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Abstract
Background
No-touch combined directed perfusion radiofrequency ablation (NTDP-RFA) is a new technique for the
treatment of hepatocellular carcinoma (HCC). The purpose of this study was to evaluate the short-term
efficacy of this new technique for the treatment of small HCC with cirrhosis.
Methods
From January 2017 to March 2018, 56 consecutive patients treated with NTDP-RFA at our center were
enrolled in this retrospective study. All NTDP-RFA procedures involved the use of internally cooled wet
electrodes with a directional injection function, which can perform both intraelectrode cooling and
extraelectrode saline perfusion. Survival curves were analyzed using Kaplan-Meier methods, and Cox
proportional hazards regression analyses were used to assess predictors of tumor progression and
overall survival. Operative characteristics and complications were also assessed.
Results
No technical failure occurred, and the complete ablation rate after single NTDP-RFA treatment was 98.2%.
The median ablation time was only 8 (6-8) min. Only 5 patients (8.9%) experienced mild complications
postoperation, and the median hospital stay was only 4 (3-5) days. In the 18 patients (32.1%) with poor
liver function reserve (indocyanine green retention rate at 15 min > 15%), their liver function returned to
normal on the third day after the postoperation. The 1-year and 2-year local and distant progression rates
were 1.7%, 7.1%, 3.5% and 10.7%, respectively.
Conclusions
NTDP-RFA in the treatment of small HCC with cirrhosis has a low incidence of complications and
provides a high survival rate without local tumor progression. Further prospective randomized controlled
studies are needed to investigate the long-term results.

Background
Liver cancer is the fourth leading cause of cancer-related deaths globally1. Hepatocellular carcinoma
(HCC) accounts for 70% to 85% of all primary HCCs and is the main cause of death in patients with
cirrhosis2,3. In recent years, due to the increasing awareness of physical examinations and continuous
improvements in medical monitoring programs for chronic hepatitis and cirrhosis, an increasing number
of patients have been diagnosed with small HCC4 (≤ 3 cm). Radical therapies5 for small HCC include
hepatectomy, liver transplantation, and percutaneous thermal ablation (e.g., microwave ablation and
radiofrequency ablation, RFA). RFA has been widely used in the treatment of small HCC worldwide due to
its low invasiveness, safety, economy and effectiveness6.
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Conventional intratumor monopolar RFA can produce only limited necrotic areas, and even if overlapping
ablation is performed, it will lead to uneven necrosis7. Therefore, local tumor progression (LTP) is often
caused by untreated satellite nodules8 or incomplete ablation9. No-touch multipolar RFA (NTM-RFA)
represents a new type of local ablation surgery. Due to its increased ablation volume and significantly
reduced risk of tumor spread along the needle tract, it has become the first-line treatment for small HCC in
many medical institutions10,11. However, for patients with HCC with a background of cirrhosis (even small
HCC)12, chronic inflammation and cirrhosis can cause liver insufficiency, which also limits the amount of
tolerable ablation of the liver parenchyma and increases the risk of liver failure and death after NTM-RFA.
Therefore, on this basis, we developed a new type of a no-touch combined directional perfusion RFA
(NTDP-RFA) system. By inserting two or more electrodes around the tumor and activating them at the
same time, hypertonic saline can be directed into the lesion from the side hole through the tube in the
electrode to produce more uniform and more thorough necrosis. While increasing the maximum ablation
volume, this technique also reduces the damage to normal tissues in the direction of nonperfusion,
thereby reducing the incidence of postoperative complications. Therefore, the purpose of this study was
to evaluate the short-term efficacy of NTDP-RFA in the treatment of small HCC with cirrhosis.

