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Purpose: This study aimed to investigate the clinical value of a tumor map for assessing the 

ablative effect after ultrasound-guided percutaneous microwave ablation (US-PMWA) for 

hepatocellular carcinoma (HCC).

Methods: The medical records of 68 patients (49 male and 19 female, 59.9±12.7 years) with 

HCC who underwent US-PMWA from May 2013 to May 2017 were reviewed. A tumor map 

was generated from the fusion of three-dimensional (3D)  visualization images based on the 

preoperative target tumor and postoperative ablation area, to evaluate whether the ablation area 

covering the tumor has reached a 5 mm ablative margin (AM). The lesions were divided into two 

groups according to the tumor maps: group A (failed to achieve AM) and group B  (achieved 

AM). The cumulative local tumor progression (LTP) rates of both groups were statistically 

analyzed using the log-rank test.

Results: Success rate of tumor map generation was 100% (68/68), and no residual tumors were 

found. MWA-related 3D images, which included target tumor volume, ablation area volume, and 

residual liver ratio, were compared between groups A and B (P=0.295, P=0.772, and P=0.527, 

respectively). Technique effectiveness rate (91.7% vs 100%) was achieved in the two groups, 

showing no significant statistical differences (P=0.672). The 3-, 6-, 9-, and 12-month LTP rate was 

8.3%, 16.7%, 20.8%, and 34%, respectively, for group A and 0%, 2.8%, 2.8%, and 2.8%, respec-

tively, for group B, showing significant statistical differences (P<0.001) between the two groups.

Conclusion: The novel technology of tumor map generated from 3D visualization of image 

fusion is feasible and useful in evaluating the ablative effect of US-PMWA for HCC.

Keywords: three-dimensional visualization, tumor map, image fusion, microwave ablation, 

hepatocellular carcinoma

Introduction
Hepatocellular carcinoma (HCC) is the third most lethal malignancy worldwide, with 

a high incidence in China.1 Although liver transplantation and hepatic resection are 

the preferred treatment strategies for patients with HCC,2 image-guided percutane-

ous microwave ablation (PMWA) has been established as a frequent and acceptable 

therapeutic method for patients in the early stages of HCC, as defined by the Barcelona 

Clinic Liver Cancer staging system.3 This treatment technique has been associated with 

many theoretical advantages, such as higher intra-tumoral temperature, larger abla-

tion volume, and less operation time, compared with radiofrequency ablation (RFA). 
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However, local tumor recurrence (LTR) rates of HCC remain 

high in patients who undergo MWA. Wang et al2,4 reported 

that the 3-year recurrence rate after MWA was 46.8%, while 

the reasons for such a high recurrence rate remain unknown 

and warrant effective solutions. Several previous studies have 

reported that the ablative margin (AM) is closely associated 

with local tumor progression (LTP).5–7 AM refers to the 5- 

to 10-mm-wide tissue region that exceeds the tumor area, 

which should ideally be destroyed during tumor ablation. 

Since AM is one of the most significant factors for predict-

ing LTP after MWA, methods for accurately assessing AM 

are of high importance.

Many methods to evaluate AM have recently emerged 

following thermal ablation techniques for HCC. The tradi-

tional assessment method frequently used by radiologists 

is the use of side-by-side routine axial images (contrast-

enhanced ultrasound [CEUS]/computed tomography [CT]/

magnetic resonance imaging [MRI]).8–10 This method has 

many limitations such as a somewhat subjective distinc-

tion between the index tumor region and the surrounding 

hepatic parenchyma of the ablation area, not having the 

necessary resolution to quantitatively evaluate AM, and the 

target area between pre- and postoperation being located 

on different slices owing to respiratory movement.11 Thus, 

in order to improve the accuracy of AM evaluation, image 

fusion techniques have been increasingly introduced. Image 

fusion is primarily conducted using US, CT, or MRI. Since 

MRI is more sensitive, Wang et al12 assessed AM after 

RFA using MR–MR image fusion for HCC and reported 

satisfactory results. Moreover, Makino et al13 developed 

a novel technique called the extracted-overlay function in 

CT/MRI-ultrasonography fusion imaging for RFA. This 

involves extracting the tumor region with a virtual AM from 

the CT/MRI image and superimposing it on an US image. 

