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Abstract
AIM: To evaluate a series of patients with hepatocellular 
carcinoma (HCC) treated with several different protocols 
and devices. 
 
METHODS: We treated 138 patients [chronic hepatitis/
liver cirrhosis (Child–Pugh A/B/C), 3/135 (107/25/3)] 
with two different devices and protocols: cool-tip needle 
[initial ablation at 60 W (standard method) (n = 37) 
or at 40 W (modified method) (n = 28)] or; ablation 
with a LeVeen needle using a standard single-step, full 
expansion (single-step) method (n = 39) or a multi-step, 
incremental expansion (multi-step) method.  

RESULTS: Eleven patients experienced rapid and 
scattered recurrences 1 to 7 mo after the ablation. Nine 
patients were treated by the cool-tip original protocol 
(60 W) (9/37 = 24%) and the other two by the LeVeen 
single-step method (2/39 = 5%). The location of the 
recurrence was surrounding and limited to the site of 
ablation segment in three cases, and spread over one 
lobule or both lobules in the other eight cases. There 
was no recurrence in the patients treated with the 
modified cool-tip modified method (40 W) or the LeVeen 
multi-step method.  

CONCLUSION: There is a risk of rapid and scattered 
recurrence after RFA, especially when the standard cool-
tip procedure is used. Because such recurrence would 
worsen the prognosis, we recommend that modified 
protocols for the cool-tip and LeVeen needle methods 
should be used in clinical practice.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Image-guided radio frequency ablation (RFA) is an 
emerging technique for the treatment of  hepatocellular 
carcinoma (HCC)[1-5], as well as for metastatic liver 
tumors[6]. The procedure has been adopted worldwide as 
a safe and effective method, and is replacing percutaneous 
ethanol injection therapy (PEIT) as the treatment of  
choice. Livraghi et al[7] and Lencioni et al[8] have compared 
RFA and PEIT for the treatment of  small-sized HCC. 
Although both studies concluded that RFA resulted in 
a higher rate of  complete necrosis, Livraghi et al[7] also 
indicated that the complication rate was higher with RFA 
than with PEIT.  

A number of  reports have described complications 
associated with RFA[9-14]. The major complications 
reported were peritoneal bleeding, hepatic abscess, 
hemothorax, perforation of  the gastrointestinal wall, 
and rapid hepatic decompensation. These complications 
occurred during or just after RFA, however, and delayed 
complications have been reported much less frequently. 
Takada et al[15] described two cases in which rapid and 
aggressive recurrence accompanied by portal thrombus 
occurred 4 to 6 mo after RFA. Nicoli et al[16] described a 
peculiar form of  recurrence after RFA for HCC that was 
characterized by numerous and equally-sized recurrence 
nodules and which occurred after only one month post-
treatment. More recently, Ruzzenente et al[17] also described 
a series of  patients with rapidly spreading recurrence after 
RFA.  

In the past several years, we have observed cases 
similar to those presented by Nicoli et al[16].  We have 
previously reported a significant increase in pressure 
in the ablated area during RFA[18], and concluded that 
scattered recurrence is attributable to an explosion 
caused by excessive increases in intra-tumor pressure. In 
our experience, intra-operative complications are easily 
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avoidable by confirming the safety of  a puncture route 
before the treatment, whereas a rapid recurrence after 
RFA is a serious clinical problem that can influence the 
prognosis of  patients.  

In this report, we have evaluated a series of  HCC cases 
treated by RFA with different devices and protocols, and 
have analyzed cases with rapid and scattered recurrence 
after RFA.  

MATERIALS AND METHODS
RFA
Between April 2000 and December 2004, 138 patients 
with HCC were treated with the RFA procedure in Kyushu 
University Hospital or National Hospital Organization 
Kyushu Medical Center. Characteristics of  the candidates 
are shown in Table 1. They consisted of  79 males and 59 
females, aged 40 to 83 years with a mean of  68.2 years. 
All of  them had chronic liver damage; 121 patients were 
hepatitis C virus (HCV) positive and 17 were hepatitis 
B virus (HBV) positive. Among them, 135 patients were 
diagnosed with liver cirrhosis by liver biopsy, clinical 
laboratory data, ultrasonography and/or computed 
tomography. According to the hepatic functional reserve 
evaluation for the cirrhotic patients just before RFA, 107, 
25, and 3 were classified as Child–Pugh’s class A, B, and 
C, respectively. The diagnosis of  HCC was confirmed by 
aspiration tumor biopsy for all patients prior to treatment. 

