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A B S T R A C T

Objective: To assess the safety and effectiveness of computed-tomography-guided (CT-guided) percutaneous
radiofrequency ablation (RFA) for lung neoplasms adjacent to the pericardium.
Materials and methods: This retrospective study was approved by the institutional ethics committee, and all
patients provided written informed consent. Between January 1, 2012 and March 31, 2016, 49 consecutive
patients (32 men and 17 women; mean age 47.9 years; range 16–67 years) with 51 tumors (mean diameter
17.7 ± 7.2mm; range 4–30mm) located within 10mm of the pericardium underwent percutaneous CT-guided
RFA. The technical success rate, local progression-free survival (LPFS), risk factors for local progression, and
safety of this technique were evaluated.
Results: The technical success rate was 96.1% (49/51), and the LPFS was 98.0%, 93.0%, 84.0%, and 77.0% at 3,
6, 12, and 24 months, respectively. A tumor size> 2.0 cm (p= .045) and the primary lung tumor types
(p= .013) were associated with local progression. No treatment-related deaths occurred. The incidence of major
complications was 15.7%; complications included pneumothorax (5.9%, 3/51), pleural effusion (3.9%, 2/51),
pneumonitis (3.9%, 2/51), and hemothorax (2.0%, 1/51).
Conclusion: Percutaneous CT-guided RFA can be a safe and effective option for the treatment of lung malig-
nancies adjacent to the pericardium.

1. Introduction

Primary lung cancer is the leading cause of cancer-related death
worldwide, and the lung is the second most frequent site of metastases
in malignant diseases [1,2]. Surgical lobectomy and sublobar resection
remain the cornerstones of curative-intent therapy for disease-free
survival (DFS); nevertheless, approximately 30% of patients are not
eligible for surgery because of advanced stage, medical co-morbidities,
insufficient cardiopulmonary function, or poor performance scores

[3,4]. Stereotactic body radiation therapy (SBRT) has emerged as an
alternative treatment for inoperable primary and metastatic lung can-
cers; it provides local control rates of 86–90% and has been shown to
have survival benefits in some prospective and multicenter retro-
spective studies [5–10]. However, this technique is restricted by
radioresistance and subsequent tumor recurrence [5–9].

Computed-tomography-guided (CT-guided) percutaneous radio-
frequency ablation (RFA) is another valuable treatment for unresectable
or medically inoperable lung malignancies; it provides a promising
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local tumor control rate and a good safety profile, and has the ad-
vantages of being minimally invasive, having only mildly deleterious
effects on pulmonary function, needing only a short convalescence, and
allowing repeated procedures. However, some investigators have sug-
gested that tumor location is closely associated with the risk of major
complications or insufficient local therapeutic efficacy [1,11–16]. With
successful ablation or life-threatening complications, RFA for the
treatment of lung tumors adjacent to the pericardium was considered a
contraindication or exclusion criterion in clinical practice [1,12,17].
Interestingly, two previous animal studies showed that percutaneous
thermal ablation (one study using RFA, the other using microwave
ablation) was a safe and effective treatment for lung tissues close to the
heart [15,18]. In 2007, RFA of lung tumors close to the heart and
aorta—including 20 target lung tumors close to the pericardium—was
first reported, and the primary effectiveness rate of the technique was
75.8% and 45.9% at 6 and 12 months, respectively; these clinical re-
sults suggest that RFA is a safe and valuable treatment option for tu-
mors at challenging positions in the lungs [19,20].

Consistent with these results, we investigated CT-guided percuta-
neous RFA of lung tumors adjacent to the pericardium and further
evaluated the safety and efficacy of RFA in a relatively larger sample
size with 51 tumors.

2. Material and methods

2.1. Patients

This observational study was approved by the institutional ethics
committee, and all patients provided written informed consent. The
therapeutic indications, effectiveness, and risk of death were all ex-
plained to the patients and their guardians. Between December 2011
and March 2016, a total of 786 consecutive patients with primary and
secondary lung tumors were treated with CT-guided RFA. Patients in-
cluded were those with lung tumors who refused or were considered
unable to tolerate surgical resection and radiotherapy by a multi-
disciplinary team comprising thoracic surgeons, radiation therapists,
medical oncologists, and interventional radiologists.

