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INTRODUCTION

Vertebroplasty and kyphoplasty are minimally inva-
sive image-guided procedures that involve the injec-
tion of cement (typically polymethylmethacrylate
(PMMA)) into a vertebral body. Kyphoplasty
involves inflation of a balloon tamp to create a
cavity within the vertebral body into which cement
is subsequently injected. The majority of these ver-
tebral augmentation procedures are performed to
relieve back pain from osteoporotic or cancer-
related vertebral compression fractures and to
reinforce the vertebral body with neoplasm or vas-
cular tumor. The primary goal of vertebroplasty
and kyphoplasty is to reduce back pain and to
improve patient’s functional status, and the second-
ary goal is stabilization of a vertebra weakened by
fracture or neoplasia.

Osteoporotic vertebral fractures

Osteoporosis is a common disease that causes sig-
nificant morbidity and incurs a significant health-
care cost to the community. The major
osteoporotic fractures involve the hip, vertebra,
proximal humerus and distal forearm; the lifetime
osteoporotic fracture risk at age 50 is approxi-
mately one in two women and one in five men.'
The lifetime incidence of symptomatic osteoporotic
vertebral fractures in women at age 50 is estimated
at 10-15%; once a vertebral fracture occurs, there
is a 20% risk of another vertebral fracture within
12 months.?

Most osteoporotic vertebral compression frac-
tures are asymptomatic or result in minimal pain;
only a third of vertebral fractures result in medical
attention.”> Conservative medical therapy is there-
fore appropriate for the vast majority of vertebral
compression fractures since most acute back pain
symptoms are mild and subside over a period of 6-
8 weeks as the fracture heals. The goals of conser-
vative therapy are pain reduction (with analgesics
and/or bed rest), improvement in functional status
(with orthotic devices and physical therapy) and
prevention of future fractures (with vitamin D,
calcium  supplementation and  antiresorptive
agents).

However, conservative treatment for those with
severe pain or limitation of function is not benign.

It often involves a period of bed rest that leads to
undesirable side effects such as bone mass and
muscle strength loss. Markers of bone resorption
increase as rapidly as 2 days after bed rest,* with
overall bone loss occurring at 1% per week, 50
times more rapidly than normal age-related bone
loss.” After just 10 days of bed rest, healthy older
adults lose 15% of lower extremity strength and
10-15% of aerobic capacity.® The loss in aerobic
capacity is equivalent to almost a decade of
age-related decline.® Prolonged bed rest can lead to
decubitus ulcers and deep venous thrombosis.
Overall, the complications of bed rest combined
with narcotic analgesia and associated side effects
can result in a vicious cycle of physical decondi-
tioning and subsequent increased risk of additional
vertebral insufficiency fractures. These ill effects are
particularly pronounced in older osteoporotic
patients and can prolong the recovery period and
lead to the loss of independence.

In the subset of patients with severe back pain
resulting in limitation of function that is refractory
to medical therapy, open surgical fixation may be
considered but it is often ineffective as the osteo-
porotic bone may not provide adequate support for
surgical hardware. In addition, the elderly popula-
tion is subject to increased morbidity, mortality and
prolonged recovery times. Percutaneous vertebral
augmentation, when coupled with appropriate
patient selection, is a safe and effective procedure
that provides pain reduction and improves func-
tional status. The mechanism of action after
PMMA injection is thought to be from mechanical
stabilization of mobile fracture fragments and/or
thermal or chemical neurolysis; a cadaveric study
has also demonstrated new bone formation.”

Cancer-related vertebral fractures

Vertebral fractures in cancer patients may be due to
vertebral involvement by tumor, osteopenia caused
by androgen deprivation or aromatase inhibitors,
or osteonecrosis from radiation therapy. The spine
is affected by osteopenic or osteolytic bone disease
in approximately 70% of those with multiple
myeloma; new vertebral fractures occur in 15-30%
of patients annually.® In metastatic breast cancer,
17-50% of patients will sustain a vertebral fracture

Chandra RV, et al. J Neurolntervent Surg 2014;6:7—15. doi:10.1136/neurintsurg-2013-011012

‘1ybLAdoo Ag paloalold 1sanb Ag 20z ‘82 YdJeN uo jwod fwg siuly/:diny woly papeojumoq "€TOZ 19qWaA0ON 9 U0 ZTOTT0-ET0Z-PInsuLNau/9eTT 0T Se paysiignd 1s4iy :6inS Juaniaujoinan


http://jnis.bmj.com/

annually and 25-40% will require radiotherapy for bone pain.®

In this cohort of cancer patients, palliative treatments that
provide rapid symptom control with improved functional status
and quality of life are important.

Open surgical resection and fixation is typically reserved for
the minority of patients with focal spinal cord compression,
good baseline performance status and reasonable life expect-
ancy.” In a recent systematic review, the response rates (pain
relief) measured between 1 week and 1 year showed that pallia-
tive radiotherapy reduces back pain in approximately 60% of
patients, with one in four patients reporting complete reso-
lution.'® Typically, pain relief begins 7—10 days after treatment,
reaching a maximum between 4 and 8 weeks, so 2 months after
radiotherapy has been suggested as the most appropriate time
point to measure a meaningful clinical response.'’ Percutaneous
vertebral augmentation is a safe and effective alternative that
typically provides rapid pain relief, reduced disability and
improved performance status for cancer patients with painful
vertebral compression fracture without significant mechanical
instability or cord compression. The mechanism of action is
thought to be from mechanical stabilization of mobile fracture
fragments, thermal or chemical neurolysis or inherent tumorici-
dal or cytotoxic effects on malignant fractures after PMMA
injection. In cases where the diagnosis of tumor is not yet estab-
lished, another advantage of percutaneous techniques is the
ability to perform biopsy at the same time as augmentation.

