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A summary of the techniques, advantages, and future applications of available ablation options.
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Interventional oncology (IO) provides nonsurgical treat-
ment options for various cancers using image guidance. 
Broadly classified into transarterial and ablative treat-
ment options, these minimally invasive procedures 

can be used to treat patients with primary and second-
ary tumors, patients who are nonsurgical candidates, or 
those with comorbidities that render them poor surgical 
candidates. Image-guided ablation started with percuta-
neous injection of ethanol and has grown over the last 
few decades to include thermal ablation options, includ-
ing radiofrequency ablation (RFA), microwave ablation 
(MWA), cryoablation, and nonthermal ablation using irre-
versible electroporation (IRE), and it continues to evolve 
constantly with innovations. This article offers an over-
view of the different ablation modalities available to treat 
these tumors and their associated techniques, advantages, 
and future applications. 

RADIOFREQUENCY ABLATION 
RFA is a thermal ablative technique that uses alter-

nating current to induce cell death. The patient is a 
part of a closed-loop circuit that includes an RFA gen-

erator, grounding pads, and a needle electrode.1 The 
needle is connected to a radiofrequency (RF) generator 
that creates an alternating current that travels between 
the needle and the grounding pads on the patient’s 
thighs/legs. The alternating current creates ionic agi-
tation in the treatment zone, creating frictional heat 
that denatures the tumor. The heating causes protein 
coagulation and irreversible damage to mitochondria 
and systolic cell enzymes while maintaining a well-
demarcated RF field.1 

Depending on the size of the tumor, ablation zones 
between 2 to 5 cm can be created in 10 to 30 minutes. 
RFA devices use temperature- or impedance-based treat-
ment algorithms (Figure 1). RFA has a very small zone 
of active tissue heating and depends on the conduction 
of heat through the tissue for most of the ablation zone. 
Therefore, factors such as tissue conductivity, impedance, 
and blood perfusion impact the ablation zone. An impor-
tant limitation of RFA is the “heat-sink effect.” Thermal 
energy dissipates from the target site due to blood flow in 
nearby blood vessels. This leads to less thermal energy for 
the destruction of tumor cells and insufficient ablation. 

Figure 1.  RFA of HCC involving the right lobe of the liver creating overlapping spheres (A). Final contrast-enhanced CT image 
postablation demonstrated the ablation zone and tract ablation (B).
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In addition, the shape and size of the ablation zone in RFA 
may be unpredictable, which can lead to insufficient abla-
tion zones.2

Although RFA is being replaced by MWA in the 
United States, it remains a widely used and viable abla-
tion option in several countries. Newer applications of 
RFA include use in thyroid nodules. Investigations have 
been published on the use of RFA in treating benign 
nonfunctioning thyroid nodules, autonomously func-
tioning thyroid nodules, primary small low-risk papillary 
thyroid cancer, and recurrent thyroid cancer.3 Data 
from meta-analyses anticipate the routine use of RFA to 
treat these conditions. However, more robust prospec-
tive trials performed on diverse populations are needed 
to completely validate the efficacy of RFA in treating 
benign and malignant nodules of the thyroid.3 

MICROWAVE ABLATION 
MWA is based on dielectric heating. Electromagnetic 

microwaves heat matter by agitating water molecules in 
the surrounding tissue, which produces friction and then 
heat that initiates denaturation of intracellular proteins 
and melting of their cell membranes, ultimately causing 
coagulation necrosis.4 Current commercial microwave 
generators operate at 915 or 2,450 Mhz. Compared to 
RFA, MWA creates a larger zone of active heating, and 
larger tumors can be treated in a shorter time. 

The use of MWA on liver tumors has shown many 
promising advantages, with some limitations. This 
technique is more suitable for large tumors and tumors 
close to many and/or large vessels (Figure 2). It can also 
produce better demarcated and more predictable abla-
tion zones than other techniques.4 MWA can also heat 
tumors to higher temperatures and at a faster rate than 
other thermal ablative techniques. 

