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ABSTRACT

The liver is a common site for primary malignancy and hematogenous metastasis.
Although surgical resection of primary or metastatic hepatic tumors is generally regarded as
first-line therapy, the majority of patients with hepatic malignancy have disease that is not
amenable to surgical resection because of tumor location, poor hepatic reserve, or medical
comorbidities. This has led to significant interest in the development of nonsurgical image-
guided therapies, including radiofrequency ablation (RFA). RFA is appealing as a
minimally invasive therapy that may be performed on an outpatient basis. It enables
ablation of an area 3 to 5 cm in diameter, with relatively low morbidity and mortality rates.
The results concerning the use of percutaneous RFA in the treatment of hepatocellular
carcinoma, colorectal metastases, and other hepatic metastases are reviewed in this article.
Clinical and technical considerations and complications are also discussed.
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Objectives:Upon completion of this article, the reader should be able to (1) understand themechanism of percutaneous radiofrequency

ablation (RFA) in the treatment of malignancy; (2) discuss the role of percutaneous RFA in the treatment of primary and metastatic

hepatic tumors; (3) be familiar with the technical issues to consider in performing this technique on appropriate patients; (4) recognize

the imaging findings following successful percutaneous RFA aswell as tumor recurrence; and (5) list common risks and complications of

this procedure.
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The liver is a common site for both primary
malignancy and hematogenous metastasis.1,2 Although

surgical resection of primary or metastatic hepatic
tumors is generally regarded as first-line therapy, the
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majority of patients with hepatic malignancy have
disease that is not amenable to surgical resection be-
cause of tumor location, poor hepatic reserve, or med-
ical comorbidities.3–9 As a result, there has been
significant interest in the development of nonsurgical
image-guided therapies.10 As noted by Gillams,
image-guided ablation was first reported in 1989,
when the first ultrasound-guided laser treatments
were performed for hepatic metastases and the first
percutaneous ethanol injections were reported for
the treatment of small hepatocellular carcinomas
(HCCs).11 Since that time, a wide range of image-
guided ablative techniques have developed, including
transarterial chemoembolization, percutaneous cryo-
therapy, microwave coagulation, and radiofrequency
ablation (RFA). Percutaneous RFA is a recently intro-
duced alternative to percutaneous ethanol injection; the
latter is considered an established technique for percu-
taneous treatment of small, nodular HCCs in patients
with underlying cirrhosis.12 Since its introduction, the
use of percutaneous RFA has been gaining favor around
the world. It is appealing for being a minimally invasive
therapy that may be performed on an outpatient basis,
enabling ablation of an area 3 to 5 cm in diameter with
relatively low morbidity and mortality rates.12 Percuta-
neous RFA has the potential to prolong survival by
achieving local control while maximizing preservation
of normal liver parenchyma.2,10,12

Based upon favorable outcomes reported with
RFA from initial clinical series, there has been signifi-
cant expansion in the types of hepatic tumors treated
by this method.11 This review focuses on the role of
percutaneous image-guided RFA in the treatment of
HCC, hepatic colorectal metastases, and hepatic meta-
stases from other primary sites including neuroendocrine
tumors and breast cancer. Issues discussed include pa-
tient selection, approaches, survival benefits, comparison
with surgical outcomes, and complications.

TECHNICAL CONSIDERATIONS
Radiofrequency thermal ablation is achieved by con-
verting electrical current in the radiofrequency range
into heat.13 Heat, generated via an alternating current,
results in cell death by coagulative necrosis.14 As
described by Rhim et al, RFA is accomplished by
creation of a closed-loop circuit with a generator, a
grounding pad, a patient, and needle electrode placed in
series.10 As a result of the discrepancy between the
electrical resistance of the patient’s tissue compared
with that of the metal electrodes, there is marked
agitation of the ions present in the tissue that imme-
diately surrounds the electrode. This ionic agitation
causes frictional heat around the electrode, resulting in
thermal damage to the surrounding tissues.10 The
extent of thermal damage achieved is dependent on

the tissue temperature generated and the duration of
heating.10 For adequate destruction of tumor tissue, the
entire volume of a lesion must be treated with uniform
temperatures that are above the threshold for cell death.
Thus, an essential objective of ablation is to achieve
and maintain a temperature of 50 to 100�C for 4 to
6 minutes. It is important to avoid temperatures above
100�C as excessively high temperatures result in the
carbonization, or charring, of surrounding tissues.
Carbonization results in the generation of gas, which
effectively insulates surrounding tissues from further
ablation.10

Another key component for successful tissue de-
struction involves the technique of overlapping ablations.
Tumors may currently be approached either via use of an
expandable needle electrode that deploys multiple hooks
into a lesion or via a straight-tip internally cooled
electrode. As noted by Rhim et al, inaccurate targeting
of a tumor is likely a more common cause of tumor
undertreatment than inadequate energy deposition.10

