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Purpose: The spine is the most common skeletal site for metastatic tumors. In the treatment

of vertebral metastases, the absolutely safe number of levels that can be treated via percu-

taneous kyphoplasty (PKP) during one procedure remains controversial. Thus, the present

study aimed to evaluate the safety and efficacy of multilevel (>3) PKP for painful osteolytic

vertebral metastases.

Patients and methods: We retrospectively analyzed the data from 176 patients who

received PKP for painful osteolytic spinal metastases. Group A (n=104) received PKP at

a maximum of three vertebral levels per procedure, while group B (n=72) received PKP at

more than three levels during one operation. Surgical efficacy was assessed via a comparison

of the VAS, Oswestry Disability Index (ODI), and general health (GH) and mental health

(MH) scores of the Short Form-36 Health Survey before and after PKP. The complications

were observed to evaluate the safety.

Results: Both groups had significantly improved VAS, ODI, GH and MH scores after PKP

(P<0.05). One week after surgery, group A had significantly less pain (VAS 3.41±0.1) than

group B (VAS 3.74±0.13) (P<0.05). At 3 and 6 months postoperatively, the GH score was

more significantly improved in group A than group B (P<0.05). There were no significant

differences between the two groups in the ODI, MH score, and complications (P>0.05).

Conclusion: Multilevel PKP is safe and results in effective pain relief, and improvement of

spinal mobility and GH in patients with osteolytic vertebral metastases. However, patients

who undergo PKP at more than three levels have slightly worse short-term pain relief (less

than 1 week postoperatively) and improvement of GH in the long-term (more than 3 months

postoperatively) compared with patients who undergo PKP at less than three levels.
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Introduction
The spine is the most vulnerable skeletal system site for metastatic tumors.1 Osteolytic

vertebral metastases may cause chronic and severe pain that significantly decreases

quality of life.2 For patients with vertebral metastases without intraspinal tumorous

masses, one of the best palliative surgical treatments is percutaneous kyphoplasty

(PKP). PKP achieves satisfactory clinical results via the injection of bone cement to

stabilize the pathological fractures and quickly relieve pain.3–5 Due to the potential for

complications such as bone cement leakage and venous embolism, most clinicians

tend to perform PKP at a maximum of three levels during each surgery.5,6 However,
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for patients with multilevel (>3) vertebral metastases, the

requirement for repeat PKP increases the medical costs and

psychological burden. Therefore, an increasing number of

clinicians are performing multilevel (>3) PKP to treat ver-

tebral metastases.7–9 Data on the safety and efficacy of

multilevel PKP for osteolytic vertebral metastases is cur-

rently very limited. Therefore, the present retrospective

study was designed to evaluate the safety and efficacy of

multilevel (>3) PKP for painful osteolytic vertebral

metastases.

Patients and methods
All patients were informed of their inclusion in the

present study. Furthermore, all patients were informed

about the possible benefits and complications of the

technique itself, and provided written consent for both

the procedure and for study inclusion. The study

received approval from the review board of our

institution.

Patient selection and evaluation
Between January 2010 and January 2016, PKP was

performed in 176 patients with painful osteolytic spinal

metastases. The study population comprised 88 males

and 88 females, with an average age of 66.85

±1.07 years (range 47 to 85 years) (Table 1). The

patients were divided into two groups in accordance

with the number of levels at which PKP was performed

during the one surgery. Group A received PKP at

a maximum of three levels (n=104, 59.09%), while

group B received PKP at more than three levels

(n=72, 40.91%). In group A, PKP was performed at

one level in 33 patients, two levels in 44 patients, and

three levels in 35 patients. In group B, PKP was per-

formed at four levels in 26 patients, five levels in 24

patients, six levels in 19 patients, and seven levels in

five patients. A total of 564 vertebral bodies were

treated with PKP. In group A, PKP was performed in

98 thoracic vertebrae (17.38%), 100 lumbar vertebrae

(17.73%), and six sacral vertebrae (1.06%). In group B,

PKP was performed in 214 thoracic vertebrae

(37.94%), 134 lumbar vertebrae (23.76%), and 12

sacral vertebrae (2.13%). The three most common pri-

mary tumor sites were the lung (40.91%), breast

(16.48%), and esophagus (9.66%).

The patients were selected in accordance with the

selection criteria (Table 2).

