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Abstract

Purpose To compare safety and efficacy of percutaneous

vertebroplasty (PVP) when treating up to three vertebrae or

more than three vertebrae per session.

Materials and Methods We prospectively compared two

groups of patients with symptomatic vertebral fractures

who had no significant response to conservative therapy.

Pathologic substrate included osteoporosis (n = 77),

metastasis (n = 24), multiple myeloma (n = 13), heman-

gioma (n = 15), and lymphoma (n = 1). Group A patients

(n = 94) underwent PVP of up to three treated vertebrae

(n = 188). Group B patients (n = 36) underwent PVP with

more than three treated vertebrae per session (n = 220).

Decreased pain and improved mobility were recorded the

day after surgery and at 12 and 24 months after surgery per

clinical evaluation and the use of numeric visual scales

(NVS): the Greek Brief Pain Inventory, a linear analogue

self-assessment questionnaire, and a World Health Orga-

nization questionnaire.

Results Group A presented with a mean pain score of

7.9 ± 1.1 NVS units before PVP, which decreased to

2.1 ± 1.6, 2.0 ± 1.5 and 2.0 ± 1.5 NVS units the day after

surgery and at 12 and 24 months after surgery, respectively.

Group B presented with a mean pain score of 8.1 ± 1.3 NVS

units before PVP, which decreased to 2.2 ± 1.3, 2.0 ± 1.5,

and 2.1 ± 1.6 NVS units the day after surgery and at 12 and

24 months after surgery, respectively. Overall pain decrease

and mobility improvement throughout the follow-up period

presented no statistical significance neither between the two

groups nor between different underlying aetiology. Reported

cement leakages presented no statistical significance

between the two groups (p = 0.365).

Conclusion PVP is an efficient and safe technique for

symptomatic vertebral fractures independently of the ver-

tebrae number treated per session.

Keywords Vertebroplasty � Multilevel � Metastasis �
Osteoporosis � Multiple myeloma

Introduction

In a great number of patients with vertebral fracture, pain is

partially or moderately relieved by conservative treatment,

which leads to dependency on others and decreased quality

of life [1–8]. Moreover, the concomitant decreased

mobility of these patients increases their risk for pneumo-

nia, deep vein thrombosis, and pulmonary embolism, thus

causing an overall increase in comorbidities [3, 9]. Con-

ventional management of vertebral fractures primarily

includes pain relief through the use of narcotics, analgesics,

nonsteroidal anti-inflammatory agents, and immobilization.

In cases of malignancy, radiation therapy is not always

able to relieve pain, and surgical intervention is not always

feasible, especially in cases of multiple fracture locations

or when the overall condition of the patient does not allow

for any major interventional procedure. Mobilization, with

or without a brace, and exercise are subsequently pre-

scribed as rehabilitation therapy [4, 5, 10].

Failure or performance inability of the above-mentioned

therapies necessitates the use of other treatment approa-

ches. During the last 25 years, interest has been fostered on

improving quality of life by using minimally invasive

procedures, such as percutaneous vertebroplasty (PVP).
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With this technique, polymethylmethacrylate (PMMA) or

other cements are injected into the vertebral body, solidi-

fying fracture lines, thus providing thus structural support,

restoring the bony space lost by the fracture, and pre-

venting movements that result in pain [3, 11].

PVP is a minimally invasive technique that was origi-

nally described by Deramond and Galibert in 1987 for the

treatment of an aggressive vertebral hemangioma [11].

This technique has greatly progressed worldwide and

evolved over time to include more and more pathologies.

Thus, the spectrum of diseases to be treated and the number

of lesions that can be treated are continuously evolving. As

the learning curve and the available materials change, so do

the risk factors. What was once considered as an absolute

contraindication becomes a relative one.

The purpose of this study was to evaluate safety of PVP

when treating up to three vertebrae per session versus

multilevel sessions (more than three).

