
















      

 

Radiofrequency Ablation of the Liver 
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Fig. 10.—Artist’s rendition of ablation schemes.
 
A, Solitary ablation completely envelops small tumor and circumferential rim of healthy liver.
 
B, Six optimally placed overlapping spheres produce composite spherical thermal injury with diameter equal to 1.25 times diameter of a single ablation sphere.
 
C, Overlapping thermal cylinders is effective way to treat large tumors. Each cylinder is created by overlapping serial ablations by 50% along a single needle path. Adjacent
 
cylinders are overlapped by 50%. 

that should be treated with six 3-cm overlapping 
ablations should be less than 3.25 cm in diame­
ter. Larger tumors can be treated with radiofre­
quency ablation, but they require many more 
ablations or require adjuvant techniques to in­
crease the size of an ablation. A strategy for 
treating large tumors consists of the creation of 
thermal cylinders [63] (Fig. 10C). 

When performing multiple radiofrequency 
ablations using sonographic guidance, it is im­
portant to plan the order of ablations so that the 
deepest ablations are performed before the su­
perficial ones (Figs. 8 and 9). This strategy mini­
mizes the possibility that microbubbles might 
obscure visualization of the deeper portions of 
the tumor and thus prevent completion of the ab­
lation session. 

Follow-Up 

Immediate evaluation can consist of sonogra­
phy performed at the time of treatment. This may 

Fig. 11.—58-year-old man with hepatocellular carcinoma. 
A, Arterial phase CT scan of dome of right lobe of liver 
before ablation shows untreated solitary hypervascu­
lar tumor. 
B, Arterial phase CT scan immediately after ablation 
shows normal hyperemic rim (arrows) around ablated 
tumor. Hyperemic rim may prevent accurate assess­
ment of completeness of ablation. 
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be helpful with HCC tumors that are vascular. 
However, it may not be helpful in metastatic dis­
ease. Solbiati et al. [58] found that use of contrast-
enhanced sonography may help to detect residual 
tumor after radiofrequency treatment. This imme­
diate feedback can be used for reapplication of ra­
diofrequency in areas that are untreated. 

Most institutions perform CT of the liver 
within a few hours of the ablation to gauge the 
completeness of the ablation and to look for any 
potential complications [61]. However, the accu­
racy of the completeness assessment on the im­
mediate CT scan is often limited because of the 
presence of an ablation-induced hyperemic rim 
around the margin of the ablated tissue (Fig. 11). 
This hyperemia is difficult to distinguish from re­
sidual tumor. Fortunately, the hyperemia is usu­
ally resolved by 1 month after the ablation, and a 
more accurate assessment of the completeness of 
the ablation can be made at that time (Fig. 12). In 
some instances, CT is not performed immedi­

ately, but rather 1 month after ablation. If no 
evidence of residual tumor is seen on the CT 
scan 1-month after ablation, patients are usually 
followed up by repeated CT every 3 months. 
Each follow-up CT scan must be scrutinized for 
evidence of tumor recurrence in the liver, adja­
cent to and remote from the ablated site, and out­
side the liver. Typical sites of extrahepatic tumor 
recurrence in patients with HCC are the adrenal 
glands, lungs, bones, and regional lymph nodes 
along the porta hepatis, gastrohepatic ligament, 
celiac axis, and cardiophrenic sulcus. Patients 
with colorectal carcinoma tend to develop extra­
hepatic metastases at the primary tumor site, in 
the peritoneal cavity, and in the lungs. Because of 
the frequency of extrahepatic metastases in pa­
tients with colorectal carcinoma, we usually per­
form both abdominal and pelvic CT every 3 
months and chest CT every 6 months. 

