Get Clarity On Generics =) messvs

WATCH VIDEO

Benign SpineLesions: Advancesin

Techniquesfor Minimally Invasive
Per cutaneous Treatment

A. Tomasian, A.N. Wallace and JW. Jennings
AINR Am J Neuroradiol 2017, 38 (5) 852-861

i ian i doi: https://doi.org/10.3174/ajnr. A5084
gfhflljgrj(;nllzlggzl;current * http://www.ajnr.org/content/38/5/852


http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
https://doi.org/10.3174/ajnr.A5084
http://www.ajnr.org/content/38/5/852

REVIEW ARTICLE

Benign Spine Lesions: Advances in Techniques for Minimally
Invasive Percutaneous Treatment

ABSTRACT

A. Tomasian, ““ AN. Wallace, and "#J.W. Jennings

O=

SUMMARY: Minimally invasive percutaneous imaging-guided techniques have been shown to be safe and effective for the treatment of

benign tumors of the spine. Techniques available include a variety of tumor ablation technologies, including radiofrequency ablation,

cryoablation, microwave ablation, alcohol ablation, and laser photocoagulation. Vertebral augmentation may be performed after ablation

as part of the same procedure for fracture stabilization or prevention. Typically, the treatment goal in benign spine lesions is definitive cure.

Painful benign spine lesions commonly encountered in daily practice include osteoid osteoma, osteoblastoma, vertebral hemangioma,

aneurysmal bone cyst, Paget disease, and subacute/chronic Schmorl node. This review discusses the most recent advancement and use of

minimally invasive percutaneous therapeutic options for the management of benign spine lesions.

ABBREVIATIONS: PVA = percutaneous vertebral augmentation; RF = radiofrequency; RFA = radiofrequency ablation

he role of minimally invasive percutaneous imaging-guided

techniques for the treatment of benign tumors of the spine has
increased during the past decade. Although previously limited by
the complex anatomy of the vertebral column and the proximity
of neural elements, new technologies, including radiofrequency
ablation (RFA), cryoablation, microwave ablation, alcohol abla-
tion, and laser photocoagulation, now provide an attractive alter-
native or adjunct therapeutic options for the treatment of benign
spinal tumors beyond medical pain management, surgery, radia-
tion therapy, and standard vertebral augmentation.

Benign tumors compose only 4%-13% of spinal lesions' and
are treated with curative intent. Most commonly, the pain sec-
ondary to benign spine lesions is managed with nonsteroidal anti-
inflammatory drugs and opioids titrated to achieve pain relief
while attempting to minimize side effects.” In the absence of neu-
rologic deficits and spinal instability, radiation therapy may be the
standard of care when medical management is insufficient.”® Al-
though described in malignant spine lesions, pain relief following
radiation therapy may be delayed and transient.” Surgical inter-
ventions are invasive and result in increased morbidity, which, in
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the absence of pending neurologic compromise and instability, is
undesirable for these patients.

Minimally invasive, percutaneous, image-guided interven-
tions for the management of benign spine lesions are indicated
when pharmacologic therapy (analgesics and nonsteroidal anti-
inflammatory drugs) is inadequate or contraindicated (such as
side effects and pregnancy), radiation therapy is contraindicated
or not desired by the patient, and surgical intervention is not
recommended (absence of spinal instability and neurologic com-
promise). The contraindications include spinal instability with or
without concomitant pathologic fracture, focal neurologic deficit,
advanced coagulopathy, and systemic infection. Although no
published literature exists directly comparing an operation with
percutaneous ablation, these minimally invasive percutaneous
procedures may be more cost-effective compared with traditional
surgical interventions. This review details the armamentarium
available and the most recent advances in minimally invasive,
image-guided percutaneous techniques for the treatment of be-
nign spinal lesions.

General Considerations, Procedural Setup, and

Patient Care

Preprocedural consultation with the patient is mandatory and
should include an explanation of the benefits, risks, potential
complications, and alternative treatment options. In addition, the
patient’s clinical status and procedural indications should be
discussed with the referring clinicians. Initial preprocedural
work-up includes a history and physical examination to confirm
focal pain/tenderness at the lesion site and neurologic examina-
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tion to assess potential focal neurologic deficits. Laboratory tests
are used to evaluate the coagulation status (platelet count of
>50,000 per microliter and international normalized ratio of <1.5
are generally acceptable) and, at times, the possibility of systemic
infection (complete blood count, erythrocyte sedimentation rate,
C-reactive protein level, and cultures, if clinically indicated).
Thermal ablation of bone and soft-tissue tumors is painful and
requires moderate sedation or general anesthesia, in particular
with technically challenging spinal ablations, to minimize the
risk of voluntary patient movement and potential subsequent
complications.