Materials and Methods

All patients were informed about the technique itself as

well as possible benefits and complications, and they pro-

vided written consent the procedure and the study. Our

institutional and university board gave approval. The

principles of national legislation and the Declaration of

Helsinki were followed.

Patient Population

In an open prospective study, 130 consecutive patients

underwent 139 PVPs in 408 vertebral levels (9 patients

[6.9 %] needed further intervention by second vertebropl-

asty on new affected vertebral levels, n = 20].

Patients were referred to a dedicated spine clinic in our

department. Before each procedure, the patient underwent

thorough clinical examination, correlation with his or her

medical records, and evaluation of all his imaging studies.

Preoperational imaging included x-rays, multiplane mag-

netic resonance imaging (MRI) (T1W, T2W, Short TI

Inversion Recovery (STIR)), and/or bone scintigraphy. As

a rule, PVP was performed on sites on which local per-

cussion over the posterior elements of the involved verte-

bral body elicited pain, and these sites were confirmed on

imaging modalities (CT and MRI).

Patients’ inclusion criteria were painful primary

(n = 62) or secondary (steroid induced, n = 15) osteopo-

rotic vertebral compression fractures that were unrespon-

sive or minimally responsive to conventional treatments

(analgesics, bisphosphonates, bed rest, bracing) for at least

2 months irrespective of the fracture’s age. Patients with

malignant lesions had been treated by their physicians with

either chemotherapy and/or radiotherapy and were referred

to our institution for persistent spinal pain.

Exclusion criteria were uncontrolled bleeding disorders,

any ongoing systemic or spinal infection, myelopathy, and/

or radiculopathy. Based on these exclusion criteria, five

patients were not eligible for vertebroplasty and were thus

excluded from this study. Decreased vertebral body height

and destruction of the posterior vertebral wall were not

considered exclusion criteria. Retropulsed bone was toler-

ated as long as there were no clinical neurological findings.

Sample characteristics are listed in Table 1. Mean age

was 75 ± 15 years. Out of our total number of patients,

76.2 % were female and 23.8 % were male. Pathologic

substrate included osteoporosis in 59.2 %, metastases in

29.2 %, and hemangiomas in 11.5 % of cases. Six levels

were treated in 8 patients, 7 levels in 4 patients, and 8

levels in 2 patients. A unilateral transpedicular approach

was used in 314 vertebrae (80.9 %); a bipedicular approach

(16.5 %) was used in 64 vertebrae; a postero-lateral access

(0.5 %) was used in 2 vertebrae; an antero-lateral access

(1.8 %) was used in 7 vertebrae; and a transoral approach

(0.25 %) was used in 1 vertebral body.

Patients were grouped into two categories: those who

had 1 up to 3 vertebrae treated (Fig. 1) and those who had

more than 3 levels treated per session (group A and group

B respectively) (Fig. 2). Group A consisted of 94 patients

(72.3 %) treated in 188 vertebral levels, and group B

consisted of 36 patients (27.7 %) treated in 220 vertebral

levels.

Vertebroplasty Technique

PVP was performed under a single-plain digital subtraction

fluoroscopic guidance system in the angiographic suite

under strict sterile conditions and with the patient under

anaesthesia (general, epidural, sedation, or local). The

patient’s blood pressure, electrocardiogram, and oxygen

Table 1 Sample characteristics

Characteristics N %

Sex Male 31 23.8

Female 99 76.2

Cause Osteoporosis 77 59.2

Malignancy 38 29.2

Hemangioma 15 11.5

No. of treated vertebrae 1–3 94 72.3

[3 36 27.7

Transpedicular approach Unilateral 81 86.2

Bilateral 13 13.8

Leakage No 86 66.1

Yes 25 33.8
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saturation were monitored during the entire procedure by

an anaesthesiologist who was always present and respon-

sible for the conscious sedation or general anaesthesia of

the patient according to their evaluation of each case.

