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Abstract 
Introduction: Sonography is the most universally used imaging technique for 
planning and performing thermal ablation in Hepatocellular carcinoma pa-
tients due to its efficiency and safety. However, the presence of HCC nodules 
that are hardly visible on traditional sonography is a major drawback to its 
use during thermal ablation. Real-time image fusion (fusion imaging) or real- 
time virtual sonography is a new technology that has been developed. Aim: 
To determine the value of fusion/navigation guided percutaneous thermal 
ablation in the management of hepatocellular carcinoma that has poor con-
spicuity at conventional sonography. Subjects and Methods: This study in-
cluded 70 HCC patients (BCLC A and B). Percutaneous radiofrequency abla-
tion was done via real-time image fusion for 14 patients with poorly visible 
HCC nodules (study group), while Percutaneous radiofrequency ablation was 
done via traditional sonography for 56 patients with HCC nodules (control 
group). Results: The median time to reach the tumor was significantly short-
er by using fusion navigation technique (P = 0.034). By using fusion naviga-
tion technique 92% of the lesions were completely ablated while 55% only 
were completely ablated by using ultrasonography (P = 0.014). One year after 
the procedure , by using fusion navigation technique 92% of the patients had 
complete response and only 55% of the patients had complete response by us-
ing conventional ultrasonography (P = 0.011). The survival distributions for 
both interventions were statistically significantly different, χ2 = 10.12, P = 
0.001. Conclusion: Fusion imaging-guided percutaneous RFA is a reasonable 
and efficient treatment of patients with HCC undetectable by traditional ul-
trasonography. 
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1. Introduction 

Hepatocellular carcinoma (HCC) is considered one of the poorest prognostic solid 
cancer, representing about 90% of primary liver cancer. It is the third most com-
mon cause of cancer related mortality worldwide. In spite of the recent devel-
opment of the surgical techniques and new types of treatment, HCC is a disease 
with short-term survival [1]. 

In Egypt, HCC is considered a significant public health problem, where it is 
responsible for 33.63% and 13.54% of all cancers in males and females corres-
pondingly [2] [3]. The process of carcinogenesis is complex involving multistep 
with different epigenetic, and genetic changes [4] [5]. 

The major risk factors for liver cancer in clinical practice are related to hepati-
tis C viral infection, hepatitis B viral infection, alcoholic and nonalcoholic fatty 
liver disease [6] [7] [8] [9]. The sequences of chronic HCV infection [10] [11] 
include the development of liver cirrhosis [12] [13], end stage liver diseases [14] 
and the progression of HCC depending on different immunological factors and 
genetic susceptibility [15] [16] [17] [18]. 

Alternative to surgical resection of HCC, Percutaneous thermal ablation is 
broadly performed as a non-invasive curative treatment for HCC [19]. 

For successful thermal ablation of HCC doctors must complete the following 
steps: planning, treatment (directing, monitoring, and controlling), and judging 
the treatment response [20]. 

Sonography is the most universally used imaging technique for planning and 
performing thermal ablation in HCC patients due to its efficiency and safety. 
However, the presence of hardly visible HCC nodules on traditional sonography 
is a major problem to its use during thermal ablation [21]. 

Real-time image fusion or real-time virtual sonography is a new technology 
has been progressed. It can reconstruct high-resolution multiplanar images by 
the use of 3D data, along with a position-tracking device which utilizes magnetic 
navigation. The real time sonograms could be joined with corresponding planar 
images taken by MRI, CT, or even sonographic volume data. Such new technol-
ogy can overcome that weakness of traditional sonography [22]. 

By using this technique, we can reduce the sampling error by an accurate loca-
lization of the target lesions. Fusion imaging also improves the conspicuity of 
hepatocellular carcinomas (HCCs) and the feasibility of percutaneous radiofre-
quency ablation (RFA) of HCCs not identifiable on B-mode US [22]. 

Fusion imaging is also useful in avoiding the mistargeting of HCC-ablating a 
pseudolesion, not the true lesion-by reducing the false-positive detection of small 
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HCCs on B-mode US. Fusion imaging can also guide accurate overlapping abla-
tions of HCCs on the basis of the fused CT or MR images. Therefore, it can re-
duce the number of RFA sessions for HCCs invisible on B-mode US. Given that 
the detectability of HCCs depends on the tumor size, fusion imaging is likely to 
be more useful for small HCCs [22]. 