Methods
Patients
The medical records of patients with small HCC who received NTDP-RFA at our center between January
2017 and March 2018 were retrieved and retrospectively analyzed (Fig. 1). A total of 56 consecutive
patients were included in this retrospective study.
The inclusion criteria for this study were as follows: (1) 18-70 years old; (2) primary HCC with a
background of cirrhosis; (3) single nodules with a diameter ≤ 3 cm; (4) no invasion of the portal vein, the
hepatic vein trunk or secondary branches; (5) no intrahepatic and extrahepatic metastases; (6) Child-Pugh
grade A/B; (7) the indocyanine green retention rate at 15 min (ICGR-15) ≤ 30%; (8) follow-up period of up
to 2 years; and (9) no other antitumor therapy received before treatment. The exclusion criteria for this
study were as follows: (1) lost-to-follow-up or follow-up period of less than 2 years; (2) multiple HCC
nodules or a single HCC nodule > 3 cm; (3) patients with severe portal hypertension, a history of
esophageal variceal hemorrhage, severe hypersplenism syndrome, or refractory ascites; (4) lesions
adjacent to the gallbladder, important blood vessels and bile ducts of the hepatic hilum and surrounding
organs; (5) patients who were willing to receive hepatectomy or liver transplantation; and (6) severe
bleeding tendency, platelet count < 50 ×10^9/L, or prolonged prothrombin time > 3 seconds.
Diagnosis of HCC and cirrhosis
Before NTDP-RFA treatment, all patients underwent imaging studies, including contrast-enhanced
computed tomography (CT) and/or magnetic resonance imaging (MRI). To plan the NTDP-RFA procedure,
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all patients underwent contrast-enhanced ultrasound (US) before NTDP-RFA. he diagnosis of HCC and
cirrhosis was confirmed by biopsy during the NTDP-RFA procedure.
Equipment: RF electrodes and RF systems
All NTDP-RFA procedures involved the use of internally cooled wet electrodes with a directional injection
function (LDDJS1-0200200, Mianyang Lide Electronics Co., Ltd., Mianyang, China), which can perform
both intraelectrode cooling and extraelectrode saline perfusion. The electrode has an outer diameter of 14
G, and there is a pipe inside to circulate the cooled hypertonic saline in the electrode, and the perfusion
rate is set to 40 ml/min. The tip of the electrode has an exposed hot end with a length of 2 cm. At
distance of 0.5 cm and 1.5 cm from the tip, there are only two injection holes on one side of the hot end,
each of which is 0.5 cm long and 0.2 cm wide. A solution of 5% NaCl was used as the infusion solution,
and the flow rate was adjusted to 1 ml/min. The RF energy is provided by a 400 kHz RF generator (LDRF120S, Mianyang Lide Electronics Co., Ltd., Mianyang, China), which can activate multiple electrodes
simultaneously.
Preoperative preparation
All RFA procedures were performed by a hepatobiliary surgeon with more than 15 years of experience in
RFA. All operations were performed under monitoring anesthesia, and puncture was performed
percutaneously under the guidance of real-time US. An injection of fentanyl citrate (0.1-0.2 mg,
Humanwell Pharmaceutical Co., Ltd., Yichang, China) was used for analgesia, an injection of
dexmedetomidine hydrochloride (50-100 mg, Hengrui Medicine Co., Ltd., Jiangsu, China) was
administered for sedation, and an injection of lidocaine hydrochloride (Zhaohui Pharmaceutical Co., Ltd.,
Shanghai, China) was used for topical anesthesia. The number of RF electrodes used depended on the
diameter of the tumor. For tumors with a diameter of ≤ 20 mm, two electrodes were used; for tumors with
a diameter between 20-30 mm, three electrodes were used. Preoperative contrast-enhanced US was
performed to identify the tumor site. The optimal treatment position and needle insertion route (selected
to avoid large blood vessels, bile ducts and adjacent organs) were selected, and the puncture point was
marked on the skin.
NTDP-RFA procedure
The specific implementation steps of NTDP-RFA were as follows: two or three electrodes were inserted in
parallel into the liver parenchyma around the target tumor, and the side hole at the hot end of the
electrodes was pointed in the direction of the tumor. The precise placement of the electrodes is shown in

