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In the past decade, the role of
radiofrequency ablation (RFA), micro-
wave ablation (MWA), and cryoablation
in interventional oncology has under-
gone rapid growth. Treatment is based
upon the principle that precise alterations
in tissue temperature induce irreversible
changes at the molecular level resulting
in cellular death accomplished by the
application of cytotoxic levels of heat or
tissue freezing.

RADIOFREQUENCY ABLATION
RFA transforms radiofrequency en-

ergy into heat. A percutaneous
radiofrequency electrode is powered by
a generator capable of producing up to
200 watts of power. After a grounding
pad has been placed on the patient, the
unit is powered on, and pulses of
radiofrequency energy are delivered by
means of an intralesionally placed elec-
trode. An oscillating current of electrons
is created and flows in a circuit between
the conducting electrode and grounding
source resulting in ionic agitation and
frictional heating.

MICROWAVE ABLATION
Unlike radiofrequency technology,

MWA does not require the use of
grounding pads because an electrical
current does not flow through the pa-
tient. A microwave antenna is percuta-
neously placed into the tumor under

image guidance and powered by a mi-
crowave generator. An oscillating elec-
tromagnetic waveform radiates from
the antenna active-tip, creating a rap-
idly alternating electric field which
polar water molecules strive to align
with by spinning back and forth. The
resultant rise in kinetic energy induces
the development of cytotoxic tempera-
tures within the target lesion and sur-
rounding tissues.

CRYOABLATION
Cryoablation induces cellular death

by producing subfreezing temperatures
of -80°C to -160°C as an iceball forms
intraprocedurally within the ablation
zone. Current cryoapplicators are loaded
with a single refrigerant, high pressure
argon gas, as well as helium for active
thawing so that consecutive freeze-thaw
cycles may be used during ablation treat-
ments.

THE PATIENT EXPERIENCE
As a percutaneous procedure re-

quiring only conscious sedation in the
majority of patients, thermal ablation is
performed on an outpatient basis. In our
practice, patients are seen in consulta-
tion before scheduling their procedure,
to select the most suitable modality
based on tumor location, biology, and
treatment goals. Any additional pre-pro-
cedural imaging studies needed to en-

sure sufficient planning of the percuta-
neous approach to the target lesion are
ordered at this time as well as coagula-
tion studies.

Ablations are performed in the Ra-
diology Department under ultrasound-
or CT-fluoroscopic guidance. Patients are
generally discharged home several hours
following ablation with instructions to
contact the on-call radiologist with any
questions or concerns. If overnight ob-
servation is needed, the patient is admit-
ted to the interventional radiology ser-
vice. A follow-up visit at the ablation
clinic is scheduled for all patients within
1 week. At this visit, plans for follow-up
care and imaging are arranged at 3-, 6-,
and 12-month intervals or as clinically in-
dicated.

ABLATION IN PRACTICE
With continued research and in-

creasing clinical experience, minimally in-
vasive thermal ablation has become a vi-
able option for many patients, whether
curative or palliative, and an integral com-
ponent of multidisciplinary oncologic
treatment plans.

LIVER ABLATION
Patient Selection

Only 10-20% of hepatocellular car-
cinomas (HCCs) are amenable to surgi-
cal resection at the time of diagnosis due
to disease staging, poor hepatic reserve,

Figure 1. An 86 year-old female is shown on CT (left) to have a 6.6x6.0cm hypervascular lesion with an epicenter in hepatic segment
VIII, extending to segment V (black arrow) consistent with hepatocellular carcinoma status post chemoembolization. Prior to ablation
the patient underwent a second chemoembolization procedure to further reduce the size of this lesion. One month later the patient

presented for MWA (center) and on 4-month post-ablation follow-up portal venous phase CT (right) the treatment zone shows post-
ablation changes within segment VIII with no evidence of enhancement to suggest residual or recurrent disease within the ablation

cavity (white arrow) now measuring 2.0x1.2cm.
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or medical comorbidities.1 Although che-
motherapy and external beam radiation
offer limited success in the treatment of
HCC, surgical resection is shown to in-
crease both 5-year and disease-free sur-
vival rates.2 Because only a small number
of these patients are surgical candidates,
minimally invasive thermal ablation has
increased in popularity with results com-
parable to those reported in surgical lit-
erature.