2. Aim of Work 

The purpose of such study is to determine the value of fusion/navigation guided 
percutaneous thermal ablation in the treatment of HCC that has poor conspicu-
ity at conventional sonography. 

3. Subjects and Methods  

3.1. Patients 

Out of 1856 patients presented with hepatocellular carcinoma from January 2017 
to May 2019, 70 patients from Tropical medicine and hepatogastroenterology 
department, Mansoura University Hospitals, Mansoura, Egypt and National 
Hepatology and Tropical medicine Research Institute, Cairo, Egypt were selected 
to be included in this study. After obtaining an approval from the ethical com-
mittee, a written consent was obtained from all patients, and the selected 70 pa-
tients with HCC were subdivided into two groups: The first group contained 14 
patients who underwent radiofrequency thermal ablation with fusion navigation 
technique due to hard visibility of focal lesions by traditional ultrasonography 
and the second group contained 56 patients underwent radiofrequency thermal 
ablation via conventional ultrasonography. HCC diagnosis was done according 
to noninvasive diagnostic criteria obtained by imaging modalities [23]. Percuta-
neous radiofrequency ablation for both groups was done by two physicians with 
about 6 years of experience in thermal ablation as line of treatment of HCC. 

Inclusion criteria for the study were patients with Child-Pugh class A or B, 
patients with prothrombin time ratio greater than 50% and platelet count greater 
than 50,000/mm3 and patients without portal vein thrombosis or extrahepatic 
metastasis. 

All the patients were subjected to complete history taking, physical examina-
tion, laboratory investigations including complete blood picture, liver function 
tests (Serum albumin, Serum bilirubin Total& Direct, SGPT, SGOT, Prothrom-
bin Time.), virology (HBs Ag, HCV Ab), serum Creatinine and Alpha fetoprotein 
and radiological investigations (Pelvi-Abdominal ultasound and Dynamic Ab-
dominal imaging studies (CT &/MRI). 

Out of 70 tumors included in this study, 14 tumors were considered not treata-
ble with conventional US due to insufficient distinction of their echogenicity from 
adjacent tissues or inability to be detected , as they were sited in an inaccessible 
area by US as Contrast enhanced ultrasound (CEUS) is not available in our in-
stitution. 
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3.2. Technique 

3.2.1. US-CT/MRI Imaging Fusion  
Ultrasound scanners (EIPIC, Philips) with convex probes of 3.5-MHz and needle 
guidance devices. Hardware involved a magnetic field transmitter sited near the 
right abdominal upper quadrant (PercuNav, Germany) and two electro-magnetic 
sensors, one being applied to the probe and the other being attached to the han-
dle. This system allows orientation in space of the US probe. 

CT/MRI data were then transmitted in DICOM format to the ultrasound sys-
tem. Series for fusion imaging were chosen for each case depending on the op-
timal display criteria of targeted lesions and visualization of nearby blood vessels. 
US was registered initiating from a reference plane (often the trans-umbilical 
plane) as visualized by the two modalities. Fusion of images underwent further 
refining by the identification of 4 - 5 concordant internal anatomical markers on 
both modalities with minimal adjusting to allow entire image alignment.  

Recently, only one anatomical marker was required with “fine tuning” tech-
niques. Acceptable registration could be determined in nearly five to 20 minutes. 
Then, the system undergoes simultaneous display in real-time ultrasound scans 
on a screen side with CT/MRI imaging on another side. A ‘‘virtual’’ target un-
derwent manual application to the lesion visualized on CT-MRI scanning and a 
corresponding target was applied automatically to the corresponding site on US 
scan. The most convenient route to the targeted lesion was automatically applied 
on modalities. 