MWA has equal efficacy to surgical tumor resection 
in primary and metastatic tumors of the liver, lung, 
and kidney.5 More recently, the efficacy of MWA in 
breast and bone malignancies is being evaluated. MWA 
achieved satisfactory effect in treating breast tumors 

and higher cosmetic satisfac-
tion in comparison to standard 
methods, such as nipple-sparing 
mastectomy.6 

Regarding bone malignancies, 
MWA has more recently been 
used for primary bone sarcomas 
and metastatic tumors in the 
pelvic girdle where surgical resec-
tion is difficult or impossible 
due to the depth of the region, 
the complicated anatomy, and 

increased risk rate of complications (ie, recurrence and 
infection).2 Ongoing investigations are being done to 
assess MWA and its efficacy in treating metastatic and 
primary adrenal tumors.7

CRYOABLATION
Cryoablation is another thermal ablation technique 

that has been in use since the mid-19th century to treat 
various tumors of the breast, cervix, and skin via induc-
tion of cold temperatures.8 The modern era of IO uses 
cryoprobes to achieve optimally low temperatures for 
tumor death through the Joule-Thompson effect. This 
effect is a property of adiabatic (ie, no heat transfer into 
or out of a system) real gases that move from a high- 
to a low-pressure system, causing gas expansion and 
consequent decrease in gas temperature.9 The cryo-
probe functions as a high-pressure, closed-loop system 
primarily covered with a thermal insulation shell that 
establishes adiabatic conditions.9 

The distal tip of the cryoprobe is free of thermal insu-
lation, allowing for the transfer of cool or hot tempera-
tures to its metallic walls.10 By placing one or multiple 
probes in a particular malignant tumor using image 
guidance, an ice ball forms around the distal end of the 
cryoprobe, which kills the tumor via a freezing-thawing 
mechanism. Argon gas is used in the freezing phase 
because it is a high-pressure gas in room air, while high-
pressure helium gas is used in the thawing phase due 
to its unique property of temperature increase with gas 
expansion. Rapid cooling causes intracellular ice crystal 
formation, and thawing causes melting of extracellular 
ice crystals, creating a hypotonic environment and cel-
lular swelling. The damaged mitochondria induce apop-
tosis (seen in the periphery of the ablation zone), while 
cold-induced tissue ischemia results in coagulative 
necrosis within the ablation zone after several weeks.10 

Cryoablation boasts certain advantages over other ther-
mal ablation modalities. One of the main differences is 
that the ablation zone can be visualized in real-time using 
ultrasound, CT, and/or MRI.10 In addition, cryoablation is 

Figure 2.  MWA of metastatic colorectal cancer involving the right lobe of the liver 
and postablation contrast-enhanced CT (A). Postablation follow-up positron emission 
tomography scan demonstrated no fluorodeoxyglucose uptake in the ablation zone (B). 
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less painful due to the anesthetic effect of cooling tissues 
and can be performed outpatient under moderate seda-
tion. Because no electricity is used, there is no interference 
with imaging machines. Also, there is a strong immune 
response seen that consists of antibody production against 
tumor-specific antigens that reside in tissues postablation. 
However, disadvantages include systemic inflammatory 
response syndrome (cryoshock), bleeding complications 
due to lack of cautery effects, and the large expense associ-
ated with purchase and storage of argon and helium gas.11

With regular improvements made to cryoablation 
equipment and supplemental immunotherapy, the 
future horizon of treatment indications looks promis-
ing. Beyond the treatment of renal cell carcinoma (RCC; 
Figure 3) and hepatocellular carcinoma (HCC), cryoabla-
tion has also been effective in treating fibroadenomas 
for more than a decade, as well as unifocal ductal can-
cer, with a 92% success rate.12 Stage I prostate cancer has 
been effectively treated, especially with recurrence after 
radiation therapy. Stage IA non–small-cell lung cancer 
may also be treated and has been associated with lower 
pain levels. There is no indication for primary melanoma 

treatment, but unresectable melanoma metastasis has 
been shown to slow tumor growth; most recently, the 
multicenter MOTION study published findings on the 
role of cryoablation for palliative pain treatment in 
patients with painful bone metastases.13 As ablation 
technology continues to make advancements, cryoabla-
tion will continue to broaden its role in IO.