Analogous to the cytoreductive ca-
pabilities of chemotherapy, percutane-
ous ablation is used to lessen tumor bur-
den and provide palliative care. 3 Ther-
mal ablation is used as a bridging treat-
ment for future liver transplantation.
If a wait-listed patient develops small
HCCs (3 lesions <3cm or 1 lesion
<5cm) expected to grow in size threat-
ening their standing or eligibility for
future transplant, they may undergo

ablation to stop the growth of tumor
cells.

Resection of isolated colorectal he-
patic metastases has been shown to in-
crease 5-year survival from 2 to 37%.4

As anatomic location of the lesion, he-
patic reserve, and medical comorbidities
determine resectability, only 10-25% of
patients are surgical candidates.4 Thus,
for the majority of patients with hepatic
metastases percutaneous thermal abla-
tion is a viable option as a focused abla-
tion can maximize preservation of func-
tional parenchyma and lesions may be
re-treated at a later date if clinically in-
dicated.

Clinical Practice & Outcomes
RFA, cryoablation, and alcohol in-

jection have been shown to be safe and
effective means of treating unresectable
primary and metastatic hepatic lesions.

From 1998 to 2001, 123 patients with
unresectable hepatic malignancies, in-
cluding those with significantly impaired
liver function (Child’s C), underwent
168 RFA sessions at our institution con-
firming the efficacy of this technique. 5

Meta-analysis of such studies concluded
that lesions measuring <2.5cm in diam-
eter had a greater than 90% likelihood
of being successfully ablated, and lesions
3.5-5.0cm 50-70%, with no evidence of
residual disease or local recurrence.6 Tar-
get lesion location also emerged as a sig-
nificant factor in determining treatment
success. A deleterious “heat sink” effect
due to perfusion-mediated cooling is
harmful to the generation and mainte-
nance of cytotoxic temperatures through-
out the ablation zone. High local recur-
rence rates were seen when lesions >3cm
in well-vascularized hepatic tissue were
treated with RFA.

Figure 2. A 78 year old male presented with a 5cm, stage 1B, left upper lobe (LUL) adenocarcinoma (upper left, black arrow) and
underwent RFA with a deployable tine electrode visualized intraprocedurally (upper right, white arrows indicate 2 tines). Follow-up PET-

CT (lower left) 8 months post-ablation shows thermal scarring at the ablation site within the LUL with no uptake. One-year follow-up
chest CT (lower right) also shows no signs of residual nor recurrent disease at the LUL ablation site.
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Compared to radiofrequency,
MWA offers numerous advantages in-
cluding an improved convection profile
enabling generation of consistently
higher intratumoral temperatures. With
a significantly deceased vulnerability to
“heat sink”, sizeable vessels (>3mm di-
ameter) in close proximity to target le-
sions are not contraindications to treat-
ment. Additionally, the unique flexibil-
ity of using multiple antennae simulta-
neously allows for the creation of big-
ger ablation zones and successful treat-
ment of larger lesions in shorter ses-
sions.7,8

Another series from our institution
details the treatment of 118 hepatic le-
sions, either primary HCCs or metastases
from distant primaries, and is the largest
reported clinical MWA series to date in
the liver.9 Lesions ranged in size from 0.3-
12.0cm and 84 MWA sessions were per-
formed with a technical success rate of
96%. Index tumor size was not signifi-
cantly predictive of recurrence at the ab-
lation site until lesions reached sizes
>4.5cm (P=0.02), with a mean 13±1
months to first recurrence. 9

Complications
Post-procedural discomfort is con-

trolled with acetaminophen/
hydrocodone, and patients resume nor-
mal activities within 24 hours. A com-
mon complication unique to RFA is mi-
nor skin burning at the site(s) of ground-
ing pad placement. Additional compli-
cations include post-ablation syndrome,
a flu-like illness lasting for 4-5 days fol-
lowing ablation, and pneumothorax and/
or pleural effusion when treating lesions
in close proximity to the diaphragm. 5

