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Vertebral body compression fractures (VFs) frequently
result in severe and disabling back pain. Many patients may
experience significant morbidity and decreased quality of life
secondary to severe pain, prolonged immobilization, kypho-
sis, pulmonary deterioration, depression, and loss of inde-
pendence.1–3 Patients with VF are also at higher risk for
chronic back pain and demonstrate increased mortality
rates.4–6

The most common etiology of VF is osteoporosis. Other
causes include primary and metastatic malignancies, trauma,
hemangioma, and osteonecrosis. More than 700,000 osteo-
porosis-related VF are diagnosed each year in the United
States, resulting in approximately 115,000 hospital admis-
sions.7 Worldwide, 1.4 million people are affected by VF
annually8; the lifetime risk for VF is 16% in women and 5%
in men.7,9

The standard treatment for painful VF consists of conser-
vative medical therapy utilizing analgesics, bed rest, and
external bracing. Symptoms typically improve in 4 to 6weeks;
approximately two-thirds of patients will respond to conser-
vative measures alone. However, up to a third of patients
managed with conservative medical therapy may not im-
prove and will require alternative therapy.10

Vertebroplasty (VP), first described by Galibert and col-
leagues in 1987,11 has become a widely used alternative
treatment for symptomatic VF refractory to medical therapy.
VP is a minimally invasive image-guided procedure involving
the injection of bone cement into a vertebral body fracture in
an effort to improve pain and stability of the fracture.12 The
most widely used cement product remains polymethyl meth-
acrylate (PMMA). Kyphoplasty is a similar procedure that
utilizes an inflatable balloon tamp, in an effort to reduce the
fracture and create a space to theoretically allow safer injec-
tion of cement into the fractured vertebral body.13 Although
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Abstract Percutaneous vertebroplasty has become widely accepted as a safe and effective
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tions of the procedure.
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this review will focus on VP, both procedures have been
shown to be effective and safe.

Patient Selection

Indications
Themost common indication for VP is treatment of painful acute
and subacute VF in patientswho have failed to respond to a 4- to
6-week course of appropriate medical therapy. Failure to re-
spond tomedical therapy is defined asminimal or no pain relief
with prescribed analgesics, or inadequate pain relief in patients
who are unable to tolerate narcotics secondary to unwanted side
effects such as sedation, confusion, and constipation.14

By far, the most common underlying etiology of painful VF
is osteoporosis.15–20Other frequently encountered causes are
metastatic disease, multiple myeloma, and painful aggressive
hemangiomas.11,21–30 Less common indications for treat-
ment include pain related to osteonecrosis (Kummel disease),
Paget disease, Langerhans cell histiocytosis, osteogenesis
imperfecta, spinal pseudarthrosis, and intravertebral vacuum
phenomena.31 VP has also been performed in the treatment
of painful Schmorl nodes32 and for reinforcement of patho-
logically weak vertebral bodies prior to surgical stabilization.

Contraindications
Absolute contraindications include treatment of asymptom-
atic VF and treatment of patients improving with conserva-
tive medical care. Prophylactic treatment in osteoporotic
patients without a VF is not viewed as an acceptable indica-
tion. Additional absolute contraindications include uncor-
rectable coagulopathy, and active local or systemic
infection. Allergy to PMMA or other bone cement products
preclude VP. Relative contraindications include disruption of
the posterior vertebral body wall or tumor extension into the
spinal canal. The treatment of very severely compressed VF,
defined as vertebral body collapse to less than one-third of
the original height, is also considered a relative contraindica-
tion. Treatment of these fractures is more technically chal-
lenging and is often associated with increased rates of
complications.33 Although studies assessing the response to
VP in these patients are scarce, a recent clinical study dem-
onstrated that patients with such severe compression frac-
tures can be successfully treated and may benefit from VP.33

Assessment and Workup
A history and physical exammust be performed as part of any
VP consultation. VF can occur withminimal or no trauma and
are typically (but not always) associated with acute onset of
severe back pain. Pain related to a VF is often midline,
localized to the level of fracture, and typically not radicular
in character. Pain may radiate bilaterally to the anterior
abdomen in a “belt-like” fashion. Discomfort is usually exac-
erbated with sitting, standing, weight bearing, or movement.
Patients may be unable to perform their usual activities of
daily living. In severe cases, hospital admission for pain
control with intravenous narcotics may be required. Bowel
or bladder incontinence may be seen in VF with associated
spinal cord compression.