Optimal targeting mandates adequate treatment of
the tumor and its margin. As in hepatic resection,
physicians performing percutaneous RFA typically strive
for a 360-degree, 1-cm-thick tumor-free margin around
each tumor. This is crucial to achieve minimal rates of
local tumor recurrence that are comparable to those
obtained surgically.10 A tumor whose diameter is 2 cm
less than the diameter of the zone of ablation can be
successfully ablated with a single ablation.10 For example,
a 3-cm ablation device can be used to treat a 1-cm
diameter tumor. Lesions larger than this require serial,
overlapping ablations. To obtain a 3.75-cm diameter area
of treatment, for example, six overlapping 3-cm ablations
are required.10 As Rhim et al note, however, this method
of treating larger tumors will inevitably result in greater
rates of local tumor recurrence given the greater like-
lihood of missed tumor tissue with needle repositioning.
Treatment of even larger lesions may be attempted via
creation of zones of ablation that take the form of
‘‘thermal cylinders,’’ created when spherical zones of
ablation are overlapped to create a cylinder. These cylin-
ders are then overlapped to systematically ablate a larger
tumor.10

The issue of prophylactic antibiotics is controver-
sial, with some operators administering them universally
and others only in selected cases. At our institution, all
patients undergoing percutaneous liver RFA receive
single doses of intravenous ampicillin and gentamycin
prior to the procedure. Instances in which patients are at
an increased risk of hepatic abscess warrant careful
evaluation and prolonged antibiotics. These situations
include a history of bilioenteric anastomosis, biliary stent
placement, and sphincterotomy, all of which lead to
retrograde enteric bacterial communication with the
biliary tract. As noted by Choi et al, the mechanism of
abscess formation is thought to be due to bacterial
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colonization and growth in the zone of ablation.15

At our institution, patients with a history of biliary
manipulation receive 1 month of oral levofloxacin for
prophylaxis. Additional conditions that may warrant
consideration of antibiotic prophylaxis include diabetes
mellitus, chronic immunosuppression, and severe
cirrhosis.16

Tumor Location

The location of a tumor poses its own unique challenges
and is an important factor influencing treatment suc-
cess.10 As noted by Rhim et al, special challenges are
posed by subcapsular tumors or those within the hepatic
dome, for which no safety margin along the capsule is
possible.10 For treatment of subcapsular tumors, ablation
of the capsule is recommended if there is evidence for
capsular involvement by tumor.10 At our institution, we
have utilized a successful transpleural approach for
certain dome lesions, although this approach is associ-
ated with an increased risk of pneumothorax, hemo-
thorax, symptomatic pleural effusion, and diaphragmatic
thermal injury. Tateishi et al describe an intrapleural
infusion technique with tumors located adjacent to the
diaphragm, in which 500 mL of 5% glucose is infused
into the right pleural cavity under ultrasound guidance
prior to needle insertion, to visualize the entire tumor.12

For lesions near the inferior tip of the liver that may abut
both the anterior and posterior liver capsule, the straight
cooled tip may be preferred as it is associated with a
lower risk of capsular penetration.10 Additional chal-
lenges are posed by those tumors near the large vessels of
the hepatic hilum, where the ‘‘heat sink’’ effect of nearby
vessels limits the ability to adequately treat the periphery
of a tumor. Other challenges are introduced when
lesions are located near bowel, the gallbladder, adrenal
gland, or when lesions are difficult to visualize with
ultrasound or computed tomography (CT).

In the case of hilar tumors, precise needle place-
ment is crucial to maximally treat the desired zone of
ablation while avoiding penetration of nearby vessel
walls.10 To minimize the risk of vessel trauma and
bleeding, Rhim et al recommend the use of multiple
overlapping ablations with partial deployment of the
multiple array expandable needle electrode, rather than
a single ablation with the needle electrode fully de-
ployed.10 In this setting, an alternate method that may
be employed involves use of the straight cooled-tip
electrode, whose cooling is accomplished with continuous
internal infusion of a chilled saline solution. The induced
cooling results in a lowered impendence by the tissues
nearest the needle electrode, allowing heat to diffuse
more efficiently. Greater deposition of radiofrequency
energy into the target tissues results, leading to more
extensive necrosis.10 Some centers have also advocated
the use of a balloon for mechanical occlusion of the portal

vein during percutaneous RFA, as the reduction in
vascular inflow is associated with more extensive regional
necrosis.10 However, this technique is limited in its
utility, given its added invasiveness and time.17

Tumors adjacent to or abutting bowel pose a
separate challenge, as these viscera, most often the colon
and stomach, are at risk for full-thickness burns.18 In
some patients, positioning the patient in the decubitus
position to separate liver from bowel can avoid injury.18

