Vertebral Augmentation

The Comprehensive Guide to Vertebroplasty,
Kyphoplasty, and Implant Augmentation

Douglas P. Beall

Associate Editors:
Allan L. Brook

M. R. Chambers
Joshua A. Hirsch
Alexios Kelekis
Yong-Chul Kim
Scott Kreiner
Kieran Murphy

uses permtted under U.S. or applicabl

any formwi thout permnission fromthe publisher, except fair

oduced in

repr

erved. May not be

Aot

f

Interventional @ Th :
EBSCO Publ i shing : eBook Col |l ection (EBSCChost) - pri mB@g)QJngé/oe AM vi a 1 e me

AN: 2380342 ; Douglas P. Beall.; Vertebral Augnentation : The Conprehensive Guide to Vertebroplasty, Kyphoplasty, and |nplant Augnentation
Account: ns335141

Copyright 2020. Thierme. Al rights res



EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



/ Society of

Interventional

Radiology & Thieme

EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



Vertebral Augmentation

The Comprehensive Guide to Vertebroplasty, Kyphoplasty, and Implant Augmentation

Douglas P. Beall, MD

Chief of Services

The Spine Fracture Institute at Summit Medical Center Oklahoma
Oklahoma City, Oklahoma, USA

Associate Editors:
Allan L. Brook

M. R. Chambers
Joshua A. Hirsch
Alexios Kelekis
Yong-Chul Kim
Scott Kreiner
Kieran Murphy

524 illustrations

Thieme
New York ¢ Stuttgart « Delhi  Rio de Janeiro

EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



Library of Congress Cataloging-in-Publication Data is
available from the publisher

© 2020. Thieme. All rights reserved.

Thieme Publishers New York
333 Seventh Avenue, New York, NY 10001 USA
+1 800 782 3488, customerservice@thieme.com

Georg Thieme Verlag KG
Rudigerstrasse 14, 70469 Stuttgart, Germany
+49 [0]711 8931 421, customerservice@thieme.de

Thieme Publishers Delhi

A-12, Second Floor, Sector-2, Noida-201301
Uttar Pradesh, India

+91 120 45 566 00, customerservice@thieme.in

Thieme Publishers Rio de Janeiro,
Thieme Publicagdes Ltda.

Edificio Rodolpho de Paoli, 252 andar
Av. Nilo Pecanha, 50 — Sala 2508

Rio de Janeiro 20020-906 Brasil

+55 21 3172 2297

Cover design: Thieme Publishing Group
Typesetting by DiTech Process Solutions, India

Printed in USA by King Printing Company, Inc. 54321
ISBN 978-1-68420-015-3

Also available as an e-book:
elSBN 978-1-68420-016-0

EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use

Important note: Medicine is an ever-changing science undergo-
ing continual development. Research and clinical experience are
continually expanding our knowledge, in particular our knowl-
edge of proper treatment and drug therapy. Insofar as this book
mentions any dosage or application, readers may rest assured
that the authors, editors, and publishers have made every efort
to ensure that such references are in accordance with the state of
knowledge at the time of production of the book.

Nevertheless, this does not involve, imply, or express any
guarantee or responsibility on the part of the publishers in re-
spect to any dosage instructions and forms of applications stated
in the book. Every user is requested to examine carefully the
manufacturers’ leafets accompanying each drug and to check, if
necessary in consultation with a physician or specialist, whether
the dosage schedules mentioned therein or the contraindications
stated by the manufacturers difer from the statements made in
the present book. Such examination is particularly important
with drugs that are either rarely used or have been newly released
on the market. Every dosage schedule or every form of applica-
tion used is entirely at the user’s own risk and responsibility. The
authors and publishers request every user to report to the pub-
lishers any discrepancies or inaccuracies noticed. If errors in this
work are found after publication, errata will be posted at www.
thieme.com on the product description page.

Some of the product names, patents, and registered designs
referred to in this book are in fact registered trademarks or
proprietary names even though specifc reference to this fact is
not always made in the text. Therefore, the appearance of a name
without designation as proprietary is not to be construed as a
representation by the publisher that it is in the public domain.

This book, including all parts thereof, is legally protected by
copyright. Any use, exploitation, or commercialization outside
the narrow limits set by copyright legislation without the pub-
lisher’s consent is illegal and liable to prosecution. This applies
in particular to photostat reproduction, copying, mimeographing
or duplication of any kind, translating, preparation of microflms,
and electronic data processing and storage.
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Video 21.1  Lateral thoracic fuoroscopic video of the thoracic spine showing a needle entering the posterior vertebral body
of T9 and previous vertebral augmentation with PMMA at the T10 and T11 levels. The VCF at T9 is mobile and the
superior end plate can be seen to move superoinferiorly with respiration.

Video 21.2  Lateral thoracic fuoroscopic video of the thoracic spine taken after vertebral augmentation with PMMA at the T9
level shows two cannulas and bone Fllers within the T9 vertebral body that is now stable. No movement of the
superior end plate is seen with respiration.
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Preface

Vertebral augmentation has been one of my favorite spine
treatments since | performed my frst case in 1994 and
saw the incredibly good and immediate results. This was
done under the aegis of Dr. John Mathis, who published
the last comprehensive work on vertebral augmentation
in 2006. Fourteen years later, we have seen signifcant
advancements in techniques, literature, and augmenta-
tion devices and all of these topics have been covered in
this book.

What we know now about the treatment of vertebral
compression fractures (VCFs) that we didn't know a dec-
ade ago is that treating these fractures with augmentation
is demonstrably life-saving and life-prolonging and is one
of the very few things we do in medicine that attains this
benchmark. To break it down to a personal level for those
practitioners performing vertebral augmentation, the
number of patients needed to treat (statistically called the
NNT) to save 1 life at 1 year is only 15 patients and, on the
average, additional life expectancy of each treated patient
will be between 2 and 7 years.

In my own practice centered on the treatment of pain-
ful spine conditions, vertebral augmentation produces
the best results of anything we do with an average pain
score that decreased from 9/10 to 1.4/10 in our patients
at the frst post-treatment visit in the largest post-mar-
ket trial done to date. The transition of technologies from
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vertebroplasty to intravertebral implants has given new
dimensions and made signifcant improvements in pain as
well as greater anatomic restoration and fewer subsequent
fractures.

