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Abstract

Purpose To describe the morphologic evolution of lung

tumors treated with radiofrequency ablation (RFA) by way

of computed tomography (CT) images and to investigate

patterns of incomplete RFA at the site of ablation.

Materials and Methods One hundred eighty-nine patients

with 350 lung tumors treated with RFA underwent CT

imaging at 2, 4, 6, and 12 months. CT findings were

interpreted separately by two reviewers with consensus.

Five different radiologic patterns were predefined: fibrosis,

cavitation, nodule, atelectasis, and disappearance. The

appearance of the treated area was evaluated at each

follow-up CT using the predefined patterns.

Results At 1 year after treatment, the most common

evolutions were fibrosis (50.5%) or nodules (44.8%). Dif-

ferences were noted depending on the initial size of the

tumor, with fibrosis occurring more frequently for tumors

\2 cm (58.6% vs. 22.9%, P = 1 9 10-5). Cavitation and

atelectasis were less frequent patterns (2.4% and 1.4%,

respectively, at 1 year). Tumor location (intraparenchy-

matous, with pleural contact \50% or [50%) was not

significantly correlated with follow-up image pattern.

Local tumor progressions were observed with each type of

evolution. At 1 year, 12 local recurrences were noted: 2

cavitations, which represented 40% of the cavitations noted

at 1 year; 2 fibroses (1.9%); 7 nodules (7.4%); and 1 ate-

lectasis (33.3%).

Conclusion After RFA of lung tumors, follow-up CT

scans show that the shape of the treatment zone can evolve

in five different patterns. None of these patterns, however,

can confirm the absence of further local tumor progression

at subsequent follow-up.

Introduction

Minimally invasive techniques have been developed for the

treatment of unresectable primary and secondary lung

tumors mostly for patients with advanced-stage disease or

comorbidities that contraindicate surgery [1–3]. Radiofre-

quency ablation (RFA) is a local treatment available used

for primary and metastatic malignancies [4–11]. RFA

induces localized ionic agitation in the tissue through the

oscillation of the applied alternating electrical current. It is

this ionic agitation that leads to a progressive increase in

temperature, resulting in cellular death. Recent results

indicate that RFA in the lung is well-tolerated and provides

a high rate of local tumor control [12–16]. Because the

tumor and the surrounding ablated lung tissue remain in

place, imaging follow-up is necessary to evaluate the local

efficacy of the treatment. Due to the ablation of the margins

to ensure total treatment of the tumor, normal tissue sur-

rounding the tumor undergoes coagulation necrosis. This

leads to a size increase of the imaged abnormality on the
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first post-RFA follow-up compared with pretreatment

imaging. Intratumoral hemorrhage also contributes to

postinterventional increase in lesion size. At subsequent

follow-up, the ablation zone decreases progressively in

size. However, in some cases, no significant decrease is

observed, and the ablation zone appears to be larger than

before treatment. Even in the case of a total treatment

without any residual viable tissue, a measurement based on

RECIST (Response Evaluation Criteria in Solid Tumors)

[17] criteria is not always a reliable measure of ablation

success. As a result, it is essential to identify the computed

tomography (CT) patterns of lung tumors after RFA to

distinguish total ablation from local tumor progression.

This study describes the different CT patterns of lung

tumors treated with RFA.

Materials and Methods

Patients

Between October 2002 and October 2007, 198 consecutive

patients (124 male and 74 female, mean age 63.4 ± 13

years) with 350 lung tumors underwent RFA, and clinical

and imaging data were recorded prospectively. Overall,

82.8% of the tumors were metastatic from various origins

(rectum and colon 43.9%; kidney 17.1%; and sarcoma

12.8%), and 17.2% were primary non–small cell

carcinomas.

Preablation Assessment

The decision to perform RFA was taken after a multidis-

ciplinary discussion with members of the thoracic surgery,

medical oncology, radiation oncology, and radiology

departments. All patients treated were discussed jointly

before a decision was taken, and then the radiologist

informed the patient of the risks, complications, and ben-

efits of the procedure. An anesthetic consultation and

thoracic CT were programmed for the month preceding the

scheduled intervention. We obtained approval from the

local Institutional Review Board to perform CT-guided

RFA and to report the relevant data regarding these pro-

cedures. Informed consent was obtained from all patients.