Preprocedural imaging includes dedicated weight-bearing
spine radiographs, CT, and/or MR imaging. Radiographs are used
to determine the presence and extent of vertebral compression
fractures, kyphosis, scoliosis, the integrity of the osseous central
canal, and the suitability of fluoroscopy for imaging guidance. CT
is used to determine the bone lesion density (osteolytic, osteoblas-
tic, or mixed), which has implications for the choice of thermal
ablation technique, and to identify cortical discontinuities due to
tumor erosion and pathologic fracture clefts, which are sources of
pain and sites where cement is most likely to leak during postab-
lation cementoplasty. MR imaging is important for delineating
the extent of the tumor, including the presence of marrow re-
placement and extraosseous tumor extension that may be occult
on CT. Pretreatment imaging also provides information regard-
ing procedural planning in terms of the choice of thermal ablation
technology, approach, probe placement, and the need for thermal
protection and cementation. Vertebral augmentation is often per-
formed under fluoroscopic guidance, which is readily available
and allows near-real-time monitoring of cement distribution.
Thermal ablation of benign lesions of the spine is most commonly
performed under CT guidance. Postprocedural care should in-
clude a follow-up physical examination and questionnaire to de-
termine the efficacy of treatment and identify potentially recur-
rent symptoms. For benign spine lesions, contrast-enhanced MR
imaging is the technique of choice for posttreatment imaging and
is performed at the discretion of the referring physician to evalu-
ate treatment adequacy or when symptoms recur. Postprocedural
imaging should be performed 6—8 weeks after treatment to allow
ablation-related inflammation to subside.

Minimally Invasive Percutaneous Techniques

Vertebral Augmentation. Percutaneous vertebral augmentation
(PVA) encompasses several techniques aimed at internal vertebral
body stabilization with bone cement. Traditional vertebroplasty
involves instillation of methyl methacrylate cement directly into
the vertebral body, while kyphoplasty involves first creating a cav-
ity or several cavities with inflatable balloons, bone tamps, or os-
teotomes to attempt more controlled cement delivery and im-
proved cement interdigitation.®'" Although both vertebroplasty
and kyphoplasty offer durable pain relief, improved quality oflife,
and improved spine alignment, no randomized clinical trials exist
for direct comparison of these techniques.'” Indirect comparison
of these techniques based on systematic reviews shows no sub-
stantial difference in patient outcome.'> However, the rate of
asymptomatic cement leakage is higher in vertebroplasty.'” Bone
cement is delivered under real-time conventional fluoroscopy or

CT-fluoroscopic guidance to minimize cement leakage by using a
transpedicular approach. Several randomized controlled trials
have demonstrated the safety, efficacy, and durability of PVA for
the management of benign and malignant spine compression
fractures.® " It is the position of multiple radiologic and neuro-
surgical societies that PVA remains an appropriate therapy for the
treatment of painful vertebral compression fractures refractory to
nonoperative medical therapy and for vertebrae weakened by
neoplasia when performed for the medical indications outlined in
the published standards.”

Recently, radiofrequency (RF)-induced high-viscosity cement
has been used for PVA to potentially reduce intervertebral disc
and venous cement leakage.'”'* Anselmetti et al'’ performed
PVA in 60 patients (190 vertebrae) and reported asymptomatic
venous leak in 8.2% versus 41.3% of patients and intervertebral
disc cement leakage in 6.1% versus 13% of patients (high-viscos-
ity cement versus standard viscosity cement). Several mechanisms
have been postulated to contribute to pain relief following PVA,
including stabilization of vertebral body macro- and microfrac-
tures, exothermic reaction associated with the setting of cement to
thermally ablate nerve endings, and a possible embolization effect
with reduction of vascular congestion due to cement filling of
enlarged bone marrow spaces.

Radiofrequency Ablation. In RFA, a RF generator is used to de-
liver high-frequency, alternating current (375-600 kHz) to the
patient through an RF probe. The current passes through the ex-
posed active tip of the probe and results in oscillation of charged
tissue molecules (ions) within the ablation zone, producing fric-
tional heat. The thermal effect depends on the electrical conduct-
ing properties of the treated tissue and the characteristics of the RF
probe.'” When local tissue temperature between 60°C and 100°C
is reached, there is protein denaturation and immediate coagula-
tive necrosis."> Several RFA probe-design technologies exist,
attempting to achieve an improved ablation zone."'> Unipolar sys-
tems use dispersing grounding pads placed on patient skin near
the ablation site to serve as the receiving limb of the electrical
circuit to prevent potential skin burns while bipolar systems use
built-in transmitting and receiving electrical elements within the
probe; this feature eliminates the need for grounding pads and the
possibility of skin burns.'® Internally cooled probes decrease tis-
sue char (carbonization) by maintaining a lower temperature sur-
rounding the active probe tip.">

More recently navigational bipolar RFA probes with built-in
thermocouples have become available, which allow real-time
monitoring of the ablation zone size by measuring the tempera-
tures along the periphery of the ablation zone during the proce-
dure.'® The navigating tip of the probe can be articulated in dif-
ferent orientations through the same entry site; this procedure is
beneficial for accessing lesions in challenging locations and
achieving larger ablation zones.'® The choice of the RF probe
depends in large part on the volume of tissue to be ablated and the
proximity to vital structures.'>'® RFA is typically used for the
treatment of vertebral lesions with no or small extraosseous com-
ponents. The main advantage of RFA is precise determination of
the geometry of the ablation zone beyond which tissues are safe
from thermal injury.'>'¢ Intact cortical bone also serves as a
boundary for undesired RF energy propagation.'>'® RFA is pri-