Data collection
Efficacy of percutaneous kyphoplasty
The VAS, Oswestry Disability Index (ODI), and the general

health (GH) andmental health (MH) scores of the Short Form-

Table 1 Baseline characteristics of the two groups

Characteristics Group
A (n=104)

Group
B (n=72)

P-value

Age (years) 66.62±1.437 67.19±1.615 0.792

Female/male 44/60 44/28

Thoracic vertebrae 98 (48.04%) 214 (59.44%)

Lumbar vertebrae 100 (49.02%) 134 (37.22%)

Sacral vertebrae 6 (2.94%) 12 (3.33%)

Revised Tokuhashi 7.62±0.09 7.35±0.11 0.06

Primary tumor

Nasopharyngeal

carcinoma

1 0

Gallbladder cancer 1 0

Lung cancer 44 28

Liver cancer 1 0

Melanoma 2 0

Thyroid cancer 3 1

Lymphoma 1 0

Prostate cancer 6 3

Breast cancer 17 12

Soft palate cancer 1 0

Tongue cancer 4 1

Kidney cancer 8 2

Esophagus cancer 7 10

Gastric cancer 2 1

Small bowel cancer 1 2

Thymic cancer 2 3

Pancreatic cancer 1 2

Rectal cancer 2 3

Ovarian cancer 3 4

Table 2 Patient selection criteria

Inclusion criteria Exclusion criteria

Patients were diagnosed with

vertebral metastases by nuclear

magnetic resonance imaging or

bone scan

Patients received surgical treat-

ments including total tumor

resection, vertebral body repla-

cement and fixateur interne

Patients suffered severe back

pain and could not be relieved by

drugs

Patients suffered severe coagu-

lopathy and severe infections

Patients’ survival time was more

than 3 months

Patients suffered paraparesis/

paraplegia due to intraspinal

tumor masses that required

urgent decompression surgery
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36 Health Survey were assessed before and after PKP to

evaluate the clinical efficacy.

The VAS is a subjective measurement of pain, where

a score of 0 represents no pain, while a score of 10

represents the most severe pain imaginable.

The ODI is a subjective measure of functional disabil-

ity. An ODI of 0 indicates normal functional ability. The

more severe the patient’s spinal mobility dysfunction is,

the closer the ODI is to 100%.

The GH score measures the individual’s assessment of

their own health and development, with higher scores

indicating better GH. The MH score is a subjective mea-

sure of four types of psychological feelings (motivation,

depression, behavior, and emotionally out of control);

higher MH scores indicate better MH.

Safety
Computed tomography was performed at 3 days postopera-

tively to detect bone cement leakage, including leakage into

the intervertebral disc, the intraspinal region, and the para-

vertebral region. Patients were monitored for complications

such as pulmonary embolism, discitis, infection, nerve injury,

and bone cement syndrome during the follow-up period.

Percutaneous kyphoplasty procedure
All PKP procedures were performed by Dr. Tang, who had

completed nearly 10,000 vertebral augmentation

procedures.

The patient was in the prone position, and the heart rate,

blood pressure, and pulse oxygenation were monitored

throughout the procedure. C-arm fluoroscopy was used to

confirm the diseased vertebrae, and local anesthesia

(2% lidocaine and ropivacaine in a 1:1 ratio) was adminis-

tered after disinfection. Under fluoroscopy, the needle with

a detachable needle seat was inserted into the collapsed

vertebral body through the pedicle. After confirmation that

the needle was in the correct location, the needle holder was

removed. The working sleeve was placed along the needle

core, and then the needle core was removed to establish

a working channel. A biopsy was taken through a hollow

vertebral body drill. The vertebral body drill was removed

after the required depth was reached. The balloon was deliv-

ered into the collapsed vertebral body. Fluoroscopy was used

to confirm that the two marking rings of the balloon com-

pletely protruded from the working cannula. A gauge pres-

surizer (maximum pressure 20 ATM) was used to slowly

inject the contrast agent to expand the balloon and form

a cavity in the collapsed vertebral body. Subsequently, the

pressure and volume were calculated, and the contrast agent

was aspirated to make the balloon retract after the vacuum

was slowly withdrawn. Under fluoroscopy, polymethyl-

methacrylate (PMMA) (Osteopal V, Heraeus Medical,

Germany) was injected into the vertebral body. PMMAwas

injected at the late stage when it had a relatively thick con-

sistency. During the PMMA injection, the distribution of

bone cement in the vertebral body was closely observed.

