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Percutaneous image-guided radiofrequency ablation 
(RFA) is widely used to ablate tumors in several differ-

ent organs including bone (1). In particular, RFA has been 
shown to be effective in the management of painful benign 
and malignant bone tumors (1–4), and to a lesser extent 
has been successfully applied to manage bone metastases 
with a curative intent in carefully selected patients (5,6).

Rates of all, major, and minor complications of bone 
tumor RFA range between 0.0% and 34.5%, 0.0% and 
18.2%, and 0.0% and 16.4%, respectively (2,3,7–12). Re-
ported complications are varied and predominantly related 
to accidental burning of nontarget structures—namely, 
nerves in close proximity to the ablation zone—in addi-
tion to pain and fractures (2,3,7–12). Nevertheless, there 
is a lack of knowledge regarding factors predisposing to 
complications with this intervention. Therefore, the aim 
of this study was to retrospectively assess the complication 
rate while determining risk factors for complications fol-
lowing percutaneous image-guided RFA of bone tumors.

Materials and Methods

Two authors (R.L.C. and J.G.) are advisors to Medtronic. 
No funding was received for this analysis. Authors with 
no financial disclosures relating to the medical devices 
had control of the data and information submitted for 
publication.

This two-center retrospective study was approved by 
the institutional review board with permission to perform 
chart review, and a waiver of written informed consent was 
obtained at both centers.

All consecutive patients with primary (benign or ma-
lignant) and metastatic bone tumors who underwent 
RFA from January 2008 to April 2018 were identified by 
means of searches of our institutional radiologic informa-
tion system (Xplore; EDL, La Seyne-sur-Mer, France); 
two key terms (radiofrequency and bone tumor) were en-
tered simultaneously. Data concerning the first 11 patients 
who underwent bipolar RFA of malignant bone tumors in 
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Background: Percutaneous radiofrequency ablation (RFA) is effective in the management of bone tumors. However, knowledge of 
the complication rate and risk factors for complications of RFA is lacking.

Purpose: To report the complication rate and risk factors of bone tumor RFA.

Materials and Methods: This retrospective study reviewed complications in consecutive patients who underwent RFA of primary 
or metastatic bone tumors from January 2008 to April 2018. Complications were categorized into major (grade 3 or 4, severe 
or life-threatening) or minor (grade 1 or 2, mild or moderate) according to Common Terminology Criteria for Adverse Events. 
Univariable and multivariable regression analyses were performed to identify variables associated with complications of RFA.

Results: A total of 169 patients (median age, 63 years; interquartile range, 55–73 years; 85 men) with 217 tumors were evaluated. 
The total complication rate was 30.0% (65 of 217; 95% confidence interval [CI]: 23.8%, 36.0%). The major complication rate was 
2.3% (five of 217; 95% CI: 0.8%, 5.3%), with secondary fracture being the most frequent event (1.8% [four of 217]). The minor 
complication rate was 27.7% (60 of 217; 95% CI: 21.7%, 33.6%), with immediate postoperative pain being the most frequent 
event (18.0% [39 of 217]). Risk factors for all complications included tumor size greater than 3 cm (adjusted odds ratio [AOR], 2.4 
[95% CI: 1.2, 4.5]; P = .03) and previous radiation therapy (AOR, 3.8 [95% CI: 2.0, 7.4]; P = .02). The only risk factor for minor 
complications was previous radiation therapy (AOR, 2.2 [95% CI: 1.0, 4.7]; P = .04).

Conclusion: Bone tumor radiofrequency ablation is safe, with a low rate of major complications mainly consistent with secondary 
fractures. Risk factors for complications are tumor size greater than 3 cm and previous radiation therapy.
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Strasbourg, France, have been previously reported (4). This prior 
study focused on the early palliative results and safety of bipolar 
RFA coupled with vertebroplasty in spinal tumors. Our study 
focused solely on the complication rate and risk factors predict-
ing complications following monopolar or bipolar RFA of be-
nign and malignant bone tumors in a large sample of patients.