AINR Am J Neuroradiol 38:852—61 May 2017 www.ajnr.org 853



marily used for the treatment of lesions that are mainly osteolytic
because the higher intrinsic impedance of sclerotic bone lesions
prevents the radiofrequency circuit from generating sufficiently
high temperatures to ensure cell death and renders RFA ineffec-
tive."” Limitations of RFA include nonvisualization of the abla-
tion margin with CT, pain associated with the procedure, and,
frequently, increased pain during the immediate posttreatment
period.

Cryoablation. In closed cryoablation systems used in percutane-
ous tumor ablation, a liquid gas, commonly argon, is used to
rapidly cool the tip of the cryoprobe (taking advantage of the
Joule-Thomson effect—that is, pressurized gas, when allowed to
expand, results in a drop in temperature), forming an enlarging
ice ball with time followed by a “thawing” phase, commonly
achieved with helium gas, resulting in an osmotic gradient.'>'®
Formation of extracellular ice results in a relative imbalance of
solutes between the intra- and extracellular environment, subse-
quent intracellular water extraction by osmosis, and cellular de-
hydration. The increase in intracellular concentration of solutes
results in damage to both the enzymatic machinery of the cell and
the cell membrane.'>'® The formation of intracellular ice crystals
damages the cellular organelles. Thawing results in an osmotic
gradient and consequent cell membrane injury.'>'® A tempera-
ture of —40°C or lower is necessary to ensure complete cell
death.'® At present, the cryoprobes of 2 major manufacturers are
used in spines with diameters of 1.2 mm (17-ga) and 1.7 mm
(13-ga), generating predictable ablation zones using at least 1
freeze/active thaw/freeze cycle (typically 1/5/10 minutes)."”
Cryoablation is typically used for benign lesions with large
soft-tissue components or large lesions involving the posterior
vertebral elements and is preferred to RFA for the management of
osteoblastic lesions. Advantages of cryoablation include forma-
tion of a hypoattenuating ice ball, which is readily identified by
CT,%° beyond which tissues are safe from thermal injury; de-
creased intraprocedural and postprocedural pain compared with
RFA or microwave ablation; and the ability to use multiple probes
in various orientations to achieve additive overlapping ablation
zones. An interprobe distance of 1.5-2 cm is typically recom-
mended with probe tips at bone-tumor or tumor—soft-tissue in-
terfaces."” In addition, the outer margin of the ice ball corre-
sponds to 0°C, which is usually not sufficient for permanent
tumor destruction. Reliable cell death is achieved at 3 mm from
the outer edge; therefore, the ice ball should extend beyond the
tumor margins.'® MR imaging—compatible cryoprobes offer an
alternative imaging technique, which may permit safe ablation of
spinal lesions, given the proximity of the neural elements.”'

Laser Ablation. Laser ablation uses optical fibers to transmit in-
frared light energy into a tumor to produce rapid temperature
elevation, protein denaturation, and coagulative necrosis. A con-
tinuous wave semiconductor diode laser with an 805-nm wave-
length delivers energy to the tumor by using a flexible single-use
bare-tipped 400-um optical fiber with polymer cladding placed
coaxially.”**> The amount of energy to be delivered is calculated
according to the formula [Nidus Size (mm) X 100 Joules + 200
Joules], and the duration of the ablation is typically 200—600 sec-
onds, depending on the nidus size.”** The size of the induced
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ablation zone depends on the laser wavelength, thermal and op-
tical properties of the tissue, total duration of energy delivery,
laser power, diameter of the laser fiber, and the number of fibers
used.® The maximum coagulation effect is reached at 1000—1200
J, and more energy at the same location does not increase the
volume of coagulation.*® Spine laser ablation has been mainly
used in the treatment of osteoid osteomas and osteoblasto-

mas’22—25

and an energy amount of 1200 J is usually adequate.
However, for larger lesions, a greater amount of energy may be
necessary.”” The advantages of laser ablation include a predictable
size of the ablation in proportion to the energy delivered, lack of
the need to use a neutral electrode, lack of interaction with stim-
ulators and pacemakers, and the relatively low cost of disposable
laser fiber.”*>> A disadvantage is the lack of visualization of the

ablation zone with CT.