Lung malignancies adjacent to the pericardium were defined as
index tumors at any distance within 1.0 cm from the pericardium based
on CT scans. The following specific inclusion criteria were considered:
(1) lung malignancies adjacent to the pericardium; (2) single tumor size
≤3.0 cm; (3) tumor>0.5 cm proximal to the blood vessels (≤3mm in
axial diameter) or trachea; (4) five or fewer lung malignancies; (5)
platelet count ≥50 cells× 109/L; (6) prothrombin time ratio ≥70%;
(7) Eastern Cooperative Oncology Group (ECOG) performance status
score ≤2; (8) forced expiratory volume at 1 s (FEV1) ≥50% predicted;
and (9) written informed consent for RFA given. The exclusion criteria
were history of uncontrolled angina, arrhythmias, congestive heart
failure or implantable cardiac devices, and uncontrolled malignant
pleural effusion. Finally, 49 patients (32 men and 17 women; mean age
47.9 years; range 16–67 years) with 51 tumors were included in the
study. Fig. 1 shows a flowchart illustrating the patient inclusion criteria.
The baseline characteristics of patients and tumor characteristics are
summarized in Table 1. A total of 51 RFA treatments were performed,
including two repeat treatments for different tumors in two patients.

Diagnosis of target pulmonary malignancies was obtained by CT-
guided tumor biopsy using an 18-gauge needle (C.R. Bard, Inc., GA,
USA) in 37 tumors (72.5%). For patients with a previously diagnosed
primary carcinoma—particularly those who had previously undergone
lung tumor resection—a newly discovered or interval growth of an
enlarged pulmonary tumor found by dynamic contrast-enhanced mul-
tidetector helical CT was regarded as a malignancy relapse. In 37 pa-
tients, adjuvant systemic chemotherapy, molecular targeted therapy or
tumor immunotherapy was performed during the periprocedural
period.

2.2. Treatment plan and ablation procedure

The procedures were conducted by two experienced interventional
radiologists (Ming Zhao and Peihong Wu) with at least 10 years of
experience in RFA, a CT technician in charge of scanning (non-author),
an anesthetist (non-author), and a nurse (non-author) on an inpatient
basis. Real-time CT (Siemens, Munich, Germany) guidance was used to
plan, target, and monitor the intraprocedural modification of the ab-
lation procedure and assess treatment responses during the procedure.
The body position of the patient during the procedure was determined
according to the tumor location. Nineteen procedures were performed
in the supine position, and the remaining 32 procedures were per-
formed in the prone position. Grounding was achieved with two dis-
persive 400-cm2 (20 cm×20 cm) grounding pads placed on the pa-
tient’s thighs.

An experienced anesthetist in the field of lung tumor thermal ab-
lation performed anesthetization. Patients retained spontaneous
breathing via nasal prongs airway (low-flow-rate oxygen inhalation,

Fig. 1. Flowchart showing the patient selection criteria.

Table 1
Baseline characteristics of patients and lung neoplasms.

Characteristics Value

Number of patients 49
Age (years) 47.9 ± 13.3 (16–67)
Sex (male/female) 32/17
Number of lung neoplasms 51
Histological types
Primary lung cancer 11
Metastases to lung 40

Neoplasms adjacent to
Left atrium 17
Left ventricle 8
Right atrium 15
Right ventricle 10

Lung lesion size (mm) 17.8 ± 7.2 (4–30)
< 1 5
1–2 27
2–3 19

Distance from pericardium (mm) 2.4 ± 3.2
0 27
1–5 13
6–10 11

Length of interface with pericardium (mm) 5.0 ± 7.2
0 24
≤5 2
6–10 11
11–15 9
16–20 2
>20 3
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3–6 L/min) throughout the procedure. Prior to the ablations, the
baseline cardiac rate, rhythm and blood pressure were recorded.
Electrocardiography, blood pressure, and blood oxygen saturation were
monitored throughout the procedure and for at least 6 h after returning
to the ward or until return to normal.