Patients were referred for RFA by a multidisciplinary tumor 
board that included oncologists, orthopedic surgeons, anesthesi-
ologists, and interventional radiologists. Curative treatment (ie, 
complete tumor ablation) was proposed for patients with painful 
benign tumors (eg, osteoid osteoma) or those with oligometastatic 
(less than three metastases; ,3 cm) or oligoprogressing (one or 
two metastases not responding to systemic therapy) cancers. Pal-
liative treatment (ablation of bone-tumor interface and tumor de-
bulking) was reserved for patients with painful bone metastases 
that were refractory to or had recurred following standard pallia-
tive therapy (eg, analgesia and radiation therapy [RT]).

Additional cementoplasty and/or osteosynthesis was planned 
and performed for malignant bone tumors at risk for pathologic 
fracture (Mirels score above 8 in long bone tumors, greater than 
50% cortical involvement, or according to orthopedic advice) in 
patients unwilling or unfit to undergo surgery.

Patients with life expectancy of less than 1 month, irrevers-
ible coagulopathy, active sepsis, spinal tumors with neuro-
logic deficit or mechanical instability, or risk from anesthesia 
were deemed unacceptable candidates and were generally not 
referred for RFA. Moreover, RFA was not performed or was 
prematurely terminated if adjacent (,1 cm) critical structures 
(nerves, vessels, solid or hollow organs, cartilage, or skin) could 
not be adequately protected despite extensive application of 
thermoprotective measures (eg, thermocouples, gas dissection 
or hydrodissection) or if patients’ biofeedback warned of an 
imminent thermoinduced complication.

Bone RFA
With CT or cone-beam CT guidance, procedures were per-
formed by eight physicians experienced in performing RFA 
procedures (P.A. and P.D.M., each with 1 year of experience; 

R.L.C. and G.K., each with 6 years of experience; J.P., J.G., 
X.B., and A.G., each with 13 years of experience).

Different straight 17-gauge monopolar (Cool-tip; Medtronic, 
Minneapolis, Minn) or bipolar (OsteoCool; Medtronic) elec-
trodes with different active tip sizes were used. Adjuvant consolida-
tion was performed by using percutaneous osteoplasty, osteosyn-
thesis, or both (13). When necessary, ancillary thermoprotective 
measures were used to protect nearby (,1 cm) nontarget struc-
tures. Additional data concerning RFA procedures are provided in 
Appendix E1 (online).

Patients underwent clinical follow-up, performed by the 
treating interventional radiologist, at 1 month and thereafter 
at variable intervals (every few weeks to every 6 months) at the 
discretion of the referring oncologist or orthopedic physician. 
Follow-up imaging was performed at 3- to 6-month intervals or 
according to clinician discretion for oncologic patients.

Patients with benign bone tumors underwent clinical follow-
up only; imaging (mainly CT or MRI) was performed exclusively 
in patients with pain recurrence or when a complication in the 
treatment area was suspected.

Data Collection
The following data were collected: patient characteristics (age; 
sex; Eastern Cooperative Oncology Group, or ECOG, perfor-
mance status); goal of treatment (cure or palliation); tumor 
characteristics (histologic type, size [largest diameter on multi-
planar CT images or cone-beam CT images]); tumor location 
(spine, pelvis, long bone, other [clavicle, rib, scapula, sternum, 
talus, calcaneus, and navicular bone]); radiographic features of 
the tumor (osteolytic or mixed [ie, RFA was not used to manage 
purely osteoblastic malignant tumors in either center owing to 
high electrical impedance in such tumors]), previous RT, and 
presence of cortical disruption; presence of critical structures 
(nerves, vessels, solid organs, bowel, cartilage, or skin) located 
1 cm or less from the tumor; and procedural details (type of 
anesthesia, number of electrodes, type of RFA [monopolar or 
bipolar], use of protective measures, additional consolidation 
procedures, type of imaging guidance [CT or cone-beam CT]).

Chart review was performed by three authors (P.A., P.D.M., 
and J.P., all interventional radiologists) who were blinded to 
procedural, clinical, and tumor details during data collection. 
For each tumor, chart review was performed by a single junior 
author in consensus with the senior author (J.P.), with intervals 
between readout sessions of 3 days or less. Interobserver and in-
traobserver variability was not specifically assessed.

Complications
The complication rate was reported as the number of compli-
cations divided by the number of tumors in which treatment 
was performed. Complications were classified according to 
the Common Terminology Criteria for Adverse Events, version 
5.0 (Table 1). Major complications were defined as grades 3–5 
and minor complications as grade 1 or 2 (16).