RFA Procedure

All tumors were treated with RFA under CT guidance

(HiSpeed; GE Medical Systems Milwaukee, WI). All RFA

procedures were performed with the patient under general

anesthesia. Prone, supine, or lateral positions were used to

obtain the shortest access route to the tumor. Four

grounding pads were placed on the patient’s thighs. The

RFA electrodes (LeVeen; Boston Scientific, Natick, MA)

used were 14-gauge multitine expandable electrodes that

were 15 cm long with a 2.0, 3.0, 3.5, or 4.0 cm array

diameter when fully expanded. In addition, a LeVeen

CoAccess electrode (Boston Scientific) with a 15 cm–long,

14-gauge insulated diamond tip–guiding needle was

available with 3, 3.5, and 4.0 cm diameter RFA electrodes

that could be inserted after retrieval of the stylet. Electrode

size was always chosen to be at least 15 mm larger than the

largest tumor diameter when possible. When several

tumors had to be treated for the same patient in the same

session, the size of the electrode was chosen according to

the size of the largest tumor. The same electrode was used

for the other tumors, with deployment tailored to 15 mm

larger than the tumor. Real-time CT guidance without CT

fluoroscopy was used to place the electrode, to image array

deployment, and to monitor treatment.

RFA treatment was performed by applying a treatment

algorithm dedicated to the lung that has been reported else-

where [16]. In brief, this algorithm uses incremental power

delivery and takes into account the size of the electrode and

the location of the tumor in relation to the pleura. We

delivered treatment until a major increase in impedance

occurred. If this impedance increase occurred in\15 min, a

second RFA delivery was performed in the same location,

with 70% of the maximum power delivered to obtain this

increase, until a new major increase in impedance occurred.

If necessary, multiple overlapping ablations were performed

in different portions of the tumor in numeric order (range

1–4). Local complications during the treatment, such as

alveolar hemorrhages in the treatment area, were noted.

Prophylactic antibiotics, including clavulanate (2 g/d;

Augmentin; Glaxo Smith Kline) and ofloxacin (400 mg/d;

Oflocet, Sanofi-Avantis), were routinely administered

intravenously during the procedure and then orally 3 days

afterward.

CT Imaging Method

All patients were examined with CT imaging 2 days after

treatment and then at 2, 4, 6, 9, and 12 months. From 2002

to 2005, CT examinations were performed with a spiral CT

scanner (HiSpeed). Scanning was performed at 120 kV and

270 mA. Contiguously reconstructed sections (1:1 pitch)

were obtained through the thorax in a single breath hold

with 5-mm collimation and with or without injection of a

contrast medium. For contrast-enhanced studies, patients

received 100 ml of the contrast material (Iopamiron 370

[Bracco] or Ultravist 370 [Bayer Schering Pharma]) at a

flow rate of 2–3 ml/s. From 2005 onward, CT scans were

performed with a 16-slice multidetector row helical CT

scanner (LightSpeed; GE Medical Systems) with 1.25-mm

collimation at 120 kV and 350 mA. All follow-up CT scans
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were performed on the same CT unit. After the first year,

CT imaging was performed every 6 months.

Image Analysis

CT scans were evaluated separately by two radiologists (a

junior in the fourth year of fellowship and a senior with 10

years of experience). CT images were read prospectively

by the senior radiologist and retrospectively by the junior

radiologist for each interval of 2, 4, 6, and 12 months.

Subsequent CT scans performed after 12 months were not

included in this analysis. In cases of interobserver dis-

agreement, final decisions were reached by way of con-

sensus. The pattern and the size of the treated area were

evaluated at each imaging follow-up. Tumors with a largest

diameter B2 cm were analyzed separately from tumors

[2 cm. The CT shape of the treated area was classified as

atelectasis, cavitation, disappearance, fibrosis, or nodule as

described below:

1. Atelectasis (Fig. 1A–F): Ventilatory disturbance in a

segment with increased attenuation surrounding the

ablated tumor, thus preventing analysis of the RFA-

ablated tumor.

2. Cavitation (Fig. 2A–C): An air-filled cavity with thick

or thin walls appearing in the location of the ablated

area. Cavitation may be incomplete and only in one

part of the ablated volume.

3. Disappearance: The RFA zone is impossible to depict.

No sequel of the ablation zone is seen

4. Fibrosis (Fig. 3A–E): The RFA zone looses its sphe-

ricity and becomes elongated and linear with or

without peripheral spicules.

5. Nodule (Fig. 4A–D): After treatment, the RFA zone

remains spherical with no signs of retraction. The

frequency of each classification was recorded for the

RFA zone, and we used v2 test to compare the different

types of images across size of treated tumors (B or[2

cm) and at various follow-up points.

