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Plasma-Mediated Radiofrequency Ablation
Assisted Percutaneous Cement Injection for
Treating Advanced Malignant Vertebral
Compression Fractures

BACKGROUND AND PURPOSE: Using percutaneous cement injection to treat vertebral compression
fractures (VCF) stemming from advanced malignancy, particularly those showing posterior cortical
defect and epidural extension, is associated with higher risk of complications compared with treating
benign osteoporotic VCF. The purpose of this study was to examine the clinical feasibility of a
technique designed to improve control of cement placement.

MATERIALS AND METHODS: A prospective series of patients (n = 15) with metastatic lesions having
epidural extension of tumor and/or cortical disruption were treated. The percutaneous procedure
consisted of using a plasma-mediated radio-frequency-based device to etch a cavity within the affected
vertebral body and filling the cavity and adjacent interstices with bone cement. Change in pain status
was determined by asking the patient to grade back pain preoperatively and at the 2-4-week
postprocedure examination using a visual analog scale.

RESULTS: An adequate amount of cement was injected in all cases. Extraosseous extension of
cement was observed in 4 cases (anterior cortex, n = 3; through neural foramen, n = 1) but was
clinically inconsequential. No thermal or neuronal insult was observed during the procedure in any
case. Thirteen of the 15 (87%) patients reported decreased pain.

CONCLUSION: Dissolution of tissue rather than displacement to create a cavity before injecting bone
cement permitted well-directed cement deposition into the compromised vertebral body, which may
allow a safer procedure to be conducted in patients with advanced malignant VCF. Clinical benefits
may include avoiding more extensive surgery and reducing the risk of complications associated with

Percutaneous cement injection (vertebroplasty or kypho-
plasty) is widely used to treat osteoporotic vertebral com-
pression fractures (VCF), though it was originally described
for application with painful VCF resulting from hemangioma
of the spine." This approach was subsequently adopted in Eu-
rope, primarily in France, for treating painful VCF associated
with spine osteolytic metastases and angiomas.>> Malignant
vertebral body lesions are more challenging to treat than be-
nign ones and carry a relatively higher risk of complications.”
They are often associated with epidural extensions or posterior
cortical disruption, which may increase risk for leakage and
subsequent compromise of the thecal sac during cement
delivery.

The purpose of this study was to investigate clinical viabil-
ity of a novel technique for treating VCF associated with ad-
vanced malignant tumors. Many of these types of cases are not
even considered as candidates for a conventional percutane-
ous vertebroplasty or kyphoplasty procedure. We theorized
that by creating a cavity, or void, inside the affected vertebral
body before injecting cement, the etched pathway would aid in
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conventional bone cement injection procedures.

directing the injected cement away from the posterior portion
of the vertebral body, often compromised because of the epi-
dural extension or cortical disruption.

A cavity such as that required for this type of approach can
be created using a plasma-mediated radio-frequency-based
(coblation) device. This technology is used in several medical
specialties for procedures requiring tissue ablation (ie, disso-
lution), including disk decompression,* tonsillectomy,” and
tendon and cartilage debridement.®” It has 2 important fea-
tures that make it suitable for use in the proposed application:
1) the ability to create a void in soft tissue via a precise molec-
ular dissociation (ablation) process,® '° rather than displace-
ment of tissue such as that achieved by balloon-assisted ky-
phoplasty, and 2) deposition of minimal heat when used in the
spine,'! in contrast to conventional electrosurgery used to per-
form tissue denaturation. The radio-frequency-based device
used in this study was cleared by the US Food and Drug Ad-
ministration for soft tissue ablation in the spine.

Materials and Methods

Patients

Fifteen patients (16 levels; 7 women and 8 men) ranging in age from
27 to 82 years (mean, 61 = 17 years) were included in the study.
Patients presented with severe pain associated with VCF as a result of
metastasized malignancy. All patients but one underwent MR imag-
ing before the procedure to determine the extent of the epidural dis-
ease. The patient who did not undergo MR imaging received a bone
scan (MR imaging was contraindicated in this case). All patients un-
derwent CT examination before and after the procedure. CT exami-



nation was performed before the procedure to assist in preprocedure
planning and to determine the status of cortical bone. Postprocedure
CT was used to examine the distribution of the cement deposition
after the procedure. In all cases, the metastatic lesions showed evi-
dence of epidural extension of tumor and/or cortical disruption (Fig
1A).