Preprocedural antibiotic therapy with vancomycin 500 mg

vancomycin hydrochloride (VONCON�, VIANEX, PAL-

LINI, ATTIKI GREECE) was administered at least 1 h

before the procedure.

Most of the procedures were performed with the patient

in a prone position. A unilateral transpedicular approach

was used in most of the cases. In the patients for whom

unilateral-approach filling was not satisfactory or for whom

there was a need for both pedicles to be stabilized, a bip-

edicular approach was used. In cases of inadequate visu-

alization of the pedicles under fluoroscopic guidance, or

when previous surgical interventions were performed, such

as osteosynthesis or laminectomy, a postero-lateral access

was used. For the cervical vertebral bodies, two techniques

were used, the antero-lateral access and the transoral

access; both of them were performed with the patient lying

in a supine position.

A detailed description of vertebroplasty’s technique is

beyond the scope of this study. However, all techniques

were performed in accordance to Cardiovascular and

Interventional Radiological Society of Europe’s (CIRSE’s)

quality-assurance guidelines as well as the Society of

Interventional Radiology’s (SIR’s) quality improvement

guidelines for PVP [12, 13].

After the procedure, the patient was instructed to remain

bedridden for a minimum of 4 h and to remain in the

hospital overnight, mainly for security reasons. We rou-

tinely performed CT scans during the next 24 h to evaluate

cement distribution and possible leakage outside the

vertebrae.

Follow-Up Protocol: Data Collection

A database was designed to prospectively collect diag-

nostic, clinical, and technical information on patients who

underwent PVP. Age, sex, pathology underlying the ver-

tebral lesions, localization, number of treated vertebrae,

approach technique, and complications were gathered.

Specific standardized questionnaires—such as the Greek

Brief Pain Inventory (G-BPI), a linear analogue self-

assessment questionnaire (LASA), and a questionnaire

from the World Health Organization (WHO)—were also

included to assess the pain, mobility, and general quality of

life in patients undergoing PVP. Questionnaire scores were

collected and evaluated before the procedure and at specific

predetermined time intervals, i.e., day 1 and months 12 and

24 after surgery. Data were collected by interview and

during follow-up clinical assessment in prescheduled

appointments.

Fig. 1 PVP of one vertebral body. Lateral fluoroscopic project of

spine demonstrating cement that just came out of the trocar inside the

vertebral body

Fig. 2 Patient with multiple myeloma treated in six vertebrae during

one session
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G-BPI

The G-BPI is a pain-assessment tool translated and vali-

dated in several languages, including Greek [14]. The

G-BPI uses a numeric visual scale, in which numbers are

seen on the questionnaire, compared with other question-

naires, e.g., the visual analogue scale (VAS), on which

numbers are not seen. The G-BPI is a simple, efficient, and

valid instrument to measure both pain intensity and pain

interference in the patients’ life and ability to function. The

G-BPI uses a numeric scale of 0 to 10 for pain-severity

items in a similar manner as the classic VAS [15–17].

Zero = ‘‘no pain,’’ and 10 = ‘‘pain as bad as you can

imagine’’ [14]. For the evaluation of pain interference in

the patient’s functional ability, seven ‘‘interference items’’

concerning work, activity, mood, enjoyment, sleep, walk-

ing, and relationships are also assessed using a numeric

scale of 0 to 10, with 0 = ‘‘no interference’’ and

10 = ‘‘complete interference’’ [14]. A higher score on the

G-BPI questionnaire indicates greater pain.

LASA

LASA is a single-item linear analogue self-assessment tool

for evaluating patient quality of life and general feeling of

well-being in a fast and simple way [18–21]. Three ques-

tions are given describing energy, ability for everyday

activities, and quality of life as experienced by the patient

during the previous week. The questions are graded from 0

to 10, with 0 = ‘‘worst’’ and 10 = ‘‘best.’’ A higher score

on this scale reflects better quality of life.