The two-dimensional volume size (longest diameter and

its perpendicular) of the ablation measured by way of CT at

day 2 was used as the baseline value for follow-up. An

incomplete treatment was defined as any increase in the

size of any one or both of the two-dimensional measure-

ments found on follow-up CT examinations or as an

appearance of any irregular, nodular, or eccentric focus at

the margin of the ablation zone. Stability or any decrease in

size was considered as complete treatment.

No histologic control was performed after RFA, except

in the case of two RFA-ablated tumors. For these two

patients, lung surgery was decided due to the presence of

new tumors that were not treatable with RFA. Resection of

the RFA volume was performed at the same time as the

planned metastasectomy.

If patients started chemotherapy or hormonotherapy for

their tumors after RFA, they were excluded from the

imaging analyses to avoid any influence of such treatment

on the imaging patterns of the RFA zone.

Statistical Methods

Follow-Up

Median Follow-up Time was Calculated with the Inversed

Kaplan–Meier technique [18].

Survival

Survival was calculated with the Kaplan–Meier technique

and SPSS 18.0 software as the time between RFA and the

date of death or last news regarding the patient. Patients

who started chemotherapy or hormonotherapy after RFA

were not excluded from this analysis.

Results

One hundred ninety-eight patients with 350 lung tumors

were treated overall. At 1-year follow-up, 127 patients with

210 lesions remained in the analysis: 24 patients had died

(19 from progression); 21 had started a systemic treatment

(chemotherapy, hormonotherapy) within the study period;

and 26 other patients had missing follow-up values. Med-

ian follow-up time was 36 months (range 32 to 40). The

Fig. 1 Atelectasis: treatment (A, B), follow-up 48 h (C), 4 months (D), 6 months (E), 9 months (F)
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probability of survival at 2, 3, and 5 years was 72%, 60%,

and 51%, respectively.

Before treatment, all tumors were characterized as nod-

ular. Overall, 73.1% of the tumors were B2 cm, and 26.9% of

tumors were[2 cm. Mean tumor size was 15 mm ± 9 mm.

The location of the tumor related to the pleura was as

follows: intraparenchymatous (71.7%), pleural contact

inferior to 50% (21.7%), and pleural contact superior to

50% (6.6%). One hundred sixty-eight of the initial 198

patients were treated in one session (unilateral tumors

n = 152; bilateral tumors n = 16), and 30 were treated in

two different sessions (all were bilateral tumors). When

both lungs were treated during the same procedure, the

second lung was punctured if no complication occurred

after treatment of the first lung. Tumors[2 cm were treated

with one ablation in 15%, with two overlapping ablations in

45%, with three overlapping ablations in 34%, and with four

overlapping ablations in 6% of patients. The number of

patients followed-up for evaluation of imaging patterns

decreased progressively with time due to death, missing

values, or the start of chemotherapy (Table 1). Morphologic

patterns of the treated tumors B2 cm and[2 cm, which are

Fig. 2 Cavitation: treatment (A), follow-up 48 h (B), 4 months (C), 6 months (D): nodular pattern, histological analysis of the nodule (E H&E

920, F H&E 9200): fibroblasts and collagen, no tumoral cells

Fig. 3 Fibrosis: before treatment (A), follow-up 48 h (B), 4 months: nodular pattern (C), 6 months (D) and 12 months (E): fibrous pattern

Fig. 4 Nodule: before treatment (A), follow-up 4 months (B), 6 months (C), 12 months (D)

Table 1 Number of patients followed-up and RFA zone

No. of months No. of patients RFA zone

2 189 287

4 181 279

6 169 259

9 149 233

12 127 210
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listed in Tables 2 and 3 and Figs. 5 and 6, display the fea-

tures obtained at 2, 4, 6, 9, and 12 months. CT imaging 2

days after treatment shows a tumor completely surrounded

by peripheral ground-glass opacity (GGO) in all patients.

CT imaging 2 months after treatment shows a nodular

appearance of the RFA zone in 68.6% of the RFA zones

(n = 197) regardless of the initial size of the treated tumor,

whereas GGOs persisted in 5.5% of the lesions. In addition,

12.5% of the RFA zones evolved to cavitation (n = 3) and

3.1% to atelectasis (n = 9), and it is noticeable that all of

these were located in the inferior lobe.

