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Purpose: The aim of this study was to assess the incidence and causes of percutaneous 
radiofrequency ablation (RFA) infeasibility in cases of metastatic colorectal cancer and to 
evaluate factors affecting the invisibility of the tumor on planning ultrasonography (US).
Methods: This study screened 386 patients who underwent planning US using fusion imaging 
and/or contrast-enhanced US for percutaneous RFA for suspected metastatic colorectal cancer 
between January 2013 and December 2020, from whom 136 patients with a single hepatic 
metastasis from colorectal cancer measuring <3 cm were included. The factors related to the 
infeasibility of percutaneous RFA were investigated. Univariate and multivariate analyses were 
performed to assess the factors associated with tumor invisibility on planning US.
Results: Among the 136 patients, percutaneous RFA was considered infeasible in 24.3% (33/136) 
due to a high risk of the heat-sink effect caused by the abutment of a large vessel (n=12), 
an inconspicuous tumor on planning US (n=11), a high risk of collateral thermal damage to 
an adjacent organ (n=8), and the absence of a safe electrode path (n=2). In univariate and 
multivariate analyses, tumor size was a statistically significant factor affecting invisibility on 
planning US (P=0.003 and P=0.018, respectively). 
Conclusion: Percutaneous RFA was infeasible in approximately one-fourth of patients with 
metastatic colorectal cancer. The reason for the infeasibility was mainly an unfavorable tumor 
location and invisibility on planning US. Small tumor size was the sole significant factor affecting 
the invisibility of hepatic metastases on planning US.

Keywords: Radiofrequency ablation; Metastasis; Liver; Planning ultrasonography; Detection 
Key points: Ultrasound-guided percutaneous radiofrequency ablation is infeasible in approximately 
one-fourth of patients with colorectal liver metastasis smaller than 3 cm in diameter. Main reason 
for infeasibility of percutaneous radiofrequency ablation is unfavorable tumor location for thermal 
ablation and invisibility of tumor on planning ultrasound. Small size of colorectal liver metastasis is 
a sole significant factor associated with invisibility of tumor on planning ultrasound.
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Introduction

The liver is the most prevalent metastasis site of colorectal cancer, 
with at least 25% of colorectal cancer patients experiencing 
metastasis to the liver during their lifetime [1]. Surgical resection is 
the standard treatment for hepatic metastasis as it provides better 
local tumor control, disease-free survival, and overall survival than 
radiofrequency ablation (RFA) for metastatic colorectal cancer [2]. 
However, due to patients’ predisposing conditions at the time of 
diagnosis, only 10%-20% of patients can be treated surgically 
[3]. Percutaneous RFA has been used as an alternative to surgical 
resection in these situations [4,5]. Before conducting RFA for liver 
tumors, planning ultrasonography (US) is performed to determine 
the feasibility of percutaneous US-guided RFA [6-8]. With recent 
advances in US technology, including fusion imaging of real-time 
US and computed tomography (CT) or magnetic resonance imaging 
(MRI), as well as contrast-enhanced US (CEUS), it has become 
possible to effectively ablate small tumors, which was infeasible in 
the past [9-12]. 

Earlier studies investigated factors associated with the infeasibility 
of percutaneous RFA and the invisibility of the tumor on planning 
US [6-8,13]. However, B-mode US was used in almost all studies 
on hepatocellular carcinoma (HCC), and advanced US technology, 
such as fusion imaging, has rarely been used [10]. Previous 
studies reported that the infeasibility of RFA was mainly due to 
inconspicuous tumors on B-mode US. The invisibility of the tumors 
resulted from their small size, subphrenic location, the presence of 
liver cirrhosis, and macronodular cirrhosis [7,8]. Given that hepatic 
metastases are not related to chronic hepatitis or liver cirrhosis, 
most patients with hepatic metastases would be expected to have 
a normal liver. For these reasons, the results of planning US to 
determine the technical feasibility of percutaneous RFA for hepatic 
metastasis would differ from those in patients with HCC.  

Therefore, this study investigated the causes of infeasibility of 
percutaneous RFA for metastatic colorectal cancer and evaluated 

factors affecting the invisibility of tumors on planning US using 
fusion imaging and CEUS.

Materials and Methods

Compliance with Ethical Standards
The institutional review board (IRB) of the Samsung Medical Center 
approved this retrospective study (IRB # 2020-08-084), and the 
requirement for informed consent was waived.

