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Abstract The field of interventional oncology has

emerged over the last decade to focus on the minimally

invasive image-guided techniques for the treatment of

cancer. Ablative techniques specifically have evolved in

more recent years and garnered significant evidence sup-

porting their increased inclusion in standards of care and

their novel use as curative or disease-modifying therapies,

while still maintaining a large role in supportive or

symptomatic treatment. Percutaneous ablation will more

than likely continue to evolve because of the parallel

innovations in imaging and engineered medical devices

used in percutaneous interventions but also the improved

understanding of cancer behavior and development of

personalized cancer therapy.
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Introduction

This review of percutaneous interventions in cancer ther-

apy will mainly focus on percutaneous ablation techniques

that are commonly performed in thoracic and abdominal

interventions on lung, liver and renal tumors with a small

discussion on pancreatic tumors. These techniques rely on

image guidance for monitoring targeted tumor necrosis in a

predetermined area and can be thermal or non-thermal

mediated.

Non-Thermal Ablation

Non-thermal ablation consists of percutaneous injection of

tumoricidal agents such as alcohol or acetic acid into the

tumor. Though well established and still used in select cases,

it has been largely supplanted by thermal techniques [1].

Irreversible electroporation (IRE) is another non-thermal

ablation technique that relies on application of high-inten-

sity electrical pulses through a target field inducing cellular

disruption and necrosis. The lack of thermal effects in IRE is

thought to preserve vascular and ductal structures within the

treatment field since it does not affect the supporting con-

nective tissue matrix [2]. Though used clinically with some

success [3], it is still in its early stage with a paucity of

publications over recent years, but trials are underway and

may provide further evidence to support its use [4].

Thermal Ablation

Thermal Ablation Essentially Consists of Heating

or Freezing of Target Tissues

Heat ablation relies on the principle of thermal damage and

coagulation necrosis of tumor cells with irreversible tumor

cell damage achieved within 4–6 min at 50–55� and near

immediate coagulation and cellular damage at 60–100� [5].

Tissue heating is most commonly achieved through

percutaneous needle applicators such as in radiofrequency

(RF) ablation and microwave (MW) ablation. The former
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relies on the passage of electrical currents through tissue,

while the latter generates an oscillating electromagnetic

field causing friction of oscillating water molecules in the

target. RF is the oldest and least expensive form of thermal

ablative technology and has the highest experience profile

among practitioners. The relatively small ablation zone in

RF ablation limits the size of tumors eligible for treatment

and often requires multiple ablation probes or reposition-

ing, but it has also been thought to contribute to an

increased safety profile and predictability. The disadvan-

tage is that this may lead to longer treatment times [5, 6].

MW ablation results in a deeper tissue penetration and

shorter ablation time than RF, leading to a larger ablation

volume. The main drawback with MW ablation is the lack

of predictability of ablation zone size and shape in less

experienced practitioners [7].

High-intensity focused ultrasound (HIFU) or MR-gui-

ded focused US or MRgFUS can achieve tissue heating up

to 60� Celsius from absorption of high-intensity focused

ultrasonic waves [8]. MRgFUS provides high-resolution

guidance and delineation of the target tissue with the added

benefit of real-time temperature mapping [9, 10]. Although

the absence of any skin incision is appealing, HIFU is

limited to treatment of tumors that can be sonographically

visualized and remain unaffected by respiratory motion. It

also requires long treatment times, which, in the case of

large liver tumors, have been associated with increased

incidence of skin burns [8, 11, 12].

Thermal damage from freezing or cryoablation results

from rapid cooling of target tissues. Target temperatures of

-20 to -25 �C have been shown to induce apoptosis and

liquefactive necrosis in animal studies [13]. Cryoablation

allows for a decreased need for general anesthesia because

of its anesthetic effect. It also allows direct visualization of

the ablation margin, which can be useful when performing

ablation near critical structures. Lacking any tissue cautery

effect, there is an increased risk of bleeding in case of

vascular injury and organ fracture due to brittleness of

tissue and forceful removal of the ablation probe [14].