IRREVERSIBLE ELECTROPORATION
The concept of IRE was initially viewed as a deleteri-

ous side effect of electrochemotherapy (cancer drug 
delivery via electric field–induced cell membrane pores) 
but was redefined in 2005 when it was first proposed 
as a technique for ablating soft-tissue tumors.14 The 
mechanism of action is described by pore formation 
theory. The lipid bilayer of cell membranes is constantly 
moving in a fluid-like manner that allows for hydropho-
bic nanopores to appear spontaneously at random and 
then close within milliseconds.15 However, in the pres-
ence of an external electric field, the nanopores become 
stabilized and hydrophilic, allowing them to remain 
open for minutes to hours. IRE induces several electrical 
pulses of sufficient amplitude that disrupt the homeo-
static equilibrium of the cell and, thus, it depletes ade-
nosine triphosphate, which can affect Na+/K+-ATPase 
channels that lead to eventual cell death.15 

IRE is performed with imaging guidance via CT or 
ultrasound and uses a generator, monopolar probes, 
and the AccuSync device (AccuSync Medical Research 
Corporation; Figure 4).16 Use of general anesthesia is 
mandatory with complete muscle relaxation. The soft-
tissue tumor being treated is visualized using imaging 

to determine the number of probes, 
trajectory, and size of the ablation 
zone. A minimum of two probes is 
necessary, but up to six may be used 
depending on the size of the lesion 
being treated. The probes are placed 
in a parallel fashion under image 
guidance, and the distal tip of each 
probe can be exposed from 1 to 3 cm 
to reveal the active tip. The generator 
then emits several pulses of low-volt-
age, high-energy, direct current that 
is conducted between each probe 
pair; the lethal threshold is typi-
cally from 300 to 1,000 V/cm given 
100 pulses.15 The spacing between 
the probes should be between 1.5 
and 2 cm for optimal ablation vol-
ume. The AccuSync device tracks the 
R wave in the patient’s cardiac cycle 

Figure 4.  IRE of HCC adjacent to the gall bladder (A) with three-dimensional con-
struction following probe placement (B).

Figure 3.  Cryoablation of RCC (A). Follow-up at 9 months 
demonstrated no enhancement (B).
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to induce a 0.05-second delay that ultimately times each 
generator pulse with the patient’s refractory period to 
prevent ventricular arrhythmias.16 

The nonthermal technique has advantages over RFA 
and MWA in treating tumors found near large vessels 
and ducts. This has made treatment of prostate cancer 
particularly effective given the presence of neurovascular 
bundle, lower urinary sphincter, and urethra.17 Similarly, 
treatment of unresectable locally advanced pancreatic 
cancer (LAPC) has seen an increase in survival of up 
to 27 months due to the proximity of the celiac trunk, 
hepatic artery, and superior mesenteric vessels that make 
LAPC practically inaccessible from a surgical standpoint.18 
Moving forward, high-frequency IRE has shown potential 
with uniform ablation of heterogeneous tissue without 
electrocardiography synchronization.15 

FUTURE DIRECTIONS
As ablation tools have become an invaluable tool in 

the world of oncology, technical advances continue at a 
rapid pace. The use of ablation in the thyroid, pancreas, 
and prostate has expanded the role of ablation, and ran-
domized controlled trials and registries are helping secure 
a role for ablation in guidelines and treatment algorithms. 
Navigation systems and ablation confirmation software 
are some of the recent advances in the use of the exist-
ing technologies. On the horizon are the next generation 
of fusion imaging to help with accuracy and histotripsy, 
which is a new noninvasive ablative technology that uses 
high-intensity focused ultrasound (HIFU) for tissue abla-
tion. The continuous application of HIFU creates a bub-
ble cloud, leading to cavitation and tissue destruction. 
Histotripsy is currently being studied in the United States 
in the HOPE4LIVER multicenter prospective trial.  n
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