Complications were further classified as immediate (,24 
hours), periprocedural (,30 days), or delayed (30 days).

Among the assessed complications, postoperative pain was 
accorded when an increase of three or more points on the 0–10 

Abbreviations
AOR = adjusted odd ratio, CI = confidence interval, IQR = interquartile 
range, OR = odds ratio, RFA = radiofrequency ablation, RT = radiation 
therapy

Summary
Following bone tumor radiofrequency ablation, severe complications 
were infrequent (2.3%); risk factors for complications included tu-
mor size greater than 3 cm and previous radiation therapy.

Key Results
 n After radiofrequency ablation of bone tumors, the rate of major 

complications was low (2.3%), mainly consisting of fractures 
(1.8%).

 n The rate of minor complications was 27.7%, with immediate post-
operative pain being the most frequent event (18.0%).

 n Risk factors for complications from radiofrequency ablation were 
tumor size greater than 3 cm (odds ratio, 2.4; P = .03) and previ-
ous radiation therapy (odds ratio, 3.8; P = .02).
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characteristics are summarized in Table 2. A total of 132 of 169 
(78.1%) patients with one bone tumor underwent RFA, and 37 
of 169 (21.9%) patients with two or more bone tumors were 
treated with RFA in the same or separate sessions. The median 
number of treated tumors per patient was one (range, one to five 
[IQR, one to one]).

Patients were almost equally distributed between both cen-
ters in the interval time period (80 of 169 patients [47.3%] in 

visual analog scale was noted at the treatment site 
compared with baseline.

Statistical Analysis
Categorical variables are provided as absolute num-
bers and percentages. Continuous variables are pro-
vided as medians with interquartile ranges (IQRs) 
and were compared by using the Wilcoxon rank sum 
test. The following data were analyzed by using uni-
variable mixed-effects logistic regression to identify 
potential risk factors for complications: patient age, 
sex, and ECOG status; goal of the treatment; tumor 
histologic type, size, location, radiographic charac-
teristics, previous RT, cortical disruption; presence 
of adjacent critical structures; number of electrodes; 
type of RFA; use of adjunctive consolidation; and 
type of imaging guidance. All and minor complica-
tions were analyzed as subgroups; major complica-
tions were not analyzed owing to the limited number 
of observed events (n = 5). Variables with P , .05 
were tested in a multivariable model.

Minor and all complications were further tested 
with a mixed-effects logistic regression model ac-
cording to the following subclassifications of the 
study sample: (a) malignant bone tumors managed 
with RFA; malignant bone tumors managed with 
RFA and bone consolidation; benign bone tumors 
managed with RFA; and (b) bone tumors managed 
with monopolar RFA; bone tumors managed with 
bipolar RFA; bone tumors managed with monopo-
lar RFA and bone consolidation; bone tumors man-
aged with bipolar RFA and bone consolidation.

P , .05 was considered to indicate a statistically 
significant difference. Statistical analysis was per-
formed with SAS software (version 9.4; SAS Insti-
tute, Cary, NC).

Results

Baseline Characteristics
Initially, 190 patients were identified; 21 were excluded because 
no follow-up data were available after their discharge from the 
hospital. Consequently, 169 patients with a total of 217 bone 
tumors were included in the study (Fig 1). Patient and tumor 

Table 1: Description of Common Terminology Criteria for Adverse Events, Version 5.0

Grade Description
1 Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; intervention not indicated
2 Moderate; minimal, local or noninvasive intervention indicated; limiting age-appropriate instrumental activities of daily  

living (eg, preparing meals, shopping for groceries or clothes, using the telephone, managing money)
3 Severe or clinically significant but not immediately life-threatening; hospitalization or prolongation of hospitalization  

indicated; disabling; limiting self-care activities of daily living (eg, bathing, dressing and undressing, feeding self, using  
the toilet, taking medications, and not bedridden)

4 Life-threatening consequences; urgent intervention indicated
5 Death related to adverse event

Source.—Adapted from reference 16.