Thoracic Interventions

Lung

Based on projections from the American Cancer Society,

228,190 patients will be diagnosed with lung cancer in

2013, making it the second most common cancer in the US

[15]. In patients with early stage primary lung cancer

(clinical stage I and II NSCLC) or with limited pulmonary

metastatic disease and no extrapulmonary metastases,

surgical resection is considered the treatment of choice,

with 5-year survival reaching 82 % following lobectomy

[16, 17].

However, many patients are not considered suitable

candidates for surgery because of the unfavorable tumor

distribution, number of metastases or high risk comorbid-

ities such as severe chronic obstructive pulmonary disease,

a single lung or multiple prior resections limiting the pul-

monary reserve and ultimately, leading to poor surgical

outcomes. Minimally invasive ablative therapies have

emerged as treatment alternatives in patients with small-

volume pulmonary malignancies with contraindications to

surgery mainly due to their lesser burden on the pulmonary

reserve and high efficacy paralleling those reported in the

surgical and radiation therapy literature.

Radiofrequency lung ablation is the most common abla-

tion procedure performed owing to the long-standing pre-

sence of RF technology in the medical field. The most

favorable evidence toward the use of RF in the treatment of

primary and secondary pulmonary malignancies has been the

RAPTURE study in 2008. In this large multicenter study,

106 patients with 183 lung tumors deemed unsuitable for

surgery, radiotherapy or chemotherapy underwent RF abla-

tion. Overall survival was 70 and 48 % at 1 and 2 years in

patients with NSCLC, and 89 and 66 % at 1 and 2 years in

patients with colorectal metastases [18]. These findings are

further corroborated by the results from Ambrogi et al. [19]

who, over the span of 5 years, treated 64 lesions in 54

patients, showing an overall survival of 60 % at 2 years.

In both these studies, metastatic lesions demonstrated

better response to treatment compared to primary lung

tumors. This is thought to be due to the fact that NSCLC

has a tendency for early metastasis making treatment with

localized therapies challenging [20].

The rationale for RFA treatment of secondary lung

malignancies (Fig. 1) in patients with otherwise controlled

primary tumor was based on extensive evidence from the

surgical literature where surgical resection has been found

to be potentially curative in the event of an isolated lung

lesion and can provide increased patient survival by

selective metastasectomies and decreasing the tumor bur-

den [21].

Recent studies by Gillams and Petre examined 122 and

45 patients with colorectal lung metastases that were

treated with RF ablation. These studies have shown com-

parable overall survival rates of 57 and 50 % at 3 years in

patients [22, 23]. Unsurprisingly, there were more favor-

able outcomes and better local tumor control in smaller

sized tumors. These results were slightly better than those

of preceding trials by Yan and Yamakado, which showed

3-year survival rates of 46 and 47 % in a similar patient

population [24, 25].

Radiofrequency ablation has also been shown to provide

an economic advantage over surgical resection in elderly
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patients in both procedural costs and periprocedural care

and hospital stay in a recent study. Although in this study

patients treated surgically survived longer, the patients who

received RFA treatment were significantly older [26].

The effect of RF ablation on pulmonary function has

been found to be negligible in one study [27], and other

studies showed recovery in vital capacity and FEV1 to

preprocedure values at 3 and 12 months [18, 19]. A

decrease in lung function at 1 and 3 months post RFA has

been linked to post-procedural pleuritis and the size of the

ablation defect. In the majority of cases, complications

from pulmonary ablation procedures were primarily related

to the placement of needles leading to a higher risk of

pneumothorax rather than to complications of the ablative

process [28, 29].

Microwave ablation of lung tumors has been garnering

increased popularity over the last few years owing to some

of its advantages over RF ablation. A study on 56 patients

with primary and secondary lung metastases further con-

firmed the safety and efficacy of the MW lung ablation

technique. Survival rates of 69, 54 and 49 % at 12, 24 and

36 months were similar to those found in the RAPTURE

trial [18, 30].

As mentioned, MW is not affected by the high imped-

ance or low electrical conductivity of lung tissue encoun-

tered by RF ablation, and it also has a decreased

susceptibility to the heat sink effect from the adjacent large

pulmonary vasculature. Although this property allows for

potentially larger ablation volumes, tumor size remains an

independent predictive factor for local tumor progression

in primary and secondary lung cancers, with lesions larger

than 1.5 cm tending to recur [31].

