Article published online: 2021-05-18

72 Original Article

THIEME

@O®OS

Efficacy of Percutaneous Vertebroplasty in the
Treatment of Malignant and Benign Vertebral
Fractures: Single-Center Experiences

Mehmet Fatih Inecikli®

TDepartment of Radiology, Bursa Uludag University School of

Medicine, Bursa, Turkey

Bahattin Hakyemez'

Address for correspondence Mehmet Fatih Inecikli, Department
of Radiology, Bursa Uludag University School of Medicine, Bursa,
Turkey (e-mail: drmfinecikli@uludag.edu.tr).

J Clin Interv Radiol ISVIR 2021;5:72-78.

Abstract

Keywords

= vertebroplasty

= vertebral fracture
= pain treatment

Introduction

Percutaneous vertebroplasty (PVP) is a method used for vertebral stabilization and
pain treatment. This study was performed to demonstrate the efficacy of PVP in treat-
ment of malignant and benign vertebral compression fractures (VCFs). The study
was conducted on 45 cases with a total of 106 VCFs. The mean age of the patients
was 62.4 years (37-86 years). The vertebral fractures were classified according to
Genant’s Classification. Pain was rated using the visual analog scale (VAS). VAS scores
were recorded before and after PVP operations. A total of 58 vertebrae (54.8%) were
treated via a bipedicular approach, and 48 vertebrae (45.2%) were treated via a uni-
lateral transpedicular approach with the help of biplane imaging and under anesthe-
sia. L1 vertebra (19.8%) fractures and Grade Ill fractures (46.3%) were more common.
Vertebral collapse was the most common cause of malignancy (53.8%). The mean
VAS score was measured to be 8.39 before the VP operations and 2.05 after the VP
operations. The VAS score dropped to 2.3 through the unipedicular approach and
to 1.84 through the bipedicular approach. The decrease in pain due to VP was statis-
tically significant (p < 0.001). There was no statistically significant difference between
the unipedicular and bipedicular approaches in terms of pain relief (p> 0.05). Some
patients (18.8%) had complications. PVP is a highly therapeutic method for pain relief
in case of pain secondary to malignant or benign vertebral fractures.

primary pathologies in the vertebrae (tumors, infections,
osteoporosis, or metabolic bone diseases). Osteoporosis is

Percutaneous vertebroplasty (PVP) is a minimally inva-
sive method for the treatment of malignant or benign VCFs,
which is performed while using image guiding. Using the
PVP procedure, the weakened vertebral body is filled with
bone cement to strengthen the spine and reduce pain. Our
aim in this study was to demonstrate the efficacy of PVP in
benign and malignant VCFs. The main causes of VCFs include
falling from a height, traffic accidents, sports injuries, and
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the most common cause of VCFs.! VCFs may also develop as
fractures that are secondary to malignancies. The most com-
mon causes of spinal metastasis are breast, lung, prostate,
thyroid, and renal cancers.?® Pain is often the first symp-
tom and a significant cause of morbidity that limits quality
of life.> Roentgenography (RG) is the first step in imaging
methods. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are important for detecting the causes
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of a fracture and anatomically identifying its type. Increased
intensity in fat-suppressed T2-weighted (T2W) and short tau
inversion recovery (STIR) sequences indicates bone marrow
edema.* The logic behind the main mechanism for how a PVP
procedure eliminates pain is thought to be the effect of poly-
methylmethacrylate (PMMA). PMMA causes heat damage in
nociceptors while it polymerizes, and it causes chemotox-
icity in intraosseous pain receptors. Additionally, mechani-
cal stabilization reduces pain.® VCFs frequently occur in the
thoracolumbar junction (T11-L2) and in the middle of the
thoracic region (T7-T8).5 VCFs usually result in the collapse
of the vertebrae, which is accompanied by pain.” VCFs are
graded according to Genant’s Classification® and considered
to fall into three headings. Grade I: 20 to 25% loss in the
height of the vertebral body; Grade II: 26 to 40% loss in the
height of the vertebral body and Grade IIl: more than 40%
loss in the height of the vertebral body. VAS is a line that is
usually 10-cm long, starting with “no pain” and ending with
“excruciating pain.”®-!!