The technique used to perform follow-up CT 
has a significant impact on the early detection of 
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intrahepatic tumor recurrence. Most early recur­
rences in patients with HCC are detected only in 
the arterial phase of good-quality three-phase 
CT. Likewise, the subtle changes of local intra­
hepatic tumor recurrence in patients with co­
lorectal metastases may be visualized only 
during a strong portal venous phase contrast-en­
hanced CT scan [56, 59]. We routinely perform 
three-phase CT in all patients with HCC and 
two-phase CT in patients with colorectal me­
tastases. Additionally, we obtain repeated α -feto­
protein and carcinoembryonic antigen levels 
every 3 months in patients with HCC or colorec­
tal hepatic metastases, respectively. We find the 
levels helpful in assessing subtle changes on the 
CT scans and in determining if additional evalu­
ation is warranted. Changes in α -fetoprotein or 
carcinoembryonic antigen values must be as­
sessed on an individual basis for each patient on 
the basis of their values before treatment and the 
normal levels used at each medical institution. 

Several investigators prefer to use MR im­
aging to follow up their patients after radiofre­
quency ablation. One study claims that MR 
imaging is more sensitive than CT for the de­
tection of early intrahepatic tumor recurrence 
[61]. The interpretation of MR imaging for tu­
mor recurrence is based primarily on the 
premise that ablated tissue produces minimal 
signal on T-2 weighted sequences, whereas tu­
mor produces high signal. Dynamic contrast 
enhancement of suspected tissue is further evi­
dence of tumor recurrence. 

Regardless of the technique used to follow up 
patients after ablation, the primary objective is to 
detect tumor recurrence as soon as possible so 

B 

the appropriate therapy can be instituted. If re­
currence is limited to the liver, reablation may be 
effective (Fig. 13). One of the potential benefits 
of percutaneous radiofrequency ablation over 
other more invasive forms of treatment, such as 
surgery, intraoperative cryotherapy, or intraoper­
ative radiofrequency treatment, is that it can be 
repeated as often as necessary to treat intrahe­
patic tumor recurrence. In our practices, we have 
treated individual patients with local tumor re­
currences as many as seven times during a 
3-year period. Each time the tumor appeared 
completely destroyed, and the patient had 3–6 
months of asymptomatic health between treat­
ments. If a patient develops extrahepatic tumor 
or extensive intrahepatic tumor, alternative thera­
pies such as systemic chemotherapy or hepatic 
chemoembolization should be considered. 

Results 

Long-term results of radiofrequency ablation 
of either primary or secondary liver neoplasms 
are scant because this is a fairly new technique. 
The goal of most of the early reported ablations 
is complete tumor necrosis and possibly a cure. 
However, some published results are available 
on the short-term follow-up of patients treated 
with radiofrequency ablation. These results are 
presented by tumor type and method of treat­
ment. Many results are with prototype devices 
and do not reflect current refined technology. 
Furthermore, many early results were with con­
ventional needles similar to the original single 
noninsulated needles described by McGahan et 
al. [31] and Rossi et al. [32] (Figs. 1 and 2). 

Fig. 12.—67-year-old man with two metastases from
 
colon cancer. 

A, CT scan shows two well-localized metastases (1, 2)
 
in right lobe of liver.
 
B, Three-month follow-up CT scan after radiofre­
quency ablation shows complete ablation of tumors.
 
Percutaneous radiofrequency approach was used for
 
treatment of the more lateral lesion. However, be­
cause of overlying bowel and proximity to gallbladder,
 
open radiofrequency ablation was used for the more
 
medial lesion.
 