RFA was performed with either a LeVeen™ multipolar 
array needle in combination with an RF 2000 generator™ 
(Radio Therapeutics Corporation, Mountain View, CA, 
USA) or a Cool-tip™ RF System (3.0 cm exposure length) 
(Radionics, Burlington, MA, USA). One of  the two devices 
was selected randomly for RFA. All procedures were 
performed by hepatologists who had at least 10 years of  
experience performing image-guided in situ tumor ablation 
therapy. The original standard protocol was used for cool-
tip needle RFA until December 2002, and the modified 

protocol was used thereafter. For LeVeen needle RFA, the 
original standard protocol was used until April 2002, and 
the modified method was used thereafter. The details of  
each protocol are described below.

Original procedure with cool-tip needle: Cool-tip 
electrode with 3 cm of  exposed tip was used to deliver 
RF (radio frequency) energy to the tumors. RF energy was 
delivered as described previously[19]. In short, after needle 
puncture of  the tumor, generator output was increased 
to 100–120 W and maintained at this level until the end 
of  the procedure. If  an increase in impedance equal to 
or greater than 10 Ω above baseline was observed, the 
current was reduced, until stable impedance was observed 
and then increased again.  

Modified procedure with cool-tip needle: The needle 
used was the same type as was used for the original 
procedure. The method differed from the original 
procedure in that the ablation was started at a low voltage 
of  40 W, and the electric power was increased by 10 W every 
minute. The maximum of  electric power was 120 W, and 
the RF energy delivery was continued, until the impedance 
increased beyond the limit of  the generator.   

Original procedure with LeVeen needle: The electrode 
used for this procedure was a 3 or 3.5 cm LeVeen needle 
depending on the tumor size. Before delivery of  RF 
power, the tumor was punctured with a needle and the ten 
tines were then fully expanded. The ablation was started 
at 40 W (3-cm needle) or 50 W (3.5-cm needle) RF power 
and was further increased by 10 W/min up to 75 W (3-cm 
needle) or 90 W (3.5-cm needle). If  the impedance had not 
increased after 10 min, the RF power was again increased 
by 10 W increments. The procedure was terminated when 
a marked increase in impedance (“roll off ”) occurred.

Modified procedure with LeVeen needle: The needle 
used was the same type as was used for the original 
procedure. In the modified version, the tines of  the 
electrode were expanded step by step in 10 steps, and at 
every step, the length of  tine expansion was one-tenth 
of  the full expansion length. Ablation at each step was 
continued, until the impedance increased to “roll off ”. 
Furthermore, at the first step, the ablation was started at 
a low voltage of  30 W. If  it took more than 30 s for “roll 
off ” at a step, the power was increased by 10 W before 
starting the next step. The maximum electric power for 
this protocol was 75 W (3-cm needle) or 90 W (3.5-cm 
needle), which was maintained until the final step.  

After RFA treatment, a l l of  the pat ients were 
followed up every one or two months with US or CT. 
When recurrence was detected by imaging examination, 
additional treatment was instituted with RFA, PEIT, 
transarterial chemoembolization (TACE) or a combination 
of  these therapies. The prognosis was based on the data 
obtained up to December 2004.

Statistical analysis
Baseline characteristics of  the patients prior to RFA 
treatment are shown as mean±SD and stat ist ica l 
comparisons were performed using c2 test for categorical 
data and non-paired t-test for numerical data.  

Table 1 Characteristics of the patients

                                     Scattered recurrence (–)        Scattered recurrence (+)	    Total
n	                                        127                                    11                        138
Age	                               67.5±8.6	         69.2±8.1                67.6±8.5
Sex (male/female)	              71/56	                   8/3                     79/59
Virus (HBV/HCV)	            14/113	                   3/8                   17/121
Tumor size (mm)                      24.3±13.7	         20.1±5.7                24.0±13.5
Albumin (g/dL)	          3.65±0.38	         3.52±0.57              3.64±0.39
Bilirubin (mg/dL)	          0.86±0.51                        1.02±0.44              0.87±0.50
ALT (U/L)	                              48.4±28.3                        56.0±17.8               49.0±28.5
Platelet (x104/mL)	          10.9±5.5                            9.0±3.6                10.7±5.5
Child–Pugh (CH1/A/B/C)a       3/102/20/2	            0/5/5/1              3/107/25/3
Device and Protocolb