Another method has been introduced by Tateishi et al,
who utilize an intraperitoneal infusion technique, by
which 500 to 1000 mL of 5% glucose is injected before
and during ablation to maintain a space between tumor
and intestine. The use of ionic solutions, such as saline,
should be avoided with this technique of ‘‘hydrodissec-
tion,’’ given their propensity to conduct rather than
insulate an electrical current.12 Techniques utilized to
minimize intestinal damage include percutaneous inter-
positioning of a balloon or injection of carbon dioxide
between the tumor and the gastrointestinal tract.19

Lesions near the gallbladder, as with those near
the intestine, are challenging because their proximity to
tumor has the potential to cause damage to the gall-
bladder, a suboptimal ablation, or both. As noted by
Chopra et al, many patients with tumor near the
gallbladder experience right upper-quadrant pain post-
procedure with or without symptoms of nausea, vomit-
ing, and fever; these symptoms are similar in quality
to those of acute cholecystitis.20 In their review of
14 tumors � 1 cm from the gallbladder, Chopra et al
postulate a probable focal thermal injury resulting in
mild chemical cholecystitis and cite imaging findings in
their patients including focal gallbladder wall edema.20

To minimize the likelihood of complications, these
authors advocate careful choice and placement of nee-
dles. Special care must be taken so that the gallbladder
wall is not traversed by the needle probe and perforated,
and straight needles are favored over multiple array
probes for their ease and accuracy in placement.20

Although serious complications have been reported in
this setting, including a bile duct stricture requiring
endoscopic stent placement, the procedure is consid-
ered largely feasible and safe.21

Lesions located near the adrenal gland in the
posterior aspect of the right lobe of liver pose a separate
problem. Heating of the adrenal gland has been known
to precipitate hypertensive crisis during RFA, secondary
to massive catecholamine release from the gland.22 If
adrenal heating is highly probable, patient sedation and
monitoring by an anesthesiologist and premedication
with antihypertensives may be of benefit.

Tumors that are difficult to see pose the most
fundamental problem. For lesions that are well seen on
magnetic resonance imaging (MRI) but poorly seen on
noncontrast CT, we utilize the surrounding intrahepatic
landmarks, including the hepatic and portal veins, to
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localize the desired zone of ablation on noncontrast CT.
In some cases, contrast injection facilitates visualization
of a lesion that is poorly seen on noncontrast CT.
In these cases, we utilize 120 mL of nonionic contrast
(Isovue 300; Bracco Diagnostics, Princeton, NJ), admin-
istered at a rate of 3 mL/s via power injector, just prior to
needle electrode placement. This may result in only
transient visualization of the tumor during contrast
opacification and washout; however, anatomic land-
marks can be used thereafter to guide ablation.

Patient Selection

In general, all patients who are candidates for percuta-
neous hepatic RFA meet with a member of our staff in
our Interventional Radiology Clinic. The risks, benefits,
and alternatives to the procedure are discussed with the
patient, and questions are answered. Patients who are felt
to be appropriate candidates must have preprocedural
imaging including multiphase contrast-enhanced CT or
MRI with gadolinium for tumor staging. At a minimum,
routine laboratory values are obtained on all patients
including a complete blood count, prothrombin time,
partial thromboplastin time, and tumor markers. Our
patients are often seen in consultation with the Hema-
tology/Oncology Service or Transplant Service, where
liver function studies and serum tumor marker levels are
also obtained. Pretreatment assessment of candidates for
percutaneous RFA of HCC also include either a histo-
pathological diagnosis of HCC or imaging findings and
serum tumor markers characteristic of the same.

Percutaneous RFA is suitable in patients who are
not surgical candidates on the basis of liver function
impairment, number and distribution of tumors, cardio-
pulmonary dysfunction, or in those who voluntarily prefer
ablation despite surgery also being a treatment option.12

Patients with end-stage cirrhosis (Child-Pugh C) are
generally not appropriate candidates for RFA as their life
expectancy is usually limited by their hepatic dysfunction
and not by their cancer. Patients with uncorrectable
coagulopathies, active alcohol abuse, or those unwilling
or unable to comply with follow-up requirements are also
not ideal RFA candidates.12

HEPATOCELLULAR CARCINOMA
Cancer estimates from the year 2000 indicate that HCC
remains the fifth and eighth most common malignancy
in men and women, respectively.23 This incidence of
HCC is increasing in several developed countries in-
cluding the United States; this trend is expected to
continue for several decades, largely secondary to chronic
infection with hepatitis C virus.23 It is estimated that
8500 to 11,500 new cases of HCC occur annually in the
United States.24 In high-risk countries in East Asia and
Central and Western Africa, HCC can occur before the

age of 20, secondary to the effects of viral exposures early
in life.24

Surgical resection and orthotopic transplantation
are considered the mainstays of curative therapy in
patients with HCC confined to the liver. However,
these therapies are unavailable to the majority of such
patients, either as a result of tumor nonresectability,
baseline liver function, restrictions of the Milan criteria
(excluding recipients with more than one lesion � 5 cm
or more than three lesions � 3 cm), or donor organ
shortage.10–12,25–27