After determining candidacy for the proposed procedure, all via-
ble treatment alternatives and risks and benefits associated with each
were discussed with the prospective patients and their referring phy-
sicians. Informed consent was obtained according to our institutional
requirements from those who opted to undergo the procedure. For-
mal review of the study protocol by the Institutional Review Board
was not required because internal consent requirements for standard
patient management were being followed, both the radio-frequency-
based device and bone cement used in the procedure were used “on-
label,” and patients were treated in an outpatient setting.

The Procedure

The procedure was performed under fluoroscopic imaging with the
patient placed in the prone position under conscious sedation. All
patients received intravenous antibiotics (1 g of cefazolin sodium).
Access to the vertebral body was gained by using the KyphX intro-
ducer kit (Kyphon, Sunnyvale, Calif) in 12 cases or an 11-gauge bone
marrow harvesting needle in 3 cases (Cook, Bloomington, Ind). After
crossing the posterior cortex, the needle was positioned in the poste-
rior portion of the vertebral body. At this point, a biopsy was collected
to confirm malignancy of the lesion.

The bipolar radio-frequency-based device (CAVITY SpineWand;
ArthroCare, Sunnyvale, Calif) was advanced into the delivery port
(harvesting needle or introducer kit) until its tip protruded beyond
the cannula tip. With the radio-frequency controller placed on a set-
ting of “6,” the activated device was directed anteriorly through the
malignant mass to ablate (ie, excise tissue) a small channel (Fig 1B,
-C). The curve of the device allows it to ablate slightly beyond the
trajectory of the access cannula. This maneuver was repeated along
several clock positions (different orientations) to etch a cavity; abla-
tion was ceased when a noticeable reduction in tactile resistance was
detected. When inserting the device toward the anterior aspect of the
vertebral body, the tissue dissolution (ie, coblation) setting was used;
when retracting the device posteriorly, the coagulation setting was
used to provide hemostasis. A total of 3—6 passes were made to com-
plete the cavity, which took between 30 and 60 seconds depending on
the size of the vertebral body and lesion. In 9 cases, a 10-mm KyphX
inflation balloon (Kyphon) was inserted to assure hemostasis (Fig
1D); it was left in place while preparing the bone cement for insertion.

After completing the ablation portion of the procedure, a mixture
of bone cement (Zimmer, Warsaw, Ind) and Biotrace sterile barium
sulfate (Bryan, Woburn, Mass) was injected into the ablated cavity
under fluoroscopic guidance. In 6 patients, a myelogram was per-
formed immediately before the cement injection to further delineate
the posterior cortical margin because it was so severely disrupted. On
average, 3—6 mL of bone cement was found to be sufficient to fill the
ablated vertebral body cavity. In all cases, a postprocedure CT scan
was performed to examine the distribution of cement deposition (Fig
1E). All patients were admitted to the hospital and kept overnight to
monitor postoperative recovery.

Follow-Up and Patient Evaluation
Patients received a follow-up phone call within 2 days after the pro-
cedure as a safety measure. This was followed by an office visit 2—4

weeks after the procedure. At this visit, patients received a brief phys-
ical examination. In addition, they were also asked to rate the level of
back pain they were currently experiencing using an 11-point scale,
where 0 represented no pain and 10 represented the worst pain in
their lives.