This method has proven to be useful for treatment planning 

and guidance with RFA. Tang et al14 reported on the three-

dimensional (3D) reconstruction of the tumor and ablation 

area using CT images, in order to assess the ablative effect. 

However, there is a lack of accurate quantitative evaluation 

of these methods, even though advances have been made in 

3D image fusion methods.15–18

Currently, regardless of the method of evaluation, a 

convincing assessment capability cannot be achieved. In 

this study, the ablative effect was observed by flattening 3D 

images onto a 2D map, and quantifying the differences in 

the overlapping range of the ablation area. This study aims to 

investigate a novel technology that can accurately evaluate the 

ablative effect of ultrasound-guided percutaneous microwave 

ablation (US-PMWA) for HCC.

Materials and methods
study design and patient selection
This single-center, retrospective study was approved by the 

Ethics Committee of the Chinese PLA General Hospital 

(Beijing, China) and was conducted in accordance with the 

principles of the Declaration of Helsinki. The medical records 

of all patients with HCC who underwent US-PMWA from 

May 2013 to May 2017 were reviewed and data confidenti-

ality can be confirmed. Because of the retrospective nature 

of the study, patient consent for inclusion was waived. The 

inclusion criteria were as follows: 1) those with a single 

HCC during initial MWA treatment; 2) the distance between 

the tumor boundary and important tissues being equal to or 

larger than 5 mm; 3) pre- and post-procedure enhanced MRI 

imaging data available; 4) image acquisition time limited to 

4 weeks preoperatively and 1 week postoperatively; and 5) 

those who did not undergo surgery or other ablation treat-

ments. The exclusion criteria were as follows: 1) had seri-

ous medical comorbidities, including heart, lung, and renal 

function dysfunction; 2) preoperative or postoperative image 

data missing; 3) do not have the same type of pre- and postop-

erative images; 4) tumor abutting important tissues or organ 

(ie, gastrointestinal tract, gallbladder, major blood vessels).

During the study period, 378 patients consecutively 

underwent US-PMWA, and as indicated in Figure 1, a total 

of 310 patients were excluded because they met the exclu-

sion criteria. As a result, 68 patients with 68 tumors (mean 

age: 59.9±12.7 years; range: 29–78 years) met the inclusion 

criteria and were included in this study. Tumor map is a 

novel method of assessment of the ablation effect, which can 

distinguish whether the ablation area covering the tumor has 

reached a 5 mm safe boundary, and the process is detailed 

in the following section. According to the assessment of the 

5 mm safe boundary using tumor map, the 68 patients were 

divided into two groups as follows: 1) patients with an abla-

tion area completely covering the tumor but failing to achieve 

the 5 mm safe boundary (group A), and 2) patients with an 

ablation area completely covering the tumor and successfully 

achieving the 5 mm safe boundary (group B). HCC was 

diagnosed according to guidelines of the European Associa-

tion for the Study of Liver.19 The final confirmed results were 

based on histological evidence of needle biopsy specimens.

Processing of 3D visualization image 
fusion
A desktop computer (Lenovo) with an Intel Core i5 processor 

was used to perform the 3D visualization of image segmenta-

tion and registration based on MRI data (2.5 mm thick slices) 
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before and after US-PMWA. All selected MR images were 

converted into DICOM format, which was obtained from the 
online medical image database. Figure 2 shows a flowchart of 
the procedure used for 3D visualization of image fusion and 
tumor map generation. The images obtained were segmented 
using 3D visualization software that was based on MITK 
(Hokai company, Zhuhai, China) and had quick segmentation 
characteristics (segmentation time within 2 minutes). HCC 
was detected using MRI arterial phase, and the regions of 
interest (ROI) of the tumors were sketched in red and deleted 
areas around the interest region were sketched in blue. The 
segmentation procedure of the ablation areas used in the 
delay phase was similar to that described earlier, and image 
registration was created using the previously mentioned 
software. The 3D images were created in three orthogonal 
views (axial, coronal, and sagittal), which were processed for 
image translation and rotation. The registration process was 
initialized through automatic position matching of the center 
of gravity of the lesions with their non-linear volumes, and 
was based on appropriate landmarks, such as the branching 
of vessels. In order to acquire results of high precision, the 
registration images were manually adjusted. Next, the post-
interventional image was shown in ROI as a colored overlay 
onto the pre-interventional image and could also be moved 
by mouse interactions in order to achieve a better correlation 
between both images. Finally, the resulting registration matrix 
was applied to the coagulation mask (Figure 3).