Patients
From January 2013 to December 2020, 386 planning US procedures 
were performed for patients with suspected hepatic metastasis 
detected on liver CT or MRI, to determine the feasibility of 
percutaneous RFA. Among them, 250 patients were excluded for 
the following reasons: multiple tumors (n=230), metastasis from 
other cancers (n=10), possible atypical HCC in a cirrhotic liver (n=1), 
benign disease on percutaneous biopsy, or follow-up CT or MRI 
(n=6), or a tumor size >3 cm (n=3). Eventually, 136 patients were 
included with a single hepatic metastasis from colorectal cancer 
measuring <3 cm. Hepatic metastases were diagnosed based on 
pathologic proof by percutaneous biopsy (n=2), subsequent hepatic 
resection (n=16), or typical imaging findings on liver CT or MRI 
(n=118). A flow diagram of patient selection is shown in Fig. 1.

Planning US
The mean time interval between CT/MRI and planning US was 
11.0±9.8 days. All planning US procedures were performed using 
US machines (LOGIQ E9 or LOGIQ E10; GE Healthcare, Waukesha, 
WI, USA) by one of five radiologists (H.K.L., H.R., M.W.L., K.D.S., and 
T.W.K.) who had experience of more than 100 cases of percutaneous 
RFA of liver tumors. Before planning US, the radiologists carefully 
reviewed the CT or MRI scans, and the patients were positioned 
appropriately for a US examination based on the tumor location. 
In general, if the tumor was located in the liver dome and the 

386 Patients who underwent planning US for liver metastasis from colorectal cancer
(Jan 2013-Oct 2020)

250 Patients were sequentially excluded
• 230 Multiple tumors 
• 10 Metastasis from other cancers 
• 1 Possible atypical HCC in a cirrhotic liver
• 6 Benign disease on biopsy or image 
• 3 Tumor size >3 cm

136 Patients

Fig. 1. Flow diagram of patient 
select ion for the study. US, 
ultrasonography; HCC, hepatocellular 
carcinoma.
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sonographic window was considered to be affected by the lung 
or rib shadow, the semi-erect position using a tilting table was 
preferred because the sonographic window is enhanced for hepatic 
dome lesions in this position [14]. Planning US was performed using 
fusion imaging (Volume Navigation, LOGIQ E9, or LOGIQ E10) of 
real-time US and pre-acquired CT/MRI scans [10]. The radiologists 
searched for metastatic nodules on B-mode US, based on fused 
CT/MRI scans. The radiologists evaluated and assessed lesion 
conspicuity and the feasibility of percutaneous RFA. If the lesion 
was not sufficiently conspicuous, CEUS with gaseous perflubutane 
(Sonazoid, GE Healthcare, Oslo, Norway) was added to the fusion 
imaging at the time of planning US [15]. The necessity of CEUS 
was determined by the attending radiologists who performed the 
planning US. 

Outcome Assessment 
When percutaneous RFA was infeasible, the cause of the infeasibility 
of percutaneous RFA was categorized based on radiologic reports 
and the stored images of planning US on a picture archiving and 
communication system (PACS) (Centricity, GE Healthcare, Milwaukee, 
WI, USA) as follows: (1) an inconspicuous tumor on planning US; 
(2) a high risk of the heat-sink effect due to the abutment of a large 
vessel, defined as the portal vein, hepatic vein or inferior vena cava 
with vessel caliber of 3 mm or larger [16]; (3) a high risk of collateral 
thermal damage to an adjacent organ due to close proximity; and (4) 
the absence of a safe electrode path [6].

If the metastasis could not be identified even after CEUS, the 
lesion was regarded as an invisible tumor. The size of the tumor 
was based on the maximal diameter on CT/MRI scans, which was 
measured using an electronic caliper on the PACS. The distance 
between the upper margin of the tumor and the diaphragm was 
measured using coronal or sagittal CT/MRI scans. 