Microwave Ablation. Microwave ablation uses antennae to de-
liver electromagnetic microwaves (approximately 900 MHz) to
target tissue, which result in agitation of ionic molecules and
frictional heat and, subsequently, tissue coagulative necrosis. It is
theorized that microwave ablation is less influenced by variable
tissue impedance and perfusion-mediated tissue cooling; this fea-
ture potentially results in higher intratumoral temperatures and
creates a larger, more uniform ablation zone and faster ablation
times by using a single probe.”” Additional advantages of micro-
wave ablation include efficacy in the management of osteoblastic
lesions due to less susceptibility to increased impedance of atten-
uated bone, diminished heat sink phenomena, and lack of the
need for grounding pads and thus diminished risk of skin
burns.?”** The antenna shaft cooling system implemented in the
latest generations of microwave ablation equipment eliminates
the risk of back-heating phenomena.”®** The ability to rapidly
deliver high amounts of power (up to 100 Watts) to large ablation
zones might be a disadvantage when applied to spinal lesions be-
cause surrounding overheating could potentially lead to injuries
to adjacent neural elements.”®** Although hypoattenuating ab-
lated tissue is often identified on CT, the margins of the ablation
zone are not well-defined; this feature is considered a disadvan-
tage of spinal microwave ablation. The literature regarding the
efficacy and safety of spine microwave ablation is sparse, and this
technology should be used with caution for spinal applications.
While 2 retrospective studies have shown its safety and efficacy for

28,29

the management of spine metastases, this technology has not

been used for the management of benign spine lesions.

Alcohol Ablation. Alcohol ablation is a relatively inexpensive
percutaneous tumor ablation technique that causes tumor necro-
sis directly through cellular dehydration and indirectly through
vascular thrombosis and tissue ischemia.’® Instillation of iodin-
ated contrast or venography, before alcohol ablation, to delineate
the extent of ethanol diffusion has been described as a strategy for
reducing the risk of the vascular intravasation and potential injury
to adjacent structures.”’®* In alcohol ablation, volumes of 3—-30
mL are directly injected into the target tissue.”** The most im-
portant limitation of alcohol ablation is the poorly predictable
size and configuration of the ablation zone due to poorly repro-
ducible diffusion of alcohol through tumoral (particularly corti-

cal bone) and peritumoral tissues.””



Benign Spinal Lesions

Osteoid Osteoma. Osteoid osteoma is a benign painful bone-
forming lesion that typically occurs in patients younger than 30
years of age with a male predilection (2—4:1). In the spine, these
lesions classically involve the posterior elements and in 60% of
cases are located in the lumbar spine. A central nidus with or
without central mineralization (typically <15 mm) and sur-
rounding osseous sclerosis are the typical imaging manifestations.
Osteoid osteomas have been traditionally treated with surgical
excision, which has substantial morbidity, including spinal insta-
bility, nerve injury, infection, and blood loss as well as cost bur-
den.>? Spinal osteoid osteomas account for 10%-20% of cases,
and although spontaneous regression of these tumors has been
reported, 70% of untreated patients develop painful scoliosis.****
The entire nidus of osteoid osteoma must be ablated to ensure
complete treatment. Due to the proximity of neural elements,
percutaneous ablation of spinal osteoid osteoma may require lo-
gistic considerations. However, thermal protective effects of in-
tact cortical bone, flow of CSF, and small vessels in the epidural
space have been hypothesized.>>**

Given the small size of spinal osteoid osteomas (typically <15
mm), RFA and laser ablation are recommended as treatment op-
tions with no need for cementation. Both RFA and laser ablation
have similar efficacy and safety profiles,”® and the choice is at the
discretion of the operator. Imaging guidance is typically achieved
with CT with thin sections (1-2 mm) and 3D reconstructions to
allow precise positioning of the probe at the center of the nidus.
Since the initial reports of RFA for the treatment of osteoid os-
teoma,”” this technique has almost completely supplanted surgi-
cal resection. If RFA is to be used, monopolar noncooled straight
electrodes are recommended with application of RF energy to
achieve temperature of 90°C for 5-6 minutes (Fig 1). Recently,
navigational bipolar RFA probes have been successfully used to
treat spinal osteoid osteomas (Fig 2).'® These probes allow real-
time monitoring of the ablation zone size by using built-in ther-
mocouples and are beneficial for larger lesions and challenging
locations due to the articulating tip, which may be placed in var-
ious orientations by using a single skin-entry site, obviating
grounding pads. Adequate ablation is achieved in 2-3 minutes."®
Investigators have successfully used RFA for management of spi-
nal osteoid osteomas by using thermoprotective techniques for
lesions as close as 1 mm to neural elements without complications
(Figs 1 and 2).'>'%?>?5% Dyring RFA, patients under general
anesthesia have a fairly predictable response with elevated heart
(average increase, 40%) and respiratory rates (average increase,
50%) during both the biopsy and ablation portions of the
treatment.*'

Morassi et al*”

treated 13 patients with spinal osteoid osteomas
(11 in the posterior elements and 2 in the vertebral bodies) by
using a non-cool-tip unipolar system with a 5-mm active tip
(90°C for 6 minutes) using thermoprotection, achieving pain re-
liefin 11 patients with no complications. In case of laser ablation,
typically a single flexible bare-tip laser fiber is adequate; it is placed
in the center of the nidus coaxially through an 18-ga spinal needle,

with a delivered energy of approximately 1200 J for 200—600 sec-

FIG1. A45-year-old man with several months of night-time predom-
inant, right-sided midthoracic pain relieved by ibuprofen. A, Prone
axial noncontrast CT image shows a small osteolytic lesion with a
central mineralization in the right T5 superior articular facet (black
arrow). B, Prone axial noncontrast CT image shows the radiofre-
quency ablation probe in the nidus of the osteoid osteoma (black
open arrow). C, Prone axial noncontrast CT image shows an 18-ga
spinal needle placed in the right T4—T5 neural foramen for tempera-
ture monitoring, carbon dioxide injection, and cooled dextrose 5% in
water infusion. Note the gas tracking into the soft tissue and within
the epidural space (white arrow).