WHO

The WHO questionnaire is a performance status scale

equivalent to that of Eastern Collaborative Oncology

Group and Karnofsky, and it rates functional ability from 0

to 5, where 0 = fully active (able to carry on all predisease

performance without restriction), 4 = completely disabled

(no self-care ability and totally confined to bed or chair),

and 5 = death [22, 23].

Statistical Analysis

Variables were first tested for normality using the Kol-

mogorov–Smirnov criterion. Continuous variables are

presented with mean ± SD. Qualitative variables are

expressed as absolute and relative frequencies. Chi-square

test was used for the comparison of proportions.

Wilcoxon signed-rank test was used to evaluate the

differences between baseline and 2-year measurements.

Repeated measurements analysis of variance (ANOVA)

was further used to evaluate the differences between sev-

eral groups (i.e., osteoporotic, malignancy, hemangioma)

regarding the changes observed in G-BPI, LASA, and

WHO scales during the 2-year period. Because of their

skewed distribution, ranks of variables were used in

ANOVA, and p-values reported are two-tailed. Statistical

significance was set at 0.05, and analysis was conducted

using SPSS 17.0 software (SPSS, Chicago, IL). A decrease

equal or greater than two VAS units, was considered sig-

nificant in respect of pain and mobility improvement [24].

Results

Of the total number of patients (n = 130), all patients were

followed-up for a 2-year period except for one patient with

metastatic breast cancer who died after 15 months after the

procedure. This patient was excluded from the study

because completion of a 2-year follow-up was not possible.

Nine patients underwent a second vertebroplasty pro-

cedure. These patients were included in the study, but the

follow-up period started after the second vertebroplasty.

Using the G-BPI, patients in group A had pain

improvement of 5.9 ± 1.9 NVS units (74.7 %), improved

quality of life of 5.7 ± 1.8 NVS units, and 66.7 % increase

of mobility performance. Decreased pain between the two

groups, before and after vertebroplasty at certain time

periods, is illustrated in Fig. 3. Similarly, group B patients

reported pain improvement of 6.0 ± 1.8 NVS units

(74.1 %), improved quality of life of 6.0 ± 1.4 NVS units,

and 65.6 % increase of mobility performance.

Fig. 3 Pain decrease between

groups A and B before and after

PVP at certain time periods
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The results of all three questionnaires from baseline to 2

years concerning groups A and B were not significant

different (analysis of variance, p [ 0.005). It is remarkable

that even if patients in group B had worse immobilization

status according to WHO scale at baseline (p = 0.007),

this difference did not remained significant after day 1 after

the procedure (Table 3).

At post-treatment CT in group A, 27 leakages were

reported in 188 treated vertebral levels (14.36 %). In group

B, 25 leakages were reported in 220 vertebral levels

(11.36 %). There was no statistical significant difference

between the two groups (chi-square test, p = 0.365).

Comparing the pain units (NVS scores) before and at 24

months after vertebroplasty, the mean value of pain

decrease in our total sample was 5.9 ± 1.9 NVS units

(74.7 %) (p \ 0.05). Significant pain decrease ([2 NVS

units) was present in 126 (96.9 %) of the patients. The pain

status according to G-BPI scale was 7.9 ± 1.2 NVS units

before PVP, 2.1 ± 1.5 NVS units at day 1 after the pro-

cedure, 2.0 ± 1.5 NVS units at 12 months after the pro-

cedure, and 2.0 ± 1.5 NVS units at 24 months after the

procedure (Table 2). Furthermore, a subgroup analysis of

pain decrease was performed according the underlying

pathologic entity and demonstrated no statistical significant

difference between osteoporotic, metastatic, and heman-

gioma lesions (Table 2).

According to WHO scale, all patients presented a mean

decrease for the total sample equal to 1.9 ± 1.0 (67.9 %

mean change), indicating improvement in mobilization.