Purpose of the document

The purpose of this document is to summarize and classify the
evidence for the use of vertebral augmentation in the treatment
of patients with osteoporotic or cancer-related vertebral com-
pression fractures. In developing the present recommendations,
the Writing Group incorporated already existing guidelines pub-
lished by the Society of Neurolnterventional Surgery and the
American College of Radiology and conducted a systematic
review of English language literature published between January
2000 and December 2012 to assess the evidence supporting the
use of vertebral augmentation in the treatment of patients with
osteoporotic or cancer-related vertebral compression fractures.
The Writing Group has applied the rules of evidence and for-
mulation of strength of recommendations used by other
American Heart Association (AHA) guideline panels and specif-
ically examined clinical outcome and procedural safety data.

CLINICAL OUTCOME

Evidence-based medicine involves the integration of the best
available evidence with clinical expertise and patient values. The
highest level of evidence arises from prospective randomized
trials and meta-analysis of these trials. To access clinical out-
comes for vertebroplasty and kyphoplasty in painful vertebral
compression fractures, we specifically focused on: (1) reduction
in back pain; (2) improvement in function; and (3) improvement
in quality of life. In particular, we have reviewed both sham
controlled studies and conservative management controlled
studies which have been published in recent years.

Prospective multicenter randomized sham controlled studies

The Investigational Vertebroplasty Safety and Efficacy Trial
(INVEST) was designed to evaluate the efficacy of PMMA injec-
tion in vertebroplasty for patients with painful osteoporotic
compression fractures compared with a simulated procedure
without PMMA.'> As initial recruitment was slow, the power
calculations were revised and the target sample size was reduced
from 250 to 130 patients. After the first three patients were

enrolled, the inclusion criteria were liberalized to back pain
intensity of >3 (scale 0-10), inadequate pain relief with stand-
ard medical therapy and duration of pain of less than 1 year.
For fractures of uncertain age, an additional requirement was
increased uptake on the bone scan or marrow edema on MRIL.
Between June 2004 and August 2008, 1813 patients were
screened, 1382 patients were not included and 300 patients
declined to participate. The remaining 131 patients were rando-
mized to vertebroplasty (n=68) and sham procedure arms
(n=63). The sham procedure involved injection of local anes-
thetic onto the periosteum of the pedicle as well as verbal and
physical cues to simulate vertebroplasty, including pressure on
the patient’s back and opening of the methacrylate monomer to
simulate the odor associated with mixing of PMMA. Overall,
mean back pain duration was approximately 18 weeks, with
about a third of all patients randomized having pain for
>6 months.

The primary endpoint was perceived back pain intensity and
modified Roland-Morris Disability (RDQ) score at 1 month.
There was no significant difference in back pain intensity or
modified RDQ score at 1 month (p=0.19 and p=0.49 at
1 month, respectively). Secondary outcomes of further measures
of pain, disability and quality of life also did not differ between
the two groups at 1 month. In a post hoc analysis, there was a
trend toward a higher rate of clinically meaningful improvement
in pain in the vertebroplasty group compared with the control
group (64% vs 48%, p=0.06). By 3 months, 27 patients (43%)
in the control group had crossed over to the other group and
thus no longer term comparisons were possible.

A major limitation of the INVEST trial is the inclusion of
fractures up to 12 months old, with 36% of patients in the ver-
tebroplasty arm being treated between 6 and 12 months after
the fracture. Marrow edema on MRI or uptake on bone scan
was only required for those fractures of indeterminate clinical
age; however, the rate of usage of MRI or bone scan was not
published. Importantly, the lack of MRI or bone scan correl-
ation could mean that a radiographically occult adjacent level
vertebral fracture responsible for the back pain was not treated
in the vertebroplasty arm. Alternatively, in the sham procedure
arm, infiltration of local anesthetic may have resolved pain that
primarily arose from the adjacent structures rather than the frac-
ture itself.

An attempt to address the impact of local anesthetic infiltra-
tion in the sham procedure arm was reported in the Local
Anesthesia with Bupivacaine and Lidocaine for Vertebral
Fracture (LABEL) trial.’* Nineteen patients with painful osteo-
porotic vertebral compression fractures were given an unblinded
injection of lidocaine and bupivacaine and compared with 16
patients from the control arm of the INVEST lead site. INVEST
control patients had a significantly greater reduction in pain
(p=0.04) and disability (p=0.006) at day 3 compared with
patients in the LABEL trial. This suggests that local anesthetic
infiltration did not impact on the outcome and that other
factors, including the placebo effect, were responsible for the
patient improvement seen in the INVEST control arm.
However, there was significant crossover to vertebroplasty in
patients in the LABEL trial, with 10 of 19 patients crossing by
day 3 and 16 of 19 patients by day 14. The unblinded nature of
the trial may have been biased toward negative patient expecta-
tions from local anesthetic injection and positive expectations
from vertebroplasty.

The only other multicenter prospective randomized double-
blind clinical trial comparing vertebroplasty with a simulated
sham procedure was published contemporaneously with the
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INVEST trial. Buchbinder et a/** sought to determine the short-
term efficacy and safety of vertebroplasty for reducing pain and
improving physical function in patients with painful osteopor-
otic vertebral fractures. Inclusion criteria included back pain
present for up to 12 months, marrow edema and/or a fracture
line on MRI. Between April 2004 and October 2008, 468
patients were screened, 249 were not included and 141 declined
to participate. The remaining 78 patients were randomized to
vertebroplasty (n=38) and sham procedure (n=40) arms. The
sham procedure involved a similar procedure to that in the ver-
tebroplasty group except that the 13-gauge needle was inserted
onto the lamina and the central sharp stylet replaced with a
blunt stylet. The vertebral body was gently tapped and the
PMMA mixed in the room but not injected. Median duration of
back pain was approximately 9 weeks in the sample, with 25
patients (one-third of the sample) with symptoms of less than
6 weeks duration.