Results

There is substantial data supporting the role of percuta-
neous RFA as an effective, safe first-line therapy
for cirrhotic patients with HCC < 3 cm who are not
candidates for surgery or transplantation.12,25 In a large-
scale series with long-term follow up, Tateishi et al
performed 1000 RFA treatments in 2140 HCC nodules
in 664 patients. Cumulative survival rates were com-
pared between 319 patients who received RFA as a
primary treatment and 345 patients who received RFA
for recurrent tumor after previous treatment (including
resection, percutaneous ethanol injection therapy
[PEIT], microwave coagulation therapy, and transarte-
rial embolization). Cumulative survival rates at 1, 2, 3, 4,
and 5 years were favorable, at 94.7, 86.1, 77.7, 67.4, and
54.3% for patients treated with RFA alone and 91.8,
75.6, 62.4, 53.7, and 38.2% for patients treated with
combination therapies, respectively.12 Recurrence fol-
lowing RFA, as assessed by monthly serum tumor
markers and dynamic contrast-enhanced CTs every 3
to 4 months, was comparable to that encountered with
PEIT and hepatectomy.28–30 The local tumor progres-
sion rate was low, at 2.4% during a median of 19 months
of follow-up. Procedure-related morbidity was also low,
with a 2.5% per treatment rate of major complications
within 30 days after the procedure; there were no treat-
ment-related deaths.

Lencioni et al evaluated 187 patients with early-
stageHCCwhowere treated with percutaneous RFA as a
sole first-line treatment and who were not surgical or
transplantation candidates. Early-stageHCCwas defined
by having either a single HCC < 5 cm or up to three
lesions each of which was <3 cm. All patients had Child
Class A or B cirrhosis.25 The survival in these patients was
compared with a subset of 19 patients who were ineligible
for RFA based upon tumor location and who were treated
with PEIT or segmental transcatheter arterial chemo-
embolization (TACE). In the patients treated with RFA,
overall survival rates were 97% at 1 year, 71% at 3 years,
and 48% at 5 years, with the median survival being
57 months.25 Of note, there was no significant difference
in survival between patients treated with RFA compared
with those treated with PEIT or TACE.25
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Histological evaluations following RFA of
HCCs have also validated the efficacy of this techni-
que. Lu et al treated 24 patients with 47 HCC nodules
ranging in size from 0.4 to 5.5 cm with either single
or double RFA sessions. Forty-four cases were treated
once and three were treated twice in a 6-month
period prior to liver transplantation.31 The explanted
liver specimens were then examined with hematoxylin-
eosin staining for viable tumor. Of the 47 ablated
tumors, 74%, including 83% of tumors less than 3 cm,
were found to be successfully treated on the basis of
histological findings after a mean interval of 7.5
months between RFA and transplantation.31 Mazza-
ferro et al also evaluated the histological response
rate after a single RFA treatment of small HCCs
in patients awaiting liver transplantation. These inves-
tigators treated 60 HCCs, having a mean size of
3 cm, in 50 patients; all patients were treated with
single-session RFA, with the mean time to transplant
being 9.6 months.27 There was a 55% complete
response rate that rose to 63% for lesions < 3 cm,
providing additional evidence establishing the role of
RFA as a safe and effective treatment of small (< 3 cm)
HCCs.27

There is growing literature to suggest that percu-
taneous RFA is also a safe and effective method for
treatment of large HCCs (>3 cm). The treatment of
larger lesions poses a challenge, and there is currently far
less published experience using any ablative techniques
for HCCs > 3 to 4 cm.26 Livraghi et al performed RFA
on 114 patients with 126 HCCs greater than 3 cm in
diameter to evaluate the treatment efficacy and compli-
cation rate in this population.26 Eighty tumors were 3.1
to 5 cm in size, and 46 were considered large, measuring
5.1 to 9.5 cm. The mean diameter for all tumors was 5.4
cm. Complete necrosis, as evidenced on follow-up con-
trast-enhanced CT scans, was obtained in 47.6% of
patients; nearly complete (90 to 99%) necrosis was
obtained in 31.7% of patients; and partial (50 to 89%)
necrosis in the remaining 20.6%.26 A total of seven
complications were observed, two of which were con-
sidered major, after a mean follow-up of 10.2 months.
This complication rate is comparable to other ablation
techniques.26