The mobility status was 2.8 ± 0.9 at baseline and

1.0 ± 0.8 at day 1 after the procedure, 0.9 ± 0.8 at 12

months after the procedure, and 0.9 ± 0.9 at 24 months

after the procedure (Table 3). One hundred twenty-one

patients (93.1 %) had [20 % improvement according to

the WHO questionnaire.

The results were similar for LASA, with a mean

increase for the total sample equal to 5.8 ± 1.7 (263.6 %

mean change), which indicated improved quality of life.

Quality of life at baseline was 2.2 ± 1.1, at day 1 after the

procedure was 7.8 ± 1.5, and at 12 and 24 months after the

procedure was 8.0 ± 1.4 (Table 4).

The improvement in pain, quality of life, and mobility

was significant from day 1 after the procedure compared

with baseline (p \ 0.05 for all comparisons). The overall

change for G-BPI, LASA, and WHO from baseline to 2

years was not significant different based on cause, type of

transpedicular approach (analysis of variance, p [ 0.05),

indicating that the same trend in improved pain, quality of

Table 2 Changes in G-BPI score during the 2-year follow-up period*

G-BPI Baseline Day 1 Year 1 Year 2 Changea Mean change (%) pb pc

Total 7.9 ± 1.2 2.1 ± 1.5 2.0 ± 1.5 2.0 ± 1.5 -5.9 ± 1.9 -74.7 \0.001

Cause

Osteoporotic 8.1 ± 0.8 2.2 ± 1.4 2.1 ± 1.3 2.1 ± 1.4 -6.0 ± 1.6 -74.1 \0.001 0.560

Malignancy 7.7 ± 1.8 2.0 ± 1.6 1.9 ± 1.7 1.9 ± 1.7 -5.8 ± 1.6 -75.3 \0.001

Hemangioma 7.6 ± 1.1 2.2 ± 2 2.1 ± 1.7 2.0 ± 1.6 -5.6 ± 1.0 -73.7 0.001

pd 0.137 0.599 0.362 0.326

No. of treated vertebrae

1–3 7.9 ± 1.1 2.1 ± 1.6 2.0 ± 1.5 2.0 ± 1.5 –5.9 ± 1.9 –74.7 \0.001 0.425

[3 8.1 ± 1.3 2.2 ± 1.3 2.0 ± 1.5 2.1 ± 1.6 –6.0 ± 1.8 –74.1 \0.001

pd 0.656 0.294 0.694 0.531

Transpedicular approach

Unilateral 8.0 ± 1.1 2.1 ± 1.6 2.0 ± 1.5 1.9 ± 1.5 -6.1 ± 1.8 -76.3 \0.001 0.471

Bilateral 7.6 ± 0.9 2.1 ± 1.0 2.1 ± 0.9 2.0 ± 0.8 -5.6 ± 1.0 -73.7 0.001

pd 0.169 0.522 0.357 0.335

Leakage

No 8.0 ± 1.1 2.1 ± 1.5 1.9 ± 1.3 2.0 ± 1.4 -6.0 ± 1.7 -75.0 \0.001 0.685

Yes 7.8 ± 1.4 2.1 ± 1.6 2.2 ± 1.8 2.1 ± 1.8 -5.7 ± 2.1 -73.1 \0.001

pd 0.639 0.554 0.801 0.772

* All values are presented as mean ± SD
a Change from baseline to second year
b p-value for group effect
c p-value for time effect
d Repeated-measurements ANOVA. Effects reported include differences between the groups in the degree of change of G-BPI score during the

follow-up period
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life, and mobilization was found in all groups during the

follow-up period. Patients with malignancy had worse

mobilization status according to the WHO scale at baseline

compared with those having hemangiomas (p = 0.020),

but after day 1 after the procedure, this difference was no

longer significant.