The primary outcome was back pain score at 3 months. There
was no significant difference in back pain scores at 1 week,
1 month, 3 months or at 6 months. Secondary outcome mea-
sures of further measures of pain, disability and quality of life
also did not differ between the two groups.

Limitations of the trial by Buchbinder et al include the lack of
a physical examination component in the methodology and
inclusion of fractures up to 12 months old. Although in discuss-
ing the primary outcome measure a reduction in back pain score
of 1.5 units was regarded as the minimal clinically important
difference, the power calculations reported in the publication
discuss a sample size of 24 participants in each arm to have
80% power to show an advantage of vertebroplasty over
placebo with respect to pain of at least 2.5 units with a SD of 3
units. In addition, 68% of patients in the sample were recruited
at one of the four recruiting centers with two of the recruiting
sites enrolling only five patients, so the outcomes may have been
weighted to the treatment effect at this single center.

Prospective multicentre randomized conservative
management controlled studies

The vertebroplasty versus conservative treatment in acute osteo-
porotic vertebral compression fractures (VERTOS and VERTOS
II) trials are the only multicenter prospective randomized clin-
ical trials comparing vertebroplasty with conservative medical
management.

The original VERTOS trial was a small prospective multicen-
ter randomized conservative management controlled study to
assess the short-term outcome of patients with subacute osteo-
porotic vertebral compression fractures treated with vertebro-
plasty compared with conservative management.'® Inclusion
criteria included debilitating back pain related to the fracture
refractory to medical therapy for at least 6 weeks and no longer
than 6 months, focal tenderness on physical examination at the
affected level and MRI-documented marrow edema, defined as
a decreased signal intensity on T1-weighted images and
increased signal intensity on short tau inversion recovery (STIR)
images. Thirty-four patients were enrolled with 18 patients ran-
domized to vertebroplasty and 16 to conservative management
arms. Mean duration of back pain was 11.6 weeks; vertebro-
plasty was performed within 1 week of enrollment.

The primary endpoint was back pain score (measured by visual
analog scale (VAS)) and analgesic use at 1 day and 2 weeks. The
differences in the type of analgesic used were quantified by defin-
ing analgesic use as an ordinal variable from 0 (no analgesic use),
1 (use of paracetamol), 2 (use of non-steroidal anti-inflammatory
drugs) and 3 (use of opiate derivatives). Baseline mean VAS

scores were 7.1 and 7.6 in the vertebroplasty and conservative
arms respectively; by 1 day the mean VAS scores were 4.7 and
7.1, respectively, with a significant difference between the two
arms of —2.4 (95% CI —3.7 to —1.0) in favor of vertebroplasty.
Analgesic use was also reduced in the vertebroplasty arm (—1.4;
95% CI -2.1 to —0.8). At 2 weeks the difference in the VAS
scores was no longer significant.

Secondary outcomes were disability (RMD score) and Quality
of Life Questionnaire of the European Foundation for
Osteoporosis (QUALEFFO) scores. There were significant
improvements in the vertebroplasty arm over conservative man-
agement. The mean difference in the RMD scores between the
two groups at 2 weeks was —5 points (95% CI —8.4 to —1.2)
while the mean difference in the QUALEFFO scores between the
two groups at 2 weeks was —14 points (95% CI —24.7 to —3.4).

The limitations of the VERTOS study include the small
sample size and lack of blinding. Moreover, as crossover was
allowed after 2 weeks, no long-term follow-up was possible as
14 of the 16 patients in the conservative arm requested
vertebroplasty.

As there remained no large prospective randomized conserva-
tive management controlled study, Klazen et al'® performed the
VERTOS 1I study to assess vertebroplasty with longer term
follow-up. Inclusion criteria included severe back pain (VAS
score >5) for 6 weeks or less, focal tenderness at the fracture
level and MRI demonstrated bone edema. Of the 934 patients
screened, 226 did not meet the inclusion criteria, 232 declined
to participate, 229 reported a decrease in pain during screening
and thus were not randomized and 45 requested vertebroplasty.
The remaining 202 patients were equally randomized into ver-
tebroplasty and conservative medical management arms. All
patients were prescribed analgesics that were individually
titrated, bisphosphonates, calcium and vitamin D supplements.
Vertebroplasty was performed at a mean of 5.6 weeks after
symptom onset.

The primary endpoint was pain relief at 1 month and 1 year
measured with a VAS score. Vertebroplasty resulted in signifi-
cantly greater pain relief than conservative treatment. The mean
reduction in the VAS score from baseline was 2.6 (95% CI 1.74
to 3.37, p<0.0001) greater in the vertebroplasty arm at
1 month. This was a durable effect, with a reduction in the
mean VAS score at 1 year of 2.0 (1.13 to 2.80, p<0.0001).

The secondary outcome was cost-effectiveness at 1 month and
1 year; medical costs, time without burdensome pain and
quality-adjusted survival time were also reported. The cost dif-
ference between vertebroplasty and conservative treatment at
1 year was approximately the cost of vertebroplasty for the trial
(€2463). An average of 120 (95% CI 163 to 77) pain-free days
were gained in the 12 months after vertebroplasty. Survival ana-
lysis revealed that significant pain relief was achieved earlier and
in more patients after vertebroplasty (30 days until significant
pain relief, 95% CI 11 to 48) than with conservative treatment
(116 days, 95% CI 86 to 145)(2=55.6, p<0.0001).

A major limitation to the VERTOS 1I trial is the lack of blind-
ing, which can overestimate treatment benefit.'” Further analysis
of the patients in the conservatively treated arm by the
VERTOS 1I investigators revealed that 60% of patients in the
conservatively treated arm had sufficient pain relief (VAS <3) at
12 months, with the vast majority achieving this within
3 months.'® They conclude that vertebroplasty may be appropri-
ate for compression fractures with insufficient pain relief after
3 months.