CT Imaging Results 4 to 6 Months After Treatment

Fibrotic scars were significantly more frequent (44.7%,

p = 0.0000003 for tumors B2 cm than for larger tumors),

with some rare cases (0.7–1.2%) of disappearance of the

post-RFA zone. For tumors [2 cm, the aspect of the RFA

zone was significantly more nodular than for smaller tumors

(79.7%, p = 0.000009). Some of the cavitated RFA zones

at 2 months became nodules or fibrosis at 4 and 6 months,

with resolution of the previous cavity (Figs. 2D, 7). Of the

36 cavitations at 2 months, 6 had become a fibrosis at 4

months and 16 had become a nodule. At 6 months, 5

additional cavitations had become a nodule, and 1 had

become a fibrosis. Only 8 cavitations remained at 6 months.

CT Imaging Results 6 to 12 Months After Treatment

Almost one quarter (22.9%) of the tumors [2 cm became

fibrous, but a significant majority (p = 0.000008) remained

Table 2 Different features after RFA of tumors B2 cm

RFA zones Time of follow-up (mo)

2 (n = 211) 4 (n = 201) 6 (n = 190) 9 (n = 175) 12 (n = 162)

No. of fibroses (%) 24 (11.4) 56 (27.9) 85 (44.7) 88 (50.3) 95 (58.6)

No. of nodules (%) 144 (68.2) 125 (62.2) 93 (48.9) 76 (43.4) 59 (36.4)

No. of cavitations (%) 25 (11.8) 12 (6) 5 (2.6) 5 (2.9) 4 (2.5)

No. of GGOs (%) 13 (6.2)

No. of atelectases (%) 5 (2.4) 6 (3) 4 (2.1) 3 (1.7) 2 (1.2)

No. of disappearances (%) 0 2 (1) 3 (1.6) 3 (1.7) 2 (1.2)

Table 3 Different features after RFA of tumors [2 cm

RFA zones Time of follow-up

2 (n = 76) 4 (n = 78) 6 (n = 69) 9 (n = 58) 12 (n = 48)

No. of fibroses (%) 5 (6.6) 5 (6.4) 7 (10.1) 9 (15.5) 11 (22.9)

No. of nodules (%) 53 (69.7) 60 (76.9) 55 (79.7) 45 (77.6) 35 (72.9)

No. of cavitations (%) 11 (16) 9 (11.5) 4 (5.8) 1 (1.7) 1 (2.1)

No. of GGOs (%) 3 (3.9)

No. of atelectases (%) 4 (5.3) 4 (5.1) 3 (4.3) 3 (5.2) 1 (2.1)

No. of disappearances (%) 0 0 0 0 0

Fig. 5 Patterns of RF ablation zone for tumors B2 cm according to

duration of follow-up
Fig. 6 Patterns of RF ablation zone for tumors [2 cm according to

duration of follow-up
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nodular (72.9%). The trend was different for tumors

B2 cm, where more than half became fibrous (58.6%,

p = 0.00001), and 36.4% remained nodular. A small pro-

portion (1.2%) of the RFA zones disappeared when the

initial tumor had been B2 cm before treatment. Some of

the cavitated RFA zones returned to a fibrous aspect. In one

case, histologic examination after complete resection of a

nodule filling a cavity showed only fibrous tissue (Fig. 2E,

F). Among the cavities, 61% had become nodular (22 of

36) and 22% fibrous (8 of 36). At 1 year, only five images

showed remaining cavitation.

Local Tumor Progression

In 28 tumors, incomplete ablation was documented by

follow-up scans with clear evidence of increased size of the

RFA zone on two subsequent follow-ups. Incomplete

ablation was represented by the appearance of a nodular

focus in fibrous pattern and cavitation (Fig. 8) at the

margin of the ablation zone. At 1 year, 12 recurrences were

noted. All patterns were concerned by incomplete ablation,

including: 2 fibrosis, 2 cavitation, 7 nodules, and 1 ate-

lectasis. Sixteen recurrences were noted after 1 year.

Incomplete local treatment was discovered at a median of

10.6 months after treatment (range 2 to 41).

Complications

Three quarters of all procedures involved immediate

complications. Pneumothorax was the most frequent

(52.9%), and 48.8% of these were drained. Twenty-three

patients (representing 33 tumors) presented an alveolar

hemorrhage related to a puncture in the treatment area.