RFA as a Bridge to Liver Transplantation

In addition to results establishing the role of RFA in
treating unresectable HCC, there is emerging data to
suggest a role for RFA as an adjunct for patients awaiting
transplantation (Fig. 1). Currently, long waiting times
for cadaveric livers may lead to removal from the waiting
list or a worsened posttransplant prognosis secondary to
tumor progression.32 Lu et al evaluated the outcome of
52 pretransplant patients with 87 HCC nodules that
were treated with RFA. A subset of seven patients were

also treated with TACE and three with PEIT. On initial
staging, the tumor burden exceeded the Milan criteria in
10 patients. Complete tumor response was observed in
89.6% treated exclusively with RFA based on postabla-
tion imaging.32 After a mean of 12.7 months, three
patients (5.8%) had dropped out due to tumor progres-
sion, one of whom had exceeded the Milan criteria.
Forty-one patients had undergone transplantation, with
1-, 2-, and 3-year survival rates of 85, 85, and 76%,
respectively. No patients developed HCC recurrences
after transplantation.32

METASTATIC COLORECTAL CANCER
Colorectal cancer is the second most common cause of
cancer death in the United States. In the year 2005, an
estimated 145,290 people will be diagnosed with color-
ectal cancer, and �56,290 will die of the disease.33

Hepatic metastases develop in 50% of patients and are
the most common cause of morbidity and death.34

Although hepatectomy is a key therapeutic modality, it
is practical for only a minority of patients. Similar
limitations are encountered as in those patients with
HCC: patients’ tumor burden must be resectable with
margins that are sufficient to affect a surgical cure
without significant compromise of residual hepatic func-
tion.35 Only 10 to 20% of patients are surgical candi-
dates, and of those the majority will develop new
metastases after resection.36 For those who are not
surgical candidates, systemic chemotherapy is an option;
however, complete responses are rare and significant
improvements in survival are difficult to achieve.37,38

Percutaneous RFA offers a new opportunity to treat
liver metastases in patients who are not surgical candi-
dates. In addition, the ability to combine RFA with
either systemic or transarterial chemoembolization
offers the potential to prolong survival in patients
with unresectable cancers.39

Patient Selection

As in patients with HCC, surgical resection remains
the treatment of choice for patients with colorectal
metastases limited to the liver.13 However, percuta-
neous RFA is being increasingly used as an additional
local therapy or as part of a combination of therapies
employed with similar, curative intent.13 Under these
circumstances, RFA may be considered in patients
with a biopsy-proven hepatic metastasis or strong
clinical suspicion based on imaging findings or an
appropriate level of carcinoembryonic antigen. Such
patients should have no evidence for underlying hep-
atic disease, residual hepatic disease following surgery,
or systemic chemotherapy that is felt to be incurable.13

In patients without curable hepatic metastases, percu-
taneous RFA may still play a role in palliation and/or
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preservation of hepatic functional reserve (Fig. 2).
Patients considered for palliative therapy include those
with extrahepatic metastases, advanced age, disease
nonresectability, clinical comorbidities, or refusal to
consent for surgery.40

Results

The data concerning percutaneous RFA of small (�5
cm) colorectal metastases compares well with postresec-
tion survival data.41 Gillams et al performed a prospec-
tive study of 167 patients with colorectal liver metastases

Figure 1 A 67-year-old man with a history of hepatitis C–induced cirrhosis. An enhancing mass is noted in segment 8 (A, white arrow).
An additional enhancing mass is noted in segment 2/4 (B, white arrow). These were both consistent with hepatocellular carcinoma
based on their imaging appearance and AFP level. RFA was performed on both of these lesions using a straight-tip internally cooled
electrode (C and D, respectively). Follow-up imaging 1 month later demonstrated no evidence for residual tumor (E and F, respectively,
white arrows).
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treated with RFA; the patients had either been rejected
or refused surgical resection. For patients with no extra-
hepatic disease and fewer than five metastases, each
having a maximum diameter �5 cm, the 5-year survival
rate from the time of diagnosis was comparable to the
median 5-year survival for operable patients (30% versus
32%, respectively).41,42

In patients with solitary liver metastases, RFA
compares even more favorably with operable survival

rates. Oshowo et al treated solitary colorectal liver
metastases in 25 patients with RFA, whose indications
included extrahepatic disease, vessel contiguity, and
comorbid factors.43 Their outcome was compared with
that of 20 patient who had no evidence of extrahepatic
disease and who were treated with hepatectomy for
solitary metastases. Most patients in both groups also
received systemic chemotherapy.43 The median survival
after liver resection was 41 months with a 3-year survival
rate of 55.4%; median survival after RFA was 37 months
with a 3-year survival of 52.6%.43