This book is designed to be a comprehensive guide and
has certainly accomplished that by discussing all aspects
of vertebral augmentation including the history, tech-
niques, approaches, troubleshooting, implant augmen-
tation, pre-procedure and post-procedure assessments,
osteoporosis treatment, fll material, and augmentation
outside of the spine. One of the chapters is written by the
global masters of vertebral augmentation that includes
personal tips, tricks, and pearls they use in their own
practices. We have also included conditions and concepts
that were never before described in the medical litera-
ture. It has been a pleasure and a privilege to be involved
in the writing of this book. | would like to thank all the
associate editors, contributors, and all others who have
made this work possible. From an amazing beginning of
a transoral injection of bone cement into a painful benign
tumor afecting the C2 vertebral body to today’s incredible
advancements, vertebral augmentation just keeps getting
better and better.

Douglas P. Beall, MD
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1 History and Introduction to Vertebral Augmentation

M.R. Chambers

Summary

Vertebral augmentation is a category of minimally invasive
procedures that have become central in the treatment of
pathologic and painful vertebral compression fractures (VCFs)
due to osteoporosis, trauma, and neoplasia. Osteoporotic VCFs
are the most common indication for vertebral augmentation,
which has also been used to treat fractures in patients with
benign tumors such as hemangiomas or Langerhans cell ver-
tebral histiocytosis (LCVH) and in genetic disorders that give
rise to weak vertebrae such as osteogenesis imperfecta. In
theory, near immediate anterior column stability and pain
relief follows an intravertebral injection of bone cement that
stabilizes the osseous fractures and eliminates osseous and
periosteal movements, while thermal polymerization of the
cement ablates pain receptors in the basivertebral plexus,
trabecular bone, and subjacent to the vertebral end plates.
Over three decades of innovation and advancements have pro-
duced treatment options with improved safety and e cacy.
Results of numerous studies have demonstrated reduction
of pain, and improved function and quality of life. Responses
have been signipcant and durable across a wide range of
etiologies.

Keywords: vertebral compression fracture, vertebral augmenta-
tion, vertebroplasty, balloon kyphoplasty, osteoporosis, spinal
metastasis, multiple myeloma, bone cement, vertebral implants

1.1 Introduction

Acrylic cements have been used for augmentation of weakened
or partially destroyed bones for decades. The prst use of methyl
methacrylate as an adjunct to internal pxation of malignant
neoplastic fractures was reported in 1972.* Vertebral augmen-
tation has since become central in the treatment of pathologic
vertebral compression fractures (VCFs) due to osteoporosis,
trauma, and neoplasia. The procedure has also been used to
treat fractures in patients with benign tumors such as heman-
giomas or LCVH and in genetic disorders that give rise to weak
vertebrae such as osteogenesis imperfecta.?~”

Osteoporotic VCFs (OVCFs) are the most common indica-
tion for vertebral augmentation. As with any fracture, princi-
ples of pxation for VCFs include vertebral body (VB) reduction
to restore normal anatomical relationships, pxation to provide
absolute or relative stability, preservation of blood supply to
soft tissues and bone, and early safe mobilization of the injured
part and the patient ( Fig. 1.1).

Before the availability of vertebral augmentation, the princi-
pal surgical option for compression fractures was decompres-
sion and instrumented fusion. Outcomes were often dismal
in elderly osteoporotic patients.® Nonoperative management
options were equally disappointing. Initial management
included bed rest and immobilization in an external orthotic
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Fig. 1.1 Lateral view on a conventional radiograph demonstrates a
vertebral compression fracture (black arrow).

if feasible and tolerable, depending on the degree of kyphosis
and pain. Narcotics were prescribed for analgesia and nasal
calcitonin for antiresorptive and analgesic e ects. Bed rest and
immobilization, however, led to accelerated osteoporotic bone
loss and many elderly patients were at risk of polypharmacy
and narcotic side e ects including constipation, confusion,
and respiratory depression as well as the many unappreci-
ated consequences of social isolation.®!° Patients treated with
nonsurgical management (NSM) were also at an increased risk
of mortality primarily from pneumonia due to their decondi-
tioned status.™*

1.2 Mechanisms of Pain Relief

Two general hypotheses prevail regarding the mechanism
of pain relief @ ered by augmentation of VCFs: (1) an intra-
vertebral injection of polymethyl methacrylate (PMMA)
cement stabilizes micro-fractures and eliminates periosteal
micro-movements and pain; (2) thermal polymerization of
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PMMA following injection ablates pain receptors in the tra-
becular bone, vertebral periosteum, and vascular structures.
This combination leads to near immediate postoperative
anterior column stability and pain relief.? Although abla-
tion of the basivertebral nerve within the VB does produce
signipcant pain relief in patients with diskogenic back pain,
degenerative end plate changes, and an intact VB,*® low exo-
thermic or nonexothermic bone cements can produce equiv-
alent pain relief in patients with VCFs to that of cements with
thermal neuroablation capability.* The pain relief in patients
with VCFs, therefore, is much more likely or completely due
to the reestablishment of the mechanical stability of the VB
rather than the ablative e ects of the pll material on the VB
innervation.

1.3 Procedures
1.3.1 Vertebroplasty

Vertebroplasty was prst performed in 1984 but not reported
until 1987. In the prst known image-guided percutaneous ver-
tebral augmentation, Galibert et al successfully injected PMMA
into a C2 vertebra that had been partially destroyed by an
aggressive hemangioma.'®

Vertebroplasty involves the percutaneous injection of
cement such as PMMA directly into the cancellous bone of a
fractured VB to alleviate pain and prevent further loss of VB
height or progression of kyphotic deformity. Although the pro-
cedure does not improve spinal deformity, it stabilizes the ver-
tebra and improves the function of individuals debilitated by
painful VCFs ( Fig. 1.2).