Percutaneous Treatment of HCC 

At least four series document the results of 
percutaneous radiofrequency treatment of HCC. 
The original study of Rossi et al. [56] used a 
conventional needle that was insulated to the dis­
tal tip. Rossi et al. [55] conducted a later series 
using an umbrella-type needle (Fig. 3). Livraghi 
et al. [53] and Francica and Marone [49] pub­
lished one study each in which they used a 
cooled needle device. In all studies, near-com­
plete necrosis of 90% of the treated tumors had 
occurred at 6 months. These results were for tu­
mors smaller than 3 cm. However, for the study 
by Livraghi et al. [53] with tumors larger than 3 
cm (mean, 5.4 cm,) the complete necrosis rate 
was only 47.6%. Complete necrosis was 71% 
for noninfiltrating tumors that were 3.1–5.0 cm, 
and only 25% for noninfiltrating tumors greater 
than 5 cm in diameter. Also, the rate of disease-
free survival at follow-up was lower; the first 
study of Rossi et al. [56] found 64% at 23 
months and 71% at 12 months in a subsequent 
study [55]. Francica and Marone reported 67% 
of patients to be disease-free at 15 months. Thus, 
with HCC, although there is a high rate of com­
plete necrosis of ablated tumors, about a third of 
the patients develop recurrent tumor. Kainuma et 
al. [50] found it useful to monitor and perform 
reablation in these patients. These results are 
summarized in Table 1. 

Percutaneous Treatment of Metastatic Liver Tumors 

Radiofrequency ablation has also been 
used to treat tumors that have metastasized to 
the liver. The results of five series are sum­
marized in Table 2. The original study by 
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Fig. 13.—46-year-old man with metastatic colon cancer. 
A, CT scan before treatment shows 3-cm metastasis 
(arrow ) in posterior right lobe of liver. 
B, CT scan immediately after ablation shows thermal 
injury (arrow ) at site of treated tumor and no definite 
evidence of residual tumor. 
C, Follow-up CT scan at 3 months after ablation shows 
recurrent tumor (arrow ) at margin of ablated tumor. 
D, CT scan immediately after reablation shows en­
larged thermal injury (arrow ) at site of treated tumor re­
currence and no definite evidence of residual tumor. 

A B 

C D 

TABLE 1 Percutaneous Radiofrequency Ablation of Hepatocellular Carcinoma 

Researchers 
No. of 

Patients 
Needle Type 

Mean 
Follow-Up 

Percentage of Success 

Complete 
Necrosis 

Tumor-Free 

Rossi et al. [56] 
Rossi et al. [55] 
Livraghi et al. [53] 
Francica and Marone [49] 

39 
23 
42 
15 

Conventional 
Umbrella 
Cooled-tip 
Cooled-tip 

23 months 
12 months 
6 months 

15 months 

95% 
91% 

47.6% 
90% 

64% 
71% 

Not stated 
67% 

TABLE 2 Percutaneous Radiofrequency Ablation of Metastatic Liver Tumors 

Researchers 
No. of 

Patients 
Needle Type 

Mean 
Follow-Up 

Percentage of Success 

Complete 
Necrosis 

Tumor-Free 

Rossi et al. [56] 
Solbiati et al. [57] 
Solbiati et al. [59] 

Livraghi et al. [54] 
Rossi et al. [55] 
Lencioni et al. [51] 

11 
16 
29 

14 
14 
29 

Conventional 
Conventional a 

Cooled-tip 

Conventional a 

Umbrella 
Cooled-tip 

11 months 
18.1 months 
10.3 months 

6 months 
10 months 
6.5 months 

78% 
58% 
66% 

52% 
93% 
88% 

11% 
50% 

76%, 6 mo. 
50%. 9 mo. 

33%, 18 mo. 
Not stated 

18% 
52% 

Rossi et al. [56] used a conventional needle 
that was not insulated to the distal tip. Sol­
biati et al. [57] and Livraghi et al. [54] con­
ducted series with a conventional needle not 
insulated at the tip combined with saline in­
fusion. Ten to fifteen milliliters of saline was 
introduced into the tumor before radiofre­
quency was applied in hopes of increasing 
the area of tumor necrosis. Rossi et al. [55] 
performed a series using an umbrella-type 
needle. Solbiati et al. [59] and Lencioni et al. 
[51] reported results using a cooled-tip nee­
dle in 1997. The rate of complete necrosis in 
these studies ranged from 52% to 93%. 
However, few patients remained disease-
free; the rates ranged from as low as 11% at 
11 months in the series of Rossi et al. [56] to 
as high as 33% at 18 months in the series of 
Solbiati et al. [59]. The marked discrepancy 
between the complete tumor necrosis rate 
and the percentage of patients who remain 
disease-free is in part due to the biology of 
metastatic liver disease and our limited abil­
ity to detect the full hepatic tumor burden. 
Most patients with a few 2- to 3-cm liver me­