Current data also suggest that RFA plays a useful
role when used in combination with surgery. Livraghi
et al evaluated the role of RFA during the interval
between diagnosis and hepatic metastectomy as part of
a ‘‘test of time’’ management approach. This approach, in
which metastectomy is intentionally delayed to allow the
identification of additional hepatic metastases that
might be present but undetected, has been advocated
by some surgeons.40 As noted by Livraghi et al, the
rationale for this approach is based on the following
considerations: (1) RFA may result in complete necrosis
of lesions; (2) patients whose lesions are treated ad-
equately with RFA and who do not develop additional
lesions may avoid surgical resection; (3) patients whose
lesions are not treated adequately with RFA and who do
not develop additional lesions (which would make them

Figure 1 (continued) The patient underwent orthotopic liver
transplantation approximately 2 months after ablation (G).

Figure 2 Palliative RFA with incomplete ablation in a patient with
widely metastatic colorectal cancer. A 58-year-old man with a
history of colorectal cancer metastatic to liver. A contrast-
enhanced CT demonstrates the enhancing metastasis in segment
VII (A, white arrow) abutting the liver capsule. This patient under-
went RFA using a straight-tip internally cooled electrode (B).
Follow-up contrast-enhanced CT performed 6 weeks later demon-
strates a zone of ablation (C, large white arrow) that does not reach
the liver capsule, indicating that there is likely residual tumor, even
though no tumor enhancement is demonstrated (C, paired white
arrows).
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no longer surgical candidates) can undergo surgical
resection; and (4) patients who develop additional le-
sions after RFA would no longer be eligible candidates
for surgery and can be spared an unnecessary operation.40

Livraghi et al treated 88 consecutive patients with 134
hepatic metastases from colorectal cancer with percuta-
neous RFA using single- or triple-probe treatments. At
the time of the initial ablation, 56% of patients had one
metastasis, 3% had two metastases, and 8% had three
metastases; metastases ranged in size from 0.6 to 4 cm,
with a mean size of 2.1 cm. A total of 119 RFAs were
performed and patients were followed for a median of 33
months after treatment. Degree of necrosis was judged
by a consensus interpretation of four readers who eval-
uated posttreatment contrast-enhanced CT scans per-
formed at 3- to 6-month intervals. Complete necrosis
was achieved in 60% of patients. Among these patients,
98% were spared surgical resection, 44% because they
remained disease-free and 56% because they developed
disease progression. Among the 35 patients in whom
complete tumor necrosis was not achieved, 43% were
spared surgical resection. Overall, 24% of patients
underwent resection after RFA, 26% remained free of
disease after successful RFA, and 64% developed un-
treatable disease progression. No patient treated with
RFA became unresectable due to the growth of meta-
stases.40

There is emerging data concerning the role of
RFA in the palliation of colorectal carcinoma meta-
stases. These data suggest a survival benefit over sys-
temic chemotherapy, which was previously the sole
mainstay of therapy in these patients. Berber et al
performed laparoscopic RFA in 135 patients with
colorectal liver metastases who were not candidates
for resection, based upon unresectability of lesions,
liver-predominant disease, enlarging liver lesions, wor-
sening of symptoms, or failure to respond to prior
treatment modalities. The median Kaplan-Meier sur-
vival for all patients was 28.9 months after RFA treat-
ment, which compares favorably with historical survival
data for chemotherapy alone, which ranges from 11 to
14 months.44 Predictors of survival included lesion size,
lesion number and carcinoembryonic antigen level; the
presence of extrahepatic disease did not affect sur-
vival.44 This study suggests that RFA has a positive
impact on overall survival and that it serves as a useful
adjunct to chemotherapy in those patients with liver-
predominant disease. Additional studies in the future
will likely demonstrate a similar survival benefit for
percutaneous RFA in these patients.

OTHER METASTASES
The success of percutaneous RFA in treating primary
HCC and in metastatic colorectal cancer has prompted
its application in the treatment of an increasing number

of hepatic metastases. Indeed, the minimally invasive
nature of this procedure and its potential to delay or even
obviate surgery make it useful to consider in the treat-
ment or palliation of many hepatic metastases. The most
substantial of these data to date pertains to neuroendo-
crine tumor metastases and breast cancer metastases.