Rarely, post-procedural bleeding,

pseudoaneurysm or arteriovenous fistula
formation and hepatic or portal vein
thrombosis occur.4

LUNG ABLATION
Patient Selection

More than 15% of patients diag-
nosed with stage I or II non-small cell
lung cancer (NSCLC) have tumors
deemed surgically unresectable. This fig-
ure increases to 30% for those over 75
years of age or older due to tumor stag-
ing or medical inoperability.10 Signifi-
cant cardiorespiratory comorbidities are
also present in patients with
oligonodular metastatic disease to the
lungs for which surgical resection has
been shown to increase survival making
percutaneous ablation a practical treat-
ment option. 10

Patients with recurrent disease after
surgical intervention are also candidates
for ablative therapy. Indications for pal-
liative ablation include dyspnea, cough,
hemoptysis, or pain due to advanced dis-
ease.

Clinical Practice & Outcomes
With early success demonstrated in

animal models, our institution was first
to report the use of RFA in the clinical
treatment of pulmonary malignancies.11

Much data now document the use of
RFA in the treatment on NSCLC and
pulmonary metastases with a synergistic
effect observed when RFA is performed
prior to treatment with conventional ex-
ternal beam radiation.12

Thermoablative procedures for
primary and metastatic pulmonary ma-
lignancies will exceed 150,000 per year
by 2010, an increasing proportion of
which may utilize microwave energy

which is capable of producing ablation
zones 25% larger in diameter, 50%
larger in cross-sectional area, and 133%
larger in volume compared to RFA. 13,14

A study of 50 patients who underwent
MWA of 82 intraparenchymal pulmo-
nary lesions at our institution, both
NSCLCs and metastatic lesions,
showed 1-, 2-, and 3-year cancer-spe-
cific mortality rates to not be signifi-
cantly affected by index tumor size
>3cm or <3cm.10 The mean diameter
of treated lesions was 3.5±1.6cm,
double that of tumors treated with
RFA. Conversely, the data generated by
153 patients who underwent RFA at
our institution for 189 pulmonary ma-
lignancies showed a statistically signifi-
cant improved survival rate in patients
with index tumors <3cm in diameter
(P<0.002).15 Thus, MWA emerges as
the modality of choice when treating
more sizeable pulmonary lesions.

Complications
The most common complication is

pneumothorax, occurring in 12.5-16%
of patients following RFA, comparable
to the rates seen secondary to percutane-
ous lung needle biopsy. 12 Additional com-
plications include pleural effusions, chest
wall hematomas, post-procedure pleurisy,
and pneumonia.

KIDNEY ABLATION
Patient Selection

Current indications for percutane-
ous renal ablation include the presence
of primary renal cell carcinoma (RCC)
in patients deemed to be non-surgical
candidates and recurrence of RCC after
surgical intervention.

Figure 3. A 79 year-old male was found on CT (left) to have a 3.3x2.5x2.3cm exophytic enhancing soft tissue mass (black arrow) extending from the
left kidney highly suspicious for renal cell carcinoma (RCC). He presented 3 months later for percutaneous biopsy and RFA. Twenty-six month post-

ablation follow-up abdominal CT shows no evidence of residual nor recurrent disease within the ablation zone on pre- (center) or post-contrast
(right) images. The ablation zone demonstrates retraction with a surrounding halo (C, white arrow), a characteristic appearance of ablated RCC.
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Clinical Practice & Outcomes
With clinical studies demonstrating

short- and intermediate-term post-abla-
tive outcomes on par with those seen fol-
lowing surgical intervention, RFA is com-
monly used in the treatment of RCC.
Early data evaluating the oncologic effi-
cacy of RFA in the treatment of RCC
reports a local control rate of 97.2% at a
mean 18 months post ablation.4 Hegarty
et al. show that of 72 patients who un-
derwent RFA for 81 lesions all were alive
at a median follow-up of 13 months with
evidence of complete tumor ablation af-
ter a single treatment in approximately
90% of cases.16 Overall, cancer-free sur-
vival rates for RFA at 1 and 2 years com-
pare favorably to those generated by par-
tial nephrectomy of T1a lesions. 4