The Fracture Reduction Evaluation (FREE) trial is the only
multicenter prospective randomized clinical trial comparing
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kyphoplasty with conservative medical management.'® Inclusion
criteria were severe back pain (back pain scale score >4) for
3 months or less, focal tenderness at the fracture level and MRI
demonstrated bone edema, pseudoarthrosis or progressive
height loss. Patients with primary or secondary osteoporosis,
multiple myeloma or osteolytic metastasis were included. Of the
1279 patients screened, 655 did not meet the inclusion criteria,
209 declined participation and 115 had other reasons for exclu-
sion. The remaining 300 patients were randomized and divided
into kyphoplasty (n=149) and conservative medical manage-
ment (n=151) arms. All participants received analgesics, bed
rest, back braces, physiotherapy, rehabilitation and walking aids
according to the practices of participating hospitals. Treatment
with calcium, vitamin D and antiresorptive agents was initiated
as appropriate. Fractures were a mean of 6 weeks old at ran-
domization, and mean time between randomization and kypho-
plasty was 7 days.

The primary endpoint was the difference in change from
baseline to 1 month in the global quality of life measure, the
Short-Form (SF)-36 physical component summary (PCS) scale.
Kyphoplasty resulted in significantly greater improvement in
quality of life than did conservative treatment. The improve-
ment in the mean SF-36 PCS score from baseline to 1 month
was 5.2 points (95% CI 2.9 to 7.4) more in the kyphoplasty
group than in the conservatively managed arm (p<0.0001).

Secondary outcomes were SF-36 and other quality of life
scores, back pain and disability scores at 1, 3, 6 and 12 months.
There remained significant improvements in the SF-36 PCS
scores in favor of kyphoplasty at 3 and 6 months (p=0.0008
and p=0.0064) but not at 12 months (p=0.208). Back pain
scores were significantly reduced at 1 week (p<0.0001) and
12 months (p=0.0034). Reductions in the RDQ disability
scores in favor of kyphoplasty were significant at 1 month
(p<0.0001) and 12 months (p=0.0012). Patients undergoing
kyphoplasty were less likely to be using narcotic analgesia
between 1 and 6 months; these patients also reported 2.9 fewer
days of restricted activity per 2 weeks (1.3 to 4.6; p=0.0004)
because of back pain at 1 month, which was no longer signifi-
cant at 12 months (1.6 days, —0.1 to 3.3; p=0.0678).

The FREE trial is limited by inclusion of both osteoporotic
and pathological fractures; however, only 4 of the 300 patients
randomized had pathological fractures. The trial is also limited
by the lack of blinding, which can overestimate treatment
benefit.!” The FREE investigators have reported 2-year outcome
data: although there remained a significant reduction in back
pain scores for patients in the kyphoplasty arm compared with
conservative therapy at 24 months (p=0.009), there were no
significant differences in the SF-36 or RDQ scores at
24 months.?°

The Cancer Patient Fracture Evaluation (CAFE) trial is the
only multicenter prospective randomized clinical trial compar-
ing kyphoplasty with conservative medical management for
cancer patients with painful vertebral compression fractures.?!

Inclusion criteria included a back pain score of >4, an RDQ
score of at least 10 and vertebral fracture clinically diagnosed in
conjunction with either plain x-rays or MRI. Patients with
primary bone tumors (eg, osteosarcoma), osteoblastic tumors or
a plasmacytoma as the index fracture were excluded. Of the 477
patients screened, 248 were not eligible and 95 refused to par-
ticipate. The remaining 134 patients were randomized into
balloon kyphoplasty (n=70) and conservative therapy arms
(n=64). All patients could receive analgesics, calcium, vitamin D
supplements, antiresorptive therapy, bed rest, bracing, physio-
therapy, rehabilitation programs, walking aids, radiation

treatment and other antitumour therapy at the discretion of
treating physicians. Median estimated symptomatic fracture age
was 3.5 months (IQR 1.2-6.8); 68% had edema on MRI.

The primary endpoint was the change in RDQ score at
1 month. Kyphoplasty resulted in a significantly greater reduc-
tion in back pain-related disability than did conservative treat-
ment. Mean baseline RDQ scores were 17.6 points in the
kyphoplasty group and 18.2 in the control group. By 1 month
the mean RDQ score in the kyphoplasty group was 9.1 while
the mean RDQ score in the control group was 18.0. The treat-
ment effect for kyphoplasty on RDQ at 1 month was —8.4
points (95% CI —7.6 to —=9.2; p<0.0001). The minimum clinic-
ally important difference (MCID) in RDQ ranges between 2
and 3 points.”> By 1 month, 51 of 63 patients in the kypho-
plasty group improved by at least 2 RDQ points compared with
14 of 50 patients randomly assigned to non-surgical manage-
ment (p<0.0001).

Secondary outcomes included back pain scores, Karnofsky
performance status (KPS) scores and quality of life (measured by
SF-36 PCS) at 1, 3, 6 and 12 months. Patients in the kypho-
plasty group had significant reductions in back pain. Both
groups had a baseline mean back pain score of 7.3; the mean
score at 7 days was 3.5 in the kyphoplasty arm compared with
7.0 in the conservative arm (p<0.0001), and this difference
remained of similar magnitude and significant at 1 month
(p<0.0001). The mean baseline KPS score was approximately
56 in both the kyphoplasty and control groups. The MCID esti-
mate for KPS score in cancer patients is about 5 points>®; 70
points is a clinically meaningful threshold for self-care.>* By
1 month, the mean KPS score in the kyphoplasty group had
increased by 15.3 points (95% CI 13.5 to 17.1; p<0.0001)
compared with no significant change in the control group. By
1 month, 75% of patients in the kyphoplasty group had
improved to a KPS score of at least 70 compared with 39% of
the conservative arm. Patients in the kyphoplasty arm also had
significant increases in the SF-36 quality of life scores at
1 month (8.4 points (95% CI 7.7 to 9.1; p<0.0001)) compared
with the conservative arm.