Materials and Methods

This study was conducted in patients diagnosed with malig-
nant or benign VCFs based on physical and radiological exam-
inations who were selected from among patients admitted
to clinics for back pain. A multidisciplinary approach was
applied. Clinical evaluations and related tests were per-
formed. Laboratory data and radiological findings were eval-
uated together. In cases where malignancy was suspected,
before the PVP procedure, bone biopsy was performed via
core biopsy or the drilling method with a transpedicular
approach. All cases were proven pathologically. All medical
records were retrospectively analyzed. Age, sex, mechanism,
and risk factors for the VCFs were recorded. The causes and
levels of vertebral collapses, methods of PVP access meth-
ods, complications during the procedure, and VAS scores
in the pre- and postoperative periods were investigated.
Patients with VCFs and PVP indications were managed by the
Department of Radiology (Interventional Radiology). In our
study, the inclusion criteria were as follows: Written consent,
the absence of bleeding diathesis, not being pregnant, not
having any sepsis, the presence of vertebral body height loss
on RG or CT examinations, TIW hypointensity in the verte-
bral body on MRI and hyperintensity in T2ZW and STIR images,
the absence of vertebra plana (the collapse of more than 80%
of the vertebral height) and to reduce pain, having no med-
ical treatment for at least 1 month and having no favorable
results. If there were an advanced VCF due to a primary or
secondary malignancy, the patient had to undergo antineo-
plastic therapy, radiotherapy, or other necessary treatment
modalities in the appropriate period of time. The exclusion
criteria were as follows: not signing the consent form, the
presence of bleeding diathesis, being pregnant, having sep-
sis, not having any loss of vertebral body height on RG or CT
examinations, having hypointensity in TIW and T2W images
in the vertebral body on MRI, having vertebra plana or under-
going medical treatment for less than a month. The diagnostic
radiological examinations of the patients consisted of RG, CT,
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and MRI. The follow-up period was determined as 1 year for
each patient. In the event that pain developed as a result of
vertebral fractures caused by primary or metastatic tumors,
painkillers were primarily used to reduce pain. Moreover,
treatment methods such as chemotherapy, radiotherapy,
and/or immunotherapy were administered if necessary. If the
patient still suffered from pain even after these methods, ver-
tebroplasty was implemented. The PVP procedure was per-
formed on 106 vertebrae in 45 patients. However, 30 of the
patients included in the study were male and 15 were female.
The main age of the patients was 62.4 years (37-86 years).
VCFs were graded according to Genant's Classification.
Detailed anatomical examinations were performed based
on CT and MRI, and concomitant secondary pathologies
were analyzed. There was hyperintensity indicating bone
marrow edema on the T2W and STIR levels on the vertebral
body (=Fig. 1). Most VCFs were malignant (primary or met-
astatic). Multiple myeloma was the most common cause of
the malignant VCFs. This was followed by metastatic lesions
(=~Fig. 2). The patients also underwent PVP for their osteo-
porotic and traumatic VCFs (=Fig. 3). All cases were checked
through appropriate examinations for eligibility for the PVP
procedure prior to the procedure. A consent form was filled
out by each patient. All treatment procedures were per-
formed in the angiography suit by using a biplane angiogra-
phy device (Axiom Artis, Siemens, Erlangen, Germany). Prior
to the operation, each patient was intravenously given 1 g
of cefazolin sodium (Cefazolin for Injection, Sandoz, Canada)
for antibiotic prophylaxis. For sedoanalgesia, the following
medicines were intravenously administered by anesthesiol-
ogists: Midazolam 1 mg/mL (Dormicum, Roche, Switzerland)
at a dose of 0.1 mg/kg and fentanyl citrate 50 pg/mL (Fentanyl
Citrate Injection USP, Sandoz, Canada) at a dose of 1 to
2 ng/kg. All patients were placed on the operating table in
a prone position. The patients were operated using a unilat-
eral or a bilateral transpedicular approach. The decision was
made on the basis of the distribution of the PMMA within the

Fig. 1 Presence of increased intensity consistent with edema corre-
sponding to acute vertebral fractures is observed in the T2-weighted
and short tau inversion recovery sequences in the magnetic reso-
nance imaging.
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Fig. 2 Distribution of malignant vertebral fractures within themselves.
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Fig. 3 Causes of vertebral fractures.

