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Abstract

Objective: The objective of this research was to investigate the risk factors of cement leakage in patients with meta-
static spine tumors following percutaneous vertebroplasty (PVP).

Methods: Sixty-four patients with 113 vertebrae were retrospectively reviewed. Various clinical indexes, includ-

ing age, sex, body mass index (BMI), smoking history, drinking history, chemotherapy history, radiotherapy history,
primary cancer, location, other