Results

Demographics, treatment level, type of pathologic condition,
anatomy of the metastatic lesion, pain scores, and postproce-
dure CT findings for the treated patients are presented in the
Table. In 12 of 16 levels, cement deposition was confined to the
vertebral body, where CT imaging demonstrated no evidence
of extraosseous extension of cement, even in cases with severe
posterior cortical compromise and prominent epidural in-
volvement (Figs 2 and 3). Postprocedure CT imaging showed
minor extraosseous extension of cement in 4 cases; in 3 cases,
cement was detected outside the anterior vertebral boundary,
and in 1 case leakage was noted along a neural foramen. The
extraosseous extension of bone cement in all of these cases was
clinically inconsequential. In 3 cases, cement deposits were not
detected inside the lytic lesion targeted for the augmentation,
though evidence of cement placement was observed within the
vertebral body.

No operative complications were observed. In 6 cases, a
myelogram was performed immediately before cement injec-
tion to improve visualization of the epidural component dur-
ing cement injection; no displacement of the contrast column
was detected in any case. Three patients received a selective
nerve root block during the procedure to relieve radicular pain
associated with extension of the tumor into a neural foramen.
No patient required extended hospital care exceeding the
1-night planned admission.

No postoperative complications (eg, nerve root or spinal
cord damage, new neurologic symptoms) occurred. Thirteen
of 15 patients (87%) reported pain relief at the 2—4-week fol-
low-up examination.

Discussion

We investigated a new technique that can be used to create a
cavity inside the vertebral body before performing cement in-
jection. It was hypothesized that this cavity would provide a
clean space for bone cement placement, thereby improving
precision and redirecting the cement away from the compro-
mised posterior or lateral wall. In theory, this may reduce in-
cidence of extraosseous extension of cement and decrease the
risk of increasing size of the epidural extensions. Creating a
cavity allowed us to perform cement augmentation in patients
who would not be considered good candidates for conven-
tional vertebroplasty or kyphoplasty, given the extent of their
disease. A cavity like this can be created within a lytic lesion,
which may help with deposition of cement inside the lesion for
better augmentation, or it may be created in the anterior as-
pect of the vertebral body, in an effort to decrease risk of pos-
terior extraosseous extension of cement or displacement of
any epidural extension. The ability to perform precise cement
augmentation to treat an anterior lesion may provide an alter-
native method to performing the more extensive anterior cor-
pectomy and posterior fusion. Such metastatic lesions are usu-
ally unstable and cannot be treated conservatively (eg,
radiation alone); in such cases, this procedure may be partic-
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ularly valuable for the relatively healthy patient with cancer

who simply requires stabilization."?

Metastatic spine disease is usually extremely painful, and
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Fig 1. A, Axial CT scans show a large degree of cortical disruption in a 70-year-old
man with metastatic colon cancer.

B and C, The SpineWand device was inserted into the cannula to perform the
tissue ablation; the clinician is capable of ablating tissue in a superior or inferior
lateral direction.

D, In this patient, 2 10-mm Kyphon balloons were inserted to obtain hemostasis
while preparing the bone cement. A myelogram was performed to clearly delineate
the posterior cortical margin.

E, The axial CT scans collected immediately after the procedure showed that
cement was cleanly deposited in the ablated tumor void with no posterior
extraosseous extension of cement.

most patients with this condition become disabled. Ra-
diation therapy may increase the risk of fractures and
cannot correct the anatomic abnormalities that result
from the fracture itself.'””> A considerable component of
pain is due to spinal instability and thus stabilization is
required for pain relief.'>'* Malignant lesions in the
spine are often challenging to treat, and practitioners
may shy away from these clinically and technically more
difficult patients. Posterior cortical disruption and large
epidural extensions, in particular, limit the ability to per-
form vertebroplasty or kyphoplasty in these cases be-
cause of the higher risk of potential extraosseous exten-
sion of cement into the thecal sac.