Figure 1: Flowchart illustrates number of patients treated with bone tumor radiofrequency abla-
tion (RFA), excluded patients, patients included in study, and follow-up. Center 1 = Strasbourg, 
France; center 2 = Bordeaux, France; RIS = radiologic information system.
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Strasbourg, France; 89 of 169 [52.7%] in Bordeaux, France). 
Among the 169 patients, there were 85 (50.3%) men and 84 
(49.7%) women. Median patient age was 63 years (range, 9–88 
years [IQR, 55–73 years]; median age for men, 63 years [IQR, 
51–73 years]; median age for women, 62 years [IQR, 56–72 
years]; P = .29). The majority (135 of 169 patients [79.9%]) had 
ECOG performance status of 2 or lower.

Among 169 patients, a total of 149 patients (88.2%) were 
treated for bone metastases, and 20 patients (11.8%) were 
treated for primary bone tumors (19 benign, one malignant).

The majority of tumors were managed with palliative intent 
(179 of 217 tumors [82.5%]); were located in the pelvis (106 
of 217 [48.8%]) and spine (54 of 217 [24.9%]); and were os-
teolytic (113 of 217 [52.1%]) with cortical disruption (114 of 
217 [52.5%]). A total of 123 of 217 (56.7%) tumors had un-
dergone prior RT. Median tumor diameter was 3.0 cm (range, 
0.5–10.0 cm [IQR, 2.0–3.9 cm]). Adjuvant consolidation was 
performed in 28.6% (62 of 217) of treated tumors. One or 
more adjacent critical structures were present near 57.6% (125 
of 217) of tumors. Median minimum distance to adjacent 
critical structures before hydrodissection or gas dissection was 
7 mm (range, 4–10 mm; IQR, 6–9 mm). Ancillary thermo-
protective measures were used during treatment in 67.7% of 
tumors (147 of 217). Additional data concerning RFA proce-
dures are provided in Table E1 (online).

Median clinical follow-up was 8 months (range, 1–123 
months; IQR, 1–23 months), and 89 patients underwent fol-
low-up for at least 1 year.

Complications
After RFA of 217 bone tumors, complications developed in 
65 tumors (30.0%; 95% confidence interval [CI]: 23.8%, 
36.0%). There were major complications in five tumors (2.3%; 
95% CI: 0.8%, 5.3%) and minor complications in 60 tumors 
(27.7%; 95% CI: 21.7%, 33.6%). Major and minor complica-
tions are summarized in Table 3.

A total of 49 of 65 (75.4%) complications (one major, 48 
minor) were immediate; four of 65 (6.2%) minor complications 
were periprocedural; and 12 (18.5%) complications (four major, 
eight minor) were delayed.

Complications were randomly distributed throughout the 
study period, with no evidence of a “learning curve” effect. Man-
agement of higher-risk tumors was undertaken more frequently 
with increasing institutional experience.

A total of 40 complications (three major, 37 minor) occurred 
among 137 malignant bone tumors (29.2%) managed with 
RFA; 19 complications (one major, 18 minor) among 60 malig-
nant tumors (31.7%) managed with RFA and bone consolida-
tion; and six complications (one major, five minor) among 20 
benign tumors (30.0%) managed with RFA. The groups consist-
ing of malignant tumors managed with RFA, malignant tumors 
managed with RFA and bone consolidation, and benign tumors 
managed with RFA did not differ in terms of all (P = .93) or 
minor (P = .99) complications (Table 4).

A total of 43 complications (four major, 39 minor) occurred 
among 149 tumors (28.8%) managed with monopolar RFA; 
two minor complications occurred among six tumors (33.3%) 

Table 2: Characteristics of 169 Patients (217 Tumors) in 
Study

Characteristic Value*
No. of patients 169
 Center
  Strasbourg, France 80 (47.3)
  Bordeaux, France 89 (52.7)
 Sex
  Male 85 (50.3)
  Female 84 (49.7)
 Age (y)
  Median*
   Entire population 63 (55–73)
    Men 63 (51–73)
    Women 62 (56–72)
   70 112 (66.3)
  .70 57 (33.7)
 ECOG performance status
   2 135 (79.9)
  .2 34 (20.1)
 Goal of treatment
  Palliative 135 (79.9)
  Curative 34 (20.1)
No. of tumors 217
 Histologic type
  Primary benign …
  Osteoid osteoma 17 (7.8)
  Osteoblastoma 3 (1.4)
  Primary malignant …
  Chondrosarcoma 1 (0.5)
  Metastasis 196 (90.3)
 Size (cm)
   3 135 (62.2)
  .3 82 (37.8)
 Location
  Long bone 21 (9.7)
  Spine 54 (24.9)
  Pelvis 106 (48.8)
  Other 36 (16.6)
 Cortical disruption
  Yes 114 (52.5)
  No 103 (47.5)
 Radiographic features
  Lytic 113 (52.1)
  Mixed 104 (47.9)
 Clinical structures nearby
  Yes 125 (57.6)
  No 92 (42.4)
 Previous radiation therapy at the treated site
  Yes 123 (56.7)
  No 94 (43.3)