Percutaneous cryoablation of lung tumors has also been

applied successfully. In one prospective trial of 71 con-

secutive patients with 210 lung tumors undergoing percu-

taneous cryoablation, local progression-free rates achieved

were 80.4, 69.0 and 67.7 % at 1, 2 and 3 years respec-

tively, though about 95 % of the treated tumors were

metastatic, which tend to have a better local success rate.

As was also demonstrated in this trial, cryoablation remains

affected by the proximity of vessels larger than 3 mm in a

manner comparable to the heat sink effect in RFA [32].

Abdominal Interventions

Liver

Liver tumors account for about 30,640 or 1.8 % of the new

cancer cases diagnosed in the US in 2013 and for 21,670

estimated deaths in that same year from these cancers [15].

Although surgical resection remains the gold standard

for resection of either primary or secondary solitary hepatic

tumors with preserved hepatic function [33, 34], there is an

emerging role for percutaneous liver ablations for patients

with limited tumor burden who are otherwise ineligible for

hepatic resection because of poor liver function, comorbid

conditions or tumor distribution or as a bridge to hepatic

transplantation such as in HCC. Percutaneous ablation can

also be used in the ‘‘test of time’’ approach, which consists

of performing ablation during the interval between diag-

nosis and hepatic metastasectomy and monitoring the

response in order to limit unnecessary surgery. Patients

whose lesions are treated adequately and do not develop

additional lesions avoid surgery. Patients whose lesions are

not treated adequately but who do not develop additional

lesions can still undergo surgery. Patients who develop

additional lesions after ablation would no longer be eligible

for surgical resection and would have been spared unnec-

essary hepatectomies [35]. Similar to percutaneous abla-

tions in lungs, hepatic ablation procedures are less invasive

than surgery and allow for faster recovery.

Percutaneous RF ablation has been a well-established

practice in the treatment of liver tumors, particularly HCC,

and has generated a plethora of publications. In 2006, a

randomized prospective trial by Chen et al. [36] showed

that in 180 patients (of which 71 received RF ablation

therapy and 90 were included in the analysis based on

intent to treat), RF ablation therapy was found to be as

effective as surgical resection in solitary small HCC.

Fig. 1 A 44-year old lady with a history of colorectal cancer who had

undergone prior wedge resections presented with a new 1-cm left

upper lobe nodule that was increasing in size. She successfully

underwent radiofrequency ablation of her left upper lobe mass (top

row). Immediate post-ablation scan (top right) shows a typical

ground-glass halo surrounding the nodule consistent with the ablation

zone. Initial follow-up at 1 month (bottom left) showed post-ablation

changes that resolved after 2 years (bottom right) with no evidence of

local recurrence
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Overall survival and progression-free survival rates

(OS = 95.8, 82.1, 71.4 and 67.9 % and PFS = 85.9, 69.3,

64.1 and 46.4 % at 1, 2, 3 and 4 years) were found to be

similar to surgical rates with the added advantage of

diminished invasiveness. Since then, a more recent study

centering on 180 elderly patients older than 65 years of age

with early HCC also showed no statistically significant

difference in overall survival between the RF ablation

group and surgical resection group (93.2, 71.1 and 55.2 %

for the RFA group and 88.8, 62.8 and 51.9 % for the sur-

gical group at 1, 3 and 5 years, respectively; P = 0.305).

What the study did show was that better local control and

progression-free survival were achieved for tumors less

than 3 cm in the RFA group in that particular patient

population [37]. Use of RF ablation in small HCC tumors

was also found to be more cost-effective than surgical

resection in patients who have up to three tumors less than

3 cm in size. However, surgery remains the optimal treat-

ment for larger tumors from the economic standpoint

because of better survival rates for a comparatively

acceptable increase in cost [38].

In patients with colorectal carcinoma liver metastases,

RF ablation has also been extensively studied. Although

surgical resection is primarily advocated, there have been

reports of survival rates in patients ineligible for surgical

resection similar to those achieved by surgical patients. In

one study, the overall survival rate was found to be 30 % at

5 years from the time of diagnosis, which was quite close

to the reported surgical 5-year survival rate of 32 % [39].