Fig. 2. The initial power was set to 60 W, and then the power was increased at a rate of 10 W/min until the
maximum power of 120 W was reached. During ablation, hypertonic saline solution was continuously
injected into the tissue through the side hole of the electrode, and the RFA system continuously measured
tissue resistance. The power output was stopped automatically if resistance exceeded a specific limit
(300 Ω). Therefore, the time of the procedure changed according to the situation. At the same time, the
electrode interior was cooled by the circulating perfusion of saline during ablation. The ablation
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procedures were monitored by real-time US, and the ablation was not terminated until the transient
hyperechoic cloud caused by the gas covered all units of the tumor. After ablation was completed, the
electrode needle was removed in "needle tract ablation mode (35 W) " to prevent bleeding.
Follow-up and definitions of terminology
At 15 min after NTDP-RFA completion, contrast-enhanced US was immediately reexamined to evaluate
the therapeutic effect. Complete ablation was defined as no enhancement area during the arterial and
portal phases. If there were discontinuous, focal or nodular enhancement areas at the tumor site,
indicating incomplete treatment, NTDP-RFA was performed again. In the first and second months after
NTDP-RFA and every two months thereafter, patients were followed up by contrast-enhanced US, CT or
MRI. LTP was defined as the appearance of new tumor foci within 2 cm of the edge of the ablation area
by at least one follow-up imaging examination. Otherwise, new tumors were defined as distant tumor
progression (classified as intrahepatic distant recurrence and extrahepatic metastasis). Intrahepatic
distant recurrence was defined as the detection of a tumor lesion 2 cm away from the ablation position
within the liver. A visual analog scale (VAS) was used to assess postoperative pain on a scale of 0 to 10
(0, no pain; 10, worst imaginable pain). Postoperative complications were also assessed according to the
Society of Interventional Radiology (SIR) classification. Technical success was defined as completion of
the NTDP-RFA procedure as planned. Fifteen minutes after completion of the NTDP-RFA procedure,
contrast-enhanced US indicated that complete ablation was defined as clinical effectiveness.
Study endpoints
The primary endpoint of the study was the rate of LTP. The secondary endpoints were the comparison of
(i) intrahepatic distant recurrence rates; (ii) tumor progression-free survival rates; and (iii) overall survival
rates. Tumor progression-free survival and overall survival were calculated from the date of initial NTDPRFA treatment to the date of tumor recurrence or death.
Statistical analyses
Continuous data are expressed as medians and interquartile ranges. Categoric variables are expressed as
frequencies and proportions. Repeated measures ANOVA was used to compare biochemical indicators of
liver function. Survival curves were estimated by using the Kaplan-Meier method. Cox proportional
hazards regression analyses were performed to determine significant baseline clinical-biologic and
nodule parameters for the prediction of local and overall tumor progression-free survival rates. All
variables with P < 0.200 were included in the multivariate analysis; a stepwise Cox proportional hazards
regression model was used to evaluate their value as independent predictors. In stepwise regression, P <
0.05 was considered to indicate a significant difference. SPSS for version 25.0 (IBM, Armonk, New York,
USA) was used for statistical analysis.

Results
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Patient characteristics
The baseline characteristics of the patients are summarized in Table 1. Fifty-six patients had primary
HCC: 49 males (87.5%) and 7 females (12.5%). The median patient age was 55 (46-63) years. Thirty-nine
patients (69.7%) had hepatitis B cirrhosis, 18 (32.1%) had an ICGR-15> 15%, and 8 (14.2%) had a serum
AFP level greater than 200 ng/mL. The median tumor diameter was 26 (18.0-28.0) mm: 19 patients had a
diameter ≤ 20 mm, and 37 patients had a diameter > 20 mm and ≤ 30 mm.
Operative characteristics and complications
The operative characteristics of the patients are shown in Table 2. All patients completed the NTDP-RFA
procedure as planned. The median duration of NTDP-RFA was 8 (6-8) min. The length of hospital stay
was calculated from the first day after NTDP-RFA, and the median length of hospital stay was 4 (3-5)
days. Fifteen minutes after the completion of NTDP-RFA, contrast-enhanced US indicated that the median
ablation diameter was 49.0 (44.2-51.0) mm. Complete ablation was achieved in 55 patients after one
NTDP-RFA treatment and in 1 patient after two NTDP-RFA treatments. No treatment-related deaths
occurred in this study. Postoperative grade A complications of pleural effusion occurred in 5 patients
(8.9%), including 2 patients with mild ascites. All patients returned to normal within 2-4 days after
conservative or symptomatic treatment.
As shown in Fig. 3, the patients were divided into two groups according to preoperative ICGR-15, and the
perioperative liver function indexes of the patients were analyzed and compared. When comparing the
two groups,the Tbil, ALT and AST levels in the ICGR-15 > 15% group were significantly higher than those
in the ICGR-15 ≤ 15% group on the first postoperative day (P < 0.050). Compared with the preoperative
levels, the postoperative Tbil, ALT and AST levels were significantly higher in both groups on day 1 after
NTDP-RFA treatment (P < 0.001) and significantly lower on day 3 after liver function protection (P <
0.010) (Fig. 3 a, b, c). In addition, the Alb level was significantly lower on the first day after NTDP-RFA
than preoperation (P < 0.050), and no difference was found on postoperative day 3 (Fig. 3 e). The ALP
and PT-INR levels were compared, but no differences were found between the two groups at any
postoperative time compared with the preoperative time (Fig. 3 d, f).
Local and distant tumor progression and survival
During the follow-up period, 4 patients (7.1%) developed local recurrence at 12, 18, 20, and 24 months
after NTDP-RFA treatment. Among them, only 1 patient with a tumor diameter ≤ 20 mm developed LTP at
the 24th month after NTDP-RFA treatment. Univariate analysis did not reveal characteristics associated
with LTP. The 1-year and 2-year local progression-free survival rates were 98% (95% CI: 94%, 99%) and
92% (95% CI: 85%, 98%), respectively (Fig. 4). The distant tumor progression (intrahepatic distant
recurrence and extrahepatic metastasis) rates at 1 and 2 years after NTDP-RFA treatment were 3.5% and
10.7%, respectively. Two of the patients had distant solid organ metastases (one in the lung and one in
the bone), with tumor diameters > 20 mm.
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Overall tumor progression and survival