All treatments were performed according to a standard protocol
using the RF system (Cool-Tip, Valley lab, Boston, MA, USA; STARmed,
Gyeonggi-do, South Korea). Prior to performing RFA, we assessed the
tumor enhancement degree using contrast-enhanced CT to compare the
baseline enhancement patterns with those observed at the end of ab-
lation or follow-up. The electrode routes were discussed and selected to
avoid the intercostal artery, pulmonary bullae and great bronchovas-
cular bundles and pericardium. We used 17-gauge monopolar internally
cooled-tip electrodes with a 2- or 3-cm exposure. Each electrode in-
sertion tract was positioned at a parallel orientation relative to the
surface of the pericardium. Parallel orientation was defined as an angle
of 180° ± 30° between the electrode shaft and surface of the peri-
cardium. The electrodes were advanced into the tumor step by step
along the planned approach. If the electrode went off course, adjust-
ments were made to correct the path toward the targeted ablation zone.
In each readjustment, the electrode should not pull out lung tissue,
minimizing the number of repeated punctures of the lung membrane or
lobar fissure during placement. The electrode was constantly held with
insulated forceps and supervised by a doctor to prevent the potential
dislocation of the tip due to respiratory motion and heartbeat
throughout the procedure (Fig. 2).

During ablation, a thermocouple embedded in the electrode tip
continuously monitored the local temperature. Tissue impedance was
also continuously monitored by circuitry incorporated in the generator.
A peristaltic pump (STARmed, Gyeonggi-do, South Korea) was used to
infuse 0 °C normal saline into the cooling lumen of the electrode at a
rate sufficient to maintain the tip temperature below 20 °C. In the case

of 3-cm tip electrodes, the output was initiated at 60W and subse-
quently increased at 20W/min until tissue uncontrolled impedance
increased. Next, the output was decreased 20W and maintained for
12min. Uncontrolled impedance increases occurred occasionally two or
more times in a session. With 2-cm tip electrodes, the output initiated at
40W was increased at 20W/min until uncontrolled impedance in-
creased and was subsequently maintained for 6min. Each ablation
cycle lasted 12min. A 12-min ablation using a 3-cm tip electrode was
assumed to necrotize a sphere 3 cm in diameter. The ablation zone was
discernible as a ground-glass opacity zone under CT during the proce-
dure. For large tumors, the electrode was repeatedly inserted into dif-
ferent sites (overlapping ablations) so that the entire nodule was en-
veloped in assumed necrotic volumes. Multiple overlapping ablations
were performed when the ablation zone was smaller than the tumor
plus an ablative margin of at least 5 mm on the distal side from heart.
Ablations were not planned and performed to produce a safety margin
on the cardiac side of the ablation zone when the tumor abutted the
pericardium. Tract ablation was performed during applicator with-
drawal from the tumor to the visceral pleura to prevent post-procedure
bleeding and the risk of puncture-related tumor seeding. Contrast-ma-
terial-enhanced CT was routinely performed immediately after the ab-
lation procedure to evaluate technical success and to examine compli-
cations. If residual viable tumors were identified, the ablation zone was
re-ablated as described previously.

After the ablation procedure, all patients were admitted for over-
night observation according to the routine standard of care at our in-
stitution.