Us-guided MWa procedure
A KY2000 MW ablation system (Kangyou Medical Instru-

ments, Nanjing, China) consisting of two independent MW 

generators, two flexible coaxial cables, and two water-

pumping machines, which could drive two 15-G cooled-shaft 

antennae simultaneously, was used. Before treatment, all 

patients were scanned using contrast-enhanced CT, MRI, and 

US, and an appropriate puncture route was chosen using US. 

After local anesthesia with 1% lidocaine, US-guided biopsy 

was performed in 2–3 separate punctures using an automatic 

biopsy gun with an 18-G cutting needle. Subsequently, the 

antenna was inserted percutaneously into the tumor and 

placed at designated sites under US guidance. One antenna 

was inserted into the center of the tumors that were <1.7 cm, 

and multiple antennae were inserted into tumors that were 

1.7 cm or larger. Two antennae were used simultaneously 

during MW ablation, in order to achieve a larger ablation 

zone. A power output of 50 W for 10 minutes was routinely 

used during MWA. After all punctures, intravenous anes-

thesia with a combination of propofol (Diprivan; Zeneca 

Pharmaceuticals, Wilmington, DE, USA) and ketamine 

(Shuang he Pharmaceuticals, Beijing, China) was adminis-

tered via the peripheral vein. If heat-generated hyperechoic 

water vapor did not completely encompass the entire tumor, 

prolonged microwave emission was applied until the desired 

 temperature was reached. When the tumor was located 

Figure 1 Flow diagram shows exclusion criteria in ablative effect of patients with hCC after Us-PMWa assessed by tumor map.
Abbreviations: hCC, hepatocellular carcinoma, Us-PMWa, ultrasound-guided percutaneous microwave ablation.

Patients with HCC underwent US-PMWA from May 2013 to May 2017 (n=378)

Tumor map evaluating the ablative effect of US-PMWA for HCC (n=68)

Red: residual tumors
(n=0)

Yellow: complete ablation (<5 mm
safety boundary) (n=24)

Green: complete ablation (≥5 mm
safety boundary) (n=44)

Excluded (n=310)
–had undergone other treatments (n=56)
–had no same type between preoperative and
postoperative image (n=172)

–preoperative or postoperative image data missing
(n=45)

–tumor abutting important organs or vessels (n=37)
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Figure 2 Flowchart shows procedure for three-dimensional visualization of image fusion and tumor map generation.
Abbreviations: MWa, microwave ablation; hCC, hepatocellular carcinoma; CT, computed tomography; MRi, magnetic resonance imaging.

Step 1: Load accordant data of CT or MRl images berore and after MWA, respectively

Step 2: Fast lesion segmentation using three-dimensional visualization software

Step 3: A non-linear volume registration (translation and rotation)
using segmented data

Step 4: To abtain more exact result, the registration images were manually adjusted

Step 5: The three-dimensional visualization image of ablative area overlaying HCC is

projected into a tumor map. The zone of complete cell destruction is marked with green.

The zone of cell destruction outside of the safety margin is marked with yellow; and the

zone of tumor cells which could not be ablated is the worst case and marked with red

not >5 mm from the skin surface or adjacent to the bowel, 

gallbladder, or other important tissues, hydrodissection was 

performed. In addition, that microwave needle tract needed 

to be ablated during needle withdrawal. For tumors with 

subcutaneous invasion, an ice bag was placed on the skin to 

avoid scalding during MW ablation.

assessment of treatment effect using a 
tumor map
In this study, the 3D surface of the tumor was projected onto 

a 2D map, in order to reduce the high amount of interaction. 