Fig. 1.2 A vertebroplasty procedure is demonstrated with the
cannula of the needle (black arrow) placed in the vertebral body
and the polymethylmethacrylate is shown within the vertebral
body (white arrow).
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1.3.2 Kyphoplasty

Kyphoplasty was prst performed in 1998 as a modipcation of
vertebroplasty with the intent of restoring vertebral height
and reducing kyphotic angulation for improved outcomes and
reduced procedural risks. VCFs cause debilitating pain and may
also be associated with signipcant kyphosis. Kyphosis reduces
compartment sizes of the chest, abdomen, and pelvis, which
results in pulmonary restriction, decreased appetite, and uri-
nary incontinence. These processes can lead to life-altering
deconditioning, weight loss, social isolation, and depression.

During kyphoplasty, a balloon tamp is inyated within the VB
to compress and displace cancellous bone prior to the injection
of cement. This creates a cavity that can reduce the vertebral
fracture and after removal of the balloon allows the injection of
cement directly into the cavity that is the path of least resistance.
This injection of cement into the cavity allows for greater control
of the cement and reduces the risk of cement leakage ( Fig. 1.3).

Inyation of the tamp restores VB height and reduces
kyphotic angulation to improve sagittal alignment, attenuat-
ing the risk of progressive deformity by reducing the bending
moment (M).?617 [llustrating the importance of the moment
arm, Archimedes said, “Give me a lever long enough and a place
to stand and | will move the earth.6 VB failure is believed to
result from an excessive bending moment, which is the prod-
uct of the moment arm (the distance between the mid VB and
the plumb line representing the center of gravity, D) and the
force (gravity, F) applied to the moment arm?*® ( Fig. 1.4). The
moment arm, and therefore the bending moment and risk of VB
failure, increases as kyphosis progresses.

1.3.3 Radiofrequency Kyphoplasty

A novel technique approved for use in the United States in
2008 (StabiliT Vertebral Augmentation System, Merit Medical,
Jordan, UT, United States) is radiofrequency kyphoplasty (RFK).
RFK uses radiofrequency heat to control the viscosity of the
PMMA that is injected into the VB. Rather than using inyatable
bone tamps, a small navigational cannula is inserted unilat-
erally into the vertebra. The cannula creates pathways for the
cement and preserves more of the existing cancellous bone.
The pathways are plled with ultradhigh viscosity bone cement,
which permeates into the surrounding bone, stabilizes the frac-
ture, and restores vertebral height ( Fig. 1.5). The infusion of
ultra—high viscosity cement in a slower and more controlled
fashion is designed to reduce the risk of cement leakage.*-2

1.3.4 Percutaneous Radiofrequency
Ablation

Radiofrequency ablation (RFA) is a modiped electrocautery
technique for use in select patients with painful spinal metas-
tases.?* RFA and vertebral augmentation is a combination
therapy for painful osseous metastases that cannot be or
are incompletely palliated with radiation therapy. Combined
treatment with RFA and vertebral augmentation has been
successful in reducing pain and in improving function and
quality of life.24-2¢ Using image guidance, a partially insulated
electrode attached to a radiofrequency generator is passed
into the vertebra.?®3° The heat generated by radiofrequency
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energy (50-90°C) causes destruction of the malignant tis-
sue and creates a small cavity in the VB®% ( Fig. 1.6).
Additionally, percutaneous radiofrequency ablation destroys
sensory nerve pbers, and tumor cells that release nerve-
stimulating factors. There is also evidence to show that RFA
carried out before percutaneous vertebral augmentation
reduces the risk of cement leakage.®

Examples of devices for RFA include STAR Tumor Ablation
System (Merit Medical, Jordan, UT, United States), CAVITY
SpineWand (ArthroCare, Austin, TX, United States), and OsteoCool
RF Ablation system (Medtronic, Dublin, Ireland). The OsteoCool
ablation probe is internally cooled with circulating water. The RF
energy heats the tissue, while circulating water moderates the
temperature. The system automatically moderates power to keep
RF heating within the desired treatment range. This combination
creates large-volume lesions without excessive heating, thereby
reducing risks of potential thermal damage to adjacent tissue.

1.3.5 Vertebral Augmentation with
Implants

Signipcant and lasting pain relief has been achieved with both
vertebroplasty and kyphoplasty. Restoration of height does not
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Fig. 1.3 (a) Kyphoplasty in a patient with two
previous vertebral augmentation procedures
at T6 and T7. (b) The patient had recurrence
of pain and adjacent level vertebral fracture at
T8 (white arrow). (c) An anteroposterior yuoro-
scopic view of the mid-thoracic spine with bal-
loons (white arrowheads) placed through two
needle cannulas (black arrows). (d) The lateral
yuoroscopic view shows cement injected into
the vertebral body (white arrow).

appear requisite for pain relief, but height restoration and reduc-
tion of kyphotic angulation are important components in the
reestablishment of normal sagittal balance and protection from
future fractures.?”34 Recovery of VB height during kyphoplasty
may be partially lost over time. Newer next-generation vertebral
augmentation systems have been introduced to improve fracture
reduction, indepnitely restore the height of the VB, and further
reduce risks of cement leakage.>%¢

Spinelack (Stryker, Kalamazoo, MI, United States) is a tita-
nium implant inserted using a bilateral transpedicular approach
to treat fractures between and including T5 and L5. A direct lift
mechanism expands vertically like a car jack and allows for
progressive controlled reduction of the fracture prior to cement
injection ( Fig. 1.7).%2

The OsseoFix Spinal Fracture Reduction System (Alphatec
Spine, 2009) is a titanium mesh device that expands into the VB
and acts as a sca old to facilitate reduction and stabilization of
fractures between and including T6 and L5. There is no direct
lift mechanism, but the foreshortening of the titanium tube
reduces the end plate by direct superior and inferior pressure
from the center of the tube as it expands during the implant’s
deployment. The mesh expands to compact the trabecular bone
and increase the VB height, allowing cement interdigitation.*’
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The device was introduced as an alternative to vertebroplasty
and kyphoplasty to reduce cement leakage ( Fig. 1.8).

The Vertebral Body Stenting System (VBS) consists of an
expandable cobalt-chromium alloy stent mounted on a
balloon catheter. The device is typically inserted via a bilat-
eral transpedicular approach and inyated to maximum of

R

Fig. 1.4 The bending moment (M) is the product of moment
arm (D) and gravity (F). As kyphosis progresses, the moment arm
increases, thereby increasing the risk of vertebral failure.