Table 3 shows the predictors of the 2-year overall tumor recurrence rate. Age ≥ 60 years, ICGR-15 > 15%,
prothrombin activity < 75%, platelet count < 100 g/L, serum total bilirubin > 21 µmol/L, serum AFP > 200
ng/mL and tumor diameter > 20 mm and ≤ 30 mm were used as references. In the univariate analysis,
ICGR-15 > 15% (P = 0.16, hazard ratio = 2.41 [95% CI: 0.69, 8.33]) and diameter > 20 mm and ≤ 30 mm (P
= 0.11, hazard ratio = 5.26 [95% CI: 0.66, 41.58]) were associated with overall tumor recurrence. However,
when included in the multivariate analysis, there were no characteristics associated with the overall
recurrence rate. The 1-year and 2-year progression-free survival rates were 95% (95% CI: 89%, 99%) and
82% (95% CI: 73%, 92%), respectively.
Management of patients who experienced recurrence
Of the 4 patients with LTP, 3 received NTDP-RFA treatment again, and one received liver transplantation.
Two of the 4 patients with intrahepatic distant recurrence received surgical resection, and the other two
received NTDP-RFA again.

Discussion
Over the past two decades, RFA has become the most widely used local ablative technique for liver
cancer due to its minimally invasive nature, safety, effectiveness and repeatability13-15. However, in the
traditional unipolar RFA mode, a single electrode is placed directly in the center of the target tumor, and
the RF current is centrifugally diffused from the center to the surrounding area. This can easily lead to
tumor spread along the needle path and vascular proliferation16. Compared with surgical resection, the
higher incidence of postoperative LTP is also one of the main limitations of unipolar RFA17. For tumors
with a diameter of more than 20 mm, complete ablation and an ablation boundary greater than 10 mm
are required, often with overlapping ablation18-20. However, the hyperechoic cloud generated after RFA will
cover the treatment area, so it is a difficult challenge to perform overlapping ablation under the guidance
of US. Therefore, there is a risk of incomplete ablation and residual satellite lesions, which will lead to
LTP21. To overcome the limitations of unipolar RFA and improve the clinical effectiveness of RFA in the
treatment of HCC, NTM-RFA has been applied in clinical practice in recent years22.
In the NTM-RFA mode, the electrodes are placed around the lesion, and the RF current flows between two
or more electrodes, that is, the current diffuses centripetally from the periphery to the center. This enables
the RF current to be concentrated between the tips of the electrodes, making it easier to deposit highdensity currents into target tissues, including tumors, thus achieving a larger ablation area23. Moreover,
the operation does not directly touch the tumor, nor does it increase the pressure within the tumor, and the
risks of tumor spread across blood vessels and implantation and metastasis are also greatly
reduced24,25. However, the disadvantage of the NTM-RFA mode is that the temperature in the RF current
concentration area is too high in a short time, which will lead to rapid carbonization of the tissue
(especially the tissue directly contacting the metal electrode) and the rapid increase in the impedance, so
Page 7/19