The advantage of having RF ablation technology existing

for such a long time is that long-term studies are starting to

emerge. A long-term survival study followed 99 patients

after undergoing RF ablation of colorectal liver metastases

for up to 10 years. These patients were all on systemic

chemotherapy and were either ineligible for surgery or had

refused surgery. Reported overall survival rates were 98.0,

69.3, 47.8, 25 and 18 % at 1, 3, 5, 7 and 10 years, which

are close if not comparable to reported survival rates fol-

lowing surgical resection [40•]. Of particular interest was

that in the set of patients who developed local recurrences,

those that were retreated with RFA had a higher survival

rate than those who were not, which illustrates one distinct

advantage of the RF ablation technique over surgical

resection, which is the fact that RFA is an easily repeatable,

minimally invasive procedure. This along with the long-

term survival data further supports the potential use of the

test-of-time approach in RFA [40•].

Intrahepatic cholangiocarcinoma is relatively rare when

compared to HCC or colorectal metastases, but it is also

more difficult to treat since most patients present with

advanced disease that is unresectable, or, if eligible for

surgery, it has the disagreeable tendency to recur following

resection. Ablative therapies can be used in these instances

to touch up recurrent tumors along the margin [41] or as

primary therapy in patients with small tumors who are

otherwise not eligible for surgical resection. Five-year

survival rates are expectedly lower than in other liver

tumors ranging from 20 to 30 % depending on the surgical

margin [42, 43]. RF ablations have been performed in

small patient series and were relatively successful. Fu et al.

[44] showed a 5-year overall survival rate of 28.9 % fol-

lowing RFA in 17 patients with 26 tumors ranging in size

from 2.1 to 6.8 cm. Seven of those patients had undergone

prior TACE but were unresponsive. Kim et al. [45] treated

13 patients with 17 tumors, achieving local control mainly

in tumors smaller than 5 cm and with a reported 5-year

overall survival rate of 15 %. It took about 10 years in both

these series to gather enough patients, likely owing to the

rarity of this type of tumor and to the fact that most un-

resectable tumors are treated with systemic chemotherapy.

Microwave ablation (Fig. 2) has also become more

frequently adopted for hepatic malignancies mainly

because of its resistance to the heat sink effect when in

proximity to one of the hepatic or portal veins. A multi-

institutional study by Groeschl et al. [46] examined 450

patients who underwent MW ablation for various hepatic

malignancies including mainly HCC, colorectal metastases

and neuroendocrine tumor metastases. Reported overall

survival rates for HCC and colorectal metastases were 19

and 17 % at 5 years, respectively. These were surprisingly

lower than reported survival rates in the RFA literature,

despite purported advantages of MW ablation. This is in

keeping with findings from a retrospective analysis by

Ohmoto et al. [47] that were also in favor of RFA in small

HCC tumors, but is contrary to findings from an earlier

randomized trial from the same group [48] that showed

equivalent results among RF ablation and MW regarding

therapeutic effects, complication rates and local control

rates. Differences may also be related to patient selection

bias in these studies.

Other hepatic tumors such as metastatic GIST or olig-

onodular neuroendocrine tumors causing symptoms have

also been successfully treated with RFA or MWA, and they

have demonstrated an improved survival outcome com-

pared to primary liver malignancies or colorectal metas-

tases, but this is likely due to favorable disease histology

[46, 49].

Kidney

Renal cancers accounted for 65,150 or 3.9 % of newly

diagnosed cancer cases in 2013 in the US [15]. With the

refinement of nephron-sparing surgery, partial nephrec-

tomy for early stage renal cell tumors has shown highly

successful results, with 77.2 % overall survival at 10 years

52 Page 4 of 10 Curr Radiol Rep (2014) 2:52

123



and disease-free survival as high as 97.8 and 95.2 % at 5

and 10 years for T1a tumors [50]. In an otherwise healthy

patient with stage 1 tumor, surgical resection remains the

standard of care, but thermal ablation is recommended on

par with active surveillance in patients with major

comorbidities, shortened life expectancy or increased sur-

gical risk [51]. In a recent review of practice patterns in the

US, increased age, smaller tumors and recent year of

diagnosis were found to correlate with an increased use of

thermal ablation for the treatment of stage 1 renal carci-

noma [52].