vertebral body. If the PMMA did not spread from the midline
of the vertebral body to the opposite side with the unipe-
dicular approach, the bipedicular approach was preferred.
The vertebral pedicle was reached through the appropriate
angle by using an 11G bone access needle (Angiotech Medical
Devices, Florida, United States). With the help of a hammer,
the needle was inserted up to ¥ of the posterior section of
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the vertebral body. The needle was pulled, and a guidewire
(Kirschner wire) was inserted from inside the cannula. A
working cannula system (Kyphon Inc., Sunnyvale, California,
United States), which is a coaxial system, was placed through
the guidewire. A precision drill was placed to the vertebral
body from inside the cannula, and a cavity was created within
the vertebral body by drilling. For the bipedicular approach,
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another cannula was inserted from the other pedicle. We
preferred high-viscosity radiopaque bone cement (KyphX
HV-R Elmdown Ltd.,, London, UK). Most high-viscosity
cements have short fluid blending phases and allow lon-
ger working times. The dough time of PMMA takes 2 to
3 minutes after the mixing of the powder and liquid, and 7 to
12 minutes to complete fixation. Once the cement reached
the proper viscosity, it was drawn into a 20-cc injector. The
cement was then filled into a cannula with a 1.5cc capacity
(Bone Filler Device, Kyphon Inc., Sunnyvale, California, United
States). The cement was injected into the corpus beginning
at the 4 to 5th minute (the viscosity of toothpaste fluidity)
and completed within 11 minutes at the latest. In general, the
cement injection was terminated when the cement reached
% of the anterior part of the vertebral body and the infe-
rior-superior end-plate and when the cement exceeded the
midline of the vertebral body. Crossing the midline can be
used as a technical success point but not as an end point. One
should allow as much anterior spread of cement on each side
as possible. Once the procedure was completed, the patients
were discharged after 2 hours of bed rest. Generally, PVP
was performed on one vertebral body. However, in patients
with multiple VCFs, two or three VCFs were treated in one
session. In case of fractures on the 4 to 10th vertebral lev-
els, PVP treatments were preferred to be administered in
different sessions. The patients were asked to come for face
to face follow-ups at 1 week, 1, 3, and 6 months and 1 year
after the PVP operation. The pain severity was recorded by
using VAS scores. The VAS scores were analyzed before and
after the PVP procedure. Statistical analysis of the data was
conducted in the Statistical Package for the Social Sciences
for Windows 13.0 (SPSS Inc., lllinois, United States) software.
Mean, standard deviation, median, minimum, and maximum
values were measured for the pain scores. Wilcoxon Rank
Total Test was used for intragroup comparisons. The pre-PVP
and post-PVP values were compared for inter-group com-
parisons through Mann-Whitney-U Tests. In the study, p <
0.05 was considered statistically significant.

Results

The cement was injected through a unilateral transpedicu-
lar approach into 48 vertebrae (45.2%) and through a bipe-
dicular approach into 58 levels (54.8%). Multiple sessions of
PVP were performed on 13 patients. The maximum number
of levels PVP was performed on a single patient was 10. It
was administered in four sessions. The level on which PVP
was performed at the most proximal part of the vertebral
column was T6. The vertebral level most frequently under-
going PVP operations was the L1 vertebra with 21 cases
(19.8%). During the PVP procedures, 20 levels (18.8%) had
complications including paravertebral venous leakage, leak-
age into the disc space, and paravertebral soft tissues and
pulmonary embolism. The most common of these was para-
vertebral venous leakage (35%). Some of the complications
that developed during the PVP procedures are presented
in =Fig. 4. At 1-year follow-up after the PVP procedures,
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Fig. 4 Cement leakage into paravertebral venous structures (white
arrow).