FIG 2. A 14-year-old boy with painful right transverse process C7
osteoid osteoma (A, arrow). Preprocedural neck CT angiography
demonstrates the course and location of the right vertebral artery (B,
arrow). C, Thermal monitoring and protection are achieved by place-
ment of a thermocouple and spinal needle in the right C7-T1 neuro-
foramen. D, RF ablation is performed by using a bipolar navigational
probe with slight posterior articulation of the probe tip for optimal
positioning.
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onds.”” However, for larger lesions, 2 fibers and larger energy
amounts may be necessary to ensure the adequacy of the ablation.
Tsoumakidou et al*® reported successful laser ablation of spine
osteoid osteomas in 57 patients (vertebral body, n = 18, and pos-
terior elements/facet joints, n = 36) by using thermoprotection
with most lesions located closer than 5 mm to the neural struc-
tures. Sixty-one ablations (mean delivered energy, 1271 J) were
performed with a technical success rate of 100% and a primary
clinical success rate of 98.2% (at 1 month) with no major compli-
cations.”® Cryoablation has been successfully used for manage-
ment of a spine osteoid osteoma.**

Osteoblastoma. Osteoblastomas are rare benign tumors with
striking histologic similarity to osteoid osteomas. There is a male
predilection (2.5-1). They are typically larger (>2 cm) and ex-
pansile with less sclerotic components compared with osteoid os-
teomas with thin peripheral sclerosis and may be associated with
aneurysmal bone cyst.”>** On MR imaging, they demonstrate
avid osseous and extraosseous enhancement. Spinal osteoblasto-
mas compose approximately 40% of cases and often involve the
posterior elements and are located in the cervical spine in 10%-—
40% of cases. Most untreated lesions lead to painful scoliosis, and
surgical excision has traditionally been the treatment of choice for
spinal osteoblastomas, which is associated with morbidity, espe-
cially given the size of the osseous defect.*>** The entire osteolytic
component and the soft-tissue component (if present) must be
ablated for definitive cure. The imaging guidance (CT) and ther-
moprotective measures are similar to those in osteoid osteoma
ablation. Typically, there is no need for postablation vertebral
augmentation. Given the larger size of osteoblastomas and partic-
ularly with involvement of posterior elements and potential soft-
tissue components, cryoablation could be safely and efficiently
performed with simultaneous placement of multiple probes with
visualization of the hypoattenuating ice ball.*

Both RFA and laser ablation are also recommended for man-

12264344 In case of RFA, considering

agement of these lesions.
lesion size, =2 ablations with straight unipolar probes should be
performed to cover the entire lesion (90°C for 6 minutes each).
Alternatively, a navigational bipolar RFA probe could be used to
articulate the probe tip in different orientations through a single
entry site, with precise determination of the size of the ablation
zone by using built-in thermocouples. Although the RF ablation
zone could not be visualized on CT, the intact surrounding corti-
cal bone serves as a barrier for undesired RF energy propaga-
tion.”® Similarly, with laser ablation, at least 2 probes and more
energy deposition are required to achieve a cure (Fig 3). A sub-
stantial inflammatory reaction may occur following thermal ab-
lation of osteoblastomas, and nonsteroidal anti-inflammatory
drugs may be administered for management. Weber et al** suc-
cessfully managed 2 spinal osteoblastomas with a unipolar cool-
tip RFA system (90°C for approximately 400 seconds) by using
>1 ablation to cover the entire nidus with no complications.

Aneurysmal Bone Cyst. Aneurysmal bone cyst is a benign expan-
sile lesion of uncertain etiology comprising numerous blood-
filled channels. It occurs in patients younger than 20 years of age
in 80% of cases. Aneurysmal bone cyst involves the vertebral col-
umn in 20%-30% of cases (typically the posterior elements), of
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FIG3. AT3-year-old girl who had cervicothoracic junction pain due to
a Tl osteoblastoma. Axial (A) and sagittal (B) CT demonstrates an os-
teolytic lesion within the anterior aspect of the T1 spinous process
with cortical thickening and sclerosis surrounding the lesion. C, Prone
axial maximum-intensity-projection image of a Tl osteoblastoma dur-
ing laser ablation demonstrates 2 posterior laser photoelectrodes
(black arrow) within the lesion and 2 anterior spinal needles (white
arrow) placed for temperature monitoring.