A limitation of the CAFE trial is the lack of biopsy of the ver-
tebral fracture. Thus, although patients had a history of cancer,
individual fractures may have been caused by metastasis, osteo-
porosis, radionecrosis or a combination of these etiologies.
Nonetheless, 78% of patients in the kyphoplasty arm had stable
or progressive cancer (mainly multiple myeloma or breast
cancer) and 349% had received previous radiation for spinal or
bony metastasis. Thus, a high rate of metastatic fractures can be
expected. Further limitations include the lack of blinding which
can overestimate treatment benefit and the significant crossover
from the control group: 34 of 64 patients randomized to the
conservative arm crossed over to kyphoplasty, with 21 patients
crossing over within 1week of the 1-month assessment.
Nonetheless, these crossover patient outcomes were separately
reported and no patients were allowed to crossover before the
1-month assessment, so the 1-month outcome measures remain
robust.

A systematic review that analyzed mainly non-randomized
retrospective observational studies of vertebroplasty in the
setting of malignancy published before April 2010 included 987
patients in 30 studies (CAFE trial not included).>® Fifteen of
these studies (n=527 patients) reported pain scores as an
outcome up to 1 month after vertebroplasty. All showed a
reduction in pain from baseline levels, with an overall reduction
ranging from 20% to 79%. This was a durable effect in
the eight studies (n=284 patients) that reported pain scores
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to 6 months with overall reduction in pain ranging from 47%
to 87%.

Meta-analysis of prospective randomized controlled studies
Anderson et al*® published a recent meta-analysis limited to
prospective randomized controlled trials comparing vertebro-
plasty or kyphoplasty with conservative or sham treatment for
osteoporotic fractures. The INVEST, Buchbinder et al,
VERTOS, VERTOS II and FREE trials were included, as well as
one randomized single-center conservative management con-
trolled trial. Studies that investigated treatment of compression
fractures as a result of neoplasm were excluded. As the time
points for outcome assessment varied among the studies, out-
comes were analyzed as early (<12 weeks) and late (>26 weeks).
Overall, the meta-analysis showed greater pain relief, reduced
disability and improved quality of life in favor of vertebroplasty
in the treatment of symptomatic osteoporotic compression
fractures.

The pain VAS standardized mean difference was 0.73 (95%
CI 0.35 to 1.10) for early (<12 weeks) and 0.58 (95% CI 0.19
to 0.97) for late time points (6—12 months) favoring vertebro-
plasty (p<0.001). No publication bias was identified as the
funnel plots for VAS were symmetric.

The RDQ or Oswestry (OSW) was chosen for assessment of
spine-specific functional outcome. The standardized mean dif-
ferences for early and late time points were 1.08 (95% CI 0.33
to 1.82) and 1.16 (95% CI 0.14 to 1.18), respectively. Although
there was publication bias by one study identified, the results
remained significant even on elimination of this study.

The QUALEFFO and the EQS-D were chosen as quality of
life and health outcome measures. The overall standardized
mean difference was 0.39 (95% CI 0.16 to 0.62) at early time
points, which decreased to 0.33 (95% CI 0.16 to 0.51) at late
time points; these were statistically significant at both time
points with no publication bias identified on funnel plots.

Meta-analysis of prospective randomized and
non-randomized controlled studies

Shi et al published a recent meta-analysis limited to prospective
randomized and non-randomized controlled trials comparing
vertebroplasty with conservative or sham treatment for osteo-
porotic fractures.”” They analyzed the results of nine trials
(including the INVEST, Buchbinder et al and VERTOS II trials),
with a total of 886 patients. The primary outcome analysis
revealed no difference in pain scores between the vertebroplasty
group and the sham injection group at 1-29 days and 90 days
(p=0.68 and 0.29, respectively). Vertebroplasty resulted in sig-
nificantly greater pain relief than conservative medical treatment
at all time points, including in patients with fractures less than
6 weeks old. The mean difference in the VAS score from base-
line was —2.06 (95% CI —3.39 to —0.74), p<0.001) in favor of
the vertebroplasty arm between 1 and 29 days. This remained
significant at 90 and 180 days. For patients with onset of pain
of 6 weeks or less, the mean difference in the VAS score from
baseline was —2.04 (95% CI -3.32 to —0.75), p=0.002) in
favor of the vertebroplasty arm between 1 and 29 days. There
were also significant reductions in disability and improvement in
quality of life as measured by the RDQ and QUALEFFO at
30 days in favor of vertebroplasty.

Since publication of the most recent meta-analysis, Blasco
et al®® have published a prospective single-center randomized
conservative management controlled trial of vertebroplasty in
osteoporotic vertebral fractures. Inclusion criteria included back
pain score (VAS) of >4, less than 12 months duration and the

presence of edema on STIR MRI images or increased tracer
uptake on bone scan. Two hundred and nineteen patients were
screened, 94 were excluded and the remaining 125 patients
were randomized to vertebroplasty (n=64) and conservative
management (n=61) arms. All patients received analgesics and
calcitonin for the first month and began/continued bisphospho-
nates after the first month. Both groups were offered rescue
intrathecal infusion (25 mg fentanyl and 1.5 mg bupivacaine)
when analgesia was ineffective (VAS>7) or if there was intoler-
ance to drug therapy. The mean duration of back pain was
4.7 months; six patients had symptom duration less than
6 weeks.