aThese two studies also used saline infusion before radiofrequency was applied in hopes of increasing area of tumor necrosis. tastases also have numerous subcentimeter 
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or microscopic tumors that are not detectable 
with current imaging technology. 

Laparoscopic Results 

Siperstein et al. [45] described results of lap­
aroscopic radiofrequency ablation of 13 neu­
roendocrine tumors in the livers of six patients. 
The tumors ranged in size from 1 to 7 cm. Fol­
low-up CT showed complete necrosis in 11 of 
11 lesions in four patients at 3 months. All pa­
tients showed improvement in their symptoms 
after radiofrequency ablation. Cuschieri et al. 
[46] used laparoscopic sonography to guide 
treatment of 10 patients, two with hepatoma 
and eight with metastases. No complications 
occurred. Patients were discharged within 2 
days of intervention. This compares with the 
usual same-day discharge after percutaneous 
techniques, but it is a shorter hospitalization 
than with open techniques. At follow-up rang­
ing from 6 to 20 months, one patient had died 
of progressive disease, one patient had further 
metastases, and eight were disease-free. 

Intraoperative Results 

Elias et al. [64] described the use of com­
bined liver resection and radiofrequency abla­
tion to treat seven patients with liver metastasis. 
This is an interesting approach in that these 
were liver metastases that were thought to be 
unresectable by previous approaches. Radiofre­
quency was used to ablate those lesions that 
could not be surgically resected. The Pringle 
maneuver was performed in all patients, and all 
seven patients were disease-free up to 10­
months of follow-up. Jiao et al. [65] reported a 
series of eight patients with HCC and 27 pa­
tients with metastases in which 30 of the 35 pa­
tients underwent intraoperative radiofrequency 
ablation using the Pringle maneuver. Thirteen of 
the 30 patients had combined radiofrequency 
ablation and a surgical resection. At approxi­
mately 10 months of follow-up, 24 of the 35 pa­
tients were found to have stable disease. 

To our knowledge, the largest series to date 
of intraoperative radiofrequency ablation of he­
patic tumors is by Curley et al. [42]. In that 
study, radiofrequency ablation was used to treat 
169 tumors in 123 patients. Of the 123 patients, 
92 (75%) were treated with laparotomy and 31 
(25%) were treated percutaneously. Forty-eight 
(39%) patients had HCC and 75 patients (61%) 
had hepatic metastases. All tumors were treated 
with an umbrella-type electrode, and a Pringle 
maneuver was used on all intraoperative cases. 
Overall, complete necrosis had occurred in 
98% of the ablated tumors at a median follow-
up of 15 months, and 72% of the patients re­

mained tumor-free during the same time. In the 
series of Curley et al., the size of the tumors 
treated by percutaneous radiofrequency (2.4 
cm diameter) was less than the size of tumors 
treated intraoperatively (3.8 cm). Those authors 
did not analyze the outcome difference in the 
percutaneous and the intraoperative groups. 
However, only three (1.8%) of 169 treated le­
sions had local recurrence. 

Complications 

As stated in the section on anesthesia, al­
most all patients experience pain and nausea 
during and immediately after ablation. These 
side effects are usually controllable and tran­
sient. Nausea rarely persists longer than 2–3 
hr after the procedure. Approximately 25% 
of patients will have pain that requires con­
tinued medication at the time of discharge 
[66]. In 98% of patients, pain will be gone 
within 1 week after the procedure [66]. 