Discussion

Treatment and Follow-Up

The thermal properties of the lung are a consequence of the

presence of air-filled spaces. The presence of air means a

lower thermal inertia and a greater electrical impedance

than in other tissues. In this context, the surrounding air in

the lung insulates the heated volume thermally and elec-

trically, and it has been demonstrated that tissue charac-

teristics affect ablation outcomes, with a larger volume of

ablation in the lung than in the kidney or soft tissues for a

given quantity of energy [19]. In rabbit lung [20], an

inflammatory reaction occurs after RFA. During the first

weeks after treatment, the reaction appears as a progressive

organization of the coagulated zone with granulation tissue

and local dilatation of blood vessels. This leads to an

Fig. 7 From cavitation to fibrous pattern: follow-up 48 h after RFA (A), 4 months (B), 9 months (C), 12 months (D)

Fig. 8 Local tumor progression: follow-up 2 month after RFA: nodular pattern (A), 4 months: cavitation (B), 9 months: fibrous pattern (C), 12

months: local tumor evolution (D)
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increase in size of the ablated zone with perinodular GGOs.

After 1 month, fibrous tissue progressively replaces the

coagulation necrosis. Animal experiments have generally

shown excellent prediction of tissue response to thermal

injury using a CT scanner [21].

Various publications [2, 22, 23] have confirmed the

clinical utility of a CT scan in the follow-up of lung tumors

treated by RFA. After an initial increase in size due to

inflammation during the first 2 months, the ablated zone

usually recedes progressively. However, the decrease in

size is moderate and does not always occur, with the size of

the RFA zone remaining unchanged with time. The same

absence of involution has been demonstrated in liver and

kidney tumors, even with long-lasting RFA zones that are

still present after several years [4, 9, 10]. Compared with

other organs, such as the liver and the kidney, various

features of RFA zones are specific to the lung. We classi-

fied them into five main patterns of evolution after 2

months. The fibrous and nodular patterns are the most

frequent, although the main factor predictive of evolution

is the initial size of the tumor. Location of the tumor

(intraparenchymatous, pleural contact\50% or[50%) did

not significantly influence the final aspect.

GGOs

RFA-induced GGOs include the normal parenchyma sur-

rounding the tumor. GGOs were seen on the first control at

48 h in all cases, as has been shown in previous reports

[24]. These opacities correspond to congestion, edema,

hemorrhagic rim, inflammatory cell infiltration, and

necrotic lesions induced by thermal ablation, as described

in animal-based studies showing a correlation between CT

and pathologic findings [21]. The demarcation with the

nonablated tissues is clear. The tumors were centered on

the RFA-ablated areas, after which we expect complete

ablation. The size of the ground-glass appearance on initial

CT is useful to predict treatment success [25] because it is

twice as long and twice as wide as the tumor [16],

Anderson et al. [26] described that a circumferential GGO

margin of[5 mm is the minimal margin required to ensure

complete tumor ablation. A parenchymatous opacity occurs

rapidly beginning the week after RFA with a similar size as

the GGOs [24], and at 2 months the GGOs have generally

disappeared (94.5% of the patients in our series).

Evolution After 2 Months

We used ‘‘fibrosis’’ as a radiologic definition without any

histological proof. It corresponds to a change in the primary

shape of the RFA zone and indicates a progressive shrinkage

of the treated volume with reabsorption of the coagulated

area, including the tumor. This pattern may appear 2 months

after treatment but is more frequent after 4 months. With

regard to tumor size before treatment, tumors £2 cm became

fibrous more rapidly and more frequently than larger ones,

probably because the volume of coagulated tissues to

reabsorb is lower. Recently it was also demonstrated on ex

vivo lung tissues that RFA induces an approximate volume

decrease of 27–75% [27]. In this study, contraction in nor-

mal lung was more significant than in liver. The explanation

given by the investigators was that contraction in the lung

may be more related to architectural distortion and collapse,

whereas in the liver it is primarily caused by dehydration.

In contrast, the nodular pattern is more frequent with

larger tumors ([2 cm). The nodular pattern is more

ambiguous, and it might be difficult to differentiate this

posttreatment aspect from possible incomplete treatment

owing to the fact that all local recurrences except one were

nodular in shape. To resolve this issue, an intravenous

contrast agent may be used to differentiate nonenhancing

scars from enhancing residual tumor [22]. In this regard,

nodular perfusion studies with dedicated software can

probably help [28] but are not used in routine practice.