   Original cool-tip	                  28	                      9	         37
   Modified cool-tip	                  28	                      0	         28
   Single-step LeVeen	                  37	                      2	         39
   Multi-step LeVeen	                  34	                      0	         34
Prognosis (alive/death)b	             87/40	                   3/8	    90/48
Observation period (mo)           27.1±11.0	         24.0±11.5              26.9±11.1
aP<0.05, bP<0.01 between the patients with and without scattered recurrences 
(c 2 test). 1CH: chronic hepatitis.



 
RESULTS
Eleven patients suffered from rapid and scattered 
intrahepatic recurrences, which occurred between one 
month and seven months after ablation. These 11 cases 
consisted of  eight males and three females, ranging in 
age from 51 to 79 years. The ablated tumors were located 
variably in either lobe of  the liver. Among the baseline 
characteristics of  patients prior to RFA treatment, the 
cirrhosis stage was significantly more advanced in patients 
without scattered recurrences (Table 1). Of  the patients 

with scattered recurrences, nine were treated with the cool-
tip device according to the original protocol and the other 
two with the LeVeen needle and original full-expansion 
method (Tables 1 and 2).  After switching from the original 
to the modified protocols, no scattered recurrences were 
observed.  

Scattered recurrent tumors occurred in two different 
patterns. One pattern consisted of  scattered tumors that 
were located in a single lobe (three patients). This pattern is 
shown in Figures 1A (CT) and 2A (angiography), appearing 
as multiple tumors around the ablated tumor that were 
localized in the segment. The other pattern consisted of  
tumors spread over a single lobule in the several segments 
(one patient) or both lobules (Figures 1B and 2B) (seven 
patients). Regardless of  the scattering pattern, the tumors 
were roughly equal in diameter.  When recurrences were 
found, neither tumor thrombus nor extrahepatic metastasis 
was observed by CT or US imaging.  

Follow-up of  patients to December 2004 showed 
that the prognosis was significantly worse for patients 
with scattered recurrences. Among the 127 patients 
without scattered recurrences, 40 patients died within 
the observation period; 8 due to liver failure caused by 
progression of  liver cirrhosis, 2 from variceal rupture, and 
the remainder due to the progression of  HCC. In contrast, 
8 of  11 patients with scattered recurrences died and all had 
advanced HCC.
 
DISCUSSION
There are several common characteristics among the cases 
described in this study. First, recurrence occurred rapidly 
following RFA. Most of  these cases were detected within 
6 mo. Second, multiple recurrent tumors were almost 
equal in diameter. Finally, the recurrent tumors were either 
scattered around the ablated tumor or all over the lobe(s), 
and the location had no relation to the puncture route used 
for RFA.

Nicoli et al [16] recently reported a similar form of  
recurrence that is, rapid and numerous bilobular recurrent 
tumors, and proposed that this type of  recurrence would 
result from new communication formed between two 
vascular regions (arterial and venous-portal) as a result of  
RFA needle puncture. It was also suggested that the new 

Table 2  Details of the patients with scattered recurrence

n           Sex           Age          Background            Liver function             Location/            Device             Protocol             Form of            Interval between RFA             Prognosis
                                                                             (Child-Pugh)              Size (mm)                                                              recurrence         and recurrence (mo)         after RFA (mo)
1             F              75            LC (HCV)                    C                             S8/15               LeVeen            Original             Bilobular                         3                                Death (15)
2             M             61            LC (HBV)                    A                             S7/20               Cool-tip           Original             Bilobular                         3                                Alive (42)
3             F              79            LC (HCV)                    B                             S2/25               Cool-tip           Original             Bilobular                         2                                Death (36)
4             M            63             LC (HBV)                    A                             S4/15               Cool-tip           Original             Surrounding                      7                                Death (24)
5             M            69             LC (HCV)                    B                             S7/26               Cool-tip           Original             Bilobular                         4                                Death (27)
6             M            73             LC (HCV)                    B                             S5/13               Cool-tip           Original             Bilobular                         5                                Death (20)
7             M            74             LC (HCV)                    A                             S4/18               Cool-tip           Original             Bilobular                         4                                Death (7)
8             M            70             LC (HCV)                    A                             S8/30               Cool-tip           Original             Surrounding                    5                                Alive (36)
9             M            70             LC (HCV)                    B                             S8/25               Cool-tip           Original             Bilobular                         6                                Death (16)
10           M             51            LC (HBV)                    B                             S6/20               LeVeen            Original             Surrounding                    2                                Death (10)