As reported with other types of tumor abla­
tion procedures (chemoembolization and cryo­
ablation), a percentage of patients (in our 
experience, about 25%) will develop a delayed 
syndrome after ablation. The frequency, sever­
ity, and time to onset appear to be directly re­
lated to the amount of tissue ablated. The 
typical presentation consists of flulike symp­
toms (low-grade fever [up to 38.8°C] accom­
panied by general malaise) that begin 3–5 days 
after the ablation and persist for approximately 
5 days. With large-volume ablations we have 
seen the syndrome begin almost immediately, 
cause fever as high as 39.4°C, produce severe 
lethargy, and last for as long as 2–3 weeks. 
Several patients have reported night sweats. 
Appropriate treatment of the syndrome is pri­
marily supportive. We inform patients that 
they may develop the syndrome after their ab­
lation. Their fever is treated with oral acetami­
nophen. They are instructed to call us if their 
fever exceeds 38.8°C or lasts longer than 5 
days. If their fever exceeds 38.8°C, a blood 
sample is drawn and cultured to determine if 
the patient is septic [66]. 

Radiofrequency ablation of the liver is con­
sidered safe, with an extremely low major 
complication rate observed by multiple 
groups. More serious complications have been 
reported in the literature. Rossi et al. [56] de­
scribed capsular necrosis, and Solbiati et al. 
[57, 59] reported intraperitoneal hemorrhage 
that did not require transfusion. Solbiati et al. 
[57] also reported one case of fairly severe hy­
potension that persisted for 3–4 hr after the 
procedure. Livraghi et al. [53, 54] reported 

complications in their patients that consisted of 
two pleural effusions, a perihepatic hematoma, 
a hemothorax that required surgical repair, 
self-limited intraperitoneal bleeding, and he-
mobilia and cholecystitis in one patient each. 
We have experienced several complications, 
including three cases of intrahepatic arterial 
bleeding, with one requiring selective arterial 
embolization; one burn of the diaphragm that 
caused pain for 3 months; one 3-cm hepatic 
abscess that was treated with oral antibiotics; 
five 1- to 3-cm first- or second-degree burns 
along the edge of the grounding pads; and 
three instances of tumor seeding along the nee­
dle tract. Additionally, Lees and Gilliams [67] 
reported hepatic abscesses and a thermal burn 
of the transverse colon. Livraghi et al. [52] re­
ported a single death (0.8% rate) in their series. 
This was the result of a Staphylococcus aureus 
infection that developed 3 days after the proce­
dure. Because of this complication, those au­
thors administer antibiotic prophylaxis of 1000 
mg of ceftriaxone sodium (Rocephin; Roche 
Laboratories) to all patients. 

Few reports mention complications occur­
ring after radiofrequency ablation performed 
via a laparotomy. Of those that have been re­
ported, most consist of fever and pain. Other 
reported complications include a perihepatic 
abscess and an intrahepatic hemorrhage that 
required arterial embolization [42]. 

Discussion and Future Strategies 

Radiofrequency ablation of the liver has been 
a promising technique. The overall success of ra­
diofrequency ablation of liver tumors has been 
variable. Differences in reported success rates 
are no doubt multifactorial and include patient 
selection, operator experience, and the equip­
ment used. We have learned a great deal in the 
exploratory phase of radiofrequency ablation of 
liver tumors. Currently, tumor burden may ex­
ceed technologic ability to completely ablate the 
tumor, and our ability to affect long-term patient 
survival is thus limited. Much of the future suc­
cess of radiofrequency ablation will be based on 
technologic advances in radiofrequency elec­
trode and generator design, and better under­
standing of methods to ensure adequacy of 
tumor necrosis. Certainly, compared with the 
original single noninsulated radiofrequency nee­
dle, newer needle designs and more powerful ra­
diofrequency generators have allowed increased 
tissue necrosis. Further refinements are being in­
vestigated. For instance, Goldberg et al. [68] 
have shown that pulsed radiofrequency current 
(as compared with continuous application of 
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current) can increase coagulated necrosis. Con­
tinued refinements in technology will likely 
yield larger and more consistent ablation. 

