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Purpose: To evaluate the feasibility of use and safety of a targeted 
radiofrequency ablation (RFA) device for metastatic pos-
terior vertebral body tumors.

Materials and 
Methods:

This retrospective study was institutional review board 
approved and HIPAA compliant. Consent was waived for 
retrospective participation. Fluoroscopic or computed 
tomography–guided targeted RFA was performed in 26 
patients (47 tumors) with painful metastatic posterior 
vertebral body tumors, some of which were radiation 
therapy resistant, by using a newly developed spinal tumor 
ablation system that contains an articulating bipolar ex-
tensible electrode. In 14 women and 12 men aged 44–85 
years (mean age, 62 years), the most common primary 
tumor was lung cancer in seven patients (27%) and renal 
cell carcinoma and sarcoma in five patients each (19%). 
Other tumors included breast cancer and melanoma in 
two patients each (8%) and colon cancer, multiple mye-
loma, neuroendocrine tumor, head and neck squamous 
cell carcinoma, and unknown primary tumor in one pa-
tient each (4%). Ablation was performed with device 
thermocouples that permitted real-time monitoring of the 
periphery of the ablation zones to determine ablation size. 
Sequential postprocedural pain scores were obtained. 
Thirteen patients underwent follow-up imaging, and one 
underwent subsequent biopsy of a treated area. A paired 
two-tailed Student t test was used to evaluate significance 
of postoperative visual analog scale scores of pain at 1 
week and 1 month.

Results: Four of 26 patients developed transient radicular symp-
toms after ablation, which resolved with transforaminal 
blocks. No permanent neurologic injuries resulted from 
the procedure. Intraprocedural imaging demonstrated that 
the articulating bipolar instrument could be navigated into 
the posterior vertebral body tumors with a transpedicular 
approach. Postablation imaging confirmed necrosis within 
the ablation zone. Three patients showed progression of 
disease at the treated levels at follow-up. Systemic therapy 
was not interrupted to perform the procedures.

Conclusion: Targeted RFA with a newly developed articulating device 
is both feasible and safe for the treatment of painful pos-
terior vertebral body metastatic tumors.
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compensation for proctoring training ca-
daver laboratories with DFINE devices, 
and J.W.J. received compensation for 
participating on a DFINE speaker panel. 
Percutaneous image-guided RFA of 47 
posterior vertebral body tumors was per-
formed in 26 patients over a period of 
12 months from June 2012 through June 
2013. Informed consent for the proce-
dure was obtained from all subjects. The 
study population included 14 women and 
12 men with an overall mean age of 62 
years and an age range of 44–85 years. 
The mean age of women was 64.9 years 
with an age range of 44–80 years, and 
the mean age of men was 58.5 years with 
an age range of 52–85 years.

The most common type of primary 
tumor was lung cancer in seven patients 
(27%), followed by renal cell carcinoma 
(19%) and sarcoma (19%) in five pa-
tients each. Other tumors included breast 
cancer (8%) and melanoma (8%) in two 
patients each and colon cancer (4%), 
multiple myeloma (4%), neuroendocrine 
tumor (4%), head and neck squamous 
cell carcinoma (4%), and unknown pri-
mary tumor (4%) in one patient each.

Nine of 26 patients underwent radia-
tion therapy directed at the posterior spi-
nal tumors prior to the RFA procedure, 
ranging from 4 years to 1 month prior 
to the procedure. Preprocedural imaging 
studies were reviewed for ablation plan-
ning and evaluation of the extent of pos-
terior vertebral body wall involvement.

Conscious sedation was used in all 
cases, and no cases required conversion 

due to metastatic bone disease (11,12), 
and another trial has shown that RFA 
combined with cementoplasty is a safe 
and effective treatment, as well (13). In 
the spine, a clinical study showed that 
vertebral body RFA can be performed 
safely without cytotoxic temperature el-
evations in the spinal canal (14). In an 
animal study, however, investigators re-
ported that without thermoprotection 
and thermal monitoring with an RFA 
electrode placed directly over the intact 
posterior cortex, there was immediate 
postablation paraplegia with spinal cord 
histologic confirmation of cell death (15). 
Interestingly, conventional monopolar ra-
diofrequency electrodes and needles are 
limited when it comes to accessing many 
vertebral body tumors, particularly those 
within the posterior vertebral body. In 
the present technical development, we 
describe RFA of posterior vertebral body 
tumors made accessible by a new spinal 
tumor ablation system that contains an 
articulating bipolar extensible electrode 
for improved navigation and treatment.