Note.—Unless otherwise specified, data are numbers, with per-
centages in parentheses. ECOG = Eastern Cooperative Oncology 
Group.
* Data in parentheses are interquartile ranges.
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and prior RT. The fourth fracture occurred in one patient 
who had undergone RFA of an osteoid osteoma of the left 
inferior articular process of L5.

The remaining major complication (one of 217, 0.5%) was 
an incidence of septic shock resulting in subsequent death 3 
weeks following RFA and vertebroplasty of an L3 vertebral body 
metastasis in a patient with end-stage lung cancer.

Minor complications.—The most common minor complica-
tion (39 of 217 [18.0%]) was immediate postoperative pain. 
Other minor complications included peripheral sensory or mo-
tor neuropathy (seven of 217 [3.2%]) (Fig 3), skin burns (six of 
217 [2.8%]), arthropathy (two of 217 [0.9%]), pneumothorax 
(two of 217 [0.9%]), fever (two of 217 [0.9%]), hematoma 
(one of 217 [0.5%]), and asymptomatic cement leakage fol-
lowing osteoplasty (one of 217 [0.5%]).

Risk Factors for Complications
For all complications, there were two risk factors in the uni-
variable model (Table 5): tumor size greater than 3 cm (odds 

managed with bipolar RFA; 14 minor complications occurred 
among 47 tumors (29.8%) managed with monopolar RFA 
and bone consolidation; and six complications (one major, five 
minor) occurred among 15 tumors (40.0%) managed with bi-
polar RFA and bone consolidation. The groups consisting of 
monopolar RFA, bipolar RFA, monopolar RFA and bone con-
solidation, and bipolar RFA and bone consolidation did not 
differ in terms of all (P = .81) or minor (P = .89) complications.

Major complications.—Major complications consistent with 
secondary fractures were noted in four tumors (four of 217 
[1.8%]; mean time to fracture, 127.5 days 6 115.8 [standard 
deviation]; range, 60–300 days). The four fractures we noted 
occurred in the spine, pelvis, sternum, and scapula (Fig 2). 
No fractures occurred in long bones (median Mirels score, 
8; range, 6–9 [IQR, 7–8]). The only long bone tumor with 
a Mirels score of 9 was in the femur and underwent surgical 
intramedullary nailing 2 days after RFA. Three of the four 
fractures noted in our study occurred in patients with large 
(40 mm) metastatic tumors with cortical bone disruption 

Table 3: Major and Minor Complications in 217 Tumors

Complication
No. of Tumors 
(n = 217)* Grade

Time Until Complication  
Occurred (d) Management

Major
 Fractures 4 (1.8) 3 … …
  Left inferior articular process L5 … … 300 Conservative
  Pelvis … … 90 Osteoplasty
  Sternum … … 60 Bisphosphonates
  Scapula … … 60 Osteoplasty
 Infection of the RFA site with subsequent  

 septic shock resulting in death
1 (0.5) 5 1 Drainage, antibiotics

Minor
 Pain 39 (18.0) 2 0 Analgesic drugs or injection
 Peripheral sensory or motor neuropathy 7 (3.2) 2 0 None or corticosteroid therapy
 Skin burn 6 (2.8) 2 0 Paraffin gauze dressing
 Arthropathy 2 (0.9) 2 30 Physiotherapy
 Pneumothorax (asymptomatic) 2 (0.9) 1 0 Surveillance
 Fever 2 (0.9) 2 30 and 3† Supportive care
 Hematoma 1 (0.5) 1 2 Surveillance
 Asymptomatic cement leakage 1 (0.5) 1 0 Conservative

Note.—RFA = radiofrequency ablation.
* Data in parentheses are percentages.
† Two cases developed fever after ablation: one case 30 days after ablation, and one case 3 days after ablation.