which about 40% involve the vertebral body. Aneurysmal bone
cysts are expansile osteolytic lesions with fluid-fluid levels on MR
imaging and thin peripheral/septal enhancement. These lesions
may result in pain and neurologic compromise, prompting treat-
ment. Standard surgical management depends on the lesion size
and includes curettage, bone grafting, and internal fixation as well
as en bloc or wide excision.*>*® Although no large studies exist to
evaluate the efficacy of thermal ablation for the treatment of spi-
nal aneurysmal bone cysts, given their larger size, typical involve-
ment of posterior elements, and possible soft-tissue components,
cryoablation is suggested as the thermal ablation technique of
choice, and thermoprotection is recommended in all cases (Fig
4).2%*>4% Preablation embolization is also suggested to reduce the
risk of hemorrhage and heat sink effect in large lesions.*° In case of
pathologic fracture or extensive involvement of the vertebral body
or pedicles, postablation cementation is recommended for stabi-
lization.”>*> Griauzde et al*® reported the case of a spinal aneu-
rysmal bone cyst involving the posterior elements of C6—T1 and
the right C8 nerve root managed by cryoablation 4 days following
embolization with N-butyl cyanoacrylate and lipiodol. The pa-
tient developed sensory neuropathy, which improved at 16-
month follow-up, and imaging demonstrated no evidence of
recurrence.*

Hemangioma. Vertebral hemangiomas are the most common
benign vertebral neoplasms, with a slight female predilection,
with most located in the thoracic spine. Most of these lesions are
asymptomatic and incidentally identified on imaging. Classic im-
aging features include a polka-dotted appearance on CT and T1



FIG 4. A17-year-old boy with low back pack due to a right L4 aneu-
rysmal bone cyst. A, Axial T2-weighted image demonstrates an expan-
sile lesion in the right L4 transverse process, pedicle, and posterior
vertebral body with multiple fluid-fluid levels, most compatible with
aneurysmal bone cyst. B, Axial CT image during cryoablation of the
transverse process portion of the lesion. Note the hypoattenuating
ice ball (white arrows) extending beyond portions of the lesion into
the soft tissues. A spinal needle (black arrow) was placed into the
epidural space for temperature monitoring and carbon dioxide injec-
tion (white asterisk) into the epidural space. C, Axial CT image during
cementoplasty of the right L4 pedicle and posterior vertebral body
components of the lesion. D, Axial T2-weighted image 3 months post-
treatment demonstrates near-complete resolution of the expansile
component of the tumor (white asterisk) and hypointense cement
(white arrow) in the right pedicle and posterior vertebral body.

hyperintensity and enhancement on MR imaging. Painful verte-
bral hemangiomas are typically due to impingement of the central
canal or neuroforamina or concomitant pathologic fractures.
Surgical intervention for vertebral hemangiomas is reserved for
patients with neurologic compromise and spinal instability, and
radiation therapy is used when immobilization fails to resolve
neurologic symptoms or in cases of lesion progression following
immobilization.*”** PVA has been successfully used for mini-
mally invasive management of symptomatic vertebral hemangio-
mas in the absence of neurologic compromise and spinal instabil-
ity.*”** PVA is associated with substantially less morbidity
compared with an operation and radiation therapy and is more

cost-effective. Liu et al,*®

treated 33 symptomatic vertebral hem-
angiomas in 31 patients with PVA (mean follow-up, 15.8 months)
and evaluated the clinical effects by using the Visual Analog Scale
and Roland-Morris Disability Questionnaire at 1 week,1 month, and
final follow-up. The authors reported substantial improvement in
the Visual Analog Scale and Roland-Morris Disability Question-
naire scores and no major complications. Aggressive spinal hem-
angiomas, which are associated with extraosseous epidural and
paravertebral components, compose approximately 1% of spinal
hemangiomas and can be successfully treated with PVA.*>** In a

case series of 16 patients, Cloran et al*’

treated 4 patients with
symptomatic aggressive vertebral hemangiomas without neuro-
logic compromise by using PVA, achieving complete pain resolu-
tion in all patients with no major complications.

Alcohol ablation followed by PVA has also been successfully

FIG 5. A 46-year-old man with upper back pain due to an aggressive
T3 hemangioma. A, Axial contrast-enhanced CT scan demonstrates an
aggressive T3 hemangioma with intraosseous and extraosseous com-
ponents. B, Axial prone intraprocedural CT scan during a venogram
performed via an 18-gauge needle in the left pedicle/vertebral body.
Note extensive vascularity in the vertebral body and in the soft tis-
sues surrounding the vertebral body, including the epidural space. C,
Sagittal maximum-intensity-projection CT of a T3 venogram before
alcohol ablation demonstrates a vascular lesion with epidural flow.
Ethanol ablation was followed by vertebral augmentation for stabili-
zation of the vertebral body. D, Post-alcohol ablation and vertebral
augmentation CT demonstrates cement filling the vertebral body and
the hyperattenuating ablated extraosseous component posterior to
the vertebral body (white arrow).

used for management of symptomatic vertebral hemangiomas,
including aggressive hemangiomas (Fig 5).>°* As indicated pre-
viously, preablation venography with iodinated contrast should
be performed by placement of a needle within the vertebral body
to delineate the extent of ethanol diffusion to reduce the risk of the
vascular intravasation and potential injury to adjacent structures.
Doppman et al*” treated 11 patients with vertebral hemangiomas
and neurologic symptoms using alcohol ablation with no imme-
diate complications. Radiculopathy improved in 4 of 5 patients.
Two patients who received the largest volumes of ethanol, 42 and
50 mL, developed pathologic compression fractures 4 and 16
weeks following treatment, respectively.””