Materials and Methods

This retrospective study was approved 
by our institutional review board and 
was Health Insurance Portability and 
Accountability Act compliant. Consent 
was waived for retrospective study par-
ticipation. J.W.J. and T.J.H. received 
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Advance in Knowledge

 n This study describes the safe and 
effective use of a navigational 
bipolar radiofrequency ablation 
(RFA) device in the treatment of 
metastatic posterior vertebral 
body osseous tumors; portions of 
all the treated tumors were con-
sidered inaccessible with tradi-
tional nonarticulating RFA 
devices.

Implications for Patient Care

 n RFA of metastatic tumors within 
the spine has been limited to 
those located within the anterior 
vertebral body, owing to a trans-
pedicular approach required by 
traditional RFA systems and their 
proximity to neural tissues; this 
device allows access to tumors 
previously not accessible with 
traditional RFA devices.

 n The tumor ablation system used 
in this study contains a naviga-
tional articulating electrode and 
a generator with two active ther-
mocouples that allows real-time 
monitoring of the peripheral 
edge of tumor ablation and abla-
tion size.

Bone metastases are a major cause 
of morbidity in patients with can-
cer and represent a common oc-

currence in these patients. The vertebral 
column is the most common site for bone 
metastases, with an incidence of 30%–
70% in patients with metastatic cancer 
(1–3). The current standard of care for 
management of painful bone metastasis is 
external-beam radiation (4). Commonly, 
external-beam radiation achieves at least 
partial relief of pain but, often, there is 
delay in the relief of symptoms, and the 
relief is usually transient (5). Addition-
ally, painful osseous metastatic disease is 
often refractory to chemotherapy or hor-
monal therapy (6). Surgical intervention 
is of limited value in patients with spinal 
metastatic disease, owing to its morbid-
ity and the often short life span of the 
patients. Surgical indications include a 
fracture that results in neurologic com-
promise or high risk of developing path-
ologic fracture, which would lead to neu-
rologic compromise. Most of these cases 
are ultimately managed with analgesics, 
including nonsteroidal anti-inflammatory 
drugs and opioids titrated to achieve pain 
relief while trying to minimize side effects 
of the drugs (7).

Percutaneous minimally invasive ther-
apies are gaining traction as a treatment 
option for patients in which the manage-
ment techniques described previously are 
ineffective. In the musculoskeletal system, 
radiofrequency ablation (RFA) has been 
commonly used for the management of 
lower back pain related to facet osteoar-
thritis or prior surgery (8,9) and for the 
percutaneous treatment of osteoid oste-
oma (10). More recently, two multicenter 
clinical trials have shown that percuta-
neous RFA is effective in reducing pain 
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then retract and further articulate the 
device to ablate the posterior aspect 
of the tumor at the posterior vertebral 
wall. Careful attention was required 
to position the ablation instrument no 
closer than 10 mm from the posterior 
wall, knowing that the maximum width 

While a variable number of ablation 
zones, temperatures, and ablation times 
were used on the basis of size, shape, 
and location of the metastatic tumors, 
the typical ablation strategy was to use 
the articulation to access and ablate the 
most anterior aspect of the tumor and 

to general anesthesia. Local and perios-
teal anesthesia was achieved with a com-
bination of 1% lidocaine and 0.25% bupi-
vacaine. RFA was performed by using the 
STAR Tumor Ablation System (DFINE, 
San Jose, Calif), consisting of the Spine 
STAR ablation instrument (Fig 1) and 
the MetaSTAR generator. The vertebral 
bodies were accessed with a transpe-
dicular approach by using the included 
10-gauge introducer working cannula. An 
articulating osteotome was used coaxially 
to create the desired channels for the tar-
geted ablation. The RFA device was then 
advanced through the working cannula 
into the tumor(s) to be treated. The abla-
tion device is an articulating navigational 
and bipolar radiofrequency electrode that 
contains a pair of active thermocouples 
positioned along the length of the elec-
trode, 10 and 15 mm from the center of 
the ablation zone. There are laser etch-
ings on the device that demarcate when 
the ablating portion of the device has ex-
ited the noninsulated working cannula to 
reduce the risk of ablating along the in-
troducer tract. The device generator has 
both 5-W and 10-W power settings and 
displays ablation time, impedance, and 
the two thermocouple temperature read-
ings that permit real-time monitoring of 
the peripheral edge of the ablation zone.

Fluoroscopy was used for imaging 
guidance for 46 tumors (Fig 2), and CT 
was used for one of the tumors (Fig 3).  