Concerning the association of leakages to pathologic

substrate, 26 patients (33.8 %) of the ‘‘osteoporotic’’ group

had leakage, whereas the respective proportion for the

‘‘malignancy’’ and ‘‘hemangiomas’’ groups were 31.6 and

33.3 %, respectively (p = 0.973). 2 patients from the

osteoporotic group had pulmonary embolism.

Discussion

In the present study, significant pain relief ([20 %) was

achieved in 96.9 % of patients. The benefit from the treat-

ment was significant already within 24 h after surgery and

was sustained unchanged throughout the 2-year follow-up

period. Nevertheless, all patients were also referred to their

physicians for proper medical therapy (osteoporotic drugs,

chemotherapeutics, etc.). Independent of the underlying

aetiology, the benefit of vertebroplasty is comparable and

long lasting.

Other prospective studies of osteoporotic patients that

used as an evaluation method the VAS reported similar

results in pain improvement [25–28]. McGraw et al. [25]

confirmed that 97 % of patients had significant pain relief

within 24 h after treatment and during the same year Zoarsky

et al. [26] reported that 80 % of patients were feeling better.

Later on and with a greater number of patients (n = 173),

Singh et al. [27] documented that 77 to 85 % of patients had

partial to complete pain relief, whereas Voormolen et al. [28]

reported 95 to 100 % of their 112 patients being satisfied

with their surgical outcome.

In cases of neoplastic involvement, Weill et al. [29]

stated that of 37 patients, 73 % had clear, 21 % had

moderate, and 6 % had no improvement, and Cotten et al.

[30], with the same number of patients, reported that 75 %

of them experienced pain relief. A pain decrease[82 % in

50 patients was later reported by Shimony et al. [31].

In our study, significant mobility improvement of

[20 % was noted on 93.1 % of our patients. There are few

Table 3 Changes in WHO score during the 2-year follow-up period*

WHO Baseline Day 1 Year 1 Year 2 Changea Mean change (%) pb pc

Total 2.8 ± 0.9 1.0 ± 0.8 0.9 ± 0.8 0.9 ± 0.9 -1.9 ± 1.0 -67.9 \0.001

Cause

OsteoporoticA 2.8 ± 0.8 0.9 ± 0.7 0.9 ± 0.8 0.9 ± 0.8 -1.9 ± 2.4 -67.9 \0.001 0.506

MalignancyB 3.1 ± 0.8 1.1 ± 0.8 1.0 ± 0.9 1.1 ± 1.1 -2.0 ± 2.1 -64.5 \0.001

HemangiomaC 2.3 ± 1.2 0.7 ± 1.0 0.6 ± 0.9 0.6 ± 0.9 -1.7 ± 1.0 -73.9 0.001

pd 0.020 0.083 0.169 0.182

No. of treated vertebrae

1–3 2.7 ± 0.9 0.9 ± 0.8 0.9 ± 0.8 0.9 ± 0.8 -1.8 ± 0.9 -66.7 \0.001 0.115

[3 3.2 ± 0.8 1.1 ± 0.8 1 ± 0.8 1.1 ± 1.1 -2.1 ± 1.1 -65.6 \0.001

pd 0.007 0.114 0.472 0.411

Transpedicular approach

Unilateral 2.8 ± 0.9 0.9 ± 0.8 0.9 ± 0.8 0.8 ± 0.8 -2.0 ± 1.0 -71.4 \0.001 0.945

Bilateral 3.1 ± 0.8 1.0 ± 0.9 1.0 ± 0.9 1.0 ± 0.9 -2.1 ± 0.8 -67.7 0.001

pd 0.332 0.722 0.580 0.539

Leakage

No 2.9 ± 0.8 0.9 ± 0.8 0.9 ± 0.8 0.8 ± 0.8 -2.1 ± 0.9 -72.4 \0.001 0.630

Yes 2.8 ± 1.1 1.0 ± 0.8 1.0 ± 0.9 1.1 ± 1.1 -1.7 ± 1.1 -60.7 \0.001

pd 0.420 0.930 0.643 0.551

* All values are presented as mean ± SD
a Change from baseline to second year
b p-value for group effect
c p-value for time effect
d Repeated-measurements ANOVA. Effects reported include differences between the groups in the degree of change of G-BPI score during the