RF ablation has been shown to be a safe and effective

treatment modality, and long-term outcomes studies eval-

uating the treatment of patients with early stage renal cell

carcinoma and tumors smaller than 3 cm have demon-

strated high response rates approaching surgical rates [53•,

54•, 55]. Two long-term follow-up studies have emerged in

the last 2 years. In 2012, Best et al. [53•] reported disease-

free survival rates of 92 and 91 % at 3 and 5 years, but in

patients with tumors smaller than 3 cm, rates improved to

96 and 95 %. Most recently, Psutka et al. [54•] published

the results from their long-term study after following 185

patients with T1 RCC tumors who had undergone RFA.

Their disease-free survival rate was 88.6 % at 5 years, but

their recurrence-free survival was 95.2 % at 5 years.

Two studies by Takaki et al. [56, 57] compared out-

comes by retrospectively reviewing small series of patients

with either T1a or T1b renal tumors following either

thermal ablation or surgery. Although the overall survival

in both studies was found to be lower in the group

receiving RF treatment, it was thought to be due to the

clinical background of the patients selected for ablation,

who tended to be older and sicker. Adjusted RCC-specific

and disease-free survival rates in the RF group in both

studies were found to be comparable to surgical outcomes.

This was also reflected in further analyses of the outcomes

data collected by Choueiri et al. [52] from the SEER

Database.

Interestingly, RF ablation need not be restricted to

treatment of solid renal tumors. One study of 40 patients

[58] showed that RF ablation can also be safely and

effectively used in the treatment of complex renal cystic

neoplasms such as Bosniak type III and type IV cysts that

would have been ideally considered targets for resection in

patients with multiple comorbidities precluding them from

extensive surgical interventions.

Cryoablation of renal tumors was initially developed for

use laparoscopically. Thus, most early studies on cryoab-

lation were comparing laparoscopic and percutaneous

approaches to cryoablation and in most instances were

found to have similar outcomes with the added benefits for

the percutaneous approach of reduced hospital stay and

complication rates [59–61]. Although two meta-analyses

compared RFA and cryoablation in the treatment of RCC,

Fig. 2 A 58-year-old man with sigmoid cancer that had been

previously resected but later developed liver metastasis that showed

up as an FDG-avid lesion in the liver dome on PET-CT (top left). The

patient had refused surgery, and so a split-dose PET-CT-guided

microwave ablation was successfully performed with no evidence of

any residual FDG-avid tumor on the immediate post-procedure PET-

CT scan using a split-dose FDG administration technique [83] (top

right). There was no evidence of recurrent disease at his 1-month

(bottom left) and 1-year (bottom right) follow-up visits. The scans

further showed gradual reduction in the size of his ablation cavity

(arrows, bottom row)
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they were limited by the heterogeneity of the studies

reviewed, in part because of the inclusion of surgical

approaches in addition to percutaneous approaches of

cryoablation, and unsurprisingly had differing conclusions

[62, 63], with one stating that both treatments are equiva-

lent versus another claiming cryoablation is better at local

tumor control.

Although cryoablation is generally preferred for larger

tumors, a recent retrospective study showed that for renal

masses measuring less than 3 cm, both RFA and cryoab-

lation were effectively equivalent treatments. Atwell et al.

[64] retrospectively reviewed 385 patients with 445 tumors

measuring 3.0 cm or less treated with either RFA (222

patients) or cryoablation (163 patients). Recurrence-free

survival rates at 1, 3 and 5 years were 100, 98.1 and

98.1 % for RFA compared to 97.3, 90.6 and 90.6 % for

cryoablation. Although differences were noted, they were

not statistically significant (p = 0.09). This further reaf-

firms suspected trends in the literature that if differences

exist in recurrence-free survival between RFA and cryo-

ablation for early stage small renal tumors, these are likely

to be small [65].