the mean VAS score of all patients was 8.39 + 0.07 before
PVP and 2.05 £ 0.01 after PVP. The median value before PVP
was 8.0, while the minimum value was 7.0, and the maxi-
mum value was 10.0. The median value after PVP was 2.0,
while the minimum value was 1.00, and the maximum value
was 5.00. There was a statistically significant difference in
the VAS scores after the PVP procedure in comparison to
those before the PVP procedure (p < 0.001). =Fig. 5 provides
data before and after vertebroplasty in a patient with a ver-
tebral fracture. In the unipedicular approach, the mean VAS
score was 8.39 before PVP and 2.30 after PVP. Prior to the
procedure, the standard error, median, minimum, and max-
imum values were calculated as 0.105, 8.0, 7.0, and 10.0,
respectively. After the procedure, these values were 0.16,
2.0, 1.00, and 5.00, respectively. In the bipedicular approach,
the mean VAS score was 8.38 before PVP and 1.84 after PVP.
Prior to the procedure, the standard error, median, mini-
mum, and maximum values were calculated as 0.093, 8.0,
7.0, and 10.0, respectively. After the procedure, these values
were 0.13, 2.0, 1.00, and 5.00, respectively. No significant dif-
ference was found regarding the efficacy of the unipedicular
and bipedicular approaches on pain reduction (p > 0.05).
~Fig. 6 shows the differences in the VAS scores between the
unipedicular and bipedicular approaches.
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Fig. 5 A 70-year-old male patient with prostate cancer. There is a metastatic L, vertebral fracture. There is a complaint of severe low back
pain. (A) Grade Ill fracture at the L, vertebra. T1-weighted sagittal image shows hypointensity. (B) T2-weighted sagittal image shows slight
hypointensity. (C) Diffuse edema signs in the bone marrow, which are an indication of an acute fracture, draw attention in the short tau inver-
sion recovery image. (D) Vertebroplasty (VP) was performed via a bipedicular approach. A-P graphy after VP. The visual analog scale score was

recorded to be 10 before the VP and 1 after the VP.
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Fig. 6 Changes in visual analog scale scores based on different
approaches.

Discussion

The PVP procedure is performed to improve vertebral resis-
tance and reduce pain by filling the weakened vertebral body
with bone cement. Patient selection is a factor that affects the
success of PVP operations. Benyamin and Vallejo'? reported
that physical examination and direct RG examination are

Journal of Clinical Interventional Radiology ISVIR Vol.5 No. 2/2021

the first steps in patient selection, and fractures and verte-
bral edema should be detected in T2W sequences in MRI.
Mckiernan et al'® stated that changes in characteristic signal
intensity showing the fracture age can be detected by using
MRI in VCFs. In our study, all patients underwent RG and MRI
examinations, and suitable cases were included in the study.
Osteoporosis is the most common cause of VCFs.'*!> Another
important reason is malignancy-induced VCFs. Lytic lesions
caused by metastatic vertebral involvement cause not only
pain but also fractures and instability. Such instability may
be significant with deterioration in the integrity of the ver-
tebral column, as well as potential instability, which initially
appears to be asymptomatic but manifests itself by minor
trauma.'® In our study, malignant vertebral collapses with a
rate of 53.8% were found to be the most frequent cause of
vertebral fractures. Among the primary malignant causes,
multiple myeloma was the most frequently observed cause
with an incidence rate of 26.4%. Breast cancer metastasis
was the number one cause of metastatic vertebral collapses
(5.6% of all patients and 10.5% of patients with malignancy).
Osteoporosis has frequently been identified as the cause of
VCFs in many studies. However, it was the second most fre-
quent cause in our patients with a rate of 38.7%. The reason
for this may have been the fact that the patients who were
referred to us were sent from different disciplines (more
patients were sent from the hematology and oncology clin-
ics). The recommended method for the PVP operation is local
anesthesia supported by conscious sedation.!”'® We pre-
ferred local anesthesia and sedoanalgesia in our study, too.
PVP may be performed using a unipedicular or bipedicular
approach. These methods were compared in a biomechanical
study on a cadaver vertebra,'® and in a study involving unipe-
dicular injection, the cement injected just enough to exceed