On physical examination, pain oftenmay be reproduced by
firm palpation over the spinous process at the effected or
adjacent level. However, the presence of tenderness is not
necessarily associated with more favorable outcomes.34

Kyphotic posturing may be present in patients with severe
or multiple compression deformities. Patients may rarely
have numbness, tingling, or weakness suggesting a possible
nerve-related injury.

Preprocedural blood work should be obtained including
platelet and coagulation studies. In the authors’ practice, a
platelet count < 50,000/dL and an INR > 1.8 are used as strict
cutoffs. The procedure may be performed in patients on
nonsteroidal anti-inflammatorymedications or aspirin; how-
ever, when possible, clopidogrel and anticoagulation medi-
cations should be held. An immediate baseline preprocedural
neurological exam should be performed and documented.
Any existing diagnostic imaging tests should be reviewed and
other potential causes of back pain should be excluded such as
degenerative disk disease, facet disease, spinal stenosis, or
infection. Clinical evaluation should also include an assess-
ment of the patient’s underlying osteoporosis, assessment of
bone density, and appropriate pharmacotherapy. In the au-
thors’ practice, the interventional radiologists work together
with primary care physicians in a multidisciplinary approach
for comprehensive osteoporosis management. In addition,
one should be reminded that physical therapy often is an
important component of recovery from symptomatic VF.

Imaging
Diagnostic imaging is crucial to VF evaluation. Conventional
radiographs of the thoracic and/or lumbar spine are most
often used to diagnose VF. However, as the acuity of the VF is
unable to be determined without serial radiographs, alterna-
tive imaging studies are often required. Magnetic resonance
imaging (MRI) is preferred for several reasons. MRI can
accurately confirm the presence of acute or subacute VF,
assess the morphology of the VF, and exclude existence of
concomitant disease that may preclude VP. In addition,
radiographically occult VF may be detected on MRI, helping
to avoid incomplete therapy. Because of the presence of bone
marrow edema, acute, subacute, or nonhealing VF appears
hypointense on T1W sequences and hyperintense on T2W
and STIR sequences (►Fig. 1).

For patients who are unable to have an MRI, nuclear
medicine bone scans can be used to determine the acuity of
a VF (►Fig. 2). Computed tomography (CT) can also demon-
strate the presence of VF. Moreover, CT allows evaluation of
the integrity of the posterior wall of the vertebral body and
exclusion of any retropulsion of fracture fragments. Although
some practitioners routinely obtain follow-up imaging, most
have found that it is not cost-effective. The current authors do
not routinely perform postprocedural imaging.

Technique

VP is best performed using high-quality fluoroscopy for
needle placement, and cement injection should be performed
under continuous fluoroscopy. Although not as ideal, a
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portable c-arm unit can be used. Biplane fluoroscopy, if
available, can decrease procedure time. In some technically
challenging cases, CT guidance combinedwith CTfluoroscopy
or conventional fluoroscopy may be necessary.

The procedure is performed using maximum surgical
barrier technique. Preprocedural prophylactic antibiotics
should be used in all immunocompromised patients. Al-
though there is no clear consensus on routine antibiotic use
in non-immunocompromised patients, many practitioners
administer prophylactic intravenous antibiotics to all pa-
tients immediately before the start of the procedure.12,35

The authors typically administer 1 g of cefazolin 1 hour before
the start of the procedure; in patients with an allergy to

penicillin or cefazolin, 500 mg of vancomycin can be
substituted.

Thoracic and lumbar VP is performed with the patient in
the prone position. Padding should be utilized to maximize
patient comfort and reduce curvature of the spine. The skin,
subcutaneous tissues, and periosteum are locally anesthe-
tized with lidocaine, which may require the use of a spinal
needle for length. The patient’s heart rate, blood pressure, and
oxygen saturation are continuously monitored throughout
the duration of the procedure. In many practices, including
the authors’, VP is performed under conscious sedation using
intravenous versed and fentanyl. Rarely, deeper sedationwith
an anesthesiologist may be required for patients with severe

Figure 1 Sagittal CT reconstruction (A) showing multiple vertebral body fractures of unknown age. MRI T1, T2, and STIR images (B–D,
respectively) confirm fractures, demonstrating marrow edema at L1 and L5 compatible with acute vertebral body fractures (black arrows). Lack of
marrow edema at T12 and L2 suggests more chronic vertebral body fractures (white arrows).