2.3. Follow-up and outcomes

Clinical examination, complete blood cell count and chest radio-
graphy were performed the next morning, and if the clinical

Fig. 2. A 41-year-old male patient with re-
current non-small-cell lung cancer 3 months
after radical surgery. (a) Contrast-enhanced
computed tomography (CT) obtained prior to
radiofrequency ablation (RFA) shows a 1.0-cm
well-defined round tumor (big arrow) in the
right middle lobe. The tumor had an attenua-
tion value of 67 HU and a net enhancement
value of 34 HU compared with the values on a
pre-contrast scan (mean attenuation value 33
HU; not shown). (b) In the supine position,
RFA was performed on the lung tumor adjacent
to the pericardium. (c) CT scan obtained
during RFA shows the wrinkled edges of the
lesion (small arrow). (d) Thoracic-enhanced CT
scanning 1 month after RFA shows that the
tumor was completely necrotized (big arrow).
Written permission to use the photograph was
obtained from the patient and their guardians.
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presentation included suspected complications, a complementary chest
radiography was performed to rule out adverse events such as pneu-
mothorax, subcutaneous pneumoderma, alveolar hemorrhage,
bleeding, and pleural effusion. When pericardial effusion was sus-
pected, echocardiography, cardiac ultrasound or cross-sectional ima-
ging with CT usually confirmed the diagnosis. Patients underwent
clinical evaluation and follow-up imaging with chest CT or F18-fluor-
odeoxyglucose (FDG) PET/CT at 4–6 weeks after RFA and every 3
months thereafter. CT and PET/CT scans were separately inspected by
two radiologists for the diagnosis of residual tumor and potential
complications observed at imaging. Another radiologist conducted the
final evaluation in case of disagreement. Technical success referred to
the proper placement of the ablation electrode into the target tumors
with the accomplishment of the therapeutic protocol. The ablation zone
should be completely necrotic when the entire visible target zone is not
contrast-enhanced or a rounded area of ground-glass attenuation
wrapping is found around the tumor nodules. Such an enhancement
zone should be reactive to physiological and pathological changes after
hyperthermia. After 3 months the completely necrotic tumor will gra-
dually shrink over time. Stability without contrast enhancement or a
decrease in size indicated successful treatment. Local progression was
considered as an irregular contrast enhancement in the ablation zone or
peripheral lung tissues around the ablation zone. To assess any sub-
clinical cardiac injury, postprocedural myocardial enzyme levels (tro-
ponin test, creatine kinase test and myoglobin) and echocardiograms,
where applicable, were reviewed for changes from baseline.

The median follow-up period was 12.3 months (range 2.0–42.0
months). The technique effectiveness refers to the local tumor control
based on the first imaging evaluation. Technique effectiveness was
based on imaging within 3 months of the procedure. Local progression-
free survival (LPFS) was defined as the absence of progressive dis-
ease—based on the modified Response Evaluation Criteria in Solid
Tumors (mRECIST) criteria—or absence of recurrence within or at the
periphery of the completely ablated ablation zone on subsequent CT
studies, last follow-up, loss, or death. Residual disease was not attrib-
uted to local progression until positive failure due to the mRECIST
criteria on subsequent radiography. Patients who progressed locally
received supplemental therapy at the discretion of the multidisciplinary
tumor team, including RFA, radiotherapy, chemotherapy, or molecular
targeted therapy. Major complications were defined as complications
that may lead to substantial morbidity, additional invasive therapy
and/or substantially lengthened hospitalization. Treatment-related
mortality was defined as any death due to major RFA-related compli-
cations. Complications referred to the Society of Interventional
Radiology clinical practice guidelines (SIR grading system) [21] and the

guidelines for standardization of terminology and reporting criteria
regarding tumor ablation [22].

2.4. Statistical considerations

The data were analyzed using the Statistical Package for the Social
Sciences (SPSS) software (version 21.0; SPSS Inc., Chicago, Ill, USA).
The LPFS was calculated using the Kaplan–Meier method. The paired
samplest test was used to compare the mean value of the blood pressure
and heart rate at different periods. We used the receiver operating
characteristics (ROC) curve to calculate the threshold of the tumor size
and length of the interface with the pericardium associated with local
tumor progression. The length of the interface was drawn from two
points separated from the two structures (tumor and pericardium).
Spearman’s correlation coefficient was used to identify relationships
between two categorical variables and local progression. All bilateral p
values< 0.05 were considered statistically significant. All data in our
study have been recorded at Sun Yat-sen University Cancer Center for
future reference (number RDDA2017000320).

