
Abstract. Background: Metastatic cancer is the most common
malignant disease of the skeletal system. Traditionally,
conventional fractionated external beam radiotherapy has been
the treatment of choice. Recently, minimally invasive surgical
techniques (MISS) have been added to the therapeutic
armamentarium. The purpose of our study was to assess the
effectiveness and safety of Radiofrequency Heat Ablation and
Vertebroplasty in the treatment of neoplastic Vertebral
Compressive Fractures (VCF). The aim of radiofrequency heat
ablation is to destroy the tumor tissue before stabilizing the
vertebra through the intrasomatic injection of cement. Patients
and Methods: We treated patients with unremitting pain over
spine, in absence of symptomatic spinal cord or roots compression
and refractory to conventional therapeutic options such as
radiation therapy, chemotherapy, surgery and use of analgesics.
Results: The method demonstrated swift pain relief associated
with an evident augmentation in the weight-bearing resistance.
Conclusion: The association of Radiofrequency Heat Ablation
and Vertebroplasty is an effective, simple and safe treatment of
vertebral collapse consequent to metastases. 

Approximately 70% of patients with cancer have evidence of

metastatic disease at the time of their deaths (1,2). The spinal

column is the most common location among osseous sites for

metastatic deposits (3). Spinal involvement may occur in up to

40% of patients with cancer. Spinal cord compression from

epidural metastases occurs in 5-10% of cancer patients and in

up to 40% of patients with pre-existing non-spinal bone

metastases (4-9). Of those with body spinal disease, 10-20%

develop symptomatic spinal cord compression (8,10,11). The

thoracic spine is the most common site of disease (70%),

followed by the lumbar spine (20%) and cervical spine (10%)

(7,8,12). Metastatic spinal disease can arise from one of three

locations: the vertebral column (85%), the paravertebral region

(10-15%) and, rarely, the epidural or subarachnoid/

intramedullary space itself (<5%) (7,8,12). The posterior half

of the vertebral body is usually involved first, with the anterior

body, lamina and pedicles invaded later (13). Multiple lesions

at non-contiguous levels occur in 10-40% of cases (7,8,12,14).

Approximately 50% of metastases arise from one of these

primary types of cancer: breast, lung, prostate or melanoma

(7). These commonly cause spinal metastases in 74.3%, 44.9%,

90.5% and 54.5% of patients, respectively (4). These are

followed by renal cancer, gastrointestinal cancer, thyroid

cancer, sarcoma and the lymphoreticular malignancies:

lymphoma and multiple myeloma. 

Painful bone metastases commonly occur in advanced

cancer patients. They are difficult to manage because of pain,

reduction in mobility and performance status. Possible

mechanisms that may cause pain from bone metastases

include: stimulation of nerve endings in the endosteum

resulting from the release of chemical agents from the

destroyed bone tissue such as prostaglandins, bradykinin,

substance P, or histamine; stretching of the periosteum by

increasing size of the tumor; fractures; tumor growth into

surrounding nerves and tissues. Few of these mechanisms are

supported by definitive data. Stimulation of nerve endings in

the endosteum by chemical agents released from the

destroyed bone tissue is probably the main cause of bone pain

from small metastases; as metastases enlarge, stretching of

the periosteum additionally contributes to the pain (15). 

Vertebral fractures are generated when the combination

of the axial and rotational charges on the spine exceed the

resistance offered by the vertebral body (16). The Vertebral

Compressive Fracture (VCF) is defined as a reduction in

height, which must be at least 20% beyond its initial

dimensions. In relation to its severity, it is distinguished as

mild 20-25%, moderate 25-40%, or severe>40% (17). The

presence of a vertebral fracture puts the individual in the
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following years at a 5 times greater risk of having a second

VCF, which in almost 20% of the cases occurs within a one-

year period (18-20). 

Complications of VCF include, in more than a third of

these patients, chronic pain, lower quality of lifestyle,

progressive kyphosis of the spine and reduction of volumes

of the thoracic and abdominal cavities. In consequence to

this it generates pulmonary compression, with a reduction

of vital capacity (VC) to 9% for each level fractured and of

"forced expiratory volume to 1 second" (FEV1), as well as

gastrointestinal dysfunction. (18,21-24). 