that the RF energy transfer is insufficient. The carbonized tissue will also adhere to the tip of the
electrode, resulting in uneven transmission of the RF current, thus reducing the heat production efficiency
of unit RF energy. Moreover, with the increase in tumor volume, the tumor far from the electrode may not
reach the critical temperature for complete necrosis, which may lead to LTP during follow-up. Therefore,
to achieve a larger ablation area, it is necessary to increase the power or prolong the operation time,
resulting in a larger ablation area outside the target tumor. However, this will not only increase the risk of
thermal injury to the surrounding organs but also prolong the postoperative recovery time, especially for
patients with HCC with cirrhosis who have different degrees of liver function damage.
When RFA is used to treat HCC with cirrhosis with poor liver function reserve, to achieve a balance
between the ablation area and liver function, we believe that the most ideal situation is to completely
ablate the tumor and reach the ablation boundary of more than 10 mm and can effectively avoid
unnecessary damage to the liver parenchyma and the risk of any disseminated tumor. Therefore, we
developed an NTDP-RFA system with the aims of creating an ablation area at least 10 mm beyond the
tumor area in three dimensions and obtaining complete tumor necrosis. During RFA treatment, hypertonic
saline can be injected into the target lesion from the side hole through the tube, which not only reduces
the carbonization of tissue in the current concentration area and slows the speed of impedance increase
but also increases the electrical conductivity and thermal conductivity26,27. Thus, without blindly
increasing the power and prolonging the operation time, greater RF energy deposition will be caused, and
the ablation area will be significantly expanded28. Furthermore, when hypertonic saline is injected into the
lesion tissue directionally and evenly, it cannot only produce regular and uniform necrosis but also reduce
damage to normal tissues in other directions and retain the noncancerous part of the liver parenchyma to
the maximum extent. Studies29 have also shown that activating multiple wet electrodes at the same time
can significantly reduce the application time. Moreover, the system combined with adaptive pulse
technology can adjust the output of RF energy according to the change in lesion impedance so that
ablation will not be affected by the "heat sink effect", thus achieving the expected ablation range. Finally,
a sufficient ablation boundary and complete tumor necrosis can be generated to reduce the incidence of
LTP after NTDP-RFA. This also broadens the application prospect of precision medicine in minimally
invasive treatment. To our knowledge, there is no report on the application of this new technology in the
treatment of small HCC with the background of cirrhosis.
In our study, the median HCC diameter was 26 (18.0-28.0) mm, the median ablation time was only 8 (6-8)
min, and the median ablation area diameter was 49.0 (44.2-51.0) mm, which was more than 10 mm
beyond the tumor margin. The clinical efficiency was up to 98.2% (55/56), and the technical success rate
was 100%. Even for 18 patients (32.1%) with poor liver function reserve (ICGR-15 > 15%), their liver
function returned to normal on the third day postoperation. The median postoperative hospital stay was
only 4 (3-5) days. After NTDP-RFA treatment, only 5 patients (8.9%) experienced grade A complications.
No patient needed surgical intervention, and all patients recovered completely. The 1-year and 2-year local
and distant progression rates were 1.7%, 7.1%, 3.5% and 10.7%, respectively. Lencioni30 reported that
after unipolar RFA treatment for tumors with a median diameter of 28 mm and a median follow-up time
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of 24 months, the LTP rate reached 10%. Kayvan Mohkam et al.31 reported that after NTM-RFA treatment
of HCC with a median diameter of 30 (25-40) mm, the 1-year and 3-year local and distant tumor
progression rates reached 5.5%, 10.0%, 7.4% and 27.8%, respectively, and the total incidence of
complications was as high as 50%, including 5.6% severe complications. Arnaud Hocquelet32 also
reported NTM-RFA in the treatment of HCC patients with an average diameter of 25 mm (SD: 8).
According to the SIR classification, the incidence of postoperative complications of grade C and above
was as high as 7.2%. The incidence of complications higher than Clavien-Dindo Grade 3A (requiring
surgery, intensive care unit or death) was 4.4%. One patient died of postoperative liver failure. Therefore,
the incidence and grade of postoperative complications of NTDP-RFA are lower than those reported
above, and the effect of local tumor control is significant.
Our study has some limitations. First, as a retrospective uncontrolled study, prospective randomized
controlled trials are also needed to verify the results. In addition, a short follow-up time may
underestimate the possibility of LTP. Finally, a 5% NaCl solution was used as the perfusion solution, and
the flow rate was adjusted to 1 ml/min. Further studies are necessary to optimize the concentration and
quantity of the hypertonic saline solution.