3. Results

3.1. Oncologic efficacy

The technique success rate was 96.1% (49/51). Two tumors could
not be completely ablated because of major complications (hemothorax
and pneumothorax) observed by intraprocedural CT fluoroscopy. A
total of 13.7% (7/51) of the tumors showed local progression in a
median follow-up of 7.0 months (range 3–17.3 months), including
target tumor enlargement (n= 5) and the appearance of a contrast-
enhanced tumor at the ablation margin (n=2). The LPFS was 98.0%,
93.0%, 84.0%, and 77.0% at 3, 6, 12, and 24 months, respectively
(Fig. 3). LPFS for different primary cell types are shown in Table 2. The
optimal threshold of the tumor size and length of the interface with the
pericardium for local tumor progression derived from ROC analysis was
determined as 23.5 mm (p= .013) and 13.0 mm (p= .013), and the
areas under the ROC curves were 0.722 and 0.675, respectively. To
facilitate the clinical practice of the measurement, we simplified the
two lengths to 20mm (p= .045) and 15mm (p= .034), respectively,
and the corresponding statistical significance remained the same
(p < 0.05). A maximum tumor diameter of> 20mm (p= .045) and
primary tumor types (p= .013) were significantly associated with the

Fig. 3. Local progression-free survival was 98.0%, 93.0%, 84.0%, and 77.0% at
3, 6, 12, and 24 months, respectively.

Table 2
Local progression-free survival (LPFS) for different primary cell types.

Primary cell type Number Median
LPFS

3 mo
LPFS

6 mo
LPFS

12 mo
LPFS

24 mo
LPFS

Primary lung cancer 11/51 14.1 100% 89% 51% 0%
Secondary lung

tumors
Nasopharyngeal

carcinoma
9/51 26.2 100% 88% 72% 54%

Colorectal cancer 6/51 14.0 100% 100% 100% 100%
Malignant thymoma 1/51 6.0 100% 100% 0% 0%
Hepatocellular

carcinoma
16/51 27.0 100% 100% 79% 79%

Cervical cancer 1/51 22.7 100% 100% 100% 0%
Mixed germ-cell

tumors
1/51 5.4 100% 0% 0% 0%

Myofibroblastoma 1/51 16.0 100% 100% 100% 0%
Pelvic carcinoma

sarcoma
1/51 15.7 100% 100% 100% 0%

Renal carcinoma 1/51 7.0 100% 100% 0% 0%
Esophageal carcinoma 2/51 12 100% 50% 0% 0%
Adenoid cystic

carcinoma of the
right ear

1/51 42.0 100% 100% 100% 100%
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technique effectiveness.
Two tumors could not be completely ablated at the first follow-up

and could not accept a second ablation. For the seven tumors that
showed local failure, three repeated ablation procedures were per-
formed 3, 5, and 8 months later. After the second session, one tumor
showed local progression at 4 months. Two patients received local
radiotherapy, and the other two patients received systemic therapy for
other progressed tumors. The other tumors with local progression were
not treated further because repeat treatment was not expected to offer a
survival benefit because of the distant progression of the disease and/or
poor performance status.

3.2. Complications

There were no treatment-related deaths. Major complications oc-
curred in eight sessions (15.7%) and included pneumothorax (n= 3)
and pleural effusion (n= 2), infection (n= 2), and hemothorax of
approximately 500mL due to intercostal arterial injury (n=1). Minor
complications included arrhythmia (n=5), self-limited pneumothorax
(n=15), hemoptysis (n= 1), pleural effusion (n= 5), mild pericardial
effusion (n=3), thickening of the pericardial layers (n=2), and ad-
hesions to neighboring extracardiac structures (n=5) (Table 3).[22]
An adhesion to neighboring extracardiac structures is by definition the
ablation scar extending from within ablated tumor tissue across to a
virtual pericardial space.