(This image is provided courtesy of Dr. M.R. Chambers.)
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30 atm to symmetrically expand both stents. The stent is
optimally expanded to a maximum diameter of 17 mm and
balloons are deyated and removed, leaving both stents to
maintain the restored height prior to injection of the cement
( Fig.1.9).*2

The Kiva VCF Treatment System, indicated for use in the
treatment of spinal fractures in the thoracic and/or lumbar
spine from T6 to L5, received clearance from the U.S. Food and
Drug Administration on January 24, 2014. The Kiva implant is
a percutaneous uniportal vertebral augmentation device that
is designed to restore VB height and reduce cement leakage.
The polyether ether ketone yexible implant (PEEK-OPTIMA)
is inserted over a removable, fully coiled nitinol guidewire.®
The coil is inserted into the VB and acts as a sca& old for the
implant. The Kiva implant is then inserted around the coil, the
coil is removed, and cement is injected through the perforated
implant for controlled delivery ( Fig. 1.10).

1.4 Indications and
Contraindications

Primary indications for vertebral augmentation include oste-
oporotic compression fractures, vertebral metastasis, multiple
myeloma, vertebral hemangioma, vertebral osteonecrosis,
traumatic VCFs, and reinforcement of a pathologically weak
VB before and during surgical stabilization procedures. In clin-
ical practice, the most common indication is a painful oste-
oporotic vertebral fracture that has not responded to NSM
including rest, immobilization in an orthotic brace, narcotic
analgesic medications, and nasal calcitonin for antiresorptive
and analgesic e ects.

In 2018, a multidisciplinary expert panel of orthopaedic and
neurosurgeons, interventional radiologists, and pain specialists,
using the RAND/UCLA Appropriateness Method (RUAM), devel-
oped the Clinical Care Pathway (CCP), depning patient-specipc

Fig. 1.5 Radiofrequency kyphoplasty.

(a) Lateral yuoroscopic view shows the needle
just proximal to the posterior vertebral body
wall (black arrow) entering via a transpedicular
approach. (b, c) Posteroanterior and lateral
yuoroscopic views show the channel creation
device (white arrow) just across the midline in
the anterior portion of the vertebral body.

(d) Lateral yuoroscopic view shows cement
being injected into the vertebral body

(white arrowheads) after having just been
heated with radiofrequency energy.
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Fig. 1.6 Radiofrequency ablation. (a) Axial
T1-weighted MR image shows a metasta-

sis (white arrow) in a 55-year-old man with
metastatic lung cancer. (b, c) Lateral and
posteroanterior yuoroscopic views show the
STAR radiofrequency device in the postero-
lateral portion of the L2 vertebral body (white
arrows). (d) Lateral yuoroscopic view shows
cement being injected into the vertebral

body (white arrowheads). (e) Axial T1-weighted
MR image obtained 3 months after radiofre-
quency ablation shows the cement within the
vertebral body (black arrow) but no further evi-
dence of the metastasis seen in a (white arrow).

Fig. 1.7 Spinelack. Lateral yuoroscopic views
obtained during a vertebral augmentation with
the SpineJack shows the initial needle access
into the vertebral body (black arrow in a),
followed by a template to clean the site after
drilling (black arrow in b). The Spinelack is

then placed and expanded (white arrow in

c¢) and then cement is injected around the
implant (white arrow in d).

recommendations for vertebral fragility fractures (VFF). The
panel assessed the relative importance of signs and symptoms for
the suspicion of VFF, the relevance of diagnostic procedures, and
the appropriateness of vertebral augmentation versus NSM for a
variety of clinical scenarios. Their report included the following
guidelines for relative and absolute contraindications.®
Absolute contraindications include active infection at the
surgical site and untreated blood-borne infections, and a non-
painful osteoporotic vertebral fracture that is completely healed
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or is clearly responding to conservative management. Strong
contraindications include osteomyelitis, pregnancy, allergy to
pll material, coagulopathy, spinal instability, myelopathy from
the fracture, the presence of a neurologic depcit, and neural
impingement.

Relative contraindications include cardiorespiratory
compromise such that safe sedation or anesthesia cannot
be achieved, breach of the posterior vertebral cortex by a
tumor, and/or tumor extension into the spinal canal. It was
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B: 19.

4 "

Fig. 1.8 OsseoFix spinal fracture reduction
system. Lateral yuoroscopic view of a T12
vertebral compression fracture shows a
needle accessing the T12 vertebral body (blue
arrow in a) along with a drill (white arrow in

a) being used to create a channel and guided
by a K-wire (white arrowhead in a). The lateral
image in (b) shows an OsseoFix implant being
deployed (white arrow in b). Two implants
are placed in the T12 vertebral body (white
arrows in c) as shown by the lateral yuoro-
scopic image. Cement is added to stabilize the
implants (white arrowhead in d).

Fig. 1.9 Vertebral body stenting system (VBS).
(a) Lateral yuoroscopic view of a T7 vertebral
compression fracture shows a needle accessing
the T7 vertebral body (white arrow). (b) The
lateral yuoroscopic image shows two visually
overlapping VBS implants (black arrow).

(c) An anteroposterior yuoroscopic image
shows two VBS implants deployed into the
vertebral body (black arrows). (d) The lateral
yuoroscopic image in CT shows the vertebral
body after the injection of cement into the
implants (white arrowhead).

22 mm

A: 15.89 mm

determined that fracture repulsion and canal compromise
per se is not generally a contraindication, provided the frac-
ture fragment is not causing neural impingement or clinical
symptoms related to this compromise. Signipcant fracture
retropulsion with canal compromise is a relative contrain-
dication. A CT scan may be used to determine integrity of
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posterior wall in patients with mild retropulsion of fracture
fragment(s). Vertebra plana has been previously mentioned
as a relative contraindication as it renders the procedure
technically dé cult but the RUAM group determined that ver-
tebra plana was not a relative contraindication to performing
vertebral augmentation.