The bipolar plasma-mediated radio-frequency-based
device used in these cases functions using a process in
which radio-frequency energy is used to excite the elec-
trolytes in a conductive medium, such as saline solution,
to create a precisely focused plasma field. This plasma
field is composed of highly ionized particles®'® and
forms immediately adjacent to the device tip (elec-
trodes). The energized particles in the plasma have suffi-
cient energy to break molecular bonds, excising or dis-
solving soft tissue at relatively low temperatures
(typically 40°C to 70°C). This molecular dissociation
process converts the ablated tissue into gases, which exit
the treatment site through the cannula. With this abla-
tion process, a cavity can be created at the treatment site.
A plasma-mediated radio-frequency-based process re-
sults in much less heat generation in the surrounding
tissue than the conventional diathermy process,'” which
makes it safer for applications in the spine. Recent in
vitro work showed that when this device was used in
cancellous bone tissue, minimal thermal injury was ob-
served adjacent to the plasma radio-frequency-treated
sites (HM Do and MK Rippy, presented at a poster at the
Congress of Neurologic Surgeons Annual Meeting, Bos-
ton, Mass, October 8—13,2005). The maximum depth of
necrotic injury attributed to the procedure (drill plus ra-
dio-frequency-based treatment) was less than 1.8 mm.
We believe that advances in the design of the device used
in this study and the technology it is based on will offer a
means for performing a more accurate and targeted aug-
mentation procedure in the future.

Creating a tissue cavity can be achieved using other
means, such as the kyphoplasty system. However, we be-
lieve that producing a cavity via tissue displacement in
this patient group may result in dislodged tumor tissue,

which could stray into the thecal sac or even into the blood-
stream. The advantage of using plasma-mediated radio-fre-
quency-based technology is the ability to create such a cavity



Patient demographics

Treated Pathologic Anatomy of Pain Score
Patient Age  Sex Level(s) Conditions Metastatic Lesion Other Procedures  (Before—After)  Postprocedure CT
Group 1
1% 75 F L2 Plasmacytoma, history Posterior cortical defect ~ Vp, T6, T8, T9, T10 9/10-2/10 Cement confined to
(Vp) of breast cancer, (benign the lytic lesions
lupus compression
erythematosus, fractures)
chronic steroid use
2* Al M L1 Lung cancer Epidural extension and 9/10-3/10 Cement confined to
(Vp) posterior cortical the lytic lesions
defect
3 27 M ™ Undifferentiated Epidural extension Vp, T12, L1 8/10-5/10, No postprocedure
(Vp) testicular deceased CT; no EE on
malignancy plain film
4* 82 M L5 Lung squamous cell Posterior cortical defect 9/10-5/10 Cement on periphery
(Vp) carcinoma and epidural of the metastatic
extension; tumor lesion
extension into right
neural foramen
5 52 F 79 Breast cancer Anterior cortical defect ~ Vp, T5, T7, T10 8/10-5/10 Cement around the
(Vp) Iytic lesions
6% 70 M L2 Colon cancer Posterior cortical defect 9/10-5/10, Cement confined to
(Kp) deceased the lytic lesions
7* 34 F T2 Multiple myeloma Posterior cortical defect ~ Kp, 77,18, T11 Cannot tell Cement confined to
(Kp) and epidural difference the lytic lesions
extension
8 58 F T2 Breast cancer Posterior cortical Cervical, sacral, and  9/10-5/10, Cement confined to
(Kp) disruption and bilateral hip deceased the lytic lesions
epidural extension metastases
9 80 F L4 Stomach & breast Epidural extension and Kp, L2; Vp, L3; 7/10-3/10 Cement confined to
(Kp) cancer complete absence of followed by Kp, the lytic lesions
posterior cortex on 17,78, T11
CT
10 76 M L1 Hepatoma Posterior cortical Kp, L3 10/10-5/10, Cement confirmed in
(Kp) disruption deceased normal bone
anterior to the
Iytic lesion
1* 72 M L1 Multiple myeloma Epidural extension; Vp, 12 6/10-2/10 Cement confined to
(Kp) cortical defect the lytic lesions
Group 2
12 56 M L1 Renal cell metastasis Paravertebral extension 2 stage coblation 8/10-2/10 Cement confined to
(Vp) and lateral cortical for vertebral & the Iytic lesions;
disruption paravertebral EE through
components; anterolateral
arterial cortex
embolization
13 36 F L2 Cervical cancer Anterior and posterior Recurrent lesion 9/10-9/10 Cement confined to
(Kp) cortical defect; after radiation; the Iytic lesions;
paraspinal mass left L2—-L3 NRB some anterior EE
extended into left
[2-13 NRB
14 66 F L3 Lung cancer Posterior cortical Right NRB 10/10-0/10 Cement confined to
(Kp right; defect; epidural the Iytic lesions;
Vp left) extension; extension EE anteriorly and
into right neural into right neural
foramen foramen
15 68 M L5 Urethral cancer Epidural extension and S1 sacroplasty, NRB  9/10-7/10 Cement on periphery
(Kp) posterior cortical of lesion,