Paget Disease. Approximately 35%-50% of patients with Paget
disease have spinal involvement, half of whom experience back
pain.”" It can be seen in up to 10% of patients older than 80 years
of age. The classic features of vertebral Paget disease include a
“picture frame” appearance and squaring of vertebral bodies.
Findings on MR imaging can be variable on the basis of the disease
phase. Conservative management of painful vertebral Paget dis-
ease includes a combination of bisphosphonate therapy and an-
algesics.”' >* Patients with spinal instability and concomitant
neurologic compromise are managed by surgical intervention.
Patients refractory to conservative management, in the absence of
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FIG 6. A71-year-old man with chronic low back pain. A, Lateral radio-
graph of the lumbar spine shows an enlarged L2 vertebral body with
cortical and trabecular thickening (asterisk), with a presumed diagno-
sis of Paget disease. B, Sagittal Tl-weighted MR image of the lumbar
spine shows vertically oriented trabecular thickening and enlarge-
ment of the L2 vertebral body (asterisk). C, Fluoroscopic image during
vertebral augmentation shows cement filling the L2 vertebral body.
At the conclusion of the procedure, the patient reported complete
resolution of back pain.

spinal instability and neurologic deficit, have been successfully
managed by PVA with no major complications (Fig 6).”' >* Pedi-
celli et al®" treated a patient with painful L4 Paget disease refrac-
tory to opioid analgesics and bisphosphonates with PVA and
achieved substantially improved Visual Analog Scale pain and
Roland-Morris Disability Questionnaire scores at day 1 and 6-month
follow-up, with no complications.

Schmorl Nodes. Schmorl nodes are common in all ages and may
be associated with trauma. Symptomatic Schmorl nodes reflect
acute or subacute vertebral endplate fracture, typically along the
posterior margin, allowing vertical disc herniation and nuclear
migration.”” Schmorl nodes as pain generators and their manage-
ment remain a controversial topic. In cases of symptomatic
Schmorl nodes, fluid-sensitive MR imaging sequences typically
demonstrate hyperintensity along the node and vertebral end-
plate, which has been hypothesized as the source of pain.”> PVA
may be an alternative option for the management of painful
Schmorl nodes and degenerative Modic changes of the spine re-
fractory to analgesics and conservative management (Fig 7).>>>°
Masala et al®®> managed 23 patients with painful Schmorl nodes
refractory to medial and conservative management by using PVA.
Pain improvement was achieved in 18 patients as evaluated 4
hours after the procedure (mean Visual Analog Scale score, 8.4
versus 2.3). The authors reported no cement leakage into the
Schmorl nodes or intervertebral disc space (Fig 8).>> In addition,
a Rami communicans nerve block has been successfully used for
the management of symptomatic Schmorl nodes.””

Other Benign Spine Lesions. Several other benign spinal lesions
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FIG 7. A 49-year-old woman with chronic midback pain. A, Sagittal
STIR MR image of the thoracic spine demonstrates a large Schmorl
node (arrow) along the superior endplate of the TI0 vertebral body
with associated hyperintensity. B, Lateral fluoroscopic image of the
lower thoracic spine during kyphoplasty demonstrates filling of the
anterior half of T10 vertebral body extending to surround the Schmorl
node. Before the procedure, the patient had 6/10 pain. After the
procedure, there was near-complete resolution of pain.

FIG 8. A 55-year-old man with cement leakage following radiofre-
quency ablation and vertebral augmentation. Sagittal (A) and axial (B)
fat-suppressed Tl-weighted contrast-enhanced MR images show hy-
pointense cement within the epidural space, compatible with a leak
(A and B, white arrow). Note enhancing granulation tissue along the
transpedicular needle tracts (B, black arrows).

have been successfully treated by using minimally invasive percu-
taneous thermal ablation and PVA with no major complications
(Fig 9).°%°* However, the available literature is scant and limited
to case reports, including PVA for the management of eosino-
philic granuloma,’®>* RFA for the management of intraosseous
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glomus tumor and hibernoma,””®" and cryoablation for the man-

agement of epithelioid hemangioendothelioma.®

Complications

The most important potential complication of percutaneous
thermal ablation of the spine is injury to the spinal cord and nerve
roots due to the proximity of the ablation zone to neural elements.
In addition, there remains a risk of thermal skin injury. Further-
more, in ablation of vertebral body or pedicle lesions or large
tumors, there is a potential risk of ablation-related fracture, which
may be minimized with cementation.