1.6 Clinical Applications and Evidence

1.5 Risks and Complications

Complications are few but, as with any surgical procedure, may
include infection, bleeding, cardiac or respiratory complica-
tions of anesthesia, injury, and failure to achieve intended goals.
Potential complications specipc to percutaneous augmentation
include cement leakage, pulmonary embolism, radiculopathies,
rib fractures, subsequent vertebral fractures, and spinal cord or
neural compression.*0-42

1.6 Clinical Applications and
Evidence

A comprehensive literature review is presented in Chapter 15.
Numerous randomized controlled trials, systematic reviews,
and meta-analyses have been employed to study and compare
vertebral augmentation treatment options.“*#> Although we
consider results from randomized controlled trials, it is import-
ant to remember that these were developed to evaluate drug
therapies, not devices and surgical procedures.® Given their
relatively recent introduction, there are limited data available
with st cient power for decision-making with respect to
newer vertebral augmentation implants and devices. Future
trials with additional observations and longer follow-ups are
anticipated.

1.6.1 Osteoporosis

VCFs are the most common type of fracture related to osteo-
porosis and are associated with signipcant rates of morbidity
and mortality. Annual direct medical expenditures exceed
$1 billion in the United States.*” Contemporary natural history
data suggest that more than 70% of patients with moderate or
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Fig. 1.10 Kivaimplant. Sagittal CT image
shows a vertebral compression fracture of L5
(black arrow in a). Lateral yuoroscopic view
shows the nitinol coil within the vertebral

body (white arrow in b). Lateral yuoroscopic
view shows the PEEK (polyether ether ketone)
implant coiled in the vertebral body (white
arrow in ¢) and image (d) shows the implant
after the injection of cement (white arrowhead).

severe pain may fail to achieve signipcant pain relief within
12 months of symptom onset.“® Physicians in the Neuroradiology
Department at the University Hospital in Lyon, France, began
to treat osteoporotic vertebral fractures with vertebroplasty in
1989. They used an 18-gauge needle to inject bone cement into
seven patients, four of whom had OVCFs and the other three
VCFs attributed to spinal metastases.*® They reported that seven
of the eight patients had an excellent pain reduction response
to the vertebroplasty and that the eighth patient had a good
response.

Vertebroplasty

Vertebroplasty was introduced to the United States when, in
the early 1990s, clinicians from the University of Virginia per-
formed the procedure using the technique introduced by the
French clinicians.®® The use of vertebroplasty then dramati-
cally increased, primarily for the treatment of OVCFs, until the
advent of balloon kyphoplasty (BKP) in the late 1990s.

In 2009, a great deal of controversy followed the publica-
tion of two randomized trials comparing vertebroplasty and
sham procedures to treat osteoporotic vertebral fractures.
The studies were intended to account for placebo e ect in the
setting of vertebroplasty. The authors reported that, although
there were substantial reductions in overall pain in both study
groups, there was no statistically signipcant benept @ ered
by vertebroplasty. Critics pointed out many yaws in design,
patient selection, power, and generalization of inferences of
both trials.

The prst study randomized 75 participants with one or two
painful osteoporotic vertebral fractures conprmed by MRI and
less than 1 year’s duration to vertebroplasty or a sham proce-
dure. Participants were stratiped according to treatment center,
sex, and duration of symptoms. The primary outcome was



8

1 History and Introduction to Vertebral Augmentation

“overall pain” at 3 months. There were substantial reductions
in overall pain in both study groups, but vertebroplasty was not
better in any measured outcome compared to controls, regard-
less of duration of symptoms. This trial by Buchbinder et al was
to include 200 patients, but only 78 were enrolled over 4 years.
Two of the four study hospitals withdrew after including only
pve patients each. As a result, 68% of the procedures were
performed in one hospital by one radiologist. Only 32% of
patients received treatment within 6 weeks of onset of pain,
suggesting that many fractures being treated were already
healed with expected persistent edema on MR imaging.

The second trial randomly assigned 131 patients with one
to three painful OVCFs to undergo either vertebroplasty or a
simulated procedure without cement. The primary outcomes
were disability and the patients’ ratings of average pain inten-
sity during the preceding 24 hours at 1 month. This study
involved only outpatients; inpatients hospitalized with acute
fracture pain were excluded. The protocol required 4 weeks of
medical therapy before enroliment was possible and fractures
were present for up to 1 year. Only 44% of patients had pain of
less than 6 weeks’ duration; 56% of patients had pain for over
3 months. The minimum pain score for enrollment was 3/10
and the average pain score was 6.9. As patients with maximal
back pain tend to have the greatest improvement on pain score,
bias was presumably introduced, as those patients with the
greatest pain likely did not agree to participate in a trial that
might randomize them to a nontreatment arm. Finally, a signif-
icantly greater crossover from the control group versus the ver-
tebroplasty group could indicate dissatisfaction with the sham
procedure that was not captured by pain scales.®*

Kyphoplasty

In 2001, Garpn et al reported on new technologies in the spine
for the treatment of painful OVCF and noted a 95% improve-
ment in pain and signipcant improvement in function follow-
ing BKP. Vertebral height and kyphosis were improved by over
50% when kyphoplasty was performed within 3 months of
the onset of pain, less so if treatment was delayed more than
3 months. Both vertebroplasty and kyphoplasty were described
as osafe and e ectived in the treatment of painful OVCF that
did not respond to conventional treatments. Kyphoplasty was
noted to facilitate realignment of the spinal column and regain
VB heightfimorphologic improvements thought to decrease
pulmonary, gastrointestinal, and early morbidity consequences
of fractures.®> Numerous prospective and retrospective studies
have since demonstrated the safety and € cacy of kyphoplasty
in the treatment of pain and deformity of OVCF.53