© 2021. Indian Society of Vascular and Interventional Radiology.
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the midline was shown to offer sufficient strength and not
cause any complications.?® The volume of cement injected
that does not exceed the central vertical axis of the vertebral
body should not be considered biomechanically adequate. If
the cement only spreads to one side of the vertebral body,
cement should be injected from the other side. In our series,
the bipedicular approach (54.8%) was used more often than
the unipedicular approach (45.2%). The PVP procedure was
completed in one session at a rate of 71%. However, a second
session of PVP was performed on 24.6% of the patients, and
a third session was applied on 4.4%. The ideal biomaterial as
bone cement in PVP operations should be injectable, easy to
apply, have appropriate fluidity, high radiopaque properties,
long hardening time, and be cost-effective. PMMA is widely
used all over the world. The appropriate amount of PMMA
that can be injected into the vertebral body varies between
3 and 8 mL. Mehbod et al*! emphasized that, depending
on the type and amount of bone cement, there should be
bone cement corresponding to 15% of the volume of the
vertebra requiring restoration. It was stated that the verte-
bra will have the desired stiffness with the use of 3.5 mL of
bone cement. Heini et al?? stated that bone cement injec-
tions that are less than the required amounts cause recur-
rent fractures. They reported in their study that the desired
resistance was achieved with a mean of 5.9 mL bone cement
injection, and there was a recurrent collapse in a vertebra
into which they had injected 2.5 mL bone cement. Cheng-Ta
et al® reported that 4 mL of cement is adequate to reduce
pain and achieve a good clinical outcome. Better clinical out-
comes have been reported with high-viscosity cements. In
our study, 3 to 6.5 mL of PMMA was injected to each verte-
bral body. Radiopaque bone cement with high viscosity was
used throughout our series. Complications associated with
PVP are observed at varying rates. The most important step
is radiological examinations. Monitoring the cement appli-
cation step by step with the help of imaging and injecting
the cement when it reaches the proper viscosity are help-
ful in preventing leaks. Complications are most commonly
caused when PMMA leaks out of the vertebral body, which
has a rate of 2 to 73% depending on the level.?* Generally,
cement leakage has been reported in 65% of PVP cases
(30-73%).2>?° Leaks from metastatic vertebrae are more
common than those from osteoporotic vertebrae and may
occur in up to 85.7% of cases.?”?® Schmidt et al.* determined
the rate of bone cement leaks as 66 to 74%. Vasconselos et
al*® reported complications in 25.4% of the cases in their
series. They reported that 16.6% of the leaks were cement
leakage into paravertebral venous structures, and 8.8% were
leaks into the intervertebral disc space. In our study, com-
plications occurred in 18.8% of the cases in total. Leaks to
paravertebral venous structures were the most common
complication with a rate of 7.5%. Leaks into the interver-
tebral disc space were observed in 6.6%, those into para-
vertebral soft tissue were observed in 1.9%, and those into
subcutaneous soft tissue were observed in 1.9%. Pulmonary
cement embolism was observed in one case (0.9%). However,
no symptoms were found during and after the procedures.
Leakage into the spinal canal was not observed. In general,
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the most important step in reducing cement leakage and
development of complications is to evaluate the patient
well before the PVP procedure. The more vertebral heigh
loss, the more severe osteoporosis, the greater vascularity
in the metastatic mass that causes collapse in the vertebral
body, and complication development rates may increase. To
briefly explain, the PMMA amount and fluidity are import-
ant. Proper use of the chuck in the bone filler device lumen
during PMMA injection reduces complications associated
with cement leakage. The vertebral body becomes more
stable with PVP. Pain is reduced significantly after PVP. Pain
is relieved due to the destruction of the interosseous noci-
ceptors.’! The VAS scoring system is an indicator of post-PVP
treatment efficacy. Grados et al reported that VAS scores
dropped from 8.0 to 3.7 on average in the first month fol-
lowing the procedure.?? Zoarski et al,*®* McGraw et al,** and
Peh et al® stated in their studies that there was a signifi-
cant decrease in pain after PVP. In our study, the mean VAS
score was 8.39 before PVP and 2.05 after PVP. In the unipe-
dicular approach, the mean VAS score dropped to 2.3, and
in the bipedicular approach, it dropped to 1.84. There was
a statistically significant reduction in the VAS scores after
the PVP procedure in comparison to before PVP (p < 0.001).
There was no statistically significant difference between
the unipedicular and bipedicular approaches regarding pain
reduction (p > 0.05). Considering cost and labor as well as
radiation exposure, the unipedicular approach is generally
sufficient in PVP operations.

Conclusion

PVP is an easy, reliable, and effective method for benign and
malignant VCFs. It significantly relieves pain caused by VCFs.
It should be used more frequently. PVP procedures will be
implemented more comfortably in the future, as practi-
tioners improve their experience with the help of enhanced
PVP materials in use in addition to new and more equipped
imaging devices and application techniques. We believe that,
with the help of up-to-date imaging methods, besides PVP,
other procedures for vertebrae, intervertebral discs, and
paravertebral soft tissues (such as spinal radiofrequency
ablation, posterior stabilization, and discectomy) will be per-
formed more reliably in the near future.

Note

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

Informed consent was obtained from all individual partic-
ipants included in the study.

Consent for publication was obtained for every individual
person’s data included in the study.

This study was approved by the Research Ethics Board of
Uludag University July 20, 2010, No. 2010-5/12.
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