A spherical parameterization of the surface was used and 

subsequently flattened onto a 2D map (Figure 3). In order 

to assess the ablative effect, 3D coagulation zones in the 

spatial extent of the tumor were identified, and a traffic light 

color scheme was used to emphasize the ablation state as 

follows: 1) the zone of complete cell destruction was marked 

green and corresponded to the optimal ablation result 

within the intentional safety margin (>5 mm); 2) the zone 

of cell destruction outside of the safety margin (>5 mm) 

was marked yellow and is considered critical because the 

safety margin is not sufficiently large to completely prevent 

potential cancer recurrence; and 3) the zone of the tumor 

cells that could not be ablated represented the worst case 

and was marked red, which is an established signal color 

in medical applications. In this zone, the ablation strategy 

had failed, and thus, a second ablation of the tumor was 

probably unavoidable.

Follow-up after MWa
All patients were required to undergo follow-up 1 month after 

the initial MWA procedure and then roughly at 3- to 6-month 

intervals. Thereafter, follow-up visits encompassed several 

evaluations, including routine physical examination; labora-

tory tests such as total bilirubin, serum albumin, prothrom-

bin time, and tumor marker levels; and  contrast-enhanced 
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 imaging including CT, MRI, or positron emission tomog-

raphy-CT. CEUS images were obtained within 3 days of 

performing the MWA procedure, to observe residual tumors. 

CEUS was performed using the Sequoia 512 system (Acuson, 

Mountain View, CA, USA) with a multifrequency transducer 

(4V1, 2.0–4.5 MHz). US contrast agent used was SonoVue 

(Bracco), a second-generation contrast agent. A dose of 1.2 

mL was injected intravenously via the cubital vein, and was 

immediately followed with 5 mL of normal saline flush. 

Contrast-specific software was used. The mechanical index 

was 0.12–0.18. Technique effectiveness was defined as the 

absence of the enhancement of any areas of the mass at the 

follow-up contrast-enhanced image examination performed 1 

Figure 3 images in a 58-year-old-woman who underwent Us-PMWa for hepatocellular carcinoma (hCC) (2.8 cm × 2.5 cm × 2.0 cm) assisted by 3D visualization of operative 
planning system.
Notes: (A) Preoperative contrast-enhanced MRi showed the hCC with peripheral nodular hyper-enhancement in artery phase in right lobe accompanied with two feeding 
arteries (red arrows). (B) The hCC lesion was sketched as region of interest (ROi) in the tumor with red color and areas around the interest region were deleted. (C) 
Three-dimensional (3D) visualization of operative planning system showed the location and relationship with the tumor and the surrounding organs, and quantized the volume 
of liver and hCC (liver: 1,396.94 ml; hCC: 5.22 ml). (D) in the MRi, 3 days after ablation, ablation zone was demonstrated clearly in delay phase. (E) 3D visualization of 
operative planning system showed the location and relationship with the ablation zone and the surrounding organs, and quantized the volume of liver and ablation zone (liver: 
1,291.32 ml; hCC: 36.00 ml). (F) screen shots show the procedure for 3D visualization of imaging registration before and after ablation. The junction between the portal 
vein and the hepatic right vein was selected as an appropriate landmark (circle cross indicate). (G) The post-ablation 3D image  (green color) was overlayed onto the pre-
ablation 3D image (red color). (H) A spherical parameterization of the surface was used in 3D visualization of operative planning system and subsequently flattened onto a 
2D map. (I) A traffic light color scheme (red, green, yellow) was used to emphasize ablation state in tumor map.
Abbreviations: Us-PMWa, ultrasound-guided percutaneous microwave ablation; MRi, magnetic resonance imaging.