Short-term arrhythmia was recorded in five (of 51) procedures
(9.8%). Ventricular arrhythmias were encountered in four procedures
and supraventricular tachycardia was encountered in one. These ar-
rhythmias were reversible without any medication. No bradyar-
rhythmia, heart block, or asystole occurred. Patients undergoing RFA
experienced a significant increase in heart rate (p= .024), systolic
blood pressure (p < 0.001), diastolic blood pressure (p < 0.001),
pulse pressure (p < 0.001), and mean arterial pressure (p < 0.001)
compared with the baseline. These indicators significantly changed
after 0–3 h and gradually returned to baseline within 6 h after RFA (see
Supplemental Fig. S1, Fig. S2 and Table S1).

4. Discussion

RFA has been reported to be an alternative technique for treating
malignant lung tumors [12,13,23]. With concerns about lack of effec-
tiveness or life-threatening complications, RFA is rarely performed in
locations adjacent to the pericardium. With the increased use of abla-
tion devices that harness procedural strategies, and accumulated
practical experience to displace non-target anatomy, the capacity of
RFA to achieve precise destruction of the tumor along the pericardial
margin has been reported in small series [14,15,24,25].

The results of the present study show that percutaneous CT-guided
RFA is a safe and effective option for the treatment of lung malignancies

adjacent to the pericardium; our results were slightly better than the
clinical data of RFA for lung neoplasms adjacent to the pericardium and
large vessels according to Iguchi and colleagues [19], whose corre-
sponding LPFS values were 75.8% (data in the present study: 93.0%),
45.9% (data in the present study: 84.0%), and 45.9% (data in the
present study: 77.0%) at 6, 12, and 24 mouths, respectively. These
slightly different results may correlate with the baseline characteristics
of tumor size (17.8 mm versus 25.0 mm) and tumor type; the most
common primary tumor type was hepatocellular carcinoma in the
present study, while colorectal carcinoma was the common type in the
study of Iguchi et al. [19].

Several normal physiological factors may account for the safety of
performing lung ablation in proximity to the pericardium. The highly
perfused myocardium acts as a large source of convective heat loss
(heat sink), protecting tissue from thermal injury [15,18,26], and
continuous heart beating results in only intermittent and brief exposure
of the ablation heat to the pericardium and heart. A previous animal
study demonstrated that circulating blood had a ‘heat-sink’ effect at the
electrode tips adjacent to the heart, and the temperature exerted on the
pericardium did not exceed 47 °C, even if maximum generator power
was administered; this protected the cardiac conduction system
[15,18]. Human hearts have a layer of epicardial fat that functions as
insulation in thermal environments, acting as an additional barrier to
cardiac injury [18,20,26]. To guarantee safety and efficacy, precise
electrode placement near the pericardium required accurate adjustment
to avoid puncturing the pericardium or major bronchovascular bundles.
To avoid heart puncture at this special location, the modified ablative
strategy was parallel electrode orientation relative to the heart surface
by step-by-step advancement of the electrode tangential to the peri-
cardium; plain and contrast-enhanced CT scanning was repeated to
confirm the proper orientation and to evaluate the ablated zone ac-
cording to the formation of ground-glass opacity. No hemopericardium
or cardiac tamponade was observed in the present study either during
ablation or at follow-up.

Correlation analysis of these results showed that the length of the
interface with the pericardium was not a prognostic factor associated
with local progression. Evidence suggests that tumor size is an in-
dependent indicator of the local progression of general lung tumors,
with the most frequent cutoff value for significance reported as 2 or
3 cm, and the results of the present study are consistent with those
outcomes, showing better local tumor control for tumors ≤2.0 cm than
for larger tumors [12,13,27]. The high local progression rate of larger
tumors likely reflects the distance from the heat source to the tumor
edge, resulting in incomplete coagulative necrosis; the characteristic
image of the lung tissue surrounding the ablated tumor presented a
ground-glass opacity or even track bleeding, interfering with the clear
brim of the sequential overlapping zone and leading to incomplete
coagulative necrosis. The impact of tumor size on outcome has also
been examined after resection and radiotherapy [5,28,29]. Primary

Table 3
Incidence of adverse events after percutaneous radiofrequency ablation (RFA).