Primary outcomes were VAS and QUALEFFO scores at
2 weeks, 2 months, 6 months and 12 months. At 2 months there
was a significant difference in the mean reduction in VAS scores
from baseline in favor of vertebroplasty (p=0.0172). This was
not significant at the longer time points. QUALEFFO scores
were significant improved compared with baseline at all time
points after vertebroplasty but were only significantly improved
in the conservative arm at the 6- and 12-month assessments.
There was no significant difference in the secondary outcome of
analgesic use; of note, rescue intrathecal analgesic therapy was
performed in three patients treated with vertebroplasty and in
15 with conservative treatment (p=0.0015). Limitations of the
study include the lack of blinding, the crossover rate from con-
servative to vertebroplasty arms of 11% and the overall 76%
rate of completion of 12-month follow-up.

PROCEDURAL SAFETY

The assessment of procedural safety is as important as assess-
ment of efficacy. Both are required to estimate the relative ratio
of benefit to harm for treatment of an individual patient.
Randomized trials offer the best approach for providing safety
data but are limited in the detection of rare harms.

Complications

The recent meta-analysis by Anderson et al*® was limited to
prospective randomized controlled trials comparing vertebro-
plasty or kyphoplasty with conservative or sham treatment for
osteoporotic fractures. The INVEST, Buchbinder et al,
VERTOS, VERTOS II and FREE trials were included, as well as
one randomized single-center conservative management con-
trolled trial for a total of 612 patients. There were no statistic-
ally significant differences in non-procedural adverse events
between the conservative and vertebral augmentation arms.
Minor procedural complications in the vertebral augmentation
arm included asymptomatic cement leaks, soft tissue hematoma,
exacerbation of asthma and vasovagal reactions. Major proced-
ural complications in the augmentation arm included one post-
operative osteomyelitis following vertebroplasty in a patient
who did not receive prophylactic antibiotics and severe radiculo-
pathy secondary to cement leakage that required laminectomy.
No death was directly related to either conservative or vertebral
augmentation therapy.

The only prospective randomized conservative management
controlled clinical trial for patients with malignant painful verte-
bral compression fractures is the CAFE trial.>' Of the 70
patients treated with kyphoplasty, the only procedural complica-
tions were one superficial wound infection and one patient with
a cement leakage to the adjacent disc who had an adjacent frac-
ture the day after the procedure.’’ Importantly, patients were
excluded if they had vertebral fracture morphology deemed
unsuitable as determined by the treating physician. Thus,
patients with vertebra plana, comminuted fractures, fractures
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that had posterior wall involvement or those with epidural
involvement which would incur higher risk were excluded.

A systematic review that analyzed mainly non-randomized
retrospective observational studies of vertebroplasty in the
setting of malignancy published before April 2010 included 987
patients in 30 studies.”® Five deaths (0.5%) that could be attrib-
utable to vertebroplasty were reported (1 from a cement pul-
monary embolus, 2 from chest infections following general
anesthesia and 2 from sepsis after emergency spinal decompres-
sion. Nineteen patients (2%) had severe complications (4 symp-
tomatic pulmonary emboli, 1 hemothorax and 13 patients
requiring emergency decompression for hematoma or neur-
opathy). A meta-analysis using the data was not possible due to
the heterogeneity in the patient fracture morphology and types,
the use of general anesthesia, the type of intervention per-
formed and the volume of cement injected. Overall, the rate of
serious complications ranged between 0% and 11.5% and the
mortality rate was between 0% and 7% across the studies.

Cement leakage

Extraosseous passage of cement is an important source of com-
plications during vertebral augmentation. The marrow space of
the cancellous bone communicates with a network of venous
channels. Some of these channels coalesce to form the basiver-
tebral plexus posteriorly in the midline while others traverse
small perforations in the cortex about the remainder of the ver-
tebral body margin. These veins communicate with venous plex-
uses within the epidural space, neural foramina and paraspinal
tissue which, in turn, primarily drain into the lumbar and
azygous veins. These venous channels are important because
they represent possible pathways for extraosseous passage of the
PMMA.

Small amounts of cement leakage are common during verteb-
roplasty for osteoporotic fractures. In VERTOS II, 72% of
treated vertebral bodies demonstrated cement leaks on post-
procedural CT, with the majority discal or into segmental veins;
none were into the spinal canal.'® All patients remained asymp-
tomatic. The overall rate of cement pulmonary emboli as
detected by CT in a follow-up cohort was 26%; all patients
were asymptomatic and no patients had reactive pulmonary
changes.”’ The rates of cement leakage were not reported for
the INVEST trial. The trial by Buchbinder et al reported
minimal cement leakage in 14 of 38 patients (36%),'* however
CT was not used for detection. For kyphoplasty, balloon tamp
inflation creates a large low-resistance cavity with cancellous
bone compacted around the periphery allowing more viscous
cement to be placed at a lower pressure, theoretically resulting
in a lower rate of cement leakage. In the FREE trial, cement
extravasation occurred in 27% of treated vertebrae; however,
this was assessed with intraoperative fluoroscopy and post-
operative x-rays."” Most were endplate or discal leakages and
there was one foraminal leakage; none were into the spinal
canal and there were no cement embolisms. All patients
remained asymptomatic.

A recent retrospective study of CT-guided vertebroplasty for
331 malignant vertebral lesions revealed a local cement leak in
599%.%° Although osteolysis of the posterior wall was evident in
49% (162 of 331 vertebrae), only 6% (15 of 331) of leaks were
into the spinal canal through the posterior cortex. All leaks
were asymptomatic. Pulmonary cement emboli were detected in
1 of 53 (2%) chest x-rays and 10 of 88 (11%) chest CT scans;
two patients reported transient chest pain during the procedure
but no patients had post-procedural respiratory symptoms. In
the CAFE trial, cement leaks were reported in 2 of 70 patients,

one of which was discal and associated with adjacent level verte-
bral body fracture the following day. No patients experienced
procedure-related neurological deterioration or pulmonary
embolism.*!