Conclusions
In conclusion, the new type of NTDP-RFA in the treatment of small HCC with cirrhosis has a low incidence
of complications and provides a high survival rate without LTP. Therefore, it is a safe and effective
treatment method worthy of consideration. Further prospective randomized controlled studies are needed
to investigate the long-term results.
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Tables
Table 1. Characteristics of 56 patients treated with NTDP-RFA.
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Variables

Date

Age, years

55 (46-63)

Sex, male

49 (87.5)

BMI, kg/m2

23.8 (22.2-25.3)

Cirrhosis aetiologies
Alcohol-related

11 (19.6)

Hepatitis B

39 (69.7)

Hepatitis C

6 (10.7)

Laboratory data
ALT, IU/L

35.7 (27.9-54.9)

AST, IU/L

31.6 (27.2-38.1)

ALP, IU/L

73 (64.0-83.2)

ALB, g/L

41.9 (38.1-45.7)

PT-INR

0.91 (0.86-0.96)

ICGR-15, %

7.8 (5.9-15.6)

PTA (prothrombin activity), %

76.6 (66.9-81.6)

Platelet count, 109/L

89.5 (70.5-125.5)

TBIL (total bilirubin), µmol/L

16.7 (14.1-24.0)

Serum AFP level, ng/mL

52.1 (10.6-132.2)

No. of patients with ICGR-15 > 15%

18 (32.1)

No. of patients with prothrombin activity < 75%

22 (39.2)

No. of patients with platelet count, < 100 g/L

33 (58.9)

No. of patients with total bilirubin > 21 µmol/L

15 (26.7)

No. of patients with serum AFP level > 200 ng/mL

8 (14.2)

No. of patients with Child-Pugh class A / B

52 (92.9) / 4 (7.1)

Ascites
Absent

51 (91.1)

Minor

5 (8.9)

Esophageal varices
Page 13/19

Absent

50 (89.3)

Grade 1

6 (10.7)

Characteristics of tumor diameter
Median value, mm

26 (18.0-28.0)

No. of patients with tumor diameter ≤ 20 mm

19 (33.9)

No. of patients with tumor diameter > 20 mm and ≤ 30 mm

37 (66.1)

Table 2. Operative characteristics of the NTDP-RFA.
Variables

Date

Duration of ablation, min

8 (6-8)

Length of stay, day

4 (3-5)

Ablation size, mm

49.0 (44.2-51.0)

Number of NTDP-RFA session
Complete ablation of single NTDP-RFA session

55 (98.2)

Two NTDP-RFA sessions

1 (1.8)

Maximum pain score

1.55 (1.20-1.80)

postoperative complications
Pleural effusion

5 (8.9)

Ascites

2 (3.5)

Table 3. Risk factors for overall tumor progression in 56 patients treated with NTDP-RFA.
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Variables

Univariable

Multivariable

HR (95% CI)

P
Value

Age ≥ 60 y

0.38 (0.08–1.81)

0.228

ICGR-15 > 15%

2.41 (0.69-8.33)

0.164*

Prothrombin activity < 75%

1.59 (0.46–5.49)

0.463

Platelet count < 100g/L

1.06 (0.30–3.78)

0.918

Total bilirubin > 21 µmol/L

0.59 (0.12–2.81)

0.516

Serum AFP level > 200 ng/mL

0.69 (0.08–5.49)

0.731

Tumor diameter > 20 mm and ≤ 30
mm

5.26 (0.66–
41.58)

0.115*

Figures
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HR (95% CI)

P
Value

2.45 (0.5710.48)

0.227

5.34 (0.6643.02)

0.116

Figure 1
CONSORT showing the outcome of the 56 patients who underwent no-touch combined directed perfusion
RFA as a first-line treatment for small HCC with cirrhosis.
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Figure 2
Standardized no-touch combined directed perfusion RFA technique was performed according to the
diameter of the tumor. a It shows the specific details of the wet electrode used in no-touch combined
directed perfusion RFA procedure. b, c For tumors less than 2 cm in diameter, two electrodes were inserted
parallel into the surrounding non-tumorous liver parenchyma at a distance of 3 cm. d, e For tumors larger
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than 2 cm and less than 3 cm in diameter, three electrodes were inserted into the surrounding nontumorous liver parenchyma in an equilateral triangle configuration with side length of 3 cm.

Figure 3
Serial changes in indicators of liver function. a TBIL (total bilirubin). b ALT (alanine transaminase). c AST
( aspartate aminotransferase). d ALP (alkaline phosphatase). e ALB (albumin). f PT-INR (prothrombin
time international normalised ratio). ICGR-15 (indocyanine green retention rate at 15 min). * p < 0.050
versus ICGR-15 ≤ 15% group (repeated measures ANOVA ). The values are expressed as mean with
standard error.

Figure 4
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a Local and b Overall tumor progression–free survival curves in 56 patients treated with no-touch
combined directed perfusion RFA.
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