SIR classificationsa Any grade A B C D E

Any 44 (86.3%) 28 (54.9%) 8 (15.7%) 7 (13.7%) 1 (2.0%) 0 (0%)
Pneumothorax 18 (35.3%) 9 (17.6%) 6 (11.8%) 2 (3.9%) 1 (2.0%) 0 (0%)
Pleural effusion 7 (13.7%) 4 (7.8%) 1 (2.0%) 2 (3.9%) 0 (0%) 0 (0%)
Infection 2 (3.9%) 0 (0%) 0 (0%) 2 (3.9%) 0 (0%) 0 (0%)
Hemothorax 1 (2.0%) 0 (0%) 0 (0%) 1 (2.0%) 0 (0%) 0 (0%)
Hemoptysis 1 (2.0%) 0 (0%) 1 (2.0%) 0 (0%) 0 (0%) 0 (0%)
Ventricular arrhythmias 4 (7.8%) 4 (7.8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Supraventricular tachycardia 1 (2.0%) 1 (2.0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Pericardial effusion 3 (5.9%) 3 (5.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Thickening of the pericardial layers 2 (3.9%) 2 (3.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Adhesions to neighboring extracardiac structures 5 (9.8%) 5 (9.8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

a Minor complications include Society of Interventional Radiology (SIR) classifications A–B. Major complications include SIR classifications C–E. A, no therapy, no
consequence; B, nominal therapy, no consequence; C, require therapy; D, require major therapy; E, permanent adverse sequelae; F, death.
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lung tumor types are a major discriminator in achieving longer LPFS.
The incidence of the local recurrence rate was remarkably high in pa-
tients with primary lung tumors compared to those with secondary lung
tumors. This factor may affect local recurrence, reflecting the tumor
biological behavior and the degree and extent of the infiltration of
tumor cells, and the sensitivity of tumor cells to ablation may vary
between different cell types [30,31].

The overall complication rate following lung neoplasm RFA ad-
jacent to the pericardium was consistent with studies of peripheral lung
cancer RFA [12,13]. The pneumothorax rate of 35.3% was similar to
the previously reported rate following RFA (range 31.0–40.1%)
[12,32]. With or without fewer incidences of postoperative manage-
ment compared with surgical metastasectomy and video-assisted thor-
acic surgery for lung tumors, the rates were 75% and 36%, including
routine chest tube drainage for 5–7 days and relatively longer hospital
stays [33,34].

Hemodynamic changes were also observed during RFA. Patients
undergoing RFA experienced a significant increase in heart rate and
blood pressure compared with the baseline characteristics. These in-
dicators gradually returned to the baseline levels within 6 h after RFA in
all cases. Theoretically, the use of anesthesia in procedures provides
patients with pain relief and restrains the increase in blood pressure and
heart rate [35,36]. We speculate that these changes might reflect the
stress response of the RFA procedure, and the fact that the hemody-
namic changes could recover to normal suggested that the procedure
did not denote organic damage but a transient response to the ablation
procedure [37]. A previous study reported a 0.3% incidence of ar-
rhythmias developing during or shortly after RFA of tumors in general
locations [38]. Patients with implantable cardiac devices were excluded
from the present study because of theoretical interference with cardiac
conduction.

There are several inherent limitations in the present study. First, this
study involved a non-randomized, non-case-controlled study with a
retrospective design and a relatively short follow-up. Thus, prospective
randomized controlled trials comparing RFA with surgical treatment or
SBRT are warranted. Second, we did not evaluate the survival benefit of
RFA because various primary tumor cell types were involved.

5. Conclusions

In conclusion, percutaneous CT-guided RFA can be a safe and ef-
fective treatment for lung malignancies adjacent to the pericardium.
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