Once the bone cement neared the posterior wall of the ver-

tebral body or the paravertebral venous plexus, the injection

was stopped immediately to prevent the bone cement from

entering the spinal canal, the intervertebral foramen, and the

blood vessel. Finally, the working cannula was removed and

the operation was completed.

Statistical analysis
Data analysis was performed using commercially avail-

able software (SPSS version 15.0, SPSS, Inc., Chicago,

IL, USA). Continuous variables are presented as the

mean ± standard error of the mean. Qualitative variables

are presented as the absolute and relative frequencies.

The Wilcoxon rank sum test was used to compare the

pre- and post-PKP VAS, ODI, GH and MH scores.

Unpaired t-tests were used to further assess the differ-

ences between groups A and B in the VAS, ODI, GH

and MH scores, the volume of PMMA per vertebra, and

the operation time. The χ2 or Fisher’s exact test was

used to compare ratios. P<0.05 was considered to indi-

cate a statistically significant difference.

Results
PKP was successfully completed via a unilateral surgical

approach in all patients. The operative time in group

A (0.78±0.02 hrs) was significantly shorter than that in

group B (1.35±0.05 hrs; P<0.001). A similar volume of

PMMA was injected into each vertebral body in group

A (4.11±0.07 mL) and group B (3.92±0.02 mL; P>0.05).

The follow-up period was 16±0.2 months (range 10 to

36 months) in group A, and 10±0.9 months (range 4 to

25 months) in group B.

Treatment efficacy
VAS

The preoperative VAS scores were similar in group A and

group B (P=0.0585; Table 3). The effective pain relief rate

(>50% pain reduction as measured by the VAS) was

82.695% in group A, and 77.78% in group B. Both groups

experienced significant pain relief after surgery (Figure 1A).
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At 1 week after PKP, group A had a significantly lower

mean VAS score than group B (P<0.05; Table 3).

GH score

The mean preoperative GH score in group A did not

significantly differ from that in group B (P=0.881;

Table 4). The GH score in both groups significantly

improved after PKP (P<0.001; Figure 1B). At 1 day,

3 months, and 6 months after PKP, the mean GH score

in group A was significantly greater than that in group

B (P<0.05; Table 5).

ODI and MH score

The ODI and MH scores were significantly improved after

PKP in both groups (P<0.05; Figure 1C,D). There were no

significant differences between the two groups in the pre- and

postoperative ODI and MH scores (P>0.05; Tables 5 and 6).

Safety
Postoperative computed tomography showed that local

bone cement leakage occurred at 102 levels (18.09%),

including 35 levels in group A (17.16%) and 67 levels in

group B (18.61%). The bone cement leaked into the

Table 3 VAS scores during the 6-month follow-up period

Group 24 h before 1 day after 1 week after 1 month after 3 months after 6 months after

A 7.67±0.08 3.60±0.14 3.41±0.10 3.69±0.12 3.91±0.12 3.80±0.12

B 7.75±0.09 3.81±0.11 3.74±0.13 3.92±0.13 3.75±0.14 3.74±0.13

Pa 0.514 0.1846 0.044 0.216 0.373 0.734

Note: aP-value for comparisons between groups A and B.

A

B

C

D

Figure 1 Pre- and postoperative assessments of pain, function, GH, and MH. (A) VAS, (B) GH score on the Short Form-36 Health Survey, (C) ODI, (D) MH score on the

Short Form-36 Health Survey. For the comparison of the pre- and postoperative values within group A, * indicates P<0.05, ** indicates P<0.01, and *** indicates P<0.001. For
the comparison of the pre- and postoperative values within group B, # indicates P<0.05, ## indicates P<0.01, and ### indicates P<0.001.
Abbreviations: GH, general health; MH, mental health; ODI, Oswestry Disability Index.
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adjacent intervertebral disc (n=42, 7.45%), peripheral

paravertebral tissue (n=36, 6.38%), epidural space (n=16,

2.84%), and needle puncture channel (n=8, 1.42%)(Table

7), but no patient had any clinical or neurological symp-

toms. There were no postoperative complications such as

discitis, suture infection, and bone cement syndrome.