Statistical Analysis
The univariable associations between individual variables for the 
visibility of the tumor was tested using the two-sample t test or 
Wilcoxon rank-sum test for continuous variables (the size of the 
tumor, distance from the diaphragm, creatinine, age, albumin, 
total bilirubin, prothrombin time, platelet count, carcinoembryonic 
antigen, and carbohydrate antigen 19-9) and the chi-square test 
or Fisher exact test for categorical variables (sex, body mass index, 
segmental location of the tumor, prior history of hepatic resection 
or chemotherapy, and presence of liver disease) as appropriate. 
Multiple logistic regression analysis was performed to test the 
significance of the factors adjusted for the other variables. Variables 
with a P-value <0.10 in the univariate analysis were used for 
multiple logistic regression analysis. For both the univariate and 

multiple logistic regression analyses, P-values less than 0.05 were 
considered to indicate a statistically significant difference. R version 
3.5.0 (The R Foundation for Statistical Computing, Vienna, Austria) 

Table 1. Baseline characteristics of the 136 patients
Characteristic Value

Age (year) 60.3±11.6

Distance from the diaphragm (cm) 1.6 (0-7.8)

Albumine (g/dL) 4.3 (3-5.1)

Total bilirubin (mg/dL) 0.5 (0.2-2.4)

PT (INR) 1.0 (0.9-1.5)

Platelet count (×109/L) 241 (84-462)

Creatinine (mg/dL) 0.8 (0.4-3.0)

CEA (ng/mL) 3.3 (0.5-594.9)

CA19-9 (U/mL) 13.8 (1.2-583.1)

Sex 

Female 49 (36.0)

Male 87 (64.0)

BMI (kg/m2)

< 25 87 (64.0)

≥ 25 49 (36.0)

Segment

Ⅰ 7 (5.2)

Ⅱ 7 (5.2)

Ⅲ 11 (8.1)

Ⅳ 21 (15.4)

Ⅴ 9 (6.6)

Ⅵ 27 (19.9)

Ⅶ 17 (12.5)

Ⅷ 37 (27.2)

Tumor size (cm)

≤1 45 (33.1)

1.1-2.0 80 (58.8)

2.1-3.0 11 (8.1)

Chemotherapy

No 66 (48.5)

Yes 70 (51.5)

Previous hepatic resection

No 120 (88.2)

Yes 16 (11.8)

Liver disease

No 133 (97.8)

Chronic hepatitis 2 (1.5)

Liver cirrhosis 1 (0.7)
Values are presented as mean±SD, median (range), or number (%).
PT (INR), prothrombin time (international normalized ratio); CEA, carcinoembryonic 
antigen; CA, carbohydrate antigen; BMI, body mass index; SD, standard deviation.
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the tumor was 1.6 cm (range, 0 to 7.8 cm). Slightly more than half 
(51.5%; 70/136) of the patients underwent chemotherapy before 
planning US, and 11.8% (16/136) of the patients had a history of 
hepatic resection prior to planning US.

Feasibility of Percutaneous RFA
Percutaneous RFA was considered infeasible in 24.3% (33/136) of 
the patients. The causes of the infeasibility of RFA were as follows: 
a high risk of the heat-sink effect due to the abutment of the large 
vessel (n=12), inconspicuous tumors on planning US (n=11), a high 
risk of collateral thermal damage to the adjacent organ (n=8; heart 

was used for statistical analyses.

Results

Baseline Characteristics of Patients and the Index Tumors
A total of 136 patients (87 male and 49 female; mean age±standard 
deviation, 60.3±11.6 years) constituted the study population (Table 
1). The primary cancer was colon cancer in 89 patients and rectal 
cancer in 47 patients. Most patients (97.8%, 133/136) did not have 
chronic hepatitis or liver cirrhosis. The median tumor size was 1.3 cm 
(range, 0.3 to 2.8 cm). The median distance from the diaphragm to 

Fig. 2. A 48-year-old woman with a single hepatic metastasis from colon cancer. 
A. Diffusion-weighted magnetic resonance image shows a 0.5-cm metastasis (arrow) in segment VIII of the liver. B. Hepatobiliary phase 
magnetic resonance image shows the tiny metastasis (arrow). C. On planning ultrasonography performed in the semi-erect position, the 
lesion (arrows) is identified on B-mode ultrasonography (left) at the corresponding site of the fused hepatobiliary phase magnetic resonance 
image (right).
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Fig. 3. A 68-year-old woman with a single metastatic lesion from colon cancer.
A. Hepatobiliary phase magnetic resonance image shows a 0.8-cm metastasis (arrow) in segment III of the liver. B. The lesion is seen as a 
nodule (arrow) with high signal intensity on a diffusion-weighted magnetic resonance image. C. On planning ultrasonography, the metastasis 
(arrow) could not be identified on real-time US (left). D. Arterial-phase contrast-enhanced ultrasonography demonstrates a rim-enhancing 
metastasis (arrows) in a location similar to that on the fused magnetic resonance image.
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[n=3], central bile duct [n=2], the bare area of the diaphragm [n=2], 
or gallbladder [n=1]), and the absence of a safe electrode path 
(n=2).