Massachusetts General reports on
RFA of 100 renal neoplasms over 6 years.4

All lesions either <3cm or exophytic in
growth underwent complete necrosis,
and larger lesions >3cm were more likely
to require re-treatment in a second ses-
sion.4 Likewise, successful treatment of all
exophytic lesions was demonstrated by
McDougal et al. who followed 16 patients
for 4 years after percutaneous RFA of
RCCs and report outcomes comparable
to those documented after surgical inter-
vention at 4 years follow-up.17

This patient population may also
benefit from the advantages of MWA in-
cluding shorter procedural times and the
ability to treat larger lesions by using
multiple antennae simultaneously. Le-

sions ranging in size from 3.9-13.0cm
have been ablated with MW energy in
ablate and resect clinical trials. 4 Repro-
ducible and sizeable ablation zones are
created in single 10-minute treatments
with uniform tissue necrosis on patho-
logic examination. 4

With promising short-term results,
cryoablation is emerging as an effective
treatment modality for RCC. Features
unique to cryoablation include decreased
risk of thermally-induced ureteral stric-
tures and the ability to watch
intraprocedural iceball formation, indica-
tive of real-time treatment progress. This
technology, similar to MWA, allows for
the use of multiple probes simultaneously.
A series of 41 patients underwent
cryoablation for 48 RCCs with up to 4
probes used simultaneously creating
iceballs as large as 6.5cm in diameter al-
lowing the treatment of sizeable lesions.4

Complications
Multi-institutional review docu-

ments that percutaneous RF and
cryoablation are safe treatment options
with low associated complication rates.4

Self-limited, asymptomatic, microscopic
hematuria has been reported following
MWA. Thermally-induced ureteral stric-
tures are rarely documented, however,
precautions including hydrodissection
and ureteral stent placement may be used
to protect the ureters from thermal in-
jury.

ADRENAL ABLATION
Adrenal neoplasms, for which sur-

gical resection is traditionally recom-
mended, may be effectively treated with
RFA. Cytotoxic effects are demonstrated
in recurrent primary adrenal cortical car-
cinomas, adrenal metastases from a vari-
ety of systemic primaries, and in biochemi-
cally functioning adenomas. 18

Aldosteronomas and pheochromocyto-
mas have been successfully ablated with
resultant normalization in laboratory val-
ues and elimination of the need for long-
term pharmacologic management.19

PALLIATIVE ABLATION
Percutaneous thermal ablation has

a documented role in the treatment of
osteoid osteoma with clinical success dem-
onstrated in up to 94% of patients fol-
lowing RFA.4 The palliative treatment of
painful osseus metastases is also emerg-
ing as an indication for RFA. A multi-
center study recently reports a clinically
significant reduction in pain in 95% of
patients and decreasing opioid require-
ment at 8-12 weeks after RFA.4

Patients who pursue ablation as pal-
liative therapy are followed longitudinally
for resolution of symptoms. We reported
on one of the first groups of patients with
painful extra-abdominal metastatic dis-
ease to be treated with cryoablation in
the US.20 The response parallels European
reports of successful palliation of local
symptoms following cryoablation of re-
current pelvic malignancies including

Figure 4. A 75 year old female with endometrial cancer status post radiation presented with complaints of a painful nodule on her lower
abdominal wall. PET-CT revealed a highly FDG-avid 5x2.7cm anterior pelvic wall mass (left, white arrow). Two months later, the patient

presented for cryoablation of this superficial metastasis. Intraprocedurally (right), hydrodissection was used to displace the bladder and
colon inferiorly by instilling warmed saline mixed with contrast by means of a percutaneously placed catheter (black arrow). To protect the

overlying skin, air insufflation (white arrow) was used to raise the skin and subcutaneous tissues superiorly. In clinical post-ablation
follow-up the patient was noted to no longer have pain at this site.
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rectal cancer.
With continued investigation, indi-

cations for use of radiofrequency, micro-
wave, and cryoablation will continue to
expand. Thermal ablation is, and will
continue to be, an integral component
of oncology treatment plans as the fourth
arm of cancer therapy.
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