defect; extension
into the right pedicle
and neural foramen

extending into the
right pedicle

Note:—EE indicates extraosseous extension of cement; Group 1, bone cement confined to lytic lesions and confined to vertebral body; Group 2, bone cement with extraosseous extension
outside vertebral body; Vp, vertebroplasty; Kp, kyphoplasty; NRB, nerve root block.

* Myelogram performed.
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Fig 2. A, An axial T1-weighted image through the T11 level showing prominent epidural involvement in a 34-year-old woman with multiple myeloma.

B, The axial CT image showed associated cortical disruption.

C, The axial CT images obtained after the procedure, showing adequate cement filling with no epidural extension. Note the tight thecal sac as evident by using myelographic contrast

agent.

using a tissue dissolution process, as opposed to simply dis-
placing it. This technique also provides the additional theo-
retic benefit of improving interdigitation of the cement, as
adjacent interstices, which would normally be blocked by dis-
placed tissue, are left open. Radio-frequency-based technol-
ogy also allows quick and easy tissue coagulation, which helps
to decrease bleeding resulting from vascular tumors. Never-
theless, in some cases, we found it necessary to use a small
10-mm KyphX inflation balloon to achieve additional ho-
meostasis when radio-frequency-based coagulation was not
sufficient.

Shimony et al'? described percutaneous vertebroplasty
performed in patients who had compression fractures result-
ing from malignant lesions with epidural involvement. The
patient population did not include cases with posterior corti-
cal disruption. The investigators reported good success with
the procedure for diminishing pain and improving mobility.
Although our cases generally had more advanced epidural and
cortical involvement, our experience was similar. Our results
support the Shimony et al'* findings that vertebroplasty is safe
when performed in patients with epidural involvement. It is
noteworthy that Shimony et al'? used cement with very liquid
composition, whereas we preferred a more viscous com-
pound. We felt that increased viscosity reduces risk of ex-
traosseous extension of cement and provides more control
during injection.

Combining both radio-frequency-based ablation and ver-
tebroplasty into a single procedure has been described previ-
ously in the literature."®'” Gronemeyer et al'® treated 4 pa-
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Fig 3. A, The preprocedure axial CT examination showing
almost complete absence of the posterior cortex at the L1
level in a 76-year-old man with metastatic hepatoma to the
spine.

B, The postprocedural CT axial images showed well-
bounded deposition of cement in the anterior part of the
vertebral body with no extension into the compromised
posterior aspect.

tients with unresectable spine metastases who demonstrated
substantial reduction in pain and disability. Nakatsuka et al'”
treated 17 spinal cases using a radio-frequency-based device
consisting of internally cooled straight electrodes with verte-
broplasty under CT fluoroscopy guidance. They reported se-
rious complications (incomplete hemiplegia and radiculopa-
thy) in 4 patients (23.5%). Interestingly, these were the
patients in whom the tumor had invaded the posterior cortex
and a pedicle. Use of the current technique allowed us to treat
patients with this condition successfully, without any signifi-
cant complications.