follow-up period

A, B, C significant differences between groups

Bold values are statistically significant (of subgroup analysis)
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studies dealing with mobility after PVP. First, McGraw

et al. [25] evaluated 100 patients after PVP, and 93 % of

them showed improved ambulatory activity due to a

decrease in pain. Singh et al. [27] reported 91 to 95 % of

173 patients having the same or increased activity levels.

Single versus multiple level treatments is considered a

debatable issue. Some interventional radiologists advise

not to treat more than three to four vertebral levels in a

single session. Some investigators, such as Barr et al. [32],

have suggested that better outcomes are achieved when

treating only one vertebral fracture instead of multiple

levels. Zoarsky et al. [26] reported that although it is

acceptable to treat up to five vertebral levels of osteopo-

rotic fractures, treating eight or more levels simultaneously

is not accepted medical practice. In the present study, there

was no statistical significant difference in both pain relief

and mobility improvement when comparing the two groups

of patients, group A (those treated in up to three levels) and

group B (those treated in more than three levels in a session).

This conclusion was also reached by Singh et al. [27] in a

series of 172 treatment sessions. They stated that whenever

vertebral compression fractures are concerned, one, two, or

more than three levels per session have equal effectiveness

on pain, activity, and analgesic treatment. Anselmetti et al.

[24] also reached the same conclusion treating effectively as

many as seven vertebrae in one session.

A major concern with vertebroplasty is the leakage of

cement into the venous system and epidural space. The

percentage of leakages present was equally distributed

according the different underlying pathologies. The pro-

portion of leakage between the two groups presented no

statistical significance (p = 0.365).

In our hospital, as a routine, each patient was evaluated

by CT the morning after PVP for control of the implant’s

distribution and identification of any complications that

may have occurred. There were no major complications

and, although in two patients there were small pulmonary

emboli, they were asymptomatic and needed no further

intervention. In one case, pedicle fracture occurred when

passing the needle, that was treated by cement injection

during removal of the needle, thus stabilizing the pedicle.

We encountered 52 leakages in 25 patients from 408

treated levels (12.74 %): 18 anterior, 5 posterior, 1 intra-

foraminal, 11 intradiscal, and 17 lateral. One had presented

a hematoma at the puncture site.

Murphy and Deramond [33] reported that vertebro-

plasty-associated complications according to etiology were

more common in metastatic lesions (10 %), in

Table 4 Changes in LASA score during the 2-year follow-up period*

LASA Baseline Day 1 Year 1 Year 2 Changea Mean change (%) pb pc

Total 2.2 ± 1.1 7.8 ± 1.5 8.0 ± 1.4 8.0 ± 1.4 5.8 ± 1.7 263.6 \0.001

Cause

Osteoporotic 2.1 ± 0.8 7.9 ± 1.3 8.0 ± 1.3 8.0 ± 1.3 5.9 ± 2.1 281.0 \0.001 0.673