3.2.2. Ablation Procedures 
For both groups (70 patients) treatment was applied under general anesthesia. 
Radiofrequency ablation (RFA) was applied with a 200-Watt generator and sin-
gle two-cm tip, 17-gauge monopolar, cooled-tip electrodes. For the 1st group ( 14 
patients), the ablation was done by fusion navigation technique while it was 
done via traditional ultrasonography for the 2nd group (56 patients).For the 1st 
group, applicator insertion was done at expiration or transient stopping of ven-
tilation. During inserting the electrode, and all the time over the ablation, a vir-
tual needle was shown on the CT-MRI scans. 

3.2.3. Postablation Targeting and Technical Success 
Follow up dynamic study (CT or MRI) was done one month after the procedure 
for both groups for detection of the outcome of ablation. All the studied groups 
were underwent Follow up over a period of one year for detection of any recur-
rence of HCC by dynamic study (CT or MRI). 

3.3. Data Analysis 

IBM’s SPSS statistics (Statistical Package for the Social Sciences) for windows 
(version 25, 2017) was used for statistical analysis of the collected data. Shapi-
ro-Wilk test was used to check the normality of the data distribution. All tests 
were conducted with 95% confidence interval. P (probability) value <0.05 was 
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considered statistically significant. Charts were generated using SPSS’ chart 
builder and Microsoft Excel for windows 2019. A survival analysis was con-
ducted using Kaplan-Meier graph to assess the median duration for in prevent-
ing recurrence in the treated patients. Reading from both groups were compared 
using the log rank test.  

4. Results  

As illustrated in Table 1, the 1st group (study group) contained 14 patients (10 
males and 4 females) while the 2nd group (control group) contained 56 patients 
(48 males and 8 females) (P = 0.24). The median age of the study group was 59 ± 
5.6 years while it was 60.04 ± 5.1 years in the control group (P = 0.63). There was 
no significant difference between both groups as regard etiology of liver disease 
(P = 0.58). There was no significant difference between study and control group 
as regard presence of cirrhosis, Child pugh classification and BCLC classification 
(P = 1, 0.05 and 0.34 respectively). 

As illustrated in Table 2, the study group contained 12 patients with single le-
sion and only 2 patients had 2 lesions while 53 patients had single lesion and 
only 3 patients had 2 lesions in the control group (P = 0.58).The median of the 
maximum diameter of the tumor was 1.8 ± 0.28 cm in the 1st group and 1.84 ± 
0.26 cm in the 2nd group (P = 0.61). There was no significant difference between 
the two groups as regard tumor location and history of previous ablation (P = 
0.66 and 1 respectively). 

As regard tumor visibility and accessibility in the study group tumor, 64% 
were not visible by conventional ultrasound and 36% were hardly visible. As re-
gard Access route, 79% were difficult accessed and 21% were easily accessed 
(Table 3). 
 
Table 1. Demographic data of all patients. 

 Study group (n = 14) Control group (n = 56) P value 

Age 59.29 ± 5.65 60.04 ± 5.11 0.63 

Sex 
Male 71% (10) 86% (48) 

0.24 
Female 29% (4) 14% (8) 

Etiology of  
liver disease 

HBV 14% (2) 5% (3) 
0.58 

HCV 86% (12) 95% (53) 

Presence of cirrhosis 100% (14) 100% (56) 1 

Child classification 
A 64% (9) 88% (49) 

0.05 
B 36% (5) 12% (7) 

BCLC classification 
A 79% (11) 91% (51) 

0.34 
B 21% (3) 9% (5) 

Data is expressed as percentage and frequency. 95%CI: 95% confidence interval of difference. P is signifi-
cant when <0.05. 

https://doi.org/10.4236/ojgas.2020.1012032


A. M. El Nakib et al. 
 

 

DOI: 10.4236/ojgas.2020.1012032 334 Open Journal of Gastroenterology 
 

Table 2. Tumor characteristics and treatment history of both groups. 

 Study group (n = 14) Control group (n = 56) P value 

Number of lesions 
1 86% (12) 95% (53) 

0.58 
2 14.3% (2) 5% (3) 

Tumor maximum diameter 1.8 ± 0.28 1.84 ± 0.26 0.61 

Location 

IV 7% (1) 12% (6) 

0.06 

V 50% (7) 50% (28) 

VI 21% (3) 18% (10) 

VII 14% (2) 0% (0) 

VIII 7% (1) 21% (12) 

History of previous treatment 0% (0) 0% 1 

Data is expressed as percentage and frequency. 95%CI: 95% confidence interval of difference. P is signifi-
cant when <0.05. 