Visibility of the Index Tumor
Of the 136 tumors in 136 patients, 13 lesions were not identified on 
B-mode US (Fig. 2). Two of those lesions could be visualized after 
CEUS (Fig. 3). CEUS was not performed in the remaining 11 patients 

Table 3. Comparison of the characteristics between visible and invisible lesions on planning ultrasonography

Characteristic Visible (n=125) Invisible (n=11)
Univariate 

analysis (P-value)
Multiple logistic regression analysis

P-value Odds ratio 95% Cl

Sex 0.057 0.442 0.515 0.095-2.794
Female 42 7
Male 83 4

BMI (kg/m2) 0.097 0.075 0.143 0.017-1.219
<25 77 10
≥25 48 1

Distance from the diaphragm (cm) 1.7 (0-7.8) 0.7 (0-5.8) 0.099 0.311 0.783 0.488-1.257
Tumor size (cm) 1.3 (0.3-2.8) 0.8 (0.5-1.8) 0.003 0.018 0.104 0.016-0.676
Creatinine (mg/dL) 0.8 (0.4-3.0) 0.7 (0.4-1.1) 0.070 0.540 0.307 0.007-13.343
Age (year) 60.6±11.7 56.4±10.3 0.219 - - -
Albumin (g/dL) 4.4 (3.0-5.1) 4.1 (3.6-4.8) 0.191 - - -
Total bilirubin (mg/dL) 0.5 (0.2-2.4) 0.4 (0.2-1.0) 0.386 - - -
PT (INR) 1.0 (0.9-1.5) 1.0 (1.0-1.2) 0.261 - - -
Platelet count (×109/L) 238.5 (84-462) 280 (117-396) 0.494 - - -
CEA (ng/mL) 3.3 (0.5-594.9) 2.9 (0.6-30.0) 0.468 - - -
CA19-9 (U/mL) 14.0 (1.2-583.1) 13.1 (3.0-118.2) 0.923 - - -
Segment 0.175
Ⅰ 7 0 - - -
Ⅱ 7 0 - - -
Ⅲ 9 2 - - -
Ⅳ 18 3 - - -
Ⅴ 8 1 - - -
Ⅵ 27 0 - - -
Ⅶ 14 3 - - -
Ⅷ 35 2 - - -

Chemotherapy 0.919
No 60 6 - - -
Yes 65 5 - - -

Previous hepatic resection 0.619
No 111 9 - - -
Yes 14 2 - - -

Liver disease >0.99
No 122 11 - - -
Chronic hepatitis 2 0 - - -
Liver cirrhosis 1 0 - - -

Values are presented as number, median (range) or mean±SD. 
CI, confidence interval; BMI, body mass index; PT (INR), prothrombin time (international normalized ratio); CEA, carcinoembryonic antigen; CA, carbohydrate antigen; SD, 
standard deviation.

Table 2. The visibility of the tumor on planning ultrasonography 
according to tumor size

Tumor size 
(cm)

Visible 
(n=125)a)

Invisible 
(n=11)a)

Visibility rate, 
n (%)

≤1 36 9 36/45 (80.0)

1.1-2.0 78 2 78/80 (97.5)

2.1-3.0 11 0 11/11 (100)
a)The Fisher exact test revealed a statistically significant difference (P=0.002).
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mainly because of a deeply positioned tumor or an insufficient 
sonographic window. Consequently, 11 of the 136 lesions (8.1%) 
were considered invisible on planning US. When tumor size was 
categorized into three groups (≤1 cm, 1.1-2.0 cm, and 2.1-3.0 
cm), the visibility of the tumor was different according to tumor size 
on planning US (P=0.002) (Table 2).

Table 3 compares the characteristics between the visible and 
invisible tumors on planning US. The distance from the diaphragm 
to the tumor was closer in the invisible than in the visible tumors 
(median, 0.7 cm vs. 1.7 cm), but this was not statistically significant 
in the univariate and multivariate analyses (P=0.099 and P=0.311, 
respectively). The tumor size was significantly different between 
the two groups (median, 1.3 cm vs. 0.8 cm; mean, 1.4 cm vs. 0.9 
cm) in both the univariate and multivariate analyses (P=0.003 and 
P=0.018, respectively). The tumor size was the sole significant factor 
affecting the invisibility of hepatic metastasis on planning US.