Figure 2 (A, B) Nuclear medicine bone scan, with anterior, posterior, right anterior oblique (RAO), and right posterior oblique (RPO) views, in a
patient unable to have an MRI, showing increased radiotracer uptake at T10 consistent with an acute vertebral body fracture (arrow). Uptake is
seen to a lesser degree at the mid-thoracic spine compatible with a second acute fracture. Multiple rib fractures are also present.
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pulmonary compromise or those unable to tolerate prone
positioning without general anesthesia.

In the thoracic and lumbar spine, VP is typically performed
using a transpedicular or parapedicular approach.36 In the
authors’ practice, both unilateral and bilateral transpedicular
approaches are utilized. Unilateral technique may reduce
procedural times and minimize trauma to paraspinal soft
tissues, but often requires greater degree of obliquity that
mayobscure visualization of the pedicle. The authorsfind that
as the posterior spinous process is overlapped to the contra-
lateral pedicle with an exaggerated ipsilateral oblique projec-
tion, the needle will almost always reach the opposite side of
the vertebral body. Bilateral technique often requires longer
procedural time but is typically technically less challenging.
Many different types of VP needles are commercially avail-
able; the authors most often use 11-gauge needles for lumbar
levels and 13-gauge needles for thoracic levels. Both sizes are
available in 10 and 15 cm lengths with diamond-shaped
multi-beveled and or single-beveled stylets.

Proper positioning of the fluoroscopic C arm is important
to the success of the procedure. The C arm should be skewed
cranially or caudally to view the vertebral body “straight on,”
that is, anterior wall projected directly over the posterior
wall. To access the vertebral body using the transpedicular
technique, the VP needle is advanced “down the barrel” of the
pedicle under intermittent fluoroscopic guidance (►Fig. 3).
Prior to needle placement, the C arm is positioned in a 20- to
30-degree ipsilateral oblique view. The pedicle, especially the
medial and the inferior walls, must be clearly visualized.
Single-shot radiographs may be required for higher image
resolution. In the author’s experience, needle advancement is
best performed with a diamond-shaped multi-beveled stylet
while using a mallet to gently tap and drive the needle into
place. Initial use of a single-beveled stylet may be more
difficult and lead to problems with the needle having a
tendency to slide or skid off the pedicle. Taking the extra
time to properly seat the needle on the pedicle is prudent, as
the needlewill tend to continuously select the original “hole,”
making repositioning difficult if the original needle place-
ment is suboptimal. While advancing the needle, it is imper-
ative that the needle does not violate the medial and inferior
walls of the pedicle to decrease the risks of nerve root or
spinal cord injury. As such, the needle should be advanced
toward the upper and outer half of the face of the pedicle.
Intermittent lateral views should also be obtained to ensure
appropriate cranial to caudal angulation, access into the
fractured vertebral body, and to determine when the needle
reaches the posterior (dorsal) wall of the vertebral body
(►Fig. 3). Until the needle enters the posterior vertebral
body, AP (ipsilateral oblique) projection should be used to
advance the needle. With experience, the posterior wall can
often be detected with slight increased resistance in the
needle, as well as a subtle change in the “tapping sound”
encountered while advancing the needle with a mallet. Once
the needle has been advanced just beyond the posterior wall
of the vertebral body, a biopsy can be performed as necessary
through the outer cannula with a bone biopsy needle. Once
the posterior vertebral body has been reached, the single-

beveled stylet may assist by steering the tip of the VP needle
to the intended position, or toward midline. Typically, the
needlewill advance preferentially toward the pointed edge of
the bevel.

From this point, the needle should be advanced in the
lateral projection with continuous visualization. Ultimately,
the tip of the needle should be positioned at the junction of
the anterior (ventral) and middle third of the vertebral body,
and as close to midline as possible (►Fig. 4). Opposite
direction traction on the outer portion of the needle to drive
the tip in the desired direction can help ideal tip positioning.
Advancing the needle further anteriorly than the junction of
anterior andmiddle third of the vertebral body could result in
violating the anterior cortex of the vertebral body. Final
needle positioning should be confirmed in both the lateral
and frontal projections prior to bone cement injection.