Table 4: Distribution of All and Minor Complications according to Tumor Histologic Type and Treatment

Tumor Histologic Type and Treatment No. of Tumors All Complications* P Value Minor Complications* P Value
Malignant .93 .99
 RFA 137 40 (29.2) [21.7, 37.6] 37 (27.0) [19.8, 35.3]
 RFA and bone consolidation 60 19 (31.7) [20.0, 45.0] 18 (30.0) [18.8, 43.2]
Benign .93 .99
 RFA 20 6 (30.0) [11.9, 54.3] 5 (25.0) [8.7, 49.1]

Note.—RFA = radiofrequency ablation.
* Data are the number of tumors treated per group, with percentages in parentheses and 95% confidence intervals in brackets.
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2.2 [95% CI: 1.0, 4.7]; P = .04) were the only two risk factors 
in the univariable model (Table 5). After applying the mul-
tivariable model (Table 6), previous RT remained significant 
(AOR, 2.2 [95% CI: 1.0, 4.7]; P = .04).

Discussion
Percutaneous radiofrequency ablation (RFA) is widely used 
to ablate bone tumors. However, knowledge of the complica-
tion rate and risk factors for complications of RFA is lacking. 
Therefore, in our study we investigated the total complication 
rate of bone tumor RFA, which was 30.0% (65 of 217 tu-
mors). Of these complications 2.3% (five of 217) were major 
and 27.7% (60 of 217) were minor; only one procedure-re-
lated death due to erroneous patient selection occurred. Sec-
ondary fracture was the most common major complication 
(four of 217 [1.8%]). Postoperative pain was the most com-
mon (39 of 217 [18.0%]) minor complication and invariably 
occurred in all patients in our study sample. Other common 
minor complications were peripheral neuropathies (seven of 
217 [3.2%]) and skin burns (six of 217 [2.8%]).

Risk factors for all complications were tumors larger than 3 
cm (AOR, 2.4; P = .03) and previous RT (AOR, 3.8; P = .02). 
Risk factors for minor complications included only previous RT 
(AOR, 2.2; P = .04).

These results are in line with complication rates reported 
in the literature for RFA of bone tumors, ranging from 0.0% 
to 34.5% for all complications; 0.0% to 18.2% for major 
complications; and 0.0% to 16.4% for minor complications 
(2,3,7–12). In particular, among major complications, second-
ary fracture is a well-known adverse event following percutane-
ous ablation of malignant bone tumors and results from loss of 
structural integrity secondary to tumor necrosis (17–19). Such 
adverse events warrant immediate bone consolidation after ab-
lation through percutaneous or surgical treatments, especially 
when patients with nonblastic tumors are treated (19), which is 
the current practice in our institutions. Fractures after ablation 
in patients with benign bone tumors have been sporadically re-
ported (20,21) and probably occur as a result of the small size of 
the ablation zone required to achieve an effective clinical result.

Concerning minor complications, pain is well known to oc-
cur after bone tumor RFA (2); it generally arises in the first few 
hours after RFA, necessitates active analgesia, and may negatively 
affect the length of the in-hospital stay (22). Accordingly, adop-
tion of adequate analgesic protocols is warranted, given the high 
proportion of tumors resulting in postoperative pain.

Peripheral neuropathies have been reported after bone tu-
mor ablation (2,12,23) and in general, conservative manage-
ment is required (23,24). Such neuropathies also occurred in 
our study and warrant extensive use of ancillary thermopro-
tective measures (14,23) aimed at keeping the temperature 
around the nerves during ablation within the physiologic range 
(ie, 10°C–42°C) (25).

Our study identified tumor size greater than 3 cm and pre-
vious RT as risk factors for complications, and there are some 
aspects that support the theory that tumors larger than 3 cm and 
with previous RT may be prone to complications. In particu-
lar, large tumors (.3 cm) are likely to be locally aggressive and 

ratio [OR], 3.2 [95% CI: 1.6, 6.3]; P = .01) and previous 
RT (OR, 2.4 [95% CI: 1.1, 5.1]; P = .02). After applying 
the multivariable model (Table 6), both of these factors re-
mained significant (tumor size .3 cm: adjusted OR [AOR], 
2.4 [95% CI: 1.2, 4.5]; P = .03; previous RT: AOR, 3.8 [95% 
CI: 2.0, 7.4]; P = .02).