Patients and Methods

Indications. Vertebroplasty is a technique increasingly utilized in the

field of VCF, based on primary and secondary neoplasm. It is

extremely useful in the treatment of aggressive vertebral

hemangiomas, bone osteolytic metastases and destructive multiple

myeloma, which is associated with VCF in 55-70% of the cases (25). 

Contraindications. The contraindications of the combined

procedure consist of osteoblastic tumors, fractures with

retropulsion of the fragments within neural foramen, spread of

tumor within the epidural space, local infection (osteomyelitis,

discitis or epidural abscess), coagulative disorders, pain not related

to vertebral collapse, steady asymptomatic fractures, and tumor

involvement or missing integrity of pedicles or joint facets (26-29).

Technique. All the patients were subjected to a thorough clinical

examination in order to determine the symptomatic vertebral level,

which is revealed by acute pain and tenderness over the spine at or

near the level of radiographic compression deformity (30).

Radiographic examinations and CT were preliminarily

performed to evaluate the location, severity and the extension of

the collapsed vertebra, as well as to ascertain the visibility of the

vertebral pedicles and the integrity of the posterior wall. Magnetic

resonance is fundamental in the pre-treatment diagnosis and in the

follow-up to evaluate the success of the procedure. The presence

of intraspongious edema, particularly in fat suppression sequences,

testifies to a recent fracture. 

The study was performed under the appropriate institutional

ethics approvals and in accordance with the principles embodied in

the Declaration of Helsinki. Written informed consent was

obtained from each participating subject.

The whole procedure of Radiofrequency (RF) Heat Ablation

and Vertebroplasty is performed under CT-fluoroscopy guidance

and after administration of local anaesthesia. The patient is placed

in prone position with two rolls of soft material inserted

transversally, respectively under the chest and the pelvis, to obtain

the maximum extension of the spine (17,21,26,30,31). After

confining the vertebra and its corresponding pedicles to be treated,

a small cutaneous incision is made in the dorsal or lumbar area.

Then a bone biopsy needle of 11-Gauge is introduced through the

posterior portion of the pedicles, sloping anteriorly, medially and

caudally into the tumor (17,21,26,30,31). The access to the

vertebral body is normally unilateral with transpedicular pathway,

however one can opt for an inter-costo-vertebral entrance into the

thoracic levels or posterolateral for the lumbar ones (32). 

Once the exact position of the needle had been verified, a 19-

Gauge needle electrode (MIRAS-RC, Invatec) and a

thermocouple were introduced coaxially through the inserted
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Radiofrequency heat ablation and vertebroplasty, fluoroscopic images
(Figures 1-2): 
Figure 1. Needle electrode tip deployed (white arrow) into the central part
of the lesion, generates a well-defined area of tumor necrosis.

Figure 2. PMMA is injected through the needle into the vertebral body to
stabilize the osteolytic lesion.



cannula into the central part of the lesion (Figure 1). After

unsheathing the spiral electrode tine, which opened to a diameter

of 9 mm and length of 10 mm in the metastasis, the needle was

connected with a radiofrequency generator. The radiofrequency

heat ablation started at an energy level of 15 W. The deployed

energy was increased by 5W every 2 min, up to 25 W. Control CT

scans revealed microbubble formation in the treated area,

indicating tumor necrosis (33).

Meanwhile the cement was prepared by combining liquid

monomer and powder cement polymer; everything was

amalgamated until it formed into a paste with doughy viscosity. The

Polymethylmethacrylate (PMMA) was charged into a dedicated

device and injected through the vertebroplasty needle into the

vertebral body under continuous fluoroscopic guidance (Figure 2).

Control CT scans revealed a homogeneous distribution in the tumor

necrosis. To complete the procedure, the needle was extracted, the

cutaneous incision was sutured and the patient was instructed to

remain in bed, positioned supine, for the following 4 h (34). 

The most commonly encountered complication was localized

pain and tenderness at the needle sites in the first 72 h after the

procedure, usually caused by local bruising or hematoma, which

can be resolved with mild analgesics (30). The length of the process

for each vertebra was around 35-45 min. A traditional radiographic

and CT inspection is performed immediately after the procedure

to evaluate the results obtained (Figure 3). In general, the patient

was dismissed on the following day. 