Nonetheless, cryoablation continues to gain popularity

and garner support in the literature. While most studies up

until now have been retrospective, a new prospective study

following 134 consecutive patients after cryoablation of

stage 1a/b RCC tumors showed excellent recurrence-free

survival rates of 99.2, 98.9 and 97.0 % at 1, 3 and 5 years,

which are quite close to the surgical gold standard with the

advantage of a more favorable safety profile (Fig. 3) [66].

Pancreas

The number of new pancreas cancer cases was 45,220 in

2013. The number of deaths related to pancreas cancer is

estimated to be 38,460. Only about 6 % of cases survive by

5 years [15]. Pancreas cancer tends to be aggressive, and

patients typically present late in the disease with only about

10 % of tumors confined to the pancreas at the time of

presentation. Surgical resection is the preferred treatment,

and when thermal ablation is considered, because of the

location of the organ and the multiple intervening struc-

tures that may hinder a percutaneous approach, ablation is

usually performed through an open surgical or laparoscopic

approach. However, a few recent pilot studies have eval-

uated the safety and efficacy of percutaneous approaches to

ablation of pancreatic tumors [67–69]. A case report that

made it into a small case series of five patients with pan-

creatic head tumors described treatment with percutaneous

MW ablation. Although the series also included five other

patients who underwent laparotomy-guided MW ablation,

most patients seemed to have tolerated the procedure well

with one delayed major complication at 1 month consisting

of a pseudoaneurysm of the gastroduodenal artery that was

treated using an endovascular approach, although it was not

specified from which cohort it originated. Assessment of

the treatment’s efficacy was limited by the small number of

cases and loss to follow-up likely because of the high

mortality of this disease [67, 68].

High-intensity focused ultrasound ablation is another

ablation modality that has been mainly studied in the

treatment of pancreatic cancer because of its distinct

advantage of being completely extracorporeal. A pilot

study by Wu et al. [70] in 2005 demonstrated the safety

profile of this modality in the palliative treatment of

symptomatic advanced pancreatic cancer in the body and

tail of the pancreas. Although survival was not necessarily

affected, all the patients experienced symptomatic relief

from tumor-induced pain. No complications were reported

at the time; specifically, no skin burns or pancreatitis were

noted. In 2013, a large prospective study evaluated the

safety of HIFU on 224 patients with advanced stage III and

IV disease. With treatment times limited to less than 2 h,

only one patient developed obstructive jaundice 2 weeks

after treatment of a lesion in the pancreatic head. Although

elevated amylase levels were reported, none of the patients

developed symptomatic pancreatitis. Two cases of verte-

bral injury were identified on MRI but were also asymp-

tomatic. Although the study effectively demonstrated the

Fig. 3 A 71-year-old man with an incidentally detected, 3-cm left

renal mass (top left), which was biopsy proven to be chromophobe-

type renal cell carcinoma. The patient has several comorbidities

including significant coronary artery disease requiring placement of

four coronary stents. He opted for non-surgical treatment, and

cryoablation (top right) was performed successfully. The procedure

was facilitated by visualization of the ablation ice ball on CT (bottom

left). On his follow-up visit at 2 years, there was no evidence of

recurrence with stable non-enhancing post-ablative changes noted at

the site of the previous tumor (bottom right)
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safety of the procedure, it was mainly focused on adverse

events, and no data were reported about the efficacy of

HIFU in either patient survival or symptom relief. In

addition, patients were also excluded if their lesion was

undetectable by ultrasound [69]. Additional information as

to the therapeutic effectiveness of HIFU ablation in pan-

creatic tumors is warranted.

Finally, a few studies have been reported on the feasi-

bility of IRE treatment of pancreatic tumors. Based on

initial animal and case report studies [71] [72], a small

series of 14 patients with unresectable tumors have been

treated by IRE. Two patients ultimately underwent surgery

and were disease free at 11 and 14 months. Complications

included one patient with pancreatitis and one with pneu-

mothorax, and both recovered completely. However, three

patients with metastatic disease ultimately died within a

short follow-up time [73]. A recent study evaluated the

success of tumor ablation in locally advanced pancreatic

tumor in 65 patients, but only 12 of those patients under-

went percutaneous treatment as opposed to open surgical or

laparoscopic treatment. Unsurprisingly, all patients who

underwent percutaneous treatment developed local recur-

rence by 6 months, and although complications were

reported, the subgroup in which they occurred was not

specified [74].