For minor complications, tumor size greater than 3 cm 
(OR, 2.6 [95% CI: 1.3, 5.3]; P = .01) and previous RT (OR, 

Figure 2: Images in 60-year-old woman with history of breast cancer. (a) 
Patient presented with painful right-sided scapular metastasis (arrow) 2 years after 
radiation therapy. (b) Reformatted unenhanced cone-beam CT image during 
radiofrequency ablation performed with palliative intent. (c) Patient came back 2 
months after radiofrequency ablation owing to severe pain in treated area; axial 
unenhanced CT images revealed insufficiency fracture after ablation (arrows). (d, 
e) Axial CT images obtained immediately after osteoplasty to fix fracture. There 
was narrowing of glenohumeral space in d and e (arrow) compared with a, 
suggestive of chondrolysis after radiofrequency ablation. Nevertheless, owing to 
absence of other factors (eg, osteonecrosis, symptoms, need for surgical interven-
tions), this potential radiographic sign was not considered as complication. Three 
years after osteoplasty, patient was still alive, pain free in treated area, and had full 
range of shoulder movements.
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The main limitation of our study was the retrospective study 
design, which may have led to an underestimation of RFA compli-
cations owing to limited availability and evaluation of long-term 
follow-up. Similarly, evaluation of pain and analgesic intake after 
patients’ discharge from the hospital was deemed inadequate for 
a bicentric retrospective study covering a 10-year period and with 
the first clinical follow-up examination scheduled for 1 month 
after RFA. For these reasons, evaluation of pain was limited to 
the immediate postoperative period. Moreover, treatment was 
not uniform, including the use of two different RFA and con-
solidation modalities as well as both curative and palliative cases. 
Malignant tumors comprised the majority in our study sample 
compared with benign tumors (90.8% vs 9.2%, respectively), so 
reported complications may reflect more of those occuring with 
malignant rather than benign bone tumors. Data collection was 
performed in consensus, and therefore interobserver and intraob-
server variability was not specifically assessed.

In conclusion, bone tumor radiofrequency ablation is safe, 
with a low rate (2.3%) of major complications, mainly second-
ary fractures (1.8%). Risk factors for complications are tumor 
size greater than 3 cm and previous radiation therapy.
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poorly controlled with RT alone (in terms of both local tumor 
control and pain management), which remains the most com-
monly proposed first-line local treatment for malignant bone tu-
mors. Therefore, more aggressive RFA may have been performed 
in such tumors with the intent to achieve better local tumor and 
symptomatic control. The investigation by Auloge et al (23) has 
effectively proven a correlation between size of the ablation area 
and occurrence of complications. In fact, in the series of Au-
loge et al, the use of more than three probes was an independent 
risk factor predisposing to complications following bone tumor 
cryoablation, among other risk factors (ie, Eastern Cooperative 
Oncology Group performance status greater than 2 and tumors 
within long bones).

Previous RT may have reduced tolerance of irradiated bone 
tissue to RFA, as in many surgical oncologic series that have 
highlighted a higher incidence of postsurgical adverse events in 
patients undergoing neoadjuvant RT at the surgical site (26–30) 
due to damage of cellular repair mechanisms, late fibroatrophic 
modifications, and vascular impairment of irradiated tissues 
(31). For bone tumors, such chains of adverse events occurring 
after irradiation predispose to secondary fractures (especially af-
ter stereotactic RT) and sometimes to peripheral neuropathies 
(32–34). Both these events have been reported after bone tumor 
ablation (2,12,17–19,23), thus suggesting a possible adverse ad-
ditive effect between RT and RFA.