Malignancy 2.4 ± 1.4 7.8 ± 1.6 8.0 ± 1.5 8.0 ± 1.5 5.6 ± 1.8 233.3 \0.001

Hemangioma 2.7 ± 1.0 7.7 ± 2.3 7.9 ± 1.9 8.0 ± 1.9 5.8 ± 1.7 196.3 0.001

pd 0.053 0.675 0.904 0.797

No. of treated vertebrae

1–3 2.3 ± 1.0 7.9 ± 1.6 8.0 ± 1.5 8.0 ± 1.5 5.7 ± 1.8 247.8 \0.001 0.273

[3 2.1 ± 1.1 7.7 ± 1.3 8.0 ± 1.2 8.1 ± 1.2 6.0 ± 1.4 285.7 \0.001

pd 0.313 0.208 0.555 0.872

Transpedicular approach

Unilateral 2.2 ± 1.0 8.0 ± 1.5 8.1 ± 1.5 8.1 ± 1.5 5.9 ± 1.8 268.2 \0.001 0.288

Bilateral 2.5 ± 1.0 7.8 ± 1.3 7.8 ± 1.3 8.0 ± 1.2 5.5 ± 1.3 220.0 0.001

pd 0.270 0.467 0.313 0.514

Leakage

No 2.2 ± 1.0 8.0 ± 1.5 8.2 ± 1.3 8.2 ± 1.3 6.0 ± 1.5 272.7 \0.001 0.379

Yes 2.3 ± 1.2 7.6 ± 1.6 7.7 ± 1.7 7.7 ± 1.7 5.4 ± 2.0 234.8 \0.001

pd 0.565 0.323 0.133 0.105

* All values are presented as mean ± SD
a Change from baseline to second year
b p-value for group effect
c p-value for time effect
d Repeated-measurements ANOVA. Effects reported include differences between the groups in the degree of change of G-BPI score during the

follow-up period
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hemangiomas (2.5 %), and osteoporotic fractures (1.3 %).

In 2003, due to increased interest in the field of PVP from

more interventional radiologists, SIR, along with McGraw

et al. [13], evaluated and classified complications as major

or minor according their clinical significance by needing or

not needing extra care.

In a review published in 2006, an evaluation of pub-

lished data series from 1997 until 2005, it was concluded

that leakages were present in 41 % of cases performed, of

which 32 % were in the epidural space, 32.5 % were par-

avertebral, 30.5 % were intradiscal, 1.7 % involved the

pulmonary circulation, and 3.3 % were intraforaminal [34].

In 2007, Layton et al. [35] reported a series of 552

patients treated in 1,000 vertebral levels with 1.8 % clinical

significant complications and 25 % clinical insignificant

leakages.

According to CIRSE’s and SIR’s quality-assurance

guidelines concerning PVP, published data have placed

major complication rates at\1 % for osteoporotic fractures

and \10 % for neoplastic involvement [12, 13].

Thus, although minimal cement leakage does occur with

vertebroplasty, it has little if any clinical impact. In the

literature only a few cases of fat embolism have been

reported, and it is considered by some that the volume of

PMMA injected, not multilevel treatment, is mainly

responsible for this event [24].

In our study, of 130 patients, 9 underwent a second

vertebroplasty procedure due to the presence of new lesion

locations. Among osteoporotic patients, there were 6 such

cases of 77 (7.8 %) patients. Most studies have described a

greater percentage of new osteoporotic fractures, e.g.,

Uppin et al. [36] in 12.4 % of 177 patients, Tanigawa et al.

[37] in 36.8 % of 76 patients, Mubin et al. [38] in 21.7 %

of 253 patients, and Voormolen et al. [39] 24 % of 66

patients. In contrast, results of a study by Kim et al. [40]

were close to ours, with 7.9 % of 106 patients having new

fractures. The reason for this numerical discrepancy may

be our relatively short follow-up period, the fact that we try

to refer the patient to a specialised physician for proper

medical therapy, the multilevel intervention, and our small

sample size.

Some more limitations of our study include the fact that

we were not able to have a proper control on the dosages

and type of pain killers each patient was receiving. Fur-

thermore, we were not able to control and evaluate their

respiratory status and possible insufficiency, although all

patients were cleared for anaesthesia with PO2
[90 %.

Conclusion

Being able to treat a patient in several vertebral levels

during one session is technically safe as well as efficient

regardless of the underlying aetiology. The benefit from the

procedure is immediate and long lasting with the patient

being able to regain his or her previous mobility status.

There is no need for further hospitalization and consequent

examinations of the patient to perform a second or third

vertebroplasty for the same final result.

Conflict of interest There is no conflict of interest.
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