As noted by Berber et al, neuroendocrine malig-
nancies with hepatic metastases can have an indolent
course associated with prolonged patient survival. How-
ever, the clinical course may often be dominated by
hormonal secretion with associated symptoms of diar-
rhea, nausea, and flushing, which can be the source of
significant patient morbidity.45 Although hepatectomy
is the gold standard in these patients, as in those with
HCC or colorectal metastases, over 90% of these pa-
tients are not surgical candidates based either upon
tumor nonresectability or comorbidities. Chemotherapy
has limited value in these patients.46,47 Thus, percuta-
neous RFA may play a significant role by meeting these
patients’ need not by controlling tumor burden in these
patients but by achieving palliation of their hormonal
symptoms. In their 5-year experience with RFA in
patients with neuroendocrine metastases, Berber et al
treated 234 tumors in 34 patients, including carcinoid
tumor in 18, medullary thyroid cancer in seven, secreting
islet cell tumor in five, and nonsecreting islet cell tumor
in four. Symptoms were improved in 95% of patients,
with significant or complete symptom control in 80% of
patients for a mean of 10 months (range 6 to 24 months).
The mean follow-up time was 1.6 � 0.2 years. During
this period, new lesions developed in 28% of patients,
with local liver recurrence in 13% and progression of
existing liver lesions in another 13% of patients. Overall,
41% of patients showed no progression of their disease
at the end of the follow-up period.45 These findings
compare favorably with those obtained from surgical
resection, which has been associated with a response
rate of 90%. Medical management with somatostatin
analogs, which is reserved for patients not responding to
chemotherapy, has been associated with a response rate
of 50 to 88%, and chemoembolization has been associ-
ated with a response rate of 63%.46,48

Elvin et al reported similarly favorable results
following treatment of 42 patients with a total of 198
neuroendocrine metastases. These included carcinoid
tumor, nonfunctioning endocrine pancreatic tumors,
vasoactive intestinal peptide (VIP)omas, glucagonoma,
medullary thyroid cancer, gastrinoma, and adrenal car-
cinoma.49 In total, they performed 109 RFA procedures,
84 percutaneously, 23 during open surgery, and two as an
open procedure where only RFA was performed. Fol-
low-up CT scans demonstrated successful treatment in
90% of patients, with a local recurrence rate of only 10%
after a mean follow-up period of 3.2 years.49

Preliminary results in patients with metastatic
breast cancer are also promising. Although metastatic
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breast cancer generally is managed with systemic rather
than local therapy, there is evidence to suggest that those
patients who undergo hepatectomy for breast cancer
metastases limited to the liver experience median sur-
vivals up to three times those in comparable patients
treated without surgery.50,51 Livraghi et al’s experience
in the treatment of 24 patients with breast cancer liver
metastases achieved complete necrosis in 92% of lesions,
requiring only a single treatment in the majority (92%)
of cases.52 After 44 months of follow-up, 63% of 16
patients whose lesions were initially confined to the liver
remained free of disease.52 The ultimate role of percuta-
neous RFA remains to be determined once results of
larger cohorts of patients are available. However, for
tumors that are of appropriate size and location for RFA,
RFA can be considered, invoking the ‘‘test of time’’
rational if surgery is being considered.

COMPLICATIONS
Knowledge of the potential complications associated
with percutaneous RFA is crucial in assessing the risks
of this procedure for a given patient. To categorize
complications as minor or major, most investigators
utilize the Standards of the Society for Interventional
Radiology.53,54 The definition of a major complication
under these criteria is one that, if left untreated, might
threaten the patient’s life, lead to substantial morbidity
and disability, or result in a prolonged hospital stay. All
other complications are considered minor. Livraghi et al
reviewed the complication rate following treatment of
3554 lesions in 2320 patients involved in a multicenter
study.55 They noted six deaths (0.3%), including two
caused by multiorgan failure following intestinal perfo-
ration, one case of septic shock following Staphylococcus
aureus peritonitis, massive hemorrhage following tumor
rupture, liver failure following stenosis of the right
intrahepatic bile duct, and one case of sudden death of
unknown cause 3 days after the procedure. Fifty patients
(2.2%) sustained additional major complications, and
fewer than 5% sustained minor complications. The
most common major complication was intraperitoneal
hemorrhage, followed by neoplastic seeding, intrahe-
patic abscesses, and bowel perforation (Fig. 3).55 There
was a significantly increased risk of procedural compli-
cations associated with an increased number of RFA
sessions; additional variables such as tumor size and
electrode type were related with an increased complica-
tion rate.55 Curley et al also evaluated the complication
rate among patients undergoing RFA. Their group of
608 patients underwent RFA of 1225 malignant tumors,
with 62.8% undergoing open intraoperative RFA and
37.2% undergoing percutaneous RFA.56 Their prospec-
tive analysis was performed to determine the rates of
early versus late complications (<30 days and >30 days,
respectively) that were associated with hepatic tumor