Understanding tissue response to radiofre­
quency electrocautery application is also im­
portant. For example, the complete ablation 
rate of HCC using percutaneous methods is 
about 90% [49, 53, 55, 56]. The success rate 
for metastatic liver disease is much lower [54, 
57, 59]. The decreased success of radiofre­
quency ablation of metastatic liver disease 
compared with HCC is multifactorial. The rea­
sons include, among other things, inadequate 
tumor treatment and different tissue responses 
to radiofrequency treatment. It has been theo­
rized that in HCC tumor necrosis is more uni­
form and complete, with the margin of 
ablation being limited by the tumor capsule. 
Fortunately, tumor invasion beyond the tumor 
capsule is uncommon; consequently, the 
chance of local tumor recurrence because of 
missed tumor is uncommon. However, the 
margin of metastatic tumors is different, and 
local invasion of the surrounding hepatic pa­
renchyma is common. Thus, a more aggressive 
approach to the ablation of metastatic tumor is 
required to minimize local tumor recurrence. 

The need to create a surgical margin to pre­
vent local tumor recurrence restricts successful 
treatment to smaller lesions. However, ad­
vances will probably allow larger volumes of 
tissue necrosis with radiofrequency ablation. 
Creation of a larger volume of tissue coagula­
tion will ensure successful ablation of small tu­
mors and allow us to treat patients with larger 
tumors who may have previously been ex­
cluded from consideration for radiofrequency 
therapy. Furthermore, successful ablation of all 
tumors may be improved in the future using 
MR imaging guidance or sonographic contrast 
agents to determine if tumor margins have 
been adequately treated [58, 61]. 

Future strategies may be aimed at changing 
the tumor response to radiofrequency treatment. 
For instance, radiofrequency tumor ablation can 
be increased by stopping blood flow to the tu­
mor. Because flowing blood cools the radiofre­
quency thermal process, stopping the flow can 
potentiate an ablation. This can be performed 
using several methods. The Pringle maneuver 
can be performed intraoperatively by temporary 
occlusion of the portal vein and the hepatic ar­
tery. This maneuver decreases blood supply to 
the entire liver and the tumor, thus increasing 
the size of an ablation. Patterson et al. [69] 
showed in vivo increased liver necrosis from 6.5 
cm3 with radiofrequency ablation compared 
with 35.0 cm3 with radiofrequency ablation and 

the Pringle maneuver. This process has been 
successfully used intraoperatively to treat both 
HCC and liver metastases [42]. In HCC the 
main supply to the tumor is via the hepatic ar­
tery. If the hepatic artery is embolized before ra­
diofrequency treatment, a larger volume of 
tissue necrosis will occur [70–73]. Most re­
search to date has combined intraarterial 
chemoembolization with percutaneous injection 
of ethanol [70–72]. However, Buscarini et al. 
[71] and Rossi et al. [73] used chemoemboliza­
tion or hepatic arterial occlusion in combination 
with percutaneous radiofrequency ablation for 
the treatment of HCC. Kainuma et al. [74] used 
combined intraarterial infusion chemotherapy 
and radiofrequency thermal ablation to treat co­
lon cancer. Thus, approaches directed at com­
bining radiofrequency ablation with infusion 
chemotherapy, chemoembolization, or tempo­
rary occlusion of the tumor blood supply may 
improve complete tumor necrosis of small tu­
mors and aid in the treatment of large tumors. 

Summary 

Radiofrequency thermal ablation of primary 
and secondary tumors can be performed safely 
using percutaneous, laparoscopic, or open sur­
gical techniques. Technologic advances in ra­
diofrequency equipment, methods of altering 
tissue response to radiofrequency treatment, 
and combined therapies will likely yield an 
improvement in the complete ablation rate of 
small tumors and make the treatment of larger 
tumors a clinically viable treatment alternative. 
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