A technical limitation of the study lies in the inability to
visualize the presumed cavity or void created by ablation. This
was difficult to see in postprocedure CT examinations 1) be-
cause in most cases, the cement was presumably deposited at
the site of the created void or 2) because of beam-hardening
artifacts. We believe that there were some indirect indicators
of the tissue void created, including visualization of gas in the
needle tract stemming from tissue dissolution in some cases
and the pattern of cement deposition outside the lytic lesion
(group 2 in the Table). In some situations, the SpineWand
device was placed outside, rather than inside, the lytic lesions
as a result of geometric factors related to the location of the
lesion (ie, being in the center of the vertebral body) away from
the needle trajectory because a transpedicular approach was
used for all the cases. The cement was deposited at the pre-
sumed ablated site rather than into the lytic lesion. However,
the possibility of not creating a cavity at all, with the cement



deposited in a manner similar to the standard kyphoplasty or
vertebroplasty procedure, still exists.

Some clinicians have advocated placing an angiographic
wire through the access cannula after ablation to identify the
created void before depositing the cement (G. Anselmetti, per-
sonal communication). This maneuver was not performed in
this study. Evidence of creating a void has been described in
the literature, where Chen et al'' showed that a cavity is cre-
ated in disk tissue with no evident damage to adjacent struc-
tures such as the spinal cord or nerve roots. Nevertheless, the
extent to which ablation of a cavity contributed to the success-
ful completion of these cement injection procedures remains
unclear. Additional in vitro work is necessary to clearly char-
acterize the cavity created using this approach. Research study
using CT fluoroscopy or 3D imaging techniques may be nec-
essary to better demonstrate the dynamics of cement flow in-
side the malignant vertebral lesions after creation of a tissue
void.

Another limitation of this study was the lack of prospective,
longer-term postoperative follow-up. The current study was
not designed for this purpose but rather was primarily fash-
ioned to explore the clinical feasibility of this new technique.
Such a patient population is inheritably difficult to follow be-
cause a large proportion of those patients is terminally ill. In
addition, most of these patients do not have isolated spine
disease but usually have other metastatic lesions in different
levels of the spine and the rest of the body as well. This makes
it difficult for the patient to separate symptoms and allow us to
obtain clean feedback in regard to the problem being treated.
For these reasons, use of an analgesic diary or mobility out-
come is impossible to implement. Furthermore, a prospective
study designed to compare this technique with a conventional
vertebroplasty or kyphoplasty procedure may be needed in the
future to validate these results. However, it may prove diffi-
cult, because most clinicians are usually reluctant to perform
this type of procedure in advanced cases demonstrating pres-
ence of epidural extension or posterior cortical disruption.

In summary, we found that this new technique, combining
percutaneous plasma-mediated radio-frequency-based abla-
tion with percutaneous cement augmentation, seems to pro-
vide a valuable addition to our surgical armamentarium for
treating painful malignant VCEF. It seems to be particularly
promising for patients with advanced lesions showing evi-
dence of posterior cortical defect or epidural extension. We
believe that creating a cavity through tissue dissolution, rather
than tissue displacement alone, may aid in redirecting the ce-
ment away from the posterior aspect of the vertebral body and
hence decrease the risk for perioperative complications. In
addition, this radio-frequency-based approach is associated
with minimal heat production. This technique allowed us to
perform cement augmentation successfully in patients with
more advanced disease or in those who would not have been
candidates for the more conventional bone augmentation
procedures. Success using a technique such as that presented
here may potentially alter conventional surgical intervention
by allowing precise placement of the cement in lytic anterior
vertebral body lesions to provide stability and eliminate the
need for extensive anterior approach surgery. Nevertheless,
further, longer-term experience is necessary to validate these

preliminary results and to further delineate the clinical bene-
fits that might be associated with its use in preference to other
bone augmentation procedures.

Conclusion

Finely directed tissue dissolution in conjunction with bone
cement injection in patients with vertebral body fractures oc-
curring with advanced malignancy relieved the severe pain
associated with this pathologic condition in most patients
treated in this series. This technique may be safer than conven-
tional vertebroplasty or kyphoplasty by providing a space for
bone cement placement, particularly in cases with posterior
cortical defect and epidural extension, which is known to be
associated with higher risk of extraosseous extension of ce-
ment. Potential clinical benefits of this procedure for this pop-
ulation of patients include avoiding more extensive surgery
and reducing the risk of complications associated with con-
ventional bone cement injection procedures.
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