Numerous types of bone cement are commercially avail-
able, and vary in terms of cost, radio-opacity, rate of poly-
merization, and biocompatibility. The advantages and

Figure 3 (A, B) Ipsilateral oblique and lateral fluoroscopic views of a
T10 vertebral fracture. The needle should be advanced at the upper
and outer quadrant of the pedicle. The needle must be advanced
without violating the inferior (white arrow) and medial (black arrow)
walls of the pedicle to avoid potential nerve or cord injury. Intermittent
lateral views should be obtained to ensure appropriate angle of entry
into the vertebral body.
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disadvantages of various different cements have been previ-
ously described.37 Although newer composite and calcium
phosphate cements exist, PMMA remains the most widely
used in the treatment of osteoporotic andmalignancy-related
vertebral body fractures.

Intraosseous venography prior to the injection of PMMA
has been utilized by some practitioners as a way of ensuring
no direct communication with central or epidural venous
structures, and potentially predicting the direction of cement
flow within the vertebral body. However, contrast from
intraosseous venography can ultimately obscure the ability
to confidently visualize cement at the time of its injection.
More recently, authors have shown no significant difference
in clinical outcomes or significant added benefit with intra-
osseous venography, and the practice has subsequently de-
creased in prevalence.38–40 The authors do not routinely
perform intraosseous venography.

Cement injection should be performed in the lateral
projection using continuous fluoroscopy. The goal is delivery
of cement evenly in the vertebral body or to the targeted area
while avoiding extra-vertebral cement delivery, for example,
epidural vein or beyond the posterior wall of the vertebral
body. Care should be taken to deliver the cement at a
controllable pace and to avoid over pressurization of the
cement delivery system. Cement may “shoot out” when the
pressure build up eventually overcomes the obstruction and

lead to cement spreading to unintended places. Turning the
outer cannula intermittently will release any pressure that
may build. As cement is injected, the needle is slowly pulled
backward to facilitate even distribution of cement throughout
the vertebral body. To further minimize the risk of cement
leakage, PMMA should ideally be injectedwhen it reaches the
consistency of a paste. Injection of cement is discontinued
once cement reaches the posterior one-quarter of the verte-
bral body. If cement is noted to travel into a vein, injection
should be temporarily stopped to “cast” the vein, preventing
further cement accumulation in the vein and to avoid pulmo-
nary embolism. Typically, once the cement has hardened
within the vein, injection can be continued. Similarly if
leakage outside the vertebral body is observed, the injection
should be temporarily stopped. Pulling the needle back or
twisting the needle to redirect the cement may be helpful in
halting leakage when it is encountered.

The ideal cement volume for VP remains controversial and
is not known.36,41A large prospective studyof 403 patients, in
which averagefilling volumeswere 3.5mL for T3–T8, 5mL for
T9–T12, and 6 mL of L1–L5, showed no correlation between
the injected volume of cement and clinical outcomes.42

Conversely, some authors have suggested that low cement
volumes may be associated with worse clinical outcomes.43

Asmentioned above, the goal is cement delivery across the
midline (if unilateral) and even distribution in the superior-
inferior and anterior-posterior vertebral body (►Figs. 5

and 6). Bilateral access may be necessary when compression
is severe or if cement does not spread to the midline when
utilizing a unilateral approach.35 With experience, a contra-
lateral needle can be quickly placed if a unilateral approach is
inadequate. When doing so, it is recommended that the first
needle be left in placewithin the pedicle to prevent leakage of
cement backward along the initial needle tract. Studies have
failed to show any difference in clinical outcomes when using
a unilateral versus bilateral approach.44 When removing the
needle, care must be taken to avoid leaving a “cement tail”
(►Fig. 7). This can be avoided by clearing the needle of
cement using a stylet, or by gently spinning and rocking
the needle once retracted to the edge of the pedicular margin.

