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Controversial Issues in Kyphoplasty and
Vertebroplasty in Malignant Vertebral Fractures

loannis D. Papanastassiou, MD, Andreas K. Filis, MD,
Maria A. Gerochristou, MD, and Frank D. Vrionis, MD, PhD

Background: Kyphoplasty (KP) and vertebroplasty (VP) have been successfully employed in the treatment of
pathological vertebral fractures.

Metbods: A critical review of the medical literature was performed and controversial issues were analyzed.
Results: Evidence supports KP as the treatment of choice to control fracture pain and the possible restoration
of sagittal balance, provided that no overt instability or myelopathy is present, the fracture is painful and other
pain generators bave been excluded, and positive radiological findings are present. Unilateral procedures yield
similar resulls to bilateral ones and should be pursued whenever feasible. Biopsy should be routinely performed
and 3 to 4 levels may be augmented in a single operation. Higher cement filling appears to yield better results.
Radiotbherapy is complementary with KP and VP but must be individualized.

Conclusions: In cases of painful cancer fractures, if overt instability or myelopathy is not present, unilateral
KP should be pursued, whenever feasible, followed by radiotherapy. The technological advances in bardware
and biomaterials, as well as combining KP with other modalities, will belp ensure a safe and more effective

procedure.

From the Neuro-Oncology Program at the H. Lee Moffitt Cancer
Center & Research Institute, Tampa, Florida (IDP, AKF, FDV), and
the Departments of Neurosurgery and Orthopedics at the Univer-
sity of South Florida Morsani College of Medicine, Tampa, Florida
(IDP, AKF, FDV), the Department of Orthopedics at the General
Oncological Hospital Kifisias Agioi Anargyroi, Athens, Greece
(IDP), and the University of Athens Andreas Syngros Hospital,
Athens, Greece (MAG).

Submitted December 12, 2013; accepted January 30, 2014.

April 2014, Vol. 21, No. 2

Addpress correspondence to Ioannis D. Papanastassiou, MD,
Neuro-Oncology Program, Moffitt Cancer Center, 12902
Magnolia Drive, WCB-NEURO PROG, Tampa, FL 33612.
E-mail: ioannis.papanastassiou@gmail.com

Dr Vrionis receives grants/research support from Globus Medi-
cal, DePuy Synthes, and Spine360. He also is a consultant for
Orthofix. No significant relationship exists between the remaining
authors and the companies/organizations whose products or ser-
vices may be referenced in this article.

Cancer Control 151



Ssaunjoel)
MaU JO 89UapIaUl pue Jusw
-an0.Jdwi Ayjigesip ‘aijaa ured
Ul Juawilesl [ealpaw Jo

1Y UBY} 9A1}98})9 810W d)

uorjouny sanosdw

‘ured saonpal Ajpidels ‘Juaw
-]ea] 8JeS pue AIJI8Y

ue s| dy S49A [njured 104

uol1eI0}Sal

618y pue uswanodwi Ay
-|iqesip pue ured AjJes 0}
Spes| ‘INIAl Ul Snoldeala 4y

Juswaodwi
Ayjigesip pue ured wus)-buo|
‘aeIpawwl SapiAoid ‘ajes 4y

ured pue 700 Buirosdwi
Ur'8A19818 dyg pue dA

$a4n)oel) uoissaldwod [nyured
ul [e1oyyauaq ‘ajes dy

(%26)
1U8LU1BAI] [ROIPAW
0] Jouadns (%8'¥)

14 pue (%g) dy

(INSN Ul /¥ 30 8
SAd) Ul g9 40 Z1)
99UdJBYIp ON

4N

%8

alnjoel}
agelpe o\

dN

%908

4N

%

%nlCl

auoN

%€l

afeyea

Juawan

sdnoif
1UBW]La} [RIIPAL
pue |Y ul sso| JybieH

panosdwi dnoib gy Alug

SaInjoel)

