worksta-
tion.

Differences in the detection of  insufficient ablative 
margins (< 5 mm), mean estimated ablative areas, and 
mean ablative margins in C-arm CT and MDCT images 
were statistically compared using the paired t-test. The 
sensitivity, specificity, positive predictive values (PPVs), 
and negative predictive values (NPVs) for detecting in-
sufficient ablation margins by C-arm CT were calculated, 
using MDCT images as the reference.

RESULTS
All RFA procedures were technically successful without 
major complications in all 12 patients. Two of  the twelve 
patients received C-arm CT assistance during the RF 
needle placement because the target lesion was located 
outside the US scan range. Of  the 12 patients, 6 received 
a single ablation, whereas the remaining 6 underwent 
an additional ablation after adjusting the needle posi-
tion based on US images. The mean ablation time for 
single lesions was 8.9 min (range, 6-12 min). The mean 
therapeutic time from needle insertion to completion of  
the final image acquisition of  C-arm CT was approxi-
mately 40 min. For all 12 patients, intravenous contrast-
enhanced C-arm CT images were successfully obtained 
after the procedure. There were no significant differences 
in detection for the long and short axes of  the ablated 
tissues, mean estimated ablative area, mean ablative mar-
gin, and an insufficient safety margin with C-arm CT and 
with MDCT (Table 1). The sensitivity, specificity, PPV, 

and NPV for detecting insufficient safety margins with 
the C-arm CT were 90.0%, 96.4%, 94.7% and 93.1%, 
respectively. One false positive and 2 false negative find-
ings were recorded on C-arm CT images. The false posi-
tive result was attributed to the oblique acquisition of  the 
C-arm CT images, and the 2 false negatives were caused 
by size reduction of  the ablated tissues. Local tumor 
recurrence was observed in 2 of  the 12 study lesions dur-
ing the follow-up observation periods (mean, 10.1 mo; 
range 5-18 mo). These 2 recurrent lesions arose from the 
locations that were equally judged as insufficient ablative 
margins using both C-arm CT and MDCT. 

DISCUSSION
In this study, we found that C-arm CT is nearly equiva-
lent to MDCT in terms of  detecting ablative areas and 
insufficient safety margins directly after RFA procedures. 
This result could be applied to determine the therapeu-
tic endpoint of  RFA and map further treatment strate-
gies. When C-arm CT detects an insufficient ablation 
margin or a residual lesion, targeted additional ablation 
would then be promptly applied under C-arm CT as-
sistance. Conversely, when sufficient ablative margins are 
confirmed on C-arm CT images, additional therapeutic 
assessments with other imaging modalities may not be re-
quired. Another advantage of  C-arm CT is its multiplicity 
in usage. As C-arm CT has comparable ability to MDCT 
for the detection of  hypervascular liver tumors[10,14], oper-
ators can obtain pretreatment information for treatment 
planning, including skin entry point, needle path, and 
target lesion location, size, and configuration from C-arm 
CT images immediately prior to the therapy. C-arm CT is 
also useful during therapy for enabling 3D fluoroscopic 
guidance for insertion of  the radiofrequency electrode to 
the target tumor, which provides operators with a safer 
and easier approach to the target[11]. Furthermore, as sug-
gested by our results, the treatment efficacy of  RFA can 
be evaluated with C-arm CT acquired immediately after 
the therapy. Thus, C-arm CT has various potential appli-
cations throughout the RFA procedures. 

Although there were no significant differences in de-
tection for the long and short axes of  the ablated tissues, 
the mean estimated ablative area, and mean ablative mar-
gin with C-arm CT and with MDCT, all of  the param-
eters were slightly overestimated by C-arm CT relative to 
MDCT. This result might be attributable to differences in 
the time points at which the image acquisitions occurred. 
During the ablation process, the tissue is destroyed by 
coagulative necrosis. The resultant ablated region then 
gradually decreases in size through tissue shrinkage[15]. 
Therefore, a more accurate comparison would have been 
expected if  C-arm CT and MDCT images were obtained 
on the same day. 

Kim et al[16] reported that a 5-mm safety margin was 
achieved in only 2.7% of  patients, and vessel-induced 
indentation of  the ablation zone contributed to the 
thinnest ablative margins observed in 47.3% in RFA of  

Iwazawa J et al . C-arm CT for liver tumor ablation
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Figure 2  A 59-year-old woman with a 15-mm hepa-
tocellular carcinoma in hepatic segment Ⅲ. A: An 
arterial-phase image from contrast-enhanced multidetector 
computed tomography (MDCT) prior to treatment shows a 
well-enhanced tumor in hepatic segment Ⅲ (arrow); B: An 
arterial-phase MDCT image in which the tumor size has 
been measured in the vertical and horizontal directions 
and the tumor location has been determined by the dis-
tance from the left portal vein; C: An intravenous contrast-
enhanced C-arm computed tomography (CT) image 
obtained just after radiofrequency ablation (RFA) reveals 
insufficient ablative margins in the right lateral (1.1 mm) 
and dorsal (1.9 mm) directions. Indentations caused by the 
left hepatic vein and the portal vein adjacent to the tumor 
might disrupt sufficient ablation. The ventral (11.3 mm) and 
left lateral (5.4 mm) ablative margins appear sufficient; 
D: A portal-phase image from contrast-enhanced MDCT 
obtained 7 d after RFA shows an almost identical configu-
ration with comparable ablative margins (ventral margin, 
11.0 mm; dorsal margin, 3.0 mm; right lateral margin, 2.0 
mm; left lateral margin, 6.0 mm) to those evaluated on 
C-arm CT image.