11           F              76             LC (HCV)                   A                              S3/14               Cool-tip           Original             Lobular                           7                                Alive (31)

Figure 1  CT images of scattered recurrences after RFA. A: Recurrences around 
the ablated tumor after RFA (case 10 in Table 2); B: Multiple recurrences scattered 
over the whole liver after RFA (case 6 in Table 2). The white arrows indicate the 
ablated area without enhancement by contrast medium, and the black arrowheads 
indicate scattered recurrence with enhancement.

Figure 2  Angiographic images of scattered recurrences after RFA, which were 
treated by TACE in most of the cases. A: Multiple recurrences were located 
surrounding the ablated tumor (case 8 in Table 2). B: Multiple recurrences were 
scattered in the whole liver (case 9 in Table 2). In both patterns, recurrent tumors 
were almost equal in size.

A B

A B
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procedure. In some cases, PEIT should be considered as a 
suitable alternative to RFA.
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communication facilitated the migration of  tumor cells 
from a high pressure arterial regions to a low pressure 
portal liver regions. However, we disagree with this 
speculation because the tumor treated with RFA in that 
study was only 3.5 cm in diameter, and the feeding artery 
would not likely have sufficient pressure to spread the 
malignant cells throughout the lobes. Ruzzenente et al[17] 
also identified a series of  patients with similar recurrences 
and suggested that increased intra-tumor pressure might 
be the cause. 

In recent in vitro and in vivo experiments, we demonstr‑
ated that the pressure in an ablated area can increase 
drastically during RFA[18]. We assumed that the peculiar 
scattered recurrence was caused by an explosion due to 
increased intra-tumor pressure. The explosion could strew 
the malignant cells, as a large cluster, which would enable 
the metastatic tumors to grow in a short time.  

A substantial increase in pressure would be necessary 
for the tumor to explode during RFA, and in rider for 
this to occur either of  the two different conditions 
would be necessary; namely a fibrotic capsule around the 
tumor, or parenchymal fibrosis surrounding the tumor 
accompanied by cirrhosis. Without these conditions, 
the pressure produced by ablation would easily escape 
through the microvasculature or sinusoids adjacent to 
the ablated tumor. In our study, all of  the patients with 
scattered recurrences also had liver cirrhosis, and the rate 
of  advanced-stage cirrhosis was higher in patients with 
recurrence. This suggests that accumulated collagens in the 
liver of  patients with cirrhosis could form a wall that traps 
in pressure.  

Once a scattered recurrence occurs, focal treatment 
such as ablation therapy can no longer be used, and the 
only remaining treatment options are TACE or systemic 
chemotherapy. The incidence of  recurrent tumors is also 
associated with a poor prognosis. We found that within 
the observation period, the mortality rate of  patients with 
scattered recurrences was higher than that of  patients 
without scattered recurrences. 

In order to avoid scattered recurrences, we believe 
that modified protocols for RFA should be used. After 
changing to the modified protocols, we found no cases of  
scattered recurrence associated with either the cool-tip or 
LeVeen needle procedures. Another way to avoid scattered 
recurrence is to use alternative procedures to RFA such 
as ablation by PEIT, which is performed with a thinner 
needle than that used for RFA and has a lower risk of  
complications[7,8,20]. There are no reports that we are aware 
of  to indicate that PEIT can cause scattered recurrences. 
PEIT is generally considered to be inferior to RFA for 
the following two reasons. First, in contrast with RFA, 
PEIT requires multiple sessions. Second, local recurrence 
following PEIT may be more likely when the surgeon is 
inexperienced, while a highly-skilled surgeon can achieve 
complete tumor necrosis.  

We conclude that critical complications of  rapid 
and scattered recurrences after RFA can be avoided by 
the use of  modified protocols. If  the need arises, it is 
also necessary to select PEIT, not to cling to use RFA 
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