aU0Z UoI)ISURL) pUR 2198)
-OLIpILL 10} 4 JO J0AR}
U1 89UaJaIp JueIIUBIS

uolel01sal HA %be

Jesh | s
juawanoldwi Jueayubis

4N

Jeah |

1e Y618y 40 SSO| [ewiUIW
UHIM U01308.109 83169p-9

Hi/a16uy anoydAy

d) ul Ajuo
Juawaoldwi Juedubis

1a0

1eak | |un paureisns

(yauow 1) dy 40 Joney
Ul 89uaJapIp JueaubIS

9€-4S/0aINY

panoJdwi
Ajueanubis 8109s 9g4S

sieak g s panosdwi
Apueaiyubis s8109s 9€4S 100

eIRp Jayuny ON
panosduw|

4N

JuaW)eal] [20
-Ipaw 10 |y 03 Jouadns gy

SYA

1eak | |un paureisns

(yauow 1) dy 4o Joney
Ul 89UBJapIp JuealubIS

SYA

sjualied |[e ul paanpal
Ajjenuelsqns ured

SIeah g s
uawanoldwi juednubis

SYA

d) 10 JoAe}
Ul SyjuOW 9 18 uonANpal

ured pamoys gy pue da

Ja1ja uled
[enueisgns Jo jeryed 94,66

J11ay ured

Hoyod AN
N4 Jeak-g
Juswieal] [BaIpaW

0¢ SA LY 8} SA dX G€
sjualed g/

(swared gg)
Yluow |

19)Je 19A0SS01)
N4 Jeah-|

INSN 26 SA d) §9
sjuaied yg|

(ueaw) n4 yauow-/

d) G
sjuaied g

N4 Jeak-g
d) 66
sjusijed g9

Hoyod NN
N4 Jeak-|.

dX 9} SAdA 81
sjuaijed ¢

dX 29
swaned |

salisiiajaeleyy
auljaseg

e1¢ 02
yladsey

arzh 10C
uosualag

¢9¢00¢
Rauapnq

2918002
Jayoewbniid

519002
9S0M

6:900¢
SIUOLIA

sainjaeid |eiqapia) Jueubijepy jo Juawabeuepy ay) 10} ) pue 4y Buiedwos saipn)g pajaajag — *| ajqel

most common site of metasta-
ses following the lung and liver,
while breast, prostate, lung,
bladder, and thyroid cancers

show a predilection for bone
involvement.? Spine involve-

The skeletal system is the third
ment leads to painful vertebral
compression fractures (VCFs),
epidural cord compression, or

Introduction

both.>5 Vertebral augmentation
procedures (VAPs) include ky-
phoplasty (KP) or vertebroplasty

(VP), and have been employed in

the treatment of those fractures
in the setting of osteoporotic®
or neoplastic disease.” Apart
from nonrandomized trials, high-

level evidence exists from the
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complications of VAPs, the rela-
tive superiority of KP compared
with VP, technical issues, and
therapy (RT) and other treatment

the relation of VAPs with radio-
modalities.

traindications, outcomes, and

Indications

In cases of epidural spinal cord
compression or vertebral frac-
tures that require stabilization
and open surgery, the estimated
survival rate plays a critical role
in the decision-making process;
patients expected to live fewer
than 6 months are not generally

rates of patient survivorship, with

those proposed by Tomita et al?®
most commonly used, although

the judgment of the health care

didates.?>?’ Various scores have
been developed for estimating
and Tokuhashi et al?’ being the

considered open surgical can-

professional is often the most ac-
curate predictor.?® However, in
the case of VAPs, the expected
survivorship rate does not dictate
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treatment options. If overt instability does not exist
(the Spinal Instability Neoplastic Score is used to de-
termine spinal stability?®), KP/VP may be performed
for pain control. The most important criteria are”!'%:

* The intensity of pain must be at least a 4 out
of 10 (on a 0 to 10 pain scale).

* Clinical examination should correspond with
imaging studies (ie, exclude other pain
generators unrelated to the fracture).!t

* Edema must be seen on the involved vertebrae
on magnetic resonance imaging (MRI; short
T1 inversion recovery images). If MRI cannot
be performed, then the bone scan must be
positive, indicating a recent neoplastic pro-
cess. »10.12.16 However, as discussed further
below, good results have been obtained in
subacute or chronic fractures; therefore, in care-
fully selected cases, VAPs are still valuable
regardless of status on MRI.3>

Although kyphotic deformity may be partially

restored with KP,391213.17.1824 this is not considered a
primary indication per se, either in osteoporotic- or
cancer-related fractures. Particularly in patients with
cancer, kyphosis reduction is frequently without sig-
nificant clinical implications, because a long-term
survival rate is not anticipated, and pain reduction,
early mobilization, and an improvement in quality of
life are the goals of treatment.