A B C

FE

IHG

D

month after MWA, which was decided by the consensus of the 

aforementioned two diagnostic radiologists. Overall survival 

(OS) was defined as the time from the first MWA procedure 

until the time of death or last follow-up. Recurrence-free 

survival (RFS) was defined as the time from complete abla-

tion after US-PMWA until the date that HCC recurrence was 

diagnosed using radiology. LTP was defined as the appear-

ance of an irregular, nodular, scattered, or eccentric pattern 

of peripheral enhancement around the ablation zone, after 

MWA. Follow-up was terminated at reoccurrence, death, or 

at the final visit of the patient. Complications were classi-

fied by outcome, according to the Society of Interventional 

Radiology Classification System for complications.20
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Results
Baseline characteristics
The mean maximum tumor diameter was 27.8±7.2 mm. Suc-

cess rate of tumor map generation was 100% (68/68) and no 

residual tumors were detected. Sixty-eight HCC tumors and 

corresponding ablation areas were segmented for 59.4±11.2 

seconds and 40.3±9.1 seconds, respectively, which showed no 

statistical differences (P=0.589). The median image registra-

tion time cost was 121.3 seconds and registration error was 

1.7±0.3 mm. According to assessment through tumor map, 

24 patients with 24 HCCs (six female, 18 male; average age: 

61.6±11.2 years) in group A and 44 patients with 44 HCCs 

(13 female, 31 male; average age: 57.6±10.2 years) in group 

B were reviewed. Characteristics of the patients and tumors 

are presented in Table 1. MWA-related 3D images includ-

ing target tumor volume, ablation area volume, and residual 

liver ratio were compared between the two groups (P=0.295, 

P=0.772, and P=0.527, respectively). The number of MWA 

sessions in group A was similar to that of group B (P=1.000).

Mid-term oncologic outcome after Us-
PMWa
The median follow-up period was 21 months (range 3–44 

months). The median survival period was 18.7 months 

(4.3–43.7 months) for group A and 21.2 months (2.9–42.2 

months) for group B. On the basis of follow-up imaging, 

the technique effectiveness rate (91.7% vs 100%) achieved 

in two groups showed no significant statistical difference 

(P=0.672). Seven (29.2%, 7/24) patients died in group A, 

while 13 (29.5%, 13/44) patients died in group B. Twelve 

(50%, 12/24) LTP lesions were discovered in group A, while 

four (9.1%, 4/44) were discovered in group B. The 1-, 2-, and 

3-year OS rates achieved in group A were 77.8%, 54.9%, and 

54.9%, respectively, and for group B were 82.6%, 76.4%, 

and 58.2%, respectively (Figure 4A), showing no significant 

statistical differences (P=0.615) between the groups. The 1-, 

2-, and 3-year RFS rates of group A were 79.2%, 71.2%, 

and 36.9%, while for group B they were 80.9%, 52.8%, and 

45.3%, respectively (Figure 4B), showing no significant 

statistical difference (P=0.704) between the groups. The 

3-, 6-, 9-, and 12-month LTP rates of group A were 8.3%, 

16.7%, 20.8%, and 34%, respectively, while for group B they 

were 0%, 2.8%, 2.8%, and 2.8%, respectively (Figure 4C), 

showing significant statistical difference (P<0.001) between 

the groups. All P-values were obtained from a log-rank test 

performed for the entire curves.

Table 1 Baseline patient characteristics between group a and 
group B

Characteristic Group A 
(n=24)

Group B 
(n=44)

P-value

Age (years)   0.238
Mean ± sD 61.6±11.2 57.6±10.2  
Range 32–78 34–75  
Sex   0.782
Male 18 (75) 31 (70.5)  
Female 6 (25) 13 (29.5)  
Comorbid disease   0.567
no 14 (58.3) 26 (59.1)  
Yes 10 (41.7) 18 (40.9)  
Pathological differentiation   0.553
Well/moderately 16 (66.7) 30 (68.2)  
Poorly 8 (33.3) 14 (31.8)  
Etiology   0.736
hBV 20 (83.3) 38 (86.4)  
hCV 4 (16.7) 6 (13.6)  
Cirrhosis   0.704
Yes 21 (87.5) 37 (84.1)  
no 3 (12.5) 7 (15.9)  
Maximal tumor diameter 
(cm)

   

Mean ± sD
Range

3.4±0.6
0.8–4.2

3.6±0.5
1.0–4.7

0.721

Tumor volume (mL)   0.295
Median
Range

26.7
6.32–54.6

24.7
7.73–61.2

 

Ablation volume (mL)   0.772
Median
Range

65.4
26.3–112.4

62.5
24.5–108.9

 

Residual liver ratio (%)   0.527
Median
Range

93.6
83.9–98.0

92.7
90.1–96.8

 