 
Table 3. Tumor characteristics of the study group. 

 Study group (n = 14) 

Tumor visibility 

Not visible 64% (9) 

Hardly visible 36% (5) 

Visible 0% 

Access route 
Difficult 79% (11) 

Easy 21% (3) 

 
As shown in Table 4, one patient was excluded from the first group asfusion 

navigation technique was inaccurately performed and the patient underwent la-
paroscopic RF. The median time to reach the tumor was 1.85 ± 0.98 minutes in 
the 1st group and 2.57±1.26 minutes in the 2nd group (P = 0.034). 92% of the pa-
tients had complete ablation in the 1st group while only 55% of the patients had 
complete ablation in the 2nd group after one month of the procedure (P = 0.014). 
As regard the technical efficacy after one year of the procedure, 92% of the pa-
tients had complete response in the 1st group while only 54% of the patients had 
complete response in the 2nd group (P = 0.011). There was no need to perform 
artificial ascites in the 1st group while 3 patients in the 2nd group needed artificial 
ascites to complete the procedure (P = 0.62). 

Kaplan-Meier survival analysis (Kaplan & Meier, 1958) was conducted to com-
pare the two different interventions for their effectiveness in preventing recur-
rence. Participants in the study group had a median time to recurrence of more 
than one year while those in the control group had a median survival time of 12 
months. A log rank test was conducted to determine if there were differences in 
the survival distribution for the different types of intervention. The survival dis-
tributions for both interventions were statistically significantly different, χ2 = 
14.02, p = <0.001 (Figure 1). 
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Table 4. Ablation technique of both groups. 

 Study group (n = 13) Control group (n = 56) P value 

Time to reach the tumor 1.85 ± 0.987 2.57 ± 1.26 0.034 

Number of electrodes 1 ± 0 1 ± 0 1 

Ablation outcome 

Not ablated 0% 9% (5) 

0.014 Partial 7% (1) 36% (20) 

Complete 92% (12) 55% (31) 

Technical efficacy 

No response 0% 9% (5) 

0.011 Partial 7% (1) 38% (21) 

Complete 92% (12) 54% (30) 

Artificial ascites 0% 5% (3) 0.62 

Data is expressed as percentage and frequency. 95%CI: 95% confidence interval of difference. P is signifi-
cant when <0.05. 

 

 
Figure 1. Kaplan-Meier survival analysis. 

5. Discussion 

The technical improvement of percutaneous thermal ablation might exert a large 
effect on the management of hepatocellular carcinoma (HCC), that is the sixth 
most prevalent cancer and the third main cause of cancer-related morality glo-
bally [24]. 

This type of treatment has been considered a main cornerstone in HCC man-
agement over the last 20 years, especially as advancement in contrast-enhanced 
CT (CECT) and contrast-enhanced MRI (CEMRI) has make the diagnosis of 
early stages of the disease easier [25]. 

Safe and efficient thermal ablation might require suitable imaging guidance 
throughout the process to permit visualizing the targeted lesions, surrounding 
structures, and needle probe itself [26]. 
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Only recent reports of mixed populations of patients proving the accuracy and 
efficacy for real-time image fusion of US and CT have been published although 
the availability of this technique for some years [27]. 

In this study synchronization of B mode US images with the CT/MRI images 
using internal markers and RFA was done successfully under the guidance of the 
real-time navigation system for HCC cases. 

Several documents dealing with thermal ablation of liver tumors guided by 
real-time virtual navigation systems have been published, but few of them deal 
with ablation of tumors invisible by ultrasound [27] [28] [29]. 

Real-time virtual navigation guided RFA was done for 14 HCCs (mean di-
ameter was 1.8 ± 0.28 cm) with technical success rate of 92% evaluated with 
intravenous contrast-enhanced CT or MRI 1 month after ablation in this study, 
while Liu, Yu [28] performed microwave thermal ablation of liver tumors guided 
by real-time virtual navigation technique for 18 HCCs (0.9 - 3.8 cm in diameter) 
with technical success rate of 94.4%. 