RFA.56 The overall combined (early and late) compli-
cation rate was 9.5%. The periprocedural mortality rate
was 0.5%, and causes of death included progressive liver
failure, pneumonia complicated by respiratory failure
and sepsis, and intraperitoneal hemorrhage leading to a
fatal myocardial infarction.56 Additional early complica-
tions developed in 7.1% of patients and included a
symptomatic pleural effusion, perihepatic abscess, RFA
abscess, ascites requiring treatment, hemorrhage, biloma
within the zone of ablation, hepatic insufficiency, hydro-
pneumothorax, thermal injury to the stomach, biliary
fistula, and one case of ventricular fibrillation.56 Late
complications included formation of a biloma within the
zone of ablation, biliary fistula, ascites requiring treat-
ment, hepatic insufficiency, arteriovenous fistula, symp-
tomatic pleural effusion, RFA abscess, and intractable
pain.56 The authors found that early complications were
more likely to occur in patients treated with open RFA
compared with percutaneous RFA (8.6% versus 4.4%,
respectively) and in patients with cirrhosis compared
with those without cirrhosis (12.9% versus 7.5%, respec-
tively). Late complications occurred with no difference
between open and percutaneous RFA treatment.
Although delayed complications occurred at a relatively
low rate (2.4%), their incidence underlies the need for
treating physicians to be mindful of these delayed
procedural problems.54

A similar overall complication rate was encoun-
tered by Mulier et al, who reviewed 82 independent
reports of liver RFA in a total of 3670 patients.57 They
found complications occurred in 8.9% of patients, with
the range of complications being similar to those de-
scribed by Curley et al. The most common complications
included intraperitoneal bleeding and subcapsular hem-
atomas, hepatic abscess and biliary stricture.57 The in-
cidence of complications was slightly higher following
RFA via laparoscopic and open approaches compared
with the percutaneous route. The complication rates
were 7.2, 9.5, 9.9, and 31.8%, respectively, following
percutaneous, laparoscopic, simple open ablation, and
combined open ablation procedures. The latter proce-
dure involved open RFA combined with either cryo-
therapy or hepatic or extrahepatic resection.57

Complications overall are more likely to occur in
cirrhotic patients than in those without cirrhosis.2 Tech-
nical complications that are most relevant in patients
with HCC include intraperitoneal hemorrhage, portal
vein thrombosis, hepatic abscess formation, and carci-
noma seeding.2,12 Risk factors associated with seeding
include previous needle biopsy, treatment of subcapsular
lesions, patients treated in multiple sessions, and lesions
requiring more than one electrode placement.56,57 The
key challenge within this population is to minimize the
likelihood of recurrence. Risk factors for local recurrence
include tumor size and location relative to the liver
surface, with larger tumors (>2.5 cm) being more likely
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to recur. Some have advocated an aggressive multimo-
dality ablative therapy, along with a short transplant
waiting time, to optimize the use of transplant for
curative intent.58 Fisher et al utilized such a regimen in
33 patients with T0 to T3 HCC, which included RFA
and/or TACE, with PEIT, followed by transarterial
chemoinfusion. Additional treatments were performed
during the waiting period for transplant, based on the
results of surveillance hepatic MRI. The waiting time
was 9.1 � 14.8 months, with a mean follow-up of
32 months. Twenty-eight patients received transplants,
and 5 (12.2%) dropped out due to tumor progression.
Posttransplant survival rates were favorable at 79% at
32 months of follow-up.58

Imaging Follow-up

The most accepted imaging finding that suggests com-
plete treatment of HCC is the complete loss of previously
seen vascular enhancement on contrast-enhanced cross-
sectional images.59,60 Radiological-pathological correla-
tions in both experimental and clinical studies have
shown that the imaging findings with both contrast-
enhanced CT and MRI are predictive of the nonperfus-
ing area of coagulation to within 2 to 3 mm.59 Thus,
baseline CT or MRI should be performed within 1 to
2 months prior to ablation to permit accurate compar-
isons with postablation images.10 CT or MRI is usually
performed within 1 month of treatment to detect possible
viable tumor that requires retreatment.60–65 Thereafter,

Figure 3 A 76-year-old man with a history of colorectal carcinoma metastatic to liver. The patient’s dominant metastasis was located
in segment V/VI (A, white arrow). This lesion was treated with three separate RFAs over a 3-month period (B). The patient subsequently
presented to the emergency department with fevers and right upper-quadrant pain. Contrast-enhanced CT of the abdomen
demonstrated a large area of treated tumor, within which there were new foci of gas that demonstrated communication with the
biliary tree (C). Although the presence of gas within the zone of ablation can be seen following RFA without indicating an underlying
abscess, its presence, coupled with the patient’s symptoms, prompted image-guided aspiration from the zone of ablation. This
demonstrated purulent material consistent with abscess, and a percutaneous drain was placed (D).
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it is generally recommended that close imaging follow-
up should be performed every 2 to 4 months. Many
experts advocate that this frequency of short interval
imaging be continued indefinitely, given that local
tumor recurrence has been observed more than
18 months after ablation.10
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