Contraindications

Table 2 summarizes absolute and relative contraindi-
cations.!? Overt instability and cord compression with
neurological symptoms are the most established con-
traindications. In such cases, vertebral augmentation
can be combined with laminectomy, with or without
instrumentation.>! Radiographic cord compression is
considered by many to be a relative contraindication
(without myelopathy),*323% and our approach is to per-
form VAPs under neuromonitoring or local anesthesia
with an anterior delivery of cement. ° The same is true
for upper thoracic or cervical spine locations.?3435

Table 2. — Summary of Absolute and Relative
Contraindications for Kyphoplasty/Vertebroplasty
in Malignant Vertebral Fractures??

Overt instability
Cord compression with clinical myelopathy
Infection at the fracture site
Bleeding disorder
Low platelet count
Contraindications to local/general anesthesia

Allergy to contrast medium

Data from reference 12
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Adverse Events
Pain relief of approximately 4 to 5 points on a visual
analog scale has been described in previous stud-
ies and should be anticipated in properly selected
patients.®101417.2436.37 The best results are seen with
acute or hyperacute fractures®?4; however, satisfac-
tory results have also been reported in patients with
older fractures.? The initial hypothesis for the possible
mechanism of pain resolution was that polymethyl
methacrylate (PMMA) polymerization causes an exo-
thermic reaction, thus inducing ablation of intraosse-
ous nerve endings and pain fibers or direct toxicity
from the monomer.3%4! However, other studies refuted
this notion because minimal osteonecrosis has been
seen, 24 no evidence exists of intraosseous neural tis-
sue necrosis,* and similar results have been replicated
following an injection of calcium phosphate cement,
which crystallizes at body temperature.t It is more
likely that the cement acts as a means of internal fixa-
tion, either in the form of a solid, hard ball (KP) or
interdigitation in the bony trabeculae (VP).% Mechani-
cal stability may prevent pain fiber irritation in the
periosteum, bone marrow, and the haversian system.

Height restoration up to 34% to 38% of preopera-
tive values and sagittal alignment improvement of
3 to 7.6 degrees have both been described.89:11-13,16-18,24
These changes have established beneficial effects, in-
cluding reducing flexion moments of affected ver-
tebrae, encouraging upright posture, and reducing
subsequent fractures.40

Adjacent/subsequent fractures may occur,'®24 but
the incidence is similar?®® or reduced compared with
conservative management.®'33647 Leakage of cement
into the disk space,5° osteoporosis, and the magni-
tude of corrected sagittal alignment predisposes the
patient to adjacent fractures, 450 which can be ad-
dressed by performing prophylactic VP/KP.5!:>2

Numerous complications have been noted in the
literature, with fatal penetration of vital structures
(eg, lungs, pericardium, aorta), and PMMA has been
found throughout the human body, including in seg-
mental arteries, the foot (dorsalis pedis artery), heart,
and lungs.>*>” However, the rate of serious compli-
cations is low, with the most common complication
being asymptomatic PMMA extravasation, which, in
general, occurs less frequently in KP than VP.691218

KP vs VP

Controversy exists regarding the value of VP after
Buchbinder et al*® and Kallmes et al®® showed no
benefit of VP over a sham procedure, leading the
American Academy of Orthopaedic Surgeons to advise
against the use of VP.°* Within the setting of cancer,
1 small study by Kose et al'®> revealed an advantage
of KP over VP in pain control; overall, however, the
authors considered both procedures successful. The

April 2014, Vol. 21, No. 2



randomized CAFE trial strongly favored KP over non-
surgical management.?t Because no level 1 or 2 studies
exist for VP, a safe profile has been proven with KP
(ie, a low incidence of PMMA extravasation), and more
potential exists for kyphosis restoration with KP, we
favor KP over VP, particularly in cases of vertebra
plana.”!> However, VP may be performed in patients
with nonindex fractures or nondeformed vertebrae;
it may also be considered to reduce implant cost,
particularly with ultra-high viscosity cements.%!62

Technical Considerations

Bilateral vs Unilateral Procedures

Traditionally, KP and VP have been performed with
bilateral pedicle cannulation®; however, surgeons
now use extrapedicular approaches,?+%4% allowing
the procedure to be unilaterally performed. Grow-
ing evidence suggests that the unilateral and bilateral
approaches are equivalent whenever the former is
technically feasible in terms of pain control or ky-
photic reduction.'”-%6% For patients with cancer-related
fractures in whom pain relief is the main goal and
multiple levels have been augmented, we recom-
mend unilateral VAPs as the gold standard because
they reduce operative time and radiation exposure.
MRI may determine which levels are amenable for
unilateral cannulation.'” A role still exists for bilateral
VAPs, including when the unilateral approach appears
hazardous from preoperative planning, when central
placement of the balloon cannot be accomplished, or
in cases of severely crushed vertebrae in which the
lateral pillars of the vertebrae are better preserved
than the middle portion.!”