Rarely, in cases of severe compression fractures or at
higher levels of the thoracic spine where pedicles are often
more perpendicular in configuration to the vertebral body, a
para-vertebral or extra-pedicular approach may be needed.
The authors prefer transpedicular approach and use para-
vertebral or extra-pedicular approach only if the transpedic-
ular approach is not technically possible. Although beyond
the scope of this article, treatment of cervical VFsmay require
an alternative anterolateral, transoral, or transfacial approach
and more advanced image guidance. Care must be taken to
avoid the carotid jugular complex. Treatment of these frac-
tures should be reserved for the most experienced
practitioners.

Postprocedural Care

After removing the VP needles, manual pressure should be
applied for at least several minutes to decrease the risk of a

Figure 4 (A, B) Bilateral transpedicular access obtained for verte-
broplasty. Needle positioning should be confirmed in both projections
prior to the injection of cement. Ideally, the tips of the needles should
be positioned as close to midline as possible at the junction of the
anterior and middle third of the vertebral body.
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Figure 6 (A–D) Left unilateral transpedicular approach with ideal needle positioning and cement distribution.

Figure 5 (A, B) Satisfactory vertebroplasty endpoint with even distribution of cement.

Figure 7 (A, B) Poorly filled mid-thoracic vertebral body after vertebroplasty. Notice the cement tail (black arrows) extending to the
subcutaneous soft tissues. This can be avoided by clearing the needle of cement using the stylet, or by breaking the tail off by gently rocking and
spinning the needle prior to removal. In this case, a small incision could be made to cut down on the tail and, using a hemostat, to physically
remove as much as possible.
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hematoma, after which a sterile dressing is applied. Some
operators prefer to allow the bone cement to further poly-
merize in the prone position before transferring the patient to
supine position. Left over cement at the end of the procedure,
and its degree of polymerization, can be used to help guide
how long a patient should remain on the table after the
procedure. In the case of PMMA, setting times are typically 8
to 10 minutes.37 However, the authors routinely transfer the
patients to his or her stretcher once hemostasis is achieved.
Patients are kept supine for approximately 2 hours after
completion of the procedure. A postprocedural neurological
exam should be documented and comparedwith the patient’s
preprocedural exam. Any change in the patient’s baseline
neurological exam should prompt further evaluation and
often additional imaging. The patient’s level of pain should
be recorded (visual analogue scale) at the end of the proce-
dure and at 2 hours postprocedure prior to discharge. Patients
are discharged home after ambulation. Persistent pain after
VP is not uncommon, and patients may require a prescription
for pain medications at the time of discharge. Patients should
be encouraged to remain at bed rest or keep activity minimal
for 24 hours. Significant variation in the timing for scheduled
outpatient follow-up after VP has been described. In the
authors’ practice, patients are seen in follow-up at 1 month
and additionally as needed. In the authors’ experience, ma-
jority of patients will gain significant pain improvement
within 2 to 7 days. Some patients may also require muscle
relaxants and physical therapy due to muscle spasms and/or
physical deconditioning.

Complications and Clinical Outcomes
Most complications associated with VP are minor and rarely
require intervention. However, major complications that may
require a surgical intervention can occur and result in signifi-
cant disability or death. In a review of 30 studies with more
than 2,000 patients with osteoporotic VF treated with VP,
major complications occurred in 0.9% of patients, and no
deaths were reported.45 It is important to note that VP
performed in the setting of painful malignant VF is associated
with higher complication rates (upward of 10%).12,14 Major

complication thresholds of 2% or less have been recom-
mended for the treatment of osteoporotic fractures, and
10% or less for the treatment of malignancy-associated VF.46

Reported complications include infection, bleeding, tran-
sient radiculopathy, spinal stenosis, pulmonary embolization,
and death. Infection and bleeding has been reported in fewer
than 1% of cases. To decrease the risk of bleeding and trauma,
published quality guidelines have advised against treating
more than three to four levels at any one time.12 More than 3
to 6% of patients may experience transient radiculopathy,
which often can be treated successfully with steroids or anti-
inflammatory medications.47,48 Local trauma can occur in
fewer than 1% of cases, with injury to the pleura, kidneys,
nerve roots, and spinal cord, as well as fractures to lamina and
pedicles. Rib fractures have been reported and often attribut-
ed to patient positioning. Rare allergic reactions to PMMAand
transient hypotension believed to be related to the PMMA
monomerhave also been described. VPmayalso be associated
with an increased risk of subsequent VF immediately adjacent
to a treated level, although the data on this are debatable.