Figure 1  A 43-year-old woman with a 13-mm hepato-
cellular carcinoma in hepatic segment Ⅳ. A: A venous-
phase image from contrast-enhanced multidetector 
computed tomography (MDCT) prior to treatment shows 
a hypoattenuated tumor in hepatic segment Ⅳ (arrow); 
B: A venous-phase MDCT image in which the tumor size 
has been measured in vertical and horizontal directions 
and the tumor location has been determined by the dis-
tance from the left portal vein; C: An intravenous contrast-
enhanced C-arm computed tomography image obtained 
just after radiofrequency ablation (RFA) shows sufficient 
ablative margins in all 4 directions (ventral margin, 1.8 
mm; dorsal margin, 8.8 mm; right lateral margin, 20.5 
mm, left lateral margin, 10.3 mm) even though the ventral 
ablative margin is less than 5 mm due to the adjacent liver 
border; D: A portal-phase image from contrast-enhanced 
MDCT obtained 7 d after the RFA procedure shows an 
almost identical configuration with ablative margins (ventral 
margin, 2.0 mm; dorsal margin, 8.0 mm; right lateral mar-
gin, 17.0 mm; left lateral margin, 10.0 mm) comparable to 
those depicted in the C-arm CT image. 

A B

C D
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C-arm computed tomography Multidetector computed tomography P  value

Mean long axis (mm) 28.1 ± 8.1 27.3 ± 8.1 0.134
Mean short axis (mm) 19.9 ± 4.8 19.3 ± 5.1 0.161
Mean estimated ablative area (mm2)   462.5 ± 202.1   441.2 ± 212.5 0.206
Mean ablative margin (mm)   6.4 ± 2.2   6.0 ± 2.4 0.159
Insufficient safety margin detection (%) 39.6 (19/48) 41.6 (20/48) 0.569

Table 1  Comparison of intravenous contrast-enhanced C-arm computed tomography and multidetector computed tomography for 
the assessment of ablative areas and margins in radiofrequency ablation of liver tumors (mean ± SD)
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patients with hepatocellular carcinoma whose tumor di-
ameters were 2-5 cm. In this study, a 5-mm safety margin 
was achieved in 60.4% (29/48) of  patients with C-arm 
CT and 58.3% (28/48) of  patients with MDCT. Tumor 
size in this study (mean, 1.6 cm; range 0.8-2.0 cm) was 
relatively small, which might have affected this higher 
rate of  achieving sufficient ablative margins in our study. 
Vessel-related indentation for insufficient ablative mar-
gin was observed in 37.5% (18/48) of  subjects for both 
C-arm CT and MDCT in this study, as shown in Figure 2. 

C-arm CT intrinsically has potential disadvantages in 
the assessment of  ablative areas and the safety margins 
in terms of  contrast resolution, image quality, and FOV. 
Although C-arm CT has a comparable spatial resolution 
to MDCT[17], its contrast resolutions are expected to be 
only 50 HU for abdominal application[6]. The usage of  
contrast material for C-arm CT acquisition may over-
come this limitation; however, imaging information for 
liver tumors using intravenously enhanced C-arm CT has 
not yet been quantified. C-arm CT has modality-specific 
artifacts that occasionally can negatively affect the image 
quality. For example, transient movement during image 
acquisition spoils the entire image quality in C-arm CT, 
whereas only the affected slice image is spoiled in MDCT. 
Recently, respiratory motion artifacts in C-arm CT have 
been successfully corrected in a phantom model[18]. Thus, 
patients who have difficulty holding their breath or have 
tumors in the left hepatic lobe susceptible to the heart-
beat could be accurately examined by C-arm CT in the 
near future. In the current study, although some move-
ment artifacts affected image quality, the detection of  
ablative areas and margins remained acceptable. The ef-
fective FOV available with the flat-detector C-arm system 
used in this study was only 18 mm2. This might be ac-
ceptable for planning and assessing the RFA for a single 
lesion; however, it becomes problematic when visualiza-
tion of  2 or more hepatic lesions located throughout the 
entire liver is required. However, these shortcomings can 
be overcome using a wider detector with an increased 
scanning range.

This study has several limitations. Firstly, we com-
pared single-phase contrast-enhanced C-arm CT with 
triple-phase contrast-enhanced MDCT. Due to the rela-
tively long reconstruction time for the current version of  
C-arm CT, acquiring triphasic contrast-enhanced C-arm 
CT images was unachievable. We therefore compared 
contrast-enhanced C-arm CT images with the portal-
phase images of  MDCT. Secondly, the ablated area and 
margins were measured manually on the workstation by a 
single observer. The measurements may have contained 
certain errors. Thirdly, the amount of  iopamidol admin-
istered for a single acquisition of  C-arm CT was 90 mL 
in this study. Repeated acquisition of  contrast-enhanced 
C-arm CT is limited due to increased risk of  renal distur-
bance. Fourthly, we evaluated ablative areas and margins 
only on an axial plane image. In clinical settings, 3-dimen-
sional images are required for assessing the safety mar-
gins in every direction. 

In this preliminary study, the efficacy of  intravenous 
contrast-enhanced C-arm CT for assessing ablative areas 
and safety margins immediately after the RFA of  liver 
tumors is nearly equivalent to that of  MDCT performed 
3-7 d after RFA. 
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