Technical Advances

Ultra-high viscosity cements and special cement de-
livery instruments allow for slow and uniform PMMA
filling, thus reducing the rate of cement extravasa-
tion.°92 Curved curettes allow the procedures to be
unilaterally performed.'®2 Novel devices utilized for
cavity creation, rather than the traditional balloons,
show promising results.!861.62.69

Levels and Cement
Three to 4 levels may be augmented without a sig-
nificant increase in the operative time or morbidity
rate.'>” In addition to the index fracture, prophylactic
augmentation may be performed in “sandwich” ver-
tebrae (ie, when both adjacent vertebrae have been
augmented), if PMMA extravasation occurs in the disk
space, or in tumor-infiltrated, nondeformed vertebrae
to prevent future fracture.”>1,52

The optimal amount of cement has not been es-
tablished. Biomechanical and clinical studies suggest
that smaller PMMA volumes may suffice to restore
body stiffness and strength and achieve good clinical

April 2014, Vol. 21, No. 2

results.””! However, other authors propose a larger
amount of cement filling for better biomechanical be-
havior,”>73 and growing evidence suggests that larger
cement volumes yield superior outcomes. For example,
Roder et al’* found that the most important predictor
for pain alleviation was cement volume following a
dose-dependent pattern. Recent studies report that
cement volume is of the utmost importance for correct-
ing deformities and maintaining vertebral height.”>7¢
We share the same experience and try to achieve maxi-
mum filling in a safe manner, particularly when the
anterior column is substantially compromised, if con-
comitant percutaneous screw fixation is performed,””
or VAPs are performed in combination with laminec-
tomy (without instrumentation), leading to loss of the
posterior tension band and further instability.

Biopsy

Biopsy should be routinely performed because it
does not add to the morbidity or procedure length;
moreover, biopsy can reveal information that can help
dictate future treatment, such as confirming the pres-
ence of metastasis or revealing a new neoplasm.”’®

VAP vs RT

VAP and RT modalities are complementary. RT de-
stroys tumor cells but also has known detrimental
effects on bone cell biology,”#° leading to higher
incidences of vertebral fractures (£ 40% in radiosur-
gical cases).’#2 VAPs strengthen the vertebral body
and ameliorate this effect of radiation while also ex-
erting pain control.”4¢ The therapeutic sequence has
not been determined from previous studies and does
not affect pain palliation?; therefore, its use should
be determined on an individualized basis.” Kasperk
et al'® conducted the only retrospective study to date
comparing RT with KP in a cohort of patients with
multiple myeloma. They found that KP was superior
to RT in terms of pain and disability improvement,
new fractures, and vertebral height restoration.

Combining VAPs and Other Modalities

VAPs can be combined with other treatment mo-
dalities. Conventional RT has been the cornerstone
of therapy for alleviating pain and preventing local
disease progression. With the advent of stereotactic
radiosurgery, the spinal cord may be spared from
unnecessary irradiation.

CyberKnife (Accuray, Sunnyvale, California) is a
safe and effective salvage therapy in patients who have
received RT, with some authors suggesting that it may
be combined with KP as a treatment paradigm.®38

Radiofrequency ablation has been coupled with
KP for the treatment of pathological spinal fractures.
To reduce pain, radiofrequency destroys the tumor
cells and the sensory nerve fibers in the periosteum.
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By contrast, PMMA has a toxic effect on neoplastic
cells due to the monomer toxicity and the exother-
mal reaction from the polymerization process. Studies
have reported an improvement in visual analog scale
and Oswestry Disability Index scores after combining
KP with ablation over a single augmentation.®
Cryotherapy is a tumoricidal method that may be
used in conjunction with VAPs if a probe-based cryo-
surgical system is available.® In cases in which gross
instability is present and KP or VP alone is deemed
insufficient from a biomechanical standpoint, percu-
taneous screw fixation can offer further stability.”

Conclusions

In cases of painful malignant fractures, unilateral ky-
phoplasty should be employed, whenever feasible,
if overt instability or myelopathy does not exist. It
is complementary with radiotherapy and may be
combined with other modalities, such as ablation,
cryosurgery, and percutaneous screws. The techno-
logical advances in hardware, delivery systems, and
biomaterials, as well as combining kyphoplasty with
other modalities, will help ensure a safe and more
effective procedure.
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