Advances in Image-Guided Monitoring of Therapy

The ideal objective of image-guided monitoring of percu-

taneous ablative therapies is to provide immediate feed-

back to the interventional radiologist by visually depicting

the ablation zone margin and by insuring that adequate

coverage of the tumor is achieved and whether there is a

need for retreatment. Marginal delineation also insures that

the ablation zone does not come too close or in contact

with sensitive structures such as nerves, which can lead to

irreversible paralysis or paresis. Depending on the target

organ, ablation modality and imaging modality, intrapro-

cedural depiction of the ablation zone can be challenging at

times. In RF or MW ablation of lung tumors, visualization

of a halo of ground-glass attenuation around the ablated

nodule on non-enhanced intraprocedural CT scans (Fig. 1)

has been found to accurately correlate with the ablation

zone margin and corresponds to coagulation necrosis and

loss of cellular viability [75, 76]. Visual changes following

RF or MW ablation of liver tumors on non-enhanced CT

are less obvious. Although the ablation zone can be seen as

a hypoattenuating or heterogeneously hyperattenuating

area on non-enhanced CT because of coagulative necrosis

and hemorrhage, with or without formation of gas bubbles,

the actual margin can be hard to delineate, and occasionally

no visible changes may be seen on CT [77]. Use of

ultrasound for depiction of the ablation margin is limited to

only a few select organs and also by formation of an

echogenic cloud and resultant acoustic shadowing, which

can persist from 15 min to 6 h after ablation [78, 79]. MR

thermometry has been used in monitoring ablation zone

temperatures by measuring T1 relaxation times and proton

resonance frequency changes. Although mainly developed

for use with MRgFUS, it has been applied with RF and

MW ablation [10, 80]. Contrast-enhanced CT scans,

though useful for long-term follow-up, are limited in the

periprocedural period by transient periablational hyperemia

that can last up to 1 month and can obscure residual tumor

[78]. Although conventional FDG PET was initially

thought to be inadequate for monitoring of ablation effi-

cacy due to persistent FDG activity in the ablation zone

despite adequate margins [81, 82], a new technique using a

split-dose method of FDG PET/CT for ablation has shown

very promising results. In this study by Ryan et al. [83•],

rather than administering the whole FDG dose up front, the

standard administered diagnostic FDG dose is split into two

aliquots consisting of a small initial dose administered

before ablation and used for lesion targeting followed by a

larger treatment efficacy dose containing twice the activity

of the first dose and administered immediately after the

procedure. Therefore, activity from the postablation dose

dominates during the acquisition of the postablation images

allowing for adequate depiction of the ablation zone as an

area of decreased FDG uptake (Fig. 2). Incomplete abla-

tion in this study was demonstrated in one case by a

residual focus of increased FDG uptake, which was biopsy

proven to represent residual viable tumor, and was imme-

diately retreated. Finally, cryotherapy presents a monitor-

ing advantage over MW and RF ablation in that the

ablation ice ball can be entirely and clearly visualized on

both CT and MRI (Fig. 3). Although the ice ball can also

be seen on US, the deep margin is obscured by acoustic

shadowing, so US monitoring is limited during percuta-

neous treatment [84].

Conclusion

In summary, percutaneous image-guided ablative therapy is

a viable and accepted option for treatment of early stage

tumors in the lung, liver and kidney. It has also shown some

indication in the treatment of secondary tumors or in the

palliative treatment of advanced tumors. Multiple ablative

technologies are available, each with its own recognized

advantages and disadvantages, providing increased versa-

tility in treatment with comparable efficacy and similar

overall survival rates in some instances. We anticipate that

the applicability of ablation technology will expand and

become more diverse as the technique and technology
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progresses. As a stand-alone treatment, percutaneous abla-

tion allows for near equivalent results to more invasive

treatment options with the advantage of shorter recovery

time as well as decreased hospital stay and cost burden.
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