Location   0.354
left liver lobe 3 (12.5) 4 (9.1)  
Right liver lobe 20 (83.3) 40 (90.9)  

left + right liver lobe 1 (4.2) 0 (0)  
Adjacent to organ   0.421
no 15 (62.5) 25 (56.8)  
Major vessels 2 (8.4) 8 (18.2)  
Diaphragm 3 (12.5) 6 (13.6)  
gastrointestinal tract 4 (16.6) 5 (11.4)  
CTP grade   0.678
a 22 (91.7) 41 (93.2)  
B 2 (8.3) 3 (6.8)  

a-Fetoprotein level (ng/mL)   0.881

>400 13 (54.2) 21 (47.7)  

≤400 11 (45.8) 23 (52.3)  
Chemoradiation   0.438
Yes
no

6 (25)
18 (75)

15 (34.1)
29 (65.9)

 

Metastasis
Yes
no

 
3 (12.5)
21 (87.5)

 
6 (13.6)
38 (86.4)

0.895

(Continued)
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Figure 4 Kaplan–Meier curves comparing recurrence and overall survival from different groups.
Notes: (A) The 1-, 2-, and 3-year overall survival rates of group A and group B were 77.8%, 54.9%, 54.9% and 82.6%, 76.4%, 58.2%, respectively, showing no significant 
statistical difference (P=0.615). (B) The 1-, 2-, and 3-year recurrence-free survival rates of group a and group B were 79.2%, 71.2%, 36.9% and 80.9%, 52.8%, 45.3%, 
respectively, showing no significant statistical difference (P=0.704). (C) The 3-, 6-, 9-, and 12-month lTP rates of group a and group B were 8.3%, 16.7%, 20.8%, 34% and 0%, 
2.8%, 2.8%, 2.8%, respectively, showing significant statistical difference (P<0.001).
Abbreviation: lTP, local tumor progression.
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Complications
No death in the two groups was directly related to the 

treatment. Two major complications (8.3%, 2/24 patients) 

occurred in group A after 24 MWA sessions, including one 

patient who had skin burn and one patient who had seeding on 

the right abdominal wall. Three major complications (6.9%, 

3/44 patients) occurred in patients of group B after 44 ses-

sions, including one hemoglobinuria and two ascites. These 

patients had hypertension and diabetes. The major complica-

tion rates for the two groups were comparable (P=0.245).

Univariate and multivariate analyses
Univariate and multivariate logistic regression analyses 

were performed to identify predictors influencing the LTP 

of patients with HCC, who underwent US-PMWA. The uni-

variate analysis showed statistically significant differences 

Characteristic Group A 
(n=24)

Group B 
(n=44)

P-value

Preoperative TACE   1.000
Yes
no

6 (25)
18 (75)

11 (25)
33 (75)

  

Session
1
>1

 
24 (100)
0 (0)

 
44 (100)
0 (0)

1.000

Complications   0.245
Yes
no

2 (8.3)
22 (91.7)

3 (6.9)
41 (93.1)

 

Follow-up (months)   0.287
Median 18.7 21.2  
Range 4.3–43.7 2.9–42.2  

Notes: except where indicated, data are numbers of patients. Data in parentheses 
are percentages and were calculated by using the total number of patients in each 
group as the denominator. group a = failed to achieve 5 mm safety boundary, 
group B = achieved 5 mm safety boundary.
Abbreviations: TaCe, transarterial chemoembolization; hBV, hepatitis B virus; 
hCV, hepatitis C virus; CTP, Child-Turcotte-Pugh.