Secondary fractures

It has been suggested that vertebroplasty and kyphoplasty may
increase the risk of new fractures in adjacent vertebrae. The inci-
dence of secondary fractures in the meta-analysis by Anderson
et al was not significantly different between the conservative
and vertebral augmentation arms.”® Of the six trials that
reported the incidence of secondary fractures between 2 weeks
and 2 years, three studies favored the conservative arm for
fewer new vertebral fractures and three favored the vertebro-
plasty group. Overall, 612 patients were analysed; 18.8% of
patients in the conservative arm developed a secondary fracture
between 2 weeks and 2 years compared with 19.4% in the ver-
tebroplasty arm. The standardized mean effect of 0.064 (95%
CI -0.57 to 0.70) was not significant.

The meta-analysis by Shi et al?” was limited to prospective
randomized and non-randomized controlled trials comparing
vertebroplasty with conservative or sham treatment for osteo-
porotic fractures. They analyzed the results of nine trials, includ-
ing the INVEST, Buchbinder et al and VERTOS 1I trials, with a
total of 886 patients. There was no difference in the risk of new
fractures between the conservative and vertebral augmentation
arms (p=0.82). This difference remained insignificant even
when trials with sample sizes less than 50 or those not using an
intention to treat analysis were excluded. In addition, a funnel
plot did not reveal publication bias.

The recent publication by Blasco et al*® of a single-center ran-
domized conservative management controlled trial of vertebro-
plasty in osteoporotic vertebral fractures was not available at the
time of these meta-analyses. They reported the rate of new ver-
tebral fractures on spinal x-rays obtained at 6 and 12 months.
New fractures were detected at a higher rate in the vertebro-
plasty arm than in the conservative arm (OR 2.78; 95% CI 1.02
to 7.62, p=0.0462).

All complications
Overall, major complications occur in less than 1% of patients
treated for osteoporotic compression fractures and in less than
5% of treated patients with neoplastic involvement.>! The rates
of clinically evident complications appear to be similar between
vertebroplasty and kyphoplasty. Previous practice guidelines for
the performance of vertebral augmentation have suggested a
threshold all-complication rate of 2% for treatment of osteopor-
otic fractures and 10% for neoplastic fractures. Complication
rates above these thresholds should prompt a review of local
practice to ascertain the etiology and reduce their incidence.
Although uncommon, the potential complications that should
be explained to the patient as part of informed consent include
cement leakage; nerve or spinal cord injury resulting in paralysis
or bowel/bladder dysfunction or need for emergent decompres-
sion; pulmonary embolus (secondary to cement, air or fat
emboli); infection (osteomyelitis, epidural abscess); bleeding
(vascular injury, paraspinal or soft tissue hematoma; fracture (of
rib, pedicle or vertebral body); hypotension or depressed myo-
cardial function (secondary to free methylmethacrylate
monomer or fat emboli); pneumothorax (for thoracic levels);
and worsened pain or failure to treat. Death from cardiovascular
collapse or anaphylaxis to the cement has also been reported.>?
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CLINICAL GUIDELINES AND RECOMMENDATIONS

Based on the critical review of the literature evaluating the evi-
dence supporting the use of vertebral augmentation in the treat-
ment of patients with osteoporotic or cancer-related vertebral
compression fractures, the following clinical guidelines for
patient care are suggested.

Procedural indications for vertebroplasty and kyphoplasty
1. Symptomatic osteoporotic or cancer-related vertebral com-
pression fractures refractory to medical therapy.
2. Failure of medical therapy can be defined as
(a) Back pain persisting at a level that prevents ambulation or
physical therapy in spite of appropriate analgesic therapy.
(b) Significant side effects of analgesia such as confusion, sed-
ation or severe constipation as a result of analgesic doses
required to reduce pain to tolerable levels.
(c) Duration of medical therapy a minimum of 6 weeks.

Absolute contraindications

1. Active systemic infection, in particular spinal infection.

2. Uncorrectable bleeding diathesis.

3. Insufficient cardiopulmonary health to safely tolerate sed-
ation or general anesthesia.

4. Known allergy to the polymer to be used for the procedure.

Relative contraindications

1. Significant spinal canal stenosis or compressive myelopathy
resulting from the retropulsion of fractured fragment or epi-
dural tumoral extension.

2. Radiculopathy in excess of local vertebral pain.

Technical requirements

The safe and effective performance of vertebral augmentation
requires certain facilities and support personnel. The procedure
suite should be large enough to accommodate patient monitor-
ing equipment, image guidance equipment and have cardiopul-
monary resuscitation equipment available. The majority of
vertebral augmentations can be performed under fluoroscopic
guidance and high-quality biplane fluoroscopy is advisable, par-
ticularly during cement delivery. Although symptomatic compli-
cations of vertebral augmentation are infrequent, there should
be rapid availability of CT and/or MRI in case of clinical
deterioration.

Pre-procedure evaluation

Appropriate patient selection is required to identify a patient
subset that is likely to benefit from vertebral augmentation and
to screen for potential contraindications. The decision to
proceed with treatment must be based on the clinical history,
physical examination, appropriate laboratory evaluation and
spinal imaging.

The results of physical and lower limb neurological examina-
tions should be documented. Point tenderness at the spinous
process of the fractured vertebra is the classic physical examin-
ation finding. In patients with multiple compression fractures,
localization of the acute painful fracture is particularly import-
ant to maximize treatment response. In difficult cases, physical
examination under fluoroscopic guidance can help localize pain
to a specific anatomic level. Baseline lower limb neurological
examination is important to facilitate rapid assessment and man-
agement of the rare post-procedural alteration of lower limb
function.