Posttreatment Imaging

As stated earlier, contrast-enhanced MR imaging is the technique
of choice for posttreatment imaging of benign spine lesions,
which is performed at the discretion of the referring physician, if
symptoms recur. The necrotic ablated volume shows no enhance-
ment on postcontrast imaging, with variable signal intensity on
T1- and T2-weighted sequences, depending on the relative
amounts of sclerotic bone, residual vascular and yellow marrow,
and hemorrhagic products.®® The ablated volume is surrounded
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FIG 9. A 21-year-old man with L1 pseudomyogenic hemangioendo-
thelioma. A and B, MR imaging and PET-CT demonstrate an enhancing
hypermetabolic bone marrow-replacing lesion within the L1 vertebra
involving the left pedicle and posterior vertebral body. C, PET-CT
performed1year following RFA demonstrates no evidence of residual
or recurrent tumor.

by a T1-hypointense, T2-hyperintense rim that enhances after
contrast administration and corresponds histologically to granu-
lation tissue or vascular fibrosis.”” Cement appears as a signal void
in the ablation cavity on all pulse sequences. Residual or recurrent
tumor typically appears as T2-hyperintense, enhancing tissue at
the margin of the ablation cavity; however, granulation tissue and
vascular fibrosis can have identical MR imaging signal and en-
hancement characteristics,> and the decision to proceed with fur-
ther treatment should be based on clinical evaluation.

Thermoprotection and Thermal Monitoring
Percutaneous thermal tumor ablation in the spine poses an inher-
ent risk of injury to the spinal cord and nerve roots due to the
proximity of the ablation zone to the susceptible neural elements,
which is the most important potential complication of these pro-
cedures. Numerous parameters affect the extent and severity of
neurologic thermal injury, including absolute temperature, dura-
tion of thermal effect, distance from margins of ablation zone,
presence or absence of intact osseous cortex, and type of nerve
fiber.>° A slight motor function loss becomes evident at 10°C, and
mild sensory loss, at 7°C, while both functions disappear between
5°C and 0°C.*°

Current practice to prevent thermal injury during thermal
spine ablation procedures involves the use of thermal insulation,
and temperature and neurophysiologic monitoring.>>>**%
Thermal insulation can be achieved by hydrodissection or instil-
lation of warm or cool liquid, which actively modifies the temper-
ature surrounding the structure at risk. Hydrodissection in RFA
procedures should be performed by using nonionic solutions
such as dextrose 5% in water. Saline solutions should be avoided

Summary of benign spine lesions and preferred treatment
modalities

Benign Spine Lesion Recommended Treatment Modality

Osteoid osteoma
Osteoblastoma

Radiofrequency ablation, laser ablation
Cryoablation (if large or coexisting
soft-tissue component)
Radiofrequency ablation, laser ablation
Cryoablation (due to involvement of
posterior elements, soft-tissue
component, and large size)
Cementation if extensive vertebral body
involvement or pathologic fracture
Preablation embolization suggested
Vertebral augmentation, alcohol ablation
Vertebral augmentation
Vertebral augmentation

Aneurysmal bone cyst

Hemangioma
Paget disease
Schmorl node

with RFA because the electrical conductivity may result in expan-
sion of the ablation zone and creation of a plasma field.***® Car-
bon dioxide insufflation of the epidural space or neuroforamina
can also be used to dissect and actively insulate the neural struc-

2226:6465 1p addition to insulation, continuous real-time

tures.
and precise temperature monitoring may be undertaken during
spine ablations by placing thermocouples close to the threatened
structures, typically within the neuroforamina.”***°*° In clini-
cal practice, active thermoprotection (Figs 1—4) is initiated once
the temperature reaches 45°C (heat) and 10°C (cold).*>*®*¢>

Investigators have implemented neurophysiologic monitor-
ing and nerve electrostimulation during spine thermal ablation
procedures by using estimations of motor- and somatosensory-
evoked potential amplitudes.®>®® Substantial reduction in the
amplitude of evoked potential amplitudes affords early detection
of impending neurologic injury, which should prompt active
thermoprotection or modification in the ablation procedure. Skin
injury is another potential complication of percutaneous thermal
ablation. Careful assessment of the boundaries of the ablation
zone minimizes the risk of skin injury. Active skin thermoprotec-
tion such as surface application of warm saline during cryoabla-
tion should be implemented to minimize skin injury. In the case
of RFA, using a bipolar system inherently obviates the risk of skin
burn, and use of grounding pads with unipolar systems decreases
the risk of skin injury.

Summary

Continuously evolving image-guided percutaneous vertebral
augmentation and spine thermal ablation procedures have been
proved safe and effective tools in minimally invasive management
of selected patients with benign spine lesions (Table). With the
progressively increasing role of these procedures in clinical prac-
tice, radiologists should be familiar with the indications, tech-
niques, potential complications, and most recent advances of
these procedures for optimal patient care. Special attention to the
details of procedural techniques, including the choice of treat-
ment technology; thermoprotection; and the adequacy of treat-
ment will translate into improved patient outcomes.
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