Results of the FREE trial, a randomized controlled trial
comparing the e cacy and safety of BKP to nonsurgical care
for VCFs were published in 2009.5* Adults with one to three
acute painful vertebral fractures from T5 to L5 due to primary
or secondary osteoporosis, multiple myeloma, or osteolytic
metastatic tumors were enrolled at 21 sites in eight countries.
Participants were randomized and the primary outcome, the
change from baseline to 1 month in the short-form 36 (SF-36)
physical component summary (PCS) score, was evaluated at
1 month. Patients in the kyphoplasty group had statistically
signipcant improvement in mean SF-36 PCS scores at 1 month
when compared to the control group.
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Next, Van Meirhaeghe et al performed a multicenter rand-
omized controlled trial comparing BKP to NSM with a focus on
surgical aspects and radiographic vertebral deformity. Adults
with one to three VCFs were randomized within 3 months of
onset of pain to undergo bilateral BKP or NSM. Compared to
NSM, the BKP group had greater improvements in SF-36 PCS
scores at 1 month and greater functionality assessed with
otimed up and go.6 At 24 months, BKP improved quality of life,
decreased the pain averaged during 24 months, and resulted in
better improvement of index VB kyphotic angulation.>®

The EVOLVE trial, a large prospective, clinical study of
kyphoplasty, investigating 12-month disability, quality of
life, and safety outcomes specipcally in a Medicare-eligible
population, published in 2017, represented characteristic
patients seen in routine clinical practice. A total of 354 patients
with painful VCFs were enrolled at 24 U.S. sites with 350 under-
going kyphoplasty. Four co-primary endpoints included back
pain, disability, function, and quality of life. With all endpoints
demonstrating statistically signipcant improvement at every
time point, kyphoplasty was deemed a safe, e ective, and
durable procedure for treating patients with painful VCF due to
osteoporosis or cancer.®

Spinelack

A cadaveric study of 24 VB fractures comparing Spinelack to
BKP showed height restoration was better in the Spinelack
group. Clinical implications included better sagittal balance res-
toration and reduction of kyphotic deformity with the potential
for fewer adjacent level vertebral fractures with the SpineJack.*®

A single prospective randomized post-market clinical study
compared the safety and e ectiveness of Spinelack to the
KyphX Xpander Inyatable Bone Tamp to treat 30 patients with
painful OVCFs. Reduction of pain and disability was greater in
the Spinelack group immediately following and at 12 months
after the procedure. Quality of life showed distinct improve-
ments in both groups. Patients in the Spinelack cohort had
fewer adjacent level fractures (ALFs) at 1 year, while the addi-
tional VCF rate was approximately the same between the two
groups. SpineJack produced a larger restoration of the VB angle,
which was still evident 12 months after implantation.®’

Preliminary data available at the time of this writing from
the 151-patient randomized placebo-controlled SAKOS trial
comparing the Spinelack to the KyphX Xpander Inyatable Bone
Tamp also suggests that both Spinelack and BKP have compa-
rable & ects on functional improvement and quality of life, but
Spinelack appears to be signipcantly better than BKP for pain
relief and VB height restoration with a decreased rate of adja-
cent fractures.*®

In terms of pain relief measured by the Visual Analog
Scale (VAS), 5 days after surgery, there was a marked reduc-
tion in pain in both patient groups. The mean reduction was
around 50 mm, but there was no signipcant di erence between
the two groups. The pain progressively improved over the prst
6 months in the SpineJack group only resulting in a signipcantly
improved pain score in the SpineJack group as compared to the
BKP group at 1 month (p = 0.029) and at 6 months (p = 0.021)
after surgery.

When evaluating ALFs, the responder rate at month 6 in
the intention to treat (ITT) population was signipcantly higher
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following the Spinelack procedure compared to BKP (88.1 vs.
59.7%; p < 0.0001) and superiority for ALF reduction for the
Spinelack procedure was conprmed at 12 months with a
responder rate of 73.5 versus 42.9% with BKP (p < 0.0001).

In the ITT population, the mean restoration of midline height
was signipcantly more following the Spinelack procedure than
after BKP (1.14 N 2.61 vs. 0.24 N 2,21 mm; median: 0.90 vs.
0.45 mm; p = 0.0163). This result was conprmed in the per
protocol (PP) population as well (p = 0.0060).

OsseoFix

A prospective consecutive cohort study determined OsseoFix
to be a successful and safe minimally invasive therapy for
OVCFs, even those with posterior wall involvement. Twenty-
four patients with 32 OVCFs from T6 to L4 were treated with
OsseoFix. After 12 months, there were signipcant improve-
ments in mean Oswestry Disability Index (ODI; 70.6 to 30.1%),
VAS pain (7.7 to 1.4), and mean kyphotic angle (11.7 degrees).
There was only one case of loss of height in a stabilized VB, one
pronounced postoperative hematoma, and no changes in the
posterior vertebral wall or adjacent fractures. There were no
cases of cement leakage.*’

Vertebral Body Stenting System

Ina2014 randomized controlled trial comparing BKP to the VBS,
the primary outcome was the kyphotic angle measurement on
radiographic imaging. Secondary outcomes included radiation
exposure time, complications, and cement extravasation. The
mean kyphotic angle correction was 4.5 degrees with BKP and
4.7 degrees with VBS. This d# erence was not signipcant. There
was also no signipcant di erence in radiation exposure times
and the rate of cement leakage. It was concluded that, given
the fact that VBS was associated with a slightly higher balloon
pressures and more material-related complications (one com-
plication in BKP vs. nine complications with VBS), VBS ¢ ered
no benept over BKP.385°

Kiva
In 2013, Korovessis et al prospectively and randomly compared
BKP and KIVA vertebral augmentation for treating osteoporotic
VB fractures.®® Although pain, disability and function outcomes
were similar in both groups, the authors reported signipcant
restoration of the Gardner angle in patients treated with Kiva,
whereas BKP did not meet signipcance. Lower cement volumes
used and decreased extravasation rates were reported for Kiva.
In the same year, Otten et al prospectively compared the
Kiva VCF treatment system and the KyphX Systems (Kyphon
Inc., Sunnyvale, CA, United States) for BKP specipcally evalu-
ating clinical e cacy and safety.5! Patient-reported outcomes
were measured preoperatively before device implantation and
6 months after treatment. Back pain severity was evaluated with
the standard 10-cm VAS for the Kiva VCF treatment system and
a numeric rating scale (06100, steps of 10) for BKP. Condition-
specipc functional impairment was evaluated with the ODI
score. During surgery, the operation time was recorded. All
adverse events, which could be attributed to the treatment and
further complications, such as new fractures, were documented.
Cement extravasations and their location were conprmed by
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intraoperative yuoroscopy and postoperative radiography. New
fractures were evaluated by radiographic controls. The ante-
rior vertebral body and the mid vertebral heights were meas-
ured radiological in the digital system by caliper preoperatively,
postoperatively, 3 months, and 6 months postoperatively. The
authors described the KIVA system as safe and e ective for the
treatment of VCFs with pain and function improved as e ectively
by Kiva as by BKP. Pain was reportedly better controlled by Kiva
at the 6-month comparison. The operation time needed to com-
plete the procedure with the Kiva treatment system was shorter,
cement volume was lower, and subsequent fractures were less
frequent following treatment with KIVA. The authors acknowl-
edged the relatively small study population and 6 months to be
only an intermediate follow-up period.