Follow-up
Six months of follow-up was completed for 170 of 176

patients, as six patients in group B died during the follow-

up period. Of these six patients, three died from lung

cancer with pneumonia, while three died from cancer-

associated systemic dyscrasia. Pathological fractures were

diagnosed in 20 patients in group A (giving a refracture

rate of 9.8%), while the refracture rate in group B was

11.67% (Table 7, P>0.05).

Discussion
The absolutely safe number of PKP levels for the

treatment of vertebral metastases in one procedure

remains controversial. Barr et al reported that single-

level PKP has better efficacy than multilevel PKP.10

Furthermore, Lavanga suggested that PKP should be

performed at no more than three levels in a single

operation in order to reduce the associated complica-

tions and patient discomfort.11 However, Zhang et al

found no significant difference in the efficacy and

safety of vertebroplasty at more than three levels com-

pared with vertebroplasty at less than three levels.12

Thus, the safety and efficacy of multilevel PKP for

malignant tumors requires further study.

In the present study, the most common primary cancer

sites were the lung, breast, and esophagus. Cancers at

these sites are more likely to metastasize to the thoracic

vertebrae. Thus, thoracic vertebrae were most commonly

affected in group B (those with vertebral metastases at four

Table 4 Oswestry Disability Index during the 6-month follow-up period

Group 24 h before 1 day after 1 week after 1 month after 3 months after 6 months after

A 74.48±0.81 35.98±0.92 37.40±0.84 34.60±0.74 36.38±0.68 35.94±0.78

B 74.31±0.96 38.19±1.25 35.92±0.89 34.69±0.94 35.14±0.73 35.47±0.95

Pa 0.89 0.146 0.238 0.934 0.223 0.703

Note: aP-value for comparisons between groups A and B.

Table 5 General health scores during the 6-month follow-up period

Group 24 h before 1 day after 1 week after 1 month after 3 months after 6 months after

A 33.65±1.68 52.45±1.20 52.64±1.33 60.63±1.34 60.48±1.71 57.84±2.19

B 33.26±1.96 57.71±1.52 53.68±1.61 60.97±1.57 67.92±1.37 64.10±1.38

Pa 0.881 0.007 0.62 0.867 0.002 0.031

Note: aP-value for comparisons between groups A and B.

Table 6 Mental health scores during the 6-month follow-up period

Group 24 h before 1 day after 1 week after 1 month after 3 months after 6 months after

A 50.20±1.18 53.90±1.78 61.50±1.67 61.90±1.63 57.50±1.77 62.20±1.80

B 50.20±1.51 55.60±2.10 61.60±1.98 57.10±2.02 60.00±2.14 58.20±2.17

Pa 0.98 0.542 0.961 0.062 0.365 0.158

Note: aP-value for comparisons between groups A and B.

Table 7 Follow-up results and complications in the two groups

Group A Group B P-value

Cement leakage 35 (17.16%) 67 (18.61%) 0.168

Adjacent intervertebral disc 16 (7.84%) 26 (7.22%)

Peripheral paravertebral tissue 11 (5.39%) 25 (6.94%)

Epidural space 6 (2.94%) 10 (2.78%)

Puncture channel 3 (1.47%) 5 (1.39)

Follow-up

Refracture 9.8% 11.67% 0.497

Survival (6 months) 100% 91.67% 0.004
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or more levels). However, the VAS scores did not signifi-

cantly differ between group A and group B, despite the

weightbearing nature of the thoracic spine and the greater

refracture rate in group B. This may be because most

patients were lying in bed during the preoperative VAS

evaluation, and wore a waist belt postoperatively to avoid

spinal overactivity. In addition, most patients were taking

analgesics, which would have affected the VAS evaluation.