Contrast-enhanced magnetic resonance imaging (MRI) has

demonstrated an ability to differentiate between benign and

malignant lung tumors [29] and can be used in follow-up

as reported by Van Sonnenberg [30], who described

decreased or no enhancement on MRI scans after RFA

compared with preprocedural scans. A recent study sug-

gests that diffusion-weighted MRI may predict the

response to RFA for lung tumors [31]. However, these

results must be confirmed in larger series. Comparing

anatomic and metabolic changes with 18F-FDG PET/CT is

another option, but the extensive initial inflammatory

reaction interferes in the assessment of treatment response

and makes it more difficult than in other settings. With

animals, the best timing to avoid inflammatory changes

was found to be early after RFA (12–24 h) or later than 6 to

8 weeks [32]. Clinical validation in humans has not yet

been established conclusively [33, 34].

The challenge to identify areas of incomplete ablation

remains in this nodular pattern owing to the evident limi-

tations of different imaging techniques to identify micro-

scopic disease. Accuracy is limited by spatial resolution,

partial-volume effect, and contrast resolution. In a small

series, neither CT, nor MRI, nor 18F-FDG PET/CT was

able to identify residual microscopic disease 1 or 2 weeks

after treatment [35].

Cavitation has been reported to occur more frequently

when the tumor is close to a segmental bronchus [24]. Other

reported factors contributing to cavitation are peripheral

tumors, primary cancer, and pulmonary emphysema [36]. In

our series, we found no influence of the location of the

tumor, and a fistula with a bronchus was identified on CT

scan in only six patients. These six patients presented
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coughing and unclean expectorations, without fever or

clinical signs of pneumonia or abscesses, for 1 to 2 months

after the treatment, indicating possible drainage of the

ablated tumor into a bronchus. In the 30 other cavitations

observed at 2 months, the patients were completely asymp-

tomatic. There was no influence of the size of the tumor

before treatment to explain the appearance of a cavity.

For tumors [2 cm, we suspected that multiple over-

lapping RFA applications may have resulted in overtreat-

ment of the region with an increased risk of bronchial

fistula, but the influence of multiple RFA applications was

not statistically significant, even if it is noteworthy that all

of the cavitation patients received ablation in more than

one location compared with 81% of the other categories

(nodules, fibrosis, atelectasis).

Steinke et al. [23] reported that the rate of cavitation was

higher if there was an increase [200% of the treatment

zone size 1 week after RFA. In addition, whereas a cavity

persisting in the lung may be considered as a risk of

superinfection, cavitation is not definitive in most patients.

In our series, 64.7% of the cavitations had become a nodule

or fibrosis at 4 months, whereas at 12 months only 2.4% of

the cavitations remained; no superinfection of the cavita-

tion was encountered.

Concerning atelectasis, an area of obstructive pneumo-

nitis had developed in place of the tumor, thereby com-

plicating interpretation. In our experience, atelectasis

occurs only on a lobar inferior tumor, and pleuresis was not

systematically associated. Fibroscopy could be useful to

verify the absence of endobronchial invasion after an

incompletely treated tumor.

Local tumor progression was defined as an increase in

tumor size after a posttherapeutic period of stability of

approximately 6 months in general. Unfortunately, our

analysis shows that there is not one post-RFA ablation

imaging pattern that guarantees that treatment is complete.

All the different patterns can be associated with local

tumor progression, but more frequently in the case of a

nodular one. Fibrous evolutions and cavitations, in which

the primary tumor is thought to have completely resolved,

demonstrated some surprising regrowth in zones where the

initial shape of the tumor had entirely disappeared. In

contrast, a regrowth of a nodular post-RFA zone can be

easily understood as an incompletely treated viable tumor

that has continued to grow. Consequently, there is no pat-

tern that warrants a clinical decision to discontinue follow-

up after lung RFA. A minimum of 1-year follow-up appears

necessary because late recurrence has been reported.

Limitations of the Study

A possible limitation of our study is that no biopsies were

performed. Some classifications could have been confirmed

with histologic analyses, especially in the case of nodular

evolution, although there are some drawbacks with biop-

sies if an inadequate amount of tissue is sampled.

Conclusion

RFA for lung tumors results in persistent radiologic

abnormalities, which appear more difficult to interpret than

for tumors of the liver or kidney due to wide variety of

patterns encountered. All post-RFA features described may

lead to residual or recurrent disease despite the appearance

of complete ablation in some cases. The challenge for

imaging remains the identification of these areas of

incomplete ablation to inhibit local tumor progression

arising from residual microscopic disease and the discov-

ery of recurrences many months after treatment. Careful

and extended follow-up imaging of tumors treated with

RFA remains necessary.
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