Kiva was shown to be noninferior to kyphoplasty for the
treatment of OVCFs based on reduction in pain, improvement in
function, and absence of device-related serious adverse events
at 12 months in the KAST study. Published in 2015, this large
randomized trial of 300 subjects with OVCFs randomly selected
to receive either Kiva or BKP had as its primary endpoint a
composite of a reduction in pain, improvement in function, and
absence of device-related serious adverse events at 12 months.
Secondary endpoints included cement usage, cement extrava-
sation, and ALFs. The primary endpoint demonstrated noninfe-
riority of KIVA to BKP and there were no device-related serious
adverse events that occurred. Analysis of secondary endpoints
revealed statistical superiority of Kiva with respect to cement
use and cement extravasation. There was a reduced rate of ALFs
in the group treated with Kiva, but this fell just short of statis-
tical signipcance.®?

Given evidence of relative risk reduction rate in ALF with
Kiva (31.6% [95% conpdence interval (Cl): 022.5%, 61.9%])
demonstrated in KAST, Beall et al used clinical data from KAST
as well as unit cost data from the published literature to predict
adirect medical cost savings of $1,118 per patient and $280,876
per representative U.S. hospital when comparing Kiva to BKP.%®

1.6.2 Trauma

Controversies exist regarding the appropriate imaging and indi-
cations, timing, and choice of surgical management of trau-
matic injuries to the thoracolumbar spine. Sixty-pve percent of
thoracolumbar fractures occur due to motor vehicle injuries or
falls from a height, with the remainder contributed by sports
injuries and violence. Since these are high-velocity injuries,
thoracolumbar fractures are commonly associated with other
injuries like rib fractures, pneumohemothorax, and, rarely,
great vessel injuries, hemopericardium, and diaphragmatic
rupture.®*¢> Seatbelt (Chance) fractures and yexionddistraction
injuries are often associated with intra-abdominal visceral inju-
ries.® A careful history regarding the injury mechanism, pain,
and neurological symptoms is essential. Axial, nonradiating back
pain of stabbing or aching quality is the most common symptom.
Patients with neurological injury may complain of weakness,
paresthesia, or anesthesia below the injury level and urinary
retention. Thorough inspection of the spine should be performed
after a careful log roll maneuver to look for abrasions, tenderness,
local kyphosis, and a palpable gap in between spinous processes.
Neurological assessment should follow the standard American
Spinal Injury Association (ASIA) guidelines (see Chapter 2).
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Vertebroplasty and Kyphoplasty

In 2002, using a human cadaveric model, Verlaan et al posited
that failure after short-segment pedicle screw pxation for the
treatment of vertebral fractures was the result of a redistribu-
tion of disk material through the fractured end plate into the
VB, causing a decrease in anterior column support. This lack
of support could lead to instrument breakage and recurrent
kyphosis after removal of the instrumentation. They reported
“balloon vertebroplasty” (kyphoplasty) to be a safe and feasible
procedure for the restoration of traumatic thoracolumbar ver-
tebral fractures.®’

In 2003, the Society of Interventional Radiology (SIR) Standards
of Practice Committee published “Quality Improvement Guidelines
for Percutaneous Vertebroplasty.” Indications for vertebroplasty
at that time included the following: (1) painful primary and sec-
ondary OVCFs refractory to medical therapy; (2) painful verte-
brae with extensive osteolysis or invasion secondary to benign or
malignant tumor (i.e., hemangioma, multiple myeloma, or meta-
static disease); and (3) painful vertebral fracture associated with
osteonecrosis (Kummel’s disease).®

Since then, many cases of nonosteoporotic vertebral frac-
tures have been treated with vertebral augmentation. In 2004,
Chen et al successfully treated a 33-year-old man with L1, L2,
and L5 burst fractures with vertebroplasty. The authors pro-
posed the procedure as a useful intervention in select patients
with lumbar burst fractures.®® In a 2015 prospective cohort
study, EInoamany demonstrated vertebroplasty to be an & ec-
tive prst-line treatment to decrease pain, increase mobility, and
decrease narcotic administration in patients with nonosteo-
porotic compression fractures.”

Kiva

In 2014, Korovessis et al retrospectively compared two proce-
dures and two cements: BKP with calcium phosphate (Group
A) and KIVA implant with PMMA (Group B). Vertebral aug-
mentation was used to reinforce three-vertebra pedicle
screw constructs for A2 and A3 single fresh nonosteopo-
rotic lumbar (L1-L4) fractures in 38 consecutive age- and
diagnosis-matched patients. Both groups had diminished
pain and improved function as well as improved anterior VB
height, segmental kyphosis, and spinal canal encroachment.
The Kiva implant/PMMA group had signipcantly improved
posterior VB height; however, short-segment construct
restoration had no impact on functional outcomes. The
authors advised the use of PMMA in fresh traumatic lumbar
fractures.”™

Spinelack

More recently, in a case report by Polis et al, percutaneous
extrapedicular vertebral augmentation with the Spinelack
implant was used to treat a traumatic T8 vertebral fracture
in a 15-year-old adolescent boy. CT scans demonstrated an
A2.2 (AO/Magerl) fracture of T8. After 6 months of conserva-
tive management, severe pain persisted and angle of thoracic
kyphosis progressed. The procedure eliminated clinical symp-
toms and resulted in partial reduction and rebalance of the VCF
without limiting motion.”
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1.6.3 Bone Disease, Cancer, Metastases,
and Multiple Myeloma

Benign conditions such as vertebral hemangiomas and giant
cell tumors may cause severe intractable pain. More than 30%
of patients with advanced cancer have been reported to develop
spinal metastases. The rate is higher (70%) in those with cancers
of the breast, lung, or prostate.”® Metastatic lesions often cause
bone lysis, weaken the vertebrae, and result in painful patho-
logic fractures with signipcant morbidity. Multiple myeloma, a
cancer that typically starts in the bone marrow, also has a sub-
stantial rate of spinal involvement.”*’® Open surgical decom-
pression and instrumented stabilization may not be feasible
and failure may lead to catastrophic consequences. Pain man-
agement is often inadequate and radiation therapy may be slow
to become e ective.