Discussion

This study evaluated the results of planning US for metastatic 
colorectal cancer, and found that percutaneous RFA was infeasible 
in 24.3% (33/136) of cases. Percutaneous RFA was infeasible due 
to the following reasons: a high risk of the heat-sink effect due to 
the abutment of a large vessel, inconspicuous tumors, a high risk of 
collateral thermal damage to an adjacent organ, and the absence 
of a safe electrode path. Small tumor size was also found to be the 
only independent factor affecting tumor invisibility on planning US.  

Tumor location (either the abutment of a large vessel or a high-
risk location for collateral thermal damage) was the leading cause 
of the infeasibility of percutaneous RFA. This result is different from 
that of a previous study, in which an inconspicuous tumor on US 
was the most common cause of infeasibility in patients with HCC 
[7]. It is postulated that tumors in unfavorable locations might have 
been managed with surgical resection more frequently than with 
RFA in metastatic colorectal cancer because these patients mainly 
had normal livers with sufficient hepatic reserve function. On the 
contrary, patients with HCC might have undergone RFA if hepatic 
reserve function was insufficient, even though the tumor location 
was not favorable. These differences in patient population between 
metastatic colorectal cancer and HCC may have contributed to 
different results in terms of the infeasibility of percutaneous RFA. 

In the present study, an inconspicuous tumor on planning US was 
the second most common cause of the infeasibility of RFA. However, 
the mean size of inconspicuous tumors in the present study was 
much smaller than that in the previous study in which planning US 
was performed in patients with HCCs (0.9 cm vs. 1.4 cm) [7]. The 
mean size of inconspicuous HCCs in another study was 1.3 cm [8], 

which is larger than that in the present study. Several factors can 
explain this difference. First, most patients in this study had normal 
livers (97.8%, 133/136), whereas most patients in the HCC cohort 
had chronic hepatitis or liver cirrhosis [7,8,13]. Considering that 
small HCCs are sometimes challenging to localize on US due to the 
coarse liver echotexture, surrounding cirrhotic nodules mimicking 
HCC, and poor sonographic window [17], the difference in tumor 
size between inconspicuous HCCs and inconspicuous metastatic 
colorectal cancers is not surprising. Second, the present study used 
advanced US technologies, including fusion imaging and CEUS, 
whereas conventional B-mode US was used in the aforementioned 
studies [7,8,13]. In this study, the mean size of inconspicuous 
metastases was only 0.9 cm because fusion imaging and CEUS are 
useful for localizing small tumors that are inconspicuous on B-mode 
US [15,18-23].

Unlike previous studies [8,13], the distance from the diaphragm 
to the tumor was not a significant factor affecting tumor invisibility. 
Hepatic dome lesions might have been localized on planning US more 
frequently because the semi-erect position was used to improve 
the sonographic window for liver dome lesions whenever needed 
[14]. In addition, fusion imaging and CEUS were used to localize 
the tumors. Moreover, because most patients (97.8%) had a normal 
liver, the sonographic window was much better in the present study 
cohort than in patients with chronic liver disease or liver cirrhosis. 

This study has several limitations. First, this was a retrospective 
single-center study, and selection bias was unavoidable. Second, 
the assessment of tumor visibility and RFA feasibility was based on 
the decision of the attending radiologists, which may be subjective. 
This may be inevitable because US examinations have an intrinsic 
limitation in their subjective nature. Third, the results should be 
interpreted with caution because of the use of several advanced 
technologies, including fusion imaging and CEUS. In addition, the 
semi-erect position was used for planning US whenever needed 
to improve the sonographic window for hepatic dome lesions. 
Therefore, it was not possible for this study to determine the extent 
to which planning US can localize metastatic colorectal cancer 
when performed in the conventional supine position. The results 
in the supine position might be inferior to those in the present 
study. Meanwhile, CEUS was not performed on all subjects with 
inconspicuous tumors on fusion imaging, mainly due to poor 
sonographic window or deeply located tumor. Nonetheless, CEUS 
may be considered as a problem-solving tool for ablating small 
tumors when fusion imaging alone is not satisfactory for localizing 
small tumors [21,22].

In conclusion, when fusion imaging, CEUS, and a tilting table 
capable of the semi-erect position were used for planning US 
for metastatic colorectal cancer <3 cm, percutaneous RFA was 
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infeasible in about one-fourth of patients. Infeasibility was mainly 
due to unfavorable tumor location and the invisibility of the tumor 
on planning US. Small tumor size was the sole significant factor 
affecting the invisibility of hepatic metastasis in planning US.
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