Results 

From January to May 2004, we treated 3 patients (F=2,

M=1; ages ranged from 63 to 82 years, mean age 72.3) with

metastatic vertebral collapse. Respectively, 2 (F=2) had

fractures consequent to breast cancer and 1 (M=1) due to

lung cancer. All patients underwent a single level treatment

(Dorsal D8 n= 1, D12 n=1; Lumbar L3 n=1). 

Tokuhashi et al. proposed a preoperative prognostic

scoring system. Six parameters employed in the assessment

system are: 1) general medical condition, 2) number of

extraspinal metastases, 3) number of vertebral metastases,

4) metastases to the major internal organs (lungs, liver,

kidneys and brain), 5) primary site of cancer and 6) severity

of spinal cord palsy. Each parameter ranged from 0 to 2

points. Patients who have a total score ≥ 9 survive an

average of 12 months or more and are indicated for

excisional procedure; whereas those with a score ≤ 5

generally die within 3 months or less and are candidates for

a palliative operation. No recommendations were made for

patients with a total score of 6 to 8 points (35) (Table I). 

The procedure was successfully performed in our

patients, whose improvements were swift and persistent in

reducing all symptoms, decreasing from an average of 8.6

points of VAS to 2.6 (VAS of Huskisson = Visual analog

scale, pain score with points assigned subjectively from

patient pre- and post-procedure in a range between 0

absence of grief and 10 maximum pain). Resistance was

considerably increased. We did not find any condition of

extravasations of PMMA in the epidural or foraminal sites

with marrow or radicular compression. 

Discussion

Traditional therapies to control pain and to treat bone

metastases include radiation therapy, chemotherapy,

hormonotherapy (prostate, breast), analgesics and, recently,

pamidronate (biphosphonate) has been recognized as useful in

osteolytic lesions (15). These conventional therapies, with their

well known drawbacks and side-effects, provide reasonable

pain relief, obtaining variable success rates. Furthermore,

radiotherapy and chemotherapy require a two- to four-week

delay to reach efficiency. In some cases, radiotherapy may not

be an option because of radiation insensitivity of the tumor or

high radiation doses previously delivered. Furthermore,

chemotherapy may not be recommended because of its

toxicity. Intolerable analgesic-related side-effects may develop

with increased doses (15,36,37). Surgical resection is

considered the only potentially curative option for secondary

malignant bone tumors. However, in secondary bone tumors

few patients are surgical candidates. Minimally invasive

techniques with quick pain relief can be an alternative option

to conventional treatments (15).

Radiofrequency ablation is one of the most promising

thermal ablation techniques for the treatment of non-

resectable tumors. The use of radiofrequency ablation was first

reported in 1990 for the treatment of hepatic tumors (15).

An alternating electric current operated in the range of

radiofrequency can produce a focal thermal injury in living
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Figure 3. Post-procedure control of  PMMA distribution, axial CT-image.



tissue. Shielded needle electrodes are used to concentrate the

energy in selected tissue. The tip of the electrode conducts the

current, that oscillates in the range of high frequency (200-1.200

kHz), which causes local ionic agitation and subsequent

frictional heat, which leads to localized coagulation necrosis.

Schematically, a closed-loop circuit is created by placing a

generator, a large dispersive electrode (ground pad), a patient

and a needle electrode in series (15). The aim of performing

radiofrequency heat ablation before vertebroplasty was to

destroy tumor tissue and to thrombose the paravertebral and

intravertebral venous plexus and, thereby, minimize procedure-

related complications. Major benefits of radiofrequency heat

ablation are the immediate cell death and the accurate control

of lesion size with an imaging-guided procedure (33). The

purpose of vertebroplasty was then to stabilize the vertebra.

Necrotizing tumor tissue by radiofrequency heat ablation

optimizes cement distribution, facilitated by changes in tumor

consistency as a result of thermal alterations (33). Percutaneous

injection of PMMA bone cement into the vertebral body,

described for the first time by Galibert et al. in 1984 as

"Vertebroplasty", and successfully applied to the treatment of

C2 aggressive hemangiomas, is also used on VCF secondary to

osteolytic tumors and osteoporosis (38). Pulmonary embolism

and spinal compressions, that can derive from the extrusion of

cement, are rare potential complications.

In our study, although limited, vertebroplasty demonstrated

itself to be an effective, simple and safe method for the

treatment of vertebral compression fractures, providing a

precocious and long-lasting pain relief and an evident increase

in the resistance of the vertebral body. 
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