Back pain was significantly improved after PKP in all

patients, with an effective pain relief rate of 80.68%. In the

short-term (<1 week postoperatively), group B experienced

significantly more pain than group A, but there was no sig-

nificant difference between the groups in long-term pain relief

(>1 month postoperatively). Thus, we believe that multilevel

PKP is able to achieve the same satisfactory clinical efficacy as

PKP at no more than three levels of vertebral metastases. The

efficacy of percutaneous osteoplasty in other bone metastases

has also been validated. Plancarte et al reported reduced pain

intensity, reduced analgesic consumption, and improved qual-

ity of life in 80 patients with femoral metastases at 7 and

30 days after percutaneous osteoplasty.13 Furthermore,

Cazzato et al found that 27.4–68.2% of patients experienced

pain reduction, and 6–71.9% of patients experienced improve-

ment of limb function.14

There are three mechanisms by which PKP may alle-

viate the pain caused by vertebral metastases. First, bone

cement may increase the stability of microfractures,

increase bone strength and loadbearing ability, and reduce

painful stimulation of peripheral nerves. Second, bone

cement may have a certain anti-tumor effect due to the

bone cement solidification exothermy and the toxicity of

the bone cement monomer.15 Third, the direct toxic effects

of PMMA monomers on nerve endings and the exothermic

response of PMMA polymerization may destroy free nerve

endings and thus attenuate pain.16

In the long-term (>3 months postoperatively), the mean

GH score in group B was significantly worse than that in

group A. This may be because the patients in group

B were in the late stage of cancer, and were in worse

general condition than those in group A, as shown by the

preoperative revised Tokuhashi scores. In addition, we

also found that although the mean MH score was mildly

improved postoperatively, it was still low, indicating that

most patients still thought that their MH was poor after

PKP. Therefore, we believe that the treatment of patients

with advanced vertebral metastases requires multidisci-

plinary treatment involving both psychology and

physiology.

In terms of safety, the bone cement leakage rate in

vertebral metastases is often higher than that in simple

osteoporotic vertebral fractures due to the destruction of

the cortical bone of the vertebral body or the tumor-rich

blood vessels and blood supply.17 Thus, for patients

with osteolytic vertebral metastases, we often recom-

mend PKP rather than percutaneous vertebroplasty

(PVP). Compared with PVP, PKP has a lower risk of

cement leakage, as the balloon expansion of the verteb-

ral body results in relatively reduced pressure in the

vertebral body when the bone cement is injected. In

the present study, the average rates of cement leakage

per vertebral body in groups A and B were 17.16% and

18.61%, respectively, which are indeed lower than the

previously reported cement leakage rate at each PVP

level of 25.1%.12 Furthermore, in the present study,

most of the cement leaked into the adjacent interverteb-

ral disc, and so did not cause neurological symptoms.

Therefore, we consider PKP a better option for osteoly-

tic vertebral metastases than PVP. However, the rate of

refracture after PKP is reportedly higher than that after

PVP. This may be because the bone cement cannot

completely fill the cavity expanded by the balloon,

resulting in an increase in the long-term refracture

rate. In our study, the overall refracture rate was

10.99%, which is lower than that previously reported

after PVP (15.2%).4 Furthermore, group B did not have

a significantly higher refracture rate than group A. In

our experience, it is important to keep the pressure of

the gauge pressurizer below 20 ATM and to not exces-

sively expand the vertebral body via the balloon. In

addition, the entire cavity must be filled with sufficient

PMMA in accordance with the pressure and volume

calculated when expanding the vertebral body.

Generally, each thoracic vertebra requires the injection

of 3–4 mL of PMMA, while each lumbar vertebrae

requires 4–5 mL of PMMA.

During the follow-up period, three patients in group

B died from lung cancer with pneumonia at 4 months

after PKP, and three patients in group B died from

cancer-associated systemic dyscrasia. It should be

emphasized that PKP is only a local palliative analge-

sic treatment for patients with multiple vertebral metas-

tases. Prolonged patient survival requires systemic

treatments such as radiation therapy, chemotherapy,

and immunotherapy. Therefore, patients should con-

tinue to undergo treatments for primary tumors and

systemic support after discharge to prolong survival.
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Limitations
The present study had some limitations. First, the retro-

spective study design means that selection bias was

unavoidable. Second, besides PKP, other treatments such

as interventional tumor resection and ablation may provide

relatively low complication and high efficacy rates,18–20

and these techniques should be investigated in future stu-

dies. Third, the disease stage and adjuvant treatments are

important confounders that may cause pain; however,

these variables were not assessed in the present study.

Fourth, the VAS used in the present study is not specific

for the evaluation of pain caused by vertebral metastases,

as other metastatic sites may also have been causing pain.

Conclusion
Multilevel PKP for osteolytic vertebral metastases

results in safe and effective pain relief, and improve-

ments in spinal mobility and GH. However, patients

with multilevel PKP had slightly worse pain relief in

the short-term (less than 1 week postoperatively) and

improvement of GH in the long-term (more than

3 months postoperatively) than patients with PKP at

less than three levels.
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