Figure 1

Figure 1: Photographs show the articulating RFA device. The 
(a) articulated and (b) nonarticulated 10-gauge RFA device has 
an extendable bipolar electrode. The most distal device etching 
demarcates the exit point of the device from the working can-
nula (white arrow), and the middle etching demarcates when 
the device is fully deployed from the cannula (black arrow). The 
distal end of the ablating device contains two thermocouples 
located 10 mm and 15 mm from the center of the ablation 
zone, which permits real-time monitoring of the peripheral edge 
of the ablation zone.

Figure 2

Figure 2: Images in a 43-year-old woman with metastatic breast carcinoma who had painful lytic tumors at T11 and L1 that extended into the posterior vertebral 
bodies. (a) Axial bone window computed tomographic (CT) image obtained with the patient in the supine position demonstrates lytic permeative destruction of the 
left posterior L1 vertebral body and pedicle (arrows). The T11 tumor is similar in appearance but located predominantly on the right side (not shown). (b) Frontal and 
(c) lateral fluoroscopic images obtained during RFA demonstrate the ablation device in the posterior left aspect of the L1 vertebral body and pedicle. There is an 
introducer needle placed via a right pedicular approach in the T11 vertebral body (T12 is labeled for counting purposes).
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vertebral body. The mean temperature 
recorded at the proximal thermocouple 
on the electrode (representing the tem-
perature reading at the most periph-
eral aspect of the ablation zone) was 
48.2°C, and the mean temperature re-
corded at the distal thermocouple was 
73.6°C.

After ablation, cement augmen-
tation (StabiliT Vertebral Augmenta-
tion System; DFINE) was performed 
in all but three of the tumors via the 
same working cannula. In these cases, 
cement augmentation was not per-
formed as the tumors were small and 
only involved the posterior cortex of 
the vertebral body. Neuroforaminal 
thermal monitoring was performed in 
two cases, owing to the close proxim-
ity of the neural foramen and/or cen-
tral canal. Neural thermal protection 
techniques involving epidural or neu-
roforaminal injection of CO2 or cooled 
5% dextrose water were used in these 
cases. This was performed by placing 
an 18-gauge spinal needle in the re-
gion of the neuroforamen with place-
ment of a thermocouple coaxially into 
the neuroforamen to measure temper-
atures. If the temperatures began to 
exceed 45°C, the thermoprotective 
agents were injected into the neural 
foramen.

On the day of the procedure, the 
preprocedural pain value determined 
with the visual analog scale (VAS) 
(scaled from a minimum of 0 to a 
maximum of 10) and analgesic use 
histories were recorded by the mus-
culoskeletal nurse coordinator. The 
subsequent VAS values and analgesic 
medication use histories were then 
obtained by telephone 1 week and 
1 month after the procedure by the 
musculoskeletal nurse coordinator. 
Patients were asked about complica-
tions after the procedure, including 
questions about the wound, nerve 
pain, and muscle weakness. Chart re-
views were also undertaken, and evi-
dence of complications was recorded.

A paired two-tailed Student t test 
was used to evaluate the significance 
of the postoperative VAS scores at the 
1-week and 1-month postprocedural 
intervals.

20 mm wide when the proximal ther-
mocouple (located 15 mm from the 
center of the ablation zone) reaches 
50°C and a 20 3 13-mm ablation zone 
when the distal thermocouple (located 
10 mm from the center of the ablation 
zone) is 50°C. The ablation time at 
each treated tumor was determined by 
monitoring the thermocouple readings 
on the generator and ranged from 93 
to 565 seconds, with a mean ablation 
time of 420 seconds per treated level. 
To ensure ablation of most of the tumor 
at the treated level, multiple ablation 
zones were used with a mean of 5.4 
overlapping ablation zones per treated 
level. The tumors ranged in size from 
small (1.2 cm) to involving the entire 

of the ablation zone was 20 mm. A bi-
pedicular approach was used when the 
tumor involved more than 50% of the 
posterior wall. The ablation end point 
and number of ablations were deter-
mined by means of preprocedural eval-
uation of the tumor size and location 
at cross-sectional imaging, preferably 
magnetic resonance (MR) imaging in 
conjunction with actual thermocouple 
temperature readings that indicated the 
size of the ablation zone. The known 
ablation zone size in relation to ther-
mocouple temperatures is based on 
manufacturer thermal distribution 
curves demonstrating a 3:2 length-to-
width aspect ratio ablation zone with a 
maximum ablation zone 30 mm long by 