Nakai, Sato [29] accomplished RFA for 20 HCCs (1.8 - 3.2 cm in diameter) in 
the CT set with a technical success rate of 90% (17/20 tumors). 

In comparison with Mauri, Cova [26] who performed both RFA and MWA 
for 295 tumors undetectable with traditional US of smaller targets (mean diame-
ter of 1.3 ± 0.6 cm) and the technical success rate was 90.2%, we achieved a si-
milarly high technical success rate (92%). 

This study revealed that the tumor visibility by B mode of ultrasound, out of 
14 HCC nodules, 9 tumors (64%) were not visible and 4 tumors (36%) were 
hardly visible in contrast to previous study done by Mauri, Cova [26] who con-
ducted that 295 of 1581 tumors (18.6%) were undetectable with conventional ul-
trasonography. 

Fusion navigation technique was inaccurately performed in one HCC patient 
(7%) in this study and the patient has performed laparoscopic radiofrequency 
ablation and this was in contrast to the previous study performed by Mauri, Co-
va [26] who found that 13 (4.4%) tumors were inaccurately targeting and it may 
be due to respiratory movements by the patients, needle bending, or incorrect 
co-registration of US and CT/MRI. These technical failure rate, despite being 
low, highlights that precise registration and organ motion might be crucial chal-
lenges to be dealt with by precise attention to technical details. 

One HCC patient (7%) was not completely ablated and this was similar to 
previous study done by who also revealed that one case was not ablated and this 
may be due to the effect of respiratory excursion and patient motion during in-
sertion of the needle. 

There was significant difference between patients treated by real-time image 
fusion of US and CT and patients treated by conventional ultrasound as regard 
technical success rate and this is similar to previous study done by Minami, Ku-
do [30] who found that the technical success rate after a single treatment session 
was significantly higher for the image fusion group (92% versus 72%). 
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Similar to the results of this current study, Song, Lee [31] found that the tech-
nique effectiveness rate of radiofrequency ablation using fusion image was high-
er than those underwent treatment by conventional ultrasonography.  

The technical efficacy of the procedure was assessed after 12 months of treat-
ment and had 92% technical success rate, in contrast to Xu, Long [32] who use 
both CT/MRI-CEUS and US-CEUS fusion imaging to evaluate treatment res-
ponses, all the lesions were treated with 100% technical success rates and com-
plete ablation was achieved in 150 of 151 lesions (99.3%) after 3 months of the 
procedure. 

The recurrence of the tumor for the patient underwent treatment with con-
ventional ultrasonography was much significantly higher than those patients un-
derwent treatment by fusion imaging guidance and this may be due to adequate 
localization of the tumor by fusion imaging and thus adequate ablation success 
rate and efficacy and these results are similar to previous study done by Song, 
Lee [31]. 

Depending on adding the image-fusion that might lead to appreciation that 
the majority of cases successfully underwent even technically difficult thermal 
ablations in the US room using a modality characterized by simplicity, cheap-
ness , availability and safeness.  

Without this advance, a large number of those cases might have been under-
went referral to highly invasive treatment methods (such as surgical resection) 
or to thermal ablation guided by complicated, high-cost, and less safe (because 
of the unsafety of irradiation) imaging modalities (CT and MRI). Thus, more 
cases with hepatic tumors that cannot be detected with US and CEUS might 
benefit from the accuracy of US-guided ablative treatments due to the real-time 
virtual navigation systems with fusion imaging. 

This study had several limitations, first it is a single center study with small 
number of patients. Multiple center studies are needed to validate these results. 
Second the follow up period of the patients was only 1 year, thus, for hepatic 
malignancy we suggest future researches that can evaluate whether real differ-
ences in long-term local control and survival might be possible. Additionally, 
with more improvement, such image-guidance system might increase our abili-
ties to apply ablation and other interventional modalities to more different pa-
tient populations. 

6. Conclusion 

Fusion navigation technique guided percutaneous RFA is effective for HCC with 
poor conspicuity at conventional ultrasound. Using this technique, it can in-
crease operator confidence, the accuracy of the procedure, and technical success. 
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