Imaging of the spine is to be performed in all patients. This is
necessary to confirm the clinical diagnosis, aid in the identifica-
tion and assessment of acuity of the acute painful fracture, iden-
tification of potential difficulties and to plan the procedure.
x-Rays can serve as the initial imaging evaluation as new com-
pression fractures can be identified when recent prior x-rays are
available for comparison. Clefts or intraosseous vacuum phe-
nomena (intravertebral transverse, linear or semilunar radio-
lucent shadow) may be identified. MRI should be performed on
all patients if not contraindicated as this single test provides
comprehensive information. MRI distinguishes between benign
osteoporotic and pathological fractures, assesses the degree of
fracture retropulsion, epidural tumor extension, spinal canal
compromise and compression of the spinal cord or nerve roots.
Importantly, MRI identifies the unhealed fracture level and also
potentially other acute fractures that are not evident on less sen-
sitive modalities such as plain radiography or CT. The single
most useful sequence is the STIR or T2-weighted sequence with
fat saturation: unhealed fractures show a hyperintense signal
consistent with bone marrow. Fracture clefts appear as a linear
band of T1 hypointensity and T2 hypointensity or hyperinten-
sity within the vertebral body.

In patients who cannot undergo MRI, a nuclear scintigraphic
bone scan is the test of choice to distinguish between healed and
unhealed fractures: unhealed fractures take up the injected
??MTc-methylene diphosphonate tracer in much higher concen-
trations. A bone scan is highly predictive of a positive clinical
response to vertebral augmentation.®* The major disadvantage is
the poor spatial resolution that can result in imprecise localiza-
tion. SPECT imaging can be helpful in this regard, and also is
highly predictive of a good clinical response to augmentation.>*
Bone scan with or without SPECT imaging is limited in not
evaluating the spinal canal and its contents.

CT can be used to diagnose unhealed fractures, assess the
degree of fracture retropulsion, epidural tumor extension, spinal
canal compromise and compression of the spinal cord or nerve
roots. Another important utility is the pre-procedural evaluation
of the integrity of the posterior vertebral body cortex, particu-
larly in the setting of burst fracture or metastasis. A fracture
through the posterior cortex increases the risk of posterior
leakage of cement or posterior displacement of bone or tumor
during the procedure. In patients with metastatic fractures, CT
also helps to define the extent of sclerosis which, in turn,
increases the technical challenges associated with the procedure.

If there is a clear disparity between the physical examination
findings and imaging or a clear alternative source of back pain,
vertebral augmentation should not be performed.

Procedural care

The local hospital practices and processes regarding confirm-
ation of patient identity, procedure to be performed, procedural
site and consent should be followed. It is recommended that the
patient’s pre-procedural imaging be available within the proced-
ure room to facilitate rapid correlation with imaging performed
to ensure that the correct vertebral levels are treated.

In all cases, monitoring of vital signs is essential; pulse oxim-
etry and blood pressure measurement should be performed
during delivery of sedation. Drug delivery and monitoring
should be performed by certified nursing personnel, nurse
anesthetists or anesthesiologists. In the majority of patients, ver-
tebral augmentation can be performed using a combination of
local analgesics and moderate sedation. In some cases, general
anesthesia is helpful to provide adequate comfort and safety,
particularly in patients who are at high risk of airway or
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respiratory complications with prone positioning or those with
significant pre-procedural narcotic analgesic requirements.
However, having the patient awake is desirable because it allows
feedback (eg, increasing pain, neurologic dysfunction) that can
alert the operator to potential complications.

Post-procedural care
All patients should have a period of bed rest and observation
after the procedure that can be tailored to the clinical circum-
stance. Vital signs and lower limb neurological function should
be assessed at regular intervals, and supervised ambulation
should occur after an appropriate duration of observation. Most
patients can be discharged later the same day or can be observed
overnight in hospital. In the setting of clinical deterioration sus-
picious for cement leakage, cross-sectional imaging should be
performed and appropriate management rapidly instituted.
Post-procedure follow-up should be performed in the near
term. Pain and mobility levels and requirement for analgesia
should be assessed and the patient counseled to report any
sudden increase in back pain or new back pain as it may indicate
a new fracture. Repeat fractures in the treatment cohort are not
uncommon, and prevention of future fractures with appropriate
medical therapy is particularly important.

RECOMMENDATIONS

1. Kyphoplasty in selected patients is superior to conservative
medical therapy in reducing back pain, disability and
improving Karnofsky performance status and quality of life
for patients with cancer and disabling back pain from a ver-
tebral fracture (AHA Class IIA, Level of Evidence B).

2. Vertebroplasty and kyphoplasty are reasonable therapeutic
options in selected patients with cancer and severe back pain
from a vertebral fracture that is refractory to conservative
medical therapy (AHA Class IIA, Level of Evidence B).

3. Vertebroplasty and kyphoplasty are reasonable therapeutic
options in selected patients with severe back pain from an
osteoporotic vertebral fracture that is refractory to conserva-
tive medical therapy (AHA Class IIA, Level of Evidence B).

CONCLUSION

A randomized controlled trial has demonstrated procedural effi-
cacy and safety for kyphoplasty for cancer patients with disab-
ling pain from vertebral fractures, which is consistent with
previously published observational data. For osteoporotic frac-
tures there are conflicting data. Although previous observational
data were in favor of efficacy for vertebral augmentation, two
randomized controlled trials did not show efficacy for vertebro-
plasty over a sham procedure. Two randomized controlled trials
—the VERTOS I and FREE trials—showed efficacy for verteb-
roplasty and kyphoplasty, respectively, over conservative medical
management. All published randomized controlled trials in ver-
tebral augmentation have limitations. A recent meta-analysis of
prospective randomized controlled trials comparing vertebro-
plasty or kyphoplasty with conservative or sham treatment
showed evidence in favor of the use of vertebral augmentation
with a good safety profile.

Based on the evidence reviewed, clinical guidelines for patient
care have been presented. Overall, vertebral augmentation
should be limited to selected patients who fail conservative
medical management. Further randomized controlled trials of
vertebral augmentation in both osteoporotic and malignant
disease will improve the strength of evidence available to assess
these procedures and help achieve better patient outcomes.
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