Figure 3

Figure 3: Images in a 51-year-old woman with retroperitoneal leiomyosarcoma metastatic to the posterior L4 
vertebral body. This tumor was subsequently sampled for biopsy and demonstrated marrow fibrosis with no residual 
tumor. (a) Axial T1-weighted nonenhanced MR image obtained at L4 demonstrates posterior central vertebral body 
marrow replacing tumor that extends through the posterior cortex (∗). (b) Axial bone window CT image obtained 
with the patient in the prone position demonstrates the articulating RFA device placed with a right pedicle approach 
during ablation. The device tip (arrow) is located at the anterior margin of the lytic tumor (∗). (c) Preablation fused 
positron emission tomography (PET)/CT bone window image demonstrates marked uptake in the posterior L4 
lytic tumor (arrow). (d) Ten-month postablation fused PET/CT bone window image demonstrates no uptake in the 
treated posterior vertebral body tumor (arrow).
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According to Society of Interven-
tional Radiology guidelines, no major 
complication, such as permanent neu-
ral thermal injury, occurred as a result 
of the RFA procedure. Four of the 26 
patients had postprocedural radicu-
lar nerve pain (a minor complication) 
and received nerve root steroid and/
or anesthetic injections. This pain re-
solved after one or two transforaminal 

significant decrease as compared with the 
mean preprocedural VAS score (Table).  
Preprocedural mean VAS was 7.82, 
1-week mean VAS was 2.82 (P , .001), 
and 1-month mean VAS was 3.3 (P , 
.001). Thirteen patients decreased pain 
medication use, while seven increased 
pain medication use (two of seven cases 
were not related to back pain). Six did 
not change pain medication use.

Thirteen of the 26 patients under-
went postprocedural imaging at the 
request of the referring physician as 
part of routine restaging examinations. 
Ablation zones were demonstrated on 
contrast material–enhanced MR images 
as nonenhancing areas that extended 
into the posterior cortex and even into 
the pedicle in the expected ablation 
zones.

Results

All RFA procedures were performed 
as preoperatively planned. Postproce-
dural restaging imaging examinations, 
which were performed in 13 of the 
26 patients, showed discrete ablation 
zones with a length-to-width aspect 
ratio of 3:2 that was consistent in size 
with that expected on the basis of the 
temperatures obtained with the ther-
mocouples on the articulating elec-
trode during the ablation. There was 
also at least one case in which pos-
terior vertebral body tumor growth 
and extension were halted after ab-
lation, while adjacent-level spinal 
metastatic disease progressed despite 
the use of systemic therapy (Fig 4).  
Postablation biopsy of a treated L4 
tumor was performed in one patient 
(the same patient as that in Fig 3), 
which demonstrated marrow fibrosis 
and osteonecrosis with no evidence of 
tumor recurrence. In three patients, 
MR images showed progression of 
disease, one of which involved epidu-
ral extension and two of which were 
extensions of pedicular tumor into the 
neuroforamen.

The differences between the pre-
procedural VAS and the postprocedural 
1-week VAS were normally distributed 
(Shapiro-Wilk W test) with a P value of 
.98, mean difference of 24.63, and up-
per 95% confidence interval of 23.49. 
Likewise, the differences between the 
preprocedural VAS and the postproce-
dural 1-month VAS were normally dis-
tributed (Shapiro-Wilk W test) with a P 
value of .39, mean difference of 24.56, 
and upper 95% confidence interval of 
23.38.

The mean VAS scores 1 week and 
1 month after RFA demonstrated a 

Figure 4

Figure 4: MR images in a 55-year-old woman who had metastatic renal 
cell cancer with back pain centered at the metastatic tumors and pathologic 
fractures of L2 and L3 treated previously with radiation therapy. (a) Sagit-
tal short inversion time inversion-recovery MR image demonstrates large, 
hyperintense tumor at L2 and L3 and smaller hyperintense tumors at T11 and 
T12 prior to ablation (L1 and L5 are labeled for counting purposes). (b) Sagittal 
short tau inversion-recovery MR image obtained 6 months after L2 and L3 
ablation with cement augmentation demonstrates a signal void at the location 
of cement placement (∗) in the ablated tumors, while the adjacent T11 and 
T12 nonablated tumors (arrows) markedly increased in size despite the use of 
systemic therapy.

VAS Scores and Pain Medication Usage

Parameter Value

Preprocedural VAS score 7.82*
1-week VAS score 2.82*
1-month VAS score 3.30*
Decrease in pain medication use (%) 50 (13 of 26)
Increase in pain medication use (two of seven cases were not related to back pain) (%) 27 (7 of 26)
Unchanged pain medication use (%) 23 (6 of 26)

* P , .001 based on the matched two-tailed Student t test.
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