Table 1 (Continued)
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Discussion
Nowadays, MWA is being used frequently, particularly for 

patients with solid malignancies,21–24 and is considered to 

be a minimally invasive treatment for early HCC. A previ-

ous study reported that the 5-year survival rate of patients 

with HCC after MWA can range between 43.1% and 60%.25 

Compared with RFA, MWA has many advantages in areas 

where RF energy is limited.26,27 Microwave energy can rapidly 

form larger areas of necrosis owing to faster heating and 

higher temperatures. Moreover, MWA treatment results in a 

well demarcated ablation zone.28 The therapeutic effects of 

MWA are satisfactory if the healthy tissue surrounding the 

ablated lesion, with a sufficient safety boundary (at least 5 

mm), can be preserved. Therefore, the status of the safety 

boundary is very important. In our therapeutic strategy for 

HCC, in order to prevent LTP, we stipulated that the ablation 

area should encompass at least 5 mm of normal hepatic paren-

chyma, beyond the tumor margin. However, this could only 

be accomplished in 64.7% (44/68) of patients in our study, 

and failure was mainly attributed to the irregular shape of the 

tumor that required an elliptic ablative field. Another reason 

was that the tumor was adjacent to a large blood vessel, and 

the effects of this remain controversial.29

In the present study, a novel visualization and interaction 

technique was proposed as software-based support for assess-

ing the ablative effect of MWA with the following character-

istics. First, the target areas can be rapidly segmented based 

on a semi-automatic segmentation algorithm that requires 

user interaction only to select few reference pixels, to outline 

target area edges. Second, the MRI image realignment before 

and after MWA was based on the B-splines free-form defor-

mation algorithm that accommodates non-linear volumes 

rather than simpler rigid registration algorithms that require 

additional manual adjustments, which can be compensated 

only if translation and rotation shifts occur between pre- and 

Table 3 Multivariate analysis of prognostic factors with Cox proportional hazards model

Variable b Level SE Wald P-value OR 95% CI

age (years)
sex
Maximal tumor diameter 
adjacent vessel
Tumor map
Child–Pugh grade
Pathological 
differentiation
Comorbid disease

0.091
0.008
2.217
−0.335
0.213
−0.249
−0.477
0.321
0.462

0.431
0.015
142.338
1.069
0.355
0.348
0.339
0.329
0.362

0.045
0.308
0.006
4.305
0.889
0.373
0.539
2.095
0.789

0.832
0.579
0.006
0.453
0.003
0.541
0.463
0.148
0.374

1.096
1.008
0.923
9.183
0.716
1.237
0.779
0.621
1.379

0.471
0.979
0.000
1.131
0.357
0.625
0.401
0.325
0.679

2.548
1.039
1.226
74.577
1.4350
2.449
1.516
1.184
2.803

Note: Bold values indicate statistical significance.
Abbreviation: se, standard error.

Table 2 Univariate analysis of prognostic factors for lTP

Variable No of patients χ2 P-value

Age (years)
≤65 32

4.753 0.908

>65 36   
Sex
Female 19

11.428 0.612

Male 49   
Comorbid disease  3.925 0.210
Yes 41   
no 27   
Maximal tumor diameter
≤3
>3

 
47
21

11.346 0.007a

HbsAg  2.712 0.420
Yes 58   
no 10   
Pathological 
differentiation

 1.145 0.215

Well/moderately 38   
Poorly 30   
Adjacent to the vessel  4.832 0.035a

Yes 16   
no 52   
AFP (ng/mL)
≤400
>400
Tumor map
a
B

13
55

17
51

7.836

6.436

0.511

<0.001a

Note: aUnivariate Kaplan–Meier analysis.
Abbreviation: lTP, local tumor progression; hbsag, hepatitis B surface antigen; 
aFP, α-fetoprotein.

in terms of LTP rates, depending on if it was adjacent to 

major vessels (χ2=4.832; P=0.035), maximal tumor diameter 

(χ2=11.346; P=0.007), and tumor map (χ2=6.436; P<0.001) 

(Table 2). The multivariate analysis showed that the factors 

that significantly affected the LTP rate were maximal tumor 

diameter (HR =0.923; P=0.006) and tumor map (HR =0.716; 

P=0.003) (Table 3).
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safety margin of the ablated zone. Thus, a prospective trial 

that compares standard procedures with MWA is required to 

validate the clinical usefulness of this assessment technique.

Conclusion
The presented methods support the physician by interactively 

achieving a reliable therapy. However, the accuracy of abla-

tion verification mainly depends on the robustness of the 

segmentation process and the precision of the registration of 

pre- and post-interventional image data. A tumor map gener-

ated using 3D visualization of image fusion is feasible and 

useful for evaluating the ablative effect of PMWA of HCC.
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