One of the most common findings, which is typically
asymptomatic, is the leakage of cement from the vertebral
body into adjacent structures. Extravasation of cement has
been reported to occur in 30 to 80% of cases.48 A review of 69
clinical studies revealed cement leakage in 41% of cases, with
96% being asymptomatic. Of these, 32.5% of leakages were
paravertebral, 32% involved the epidural space, 30.5% were
into the disc, 3.3% were neuroforaminal, and 1.7% resulted in
pulmonary emboli.49 Although the overwhelmingmajority of
cement leakage is asymptomatic, few patients may experi-
ence problems related to the event. Cement extravasation
into the disc and paravertebral tissuesmay result in pain from
exothermic heat related to cement polymerization or from
actual mass effect (►Fig. 8). Cement leakage can also extend
into epidural and vertebral veins and result in potentially life-
threatening pulmonary emboli (►Figs. 9 and 10). Leakage of
PMMA into the epidural space has been reported and can
result in spinal cord or nerve root compression and subse-
quent neurological symptoms and deficits. Patients with
cement extravasation and new neurological deficits should

Figure 8 (A–C) Intradiscal extravasation of cement (arrows) in this case was asymptomatic, but uncommonly can be associated with pain.
Cement injection should be paused when extravasation is encountered. Often waiting a minute or two will allow the cement more time to thicken
and for the leak to seal.
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undergo further evaluation with CT and consideration for
consultation with neurosurgical service. This is a rare occur-
rence and often alleviated with short-term steroid therapy.

Many observational studies have shown VP to be effective
and safe for the treatment of osteoporotic and malignancy-
related VF that have failed to respond tomedical therapy.49–59

Studies have shown significant pain relief following VP in
more than 90% of patients with osteoporotic VF, 70% of
patients with malignant VF, and 80% of patients with painful
hemangioma.38 Improved quality of life, decreased depen-
dence on pain medications, and increased physical mobility,
as well as durable mid- and long-term pain relief have been
demonstrated after VP.38

Recently, two randomized controlled trials were published
in which patients were randomized to VP or a sham proce-
dure.60,61 These studies, with pain reduction as the primary
outcome, failed to show increased benefit of VP compared
with sham procedures that consisted of an injection of local
anesthetic into the periosteum. These two trials have ques-
tioned the efficacy of VP and have been challengedwithmuch
criticism given their conflicting results with prior studies, as

well as with the clinical experiences of referring and treating
physicians. Specifically, the large discrepancy in number of
patients screened versus those who were ultimately enrolled
and the fact that screening MRIs and bone scans were not
required in one of the studies are the main criticisms. There
was also a large crossover to the VP group in one of the
studies, raising the possibility of some benefit of VP over the
shamprocedure.60 Adding support to the efficacy of VP and in
contrast to the aforementioned two studies, a recent non-
blinded randomized trial showedVP to be superior to optimal
conservative management.62 In this study, the VP group
demonstrated significant improvement in pain, quality of
life, and disability compared with those patients managed
with conservative therapy alone. At the time of this manu-
script preparation, another randomized sham control trial is
in progress.63

Conclusion

Percutaneous VP is widely accepted as a safe and effective
therapeutic option for the treatment of painful osteoporotic

Figure 9 (A, B) A rare case of massive pulmonary emboli related to PMMA from a vertebroplasty performed in an outpatient setting. This patient
survived, but eventually developed pulmonary hypertension. Images courtesy of Dr. Michael Jay.

Figure 10 (A–D) Unipedicular vertebroplasty with extravasation of cement anteriorly via a vertebral vein and ultimately extending into the IVC
(black arrows). Cement also extends beyond the posterior wall of the vertebral body and into epidural veins (white arrow). CT chest shows a small
cement PE in the right middle lobe (white arrow head). The patient remained asymptomatic.
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and malignant VFs that fail to respond to optimal medical
therapy. Appropriate patient selection, preprocedural evalu-
ation, and meticulous attention to proper technique are
paramount to achieve best outcomes and to minimize com-
plications. As existing studies have shown conflicting results,
additional studies will likely be required to conclusively
establish the efficacy of VP. Until then, patients should be
treated in the context of a collaborative andmultidisciplinary
approach, and in the setting of an appropriate informed
consent.
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