Vertebroplasty and Kyphoplasty

In 1987, Nicola and Lins described “a new method, intraopera-
tive retrograde embolization with a methyl methacrylate poly-
mer,” which was injected into a vertebral hemangioma with no
further stabilization or radiation required.”®

Giant cell tumors of the spine are rare and benign but can
be aggressive and exhibit a high local recurrence rate with
VB and neural arch destruction. Total spondylectomy with
appropriate reconstruction for preservation of spinal integrity
is the treatment of choice but is not always feasible. In 1997,
Chui reported treatment of a giant cell tumor extending into
the spinal canal. Decompressive laminectomy and posterolat-
eral fusion followed by an injection of PMMA into a giant cell
tumor resulted in radiological improvement with no tumor
recurrence at 7 years.”’

In 2003, Fourney et al reported that vertebroplasty and
kyphoplasty were safe and feasible to treat painful VCFs in
well-selected patients with refractory spinal pain due to mye-
loma bone disease or metastases in cancer patients. The authors
noted at that time that precise indications for the techniques
were evolving, with the current North American experience
largely limited to osteoporotic compression fractures. This was
the only study to date to directly compare vertebroplasty and
kyphoplasty in patients with cancer (multiple myeloma and
metastatic spinal lesions) and equivalent results in relieving
pain were reported. Both procedures provided signipcant pain
relief in a high percentage of patients, and this appeared dura-
ble over time.”®

In 2007, Shaibani et al reviewed the indications and con-
traindications of vertebroplasty and kyphoplasty, appropriate
patient selection and evaluation, techniques, outcomes, and
potential complications when performed for the alleviation
of pain for osteolytic tumors of the spine. The authors pointed
out that, although both vertebroplasty and kyphoplasty were
highly e ective in reducing pain from osteoporotic or patho-
logical VCFs and osteolytic tumors, supporting data were based
on individual experiences and published case series rather than
prospective randomized trials.

Numerous studies have since demonstrated the e cacy
and safety of vertebroplasty and kyphoplasty in the treatment
of spinal metastasis with rapid, signipcant, and sustained
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reductions in pain, disability, and analgesic usage, and
improved quality of life.

The Cancer Patient Fracture Evaluation (CAFE) trial was
the prst randomized controlled trial designed to compare the
safety and € cacy of BKP with NSM for the treatment of painful
VCFs in patients with cancer.”® Patients were from 22 sites in
Europe, the United States, Canada, and Australia. Primary out-
come measure was back-specipc functional status at 1 month.
The results supported the benepcial e ects and safety of BKP
compared with NSM for treating painful VCFs in patients with
cancer.

To establish whether the CAF£ trial pndings were consist-
ent with those of other published studies in patients with
cancer and VCFs, a systematic review of the literature was
performed by Bastian in 2012. A review of 22 published stud-
ies (12 prospective, including the CAFE trial, and 10 retrospec-
tive) extended the pndings from the CAFE trial and conprmed
BKP to be a safe and e ective treatment that quickly reduces
pain, stabilizes VB height and kyphosis, and improves physical
function and quality of life in patients with cancer and painful
VCFS.7B—100

Astur and Avanzi performed a systematic review to assess
the e cacy of kyphoplasty in controlling pain and improving
quality of life in oncologic patients with pathologic compres-
sion fractures due to spinal metastasis or multiple myeloma.
Based on moderate evidence that patients treated with BKP
displayed better scores for pain, disability, quality of life, and
Karnofsky Performance Status compared with those undergo-
ing the conventional treatment, the study concluded that BKP
could be considered an early treatment option for patients with
symptomatic neoplastic spinal disease.!

Radiofrequency Ablation

Combination treatment with RFA and vertebral augmentation
has been successful in reducing pain and in improving function
and quality of life.2+-28 Early intervention with RFA and vertebral
augmentation may improve the remaining quality of life in can-
cer patients with pathologic VCFs.?> Although no comparative
clinical trials have been performed, there is evidence to show
that RFA carried out before percutaneous vertebral augmenta-
tion reduces the risk of cement leakage.®

In a retrospective study of 26 patients with 38 verte-
bral metastases treated between 2005 and 2009, Zheng et al
reported image-guided RFA with kyphoplasty to be safe and
e ective when used with careful consideration of bone cement
volume/viscosity, injection location, and temperature to treat
thoracolumbar vertebral metastases.*

Wallace et al performed a retrospective review of 72 patients
with 110 spinal metastases treated with RFA and vertebral aug-
mentation for pain palliation between April 2012 and July 2014.
Eighty-one percent (89/110) of metastases involved the posterior
VB, while 45% (49/110) involved the pedicles. Patients reported
clinically signipcant decreased pain scores at both 1- and 4-week
follow-ups. No major complications occurred related to RFA and
there were no instances of symptomatic cement extravasation.
The combination therapy was shown to be a safe and e ective
therapy for palliation of painful spinal metastases, including
tumor involving the posterior VB and/or pedicles.*
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Kiva

Anselmetti et al, in a 2012 case report, described the Kiva sys-
tem as 0a novel and e ective minimally invasive treatment
option for patients swt ering from severe pain due to osteo-
lytic vertebral metastasis.”'® This pnding was subsequently
supported by data as 40 patients with a painful spine malig-
nancy involving 