Figure 3: Images in 64-year-old woman with history of breast cancer. (a) Patient presented with single 1-cm biopsy-proven metastasis of sacrum (white arrow) in close 
proximity to right S1 and S2 nerve roots (black arrows). (b) Unenhanced axial CT image during radiofrequency ablation performed with curative intent shows monopolar 
radiofrequency ablation electrode deployed coaxially through 13-gauge bone trocar. (c) Through sacral hiatus, thermocouple was deployed coaxially through 20-gauge 
needle at S2 level (white arrow). Through same approach, and at same level, 20-gauge needle was deployed to provide continuous hydrodissection to protect both S1 
and S2 nerve roots (black arrow). (d) Moreover, 20-gauge needle (arrow) was deployed through transforaminal approach to provide additional hydrodissection to S1 
nerve root; (e) same was performed for S2 nerve root with 22-gauge needle (arrow). After radiofrequency ablation, patient presented partial motor deficit of S1 (impair-
ment of plantar flexion of right foot) and S2 (ie, bladder incontinence). (f) Axial contrast material–enhanced T1-weighted sequence at 1-month follow-up shows oval abla-
tion area (arrowhead) along with intense contrast enhancement of right S1 nerve root (lying just anterior to ablation area; arrow) and S2 nerve root (not shown), consistent 
with neurologic deficit clinically noted. Patient was observed clinically, and complete remission of neurologic symptoms was noted at 6-month follow-up. S1 = first sacral 
nerve root, S2 = second sacral nerve root.
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Table 5: Univariable Risk Factor Analysis for All and Minor Complications

Variable
All Complications  
(n = 65) Odds Ratio* P Value

Minor Complications  
(n = 60) Odds Ratio* P Value

Patient characteristics
 Sex .76 .87
  Male 33 … 31 …
  Female 32 1.1 (0.6, 2.1) 29 1.0 (0.5, 2.1)
 Age (y) .07 .35
   70 51 … 46 …
  .70 14 0.4 (0.1, 1.1) 14 0.6 (0.3, 1.3)
 ECOG performance status .49 .47
   2 55 … 51 …
  .2 10 0.7 (0.3, 1.8) 9 0.7 (0.3, 1.8)
 Goal of treatment .45 .48
  Palliative 51 … 47 …
  Curative 14 1.3 (0.6, 3.1) 13 1.3 (0.6, 3.1)
Tumor characteristics
 Histologic type .99 .78
  Malignant 59 … 55 …
  Benign 6 1.0 (0.3, 3.0) 5 0.8 (0.3, 2.7)
 Size (cm) .01 .01
   3 31 … 30 …
  .3 34 3.2 (1.6, 6.3) 30 2.6 (1.3, 5.3)
 Location .51 .58
  Long bone 7 … 7 …
  Spine 14 0.7 (0.2, 2.3) 12 0.5 (0.1, 2.0)
  Pelvis 29 0.8 (0.2, 2.3) 28 0.7 (0.2, 2.2)
  Other 15 1.4 (0.4, 4.8) 13 1.1 (0.3, 4.0)
 Cortical disruption .96 .58
  No 30 … 29 …
  Yes 35 1.0 (0.4, 2.1) 31 0.8 (0.4, 1.6)
 Radiographic features .62 .74
  Lytic 33 … 31 …
  Mixed 32 1.2 (0.6, 2.2) 29 1.1 (0.6, 2.2)
 Previous radiation therapy at the  
  treated site

.02 .04

  No 29 … 29 …
  Yes 36 2.4 (1.1, 5.1) 31 2.2 (1.0, 4.7)
 Critical structures nearby .46 .49
  None 36 … 33 …
   1 29 0.7 (0.3, 1.7) 27 0.8 (0.4, 1.5)
Procedure characteristics
 No. of electrodes .97 .87
  1 57 … 53 …
   2 8 1.0 (0.4, 2.7) 7 0.9 (0.3, 2.5)
 Bipolar RFA .06 .08
  No 64 … 59 …
  Yes 1 0.1 (0.0, 1.0) 1 0.1 (0.0, 1.3)
 Additional bone consolidation .76 .87
  No 45 … 31 …
  Yes 20 1.1 (0.5, 2.3) 29 1.0 (0.5, 2.1)
 Image guidance .34 .35
  Cone-beam CT 20 … 46 …
  CT 45 1.5 (0.7, 3.2) 14 0.6 (0.3, 1.3)

Note.—ECOG = Eastern Cooperative Oncology Group, RFA = radiofrequency ablation.
* Data in parentheses are 95% confidence intervals.
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Table 6: Multivariable Risk Factors Analysis for All and Minor Complications

Type of Complication and Variable Adjusted Odds Ratio* P Value
All complications (n = 65)
 Tumor size .3 cm 2.4 (1.2, 4.5) .03
 Previous radiation therapy 3.8 (2.0, 7.4) .02
Minor complications (n = 60) 
 Previous radiation therapy 2.2 (1.0, 4.7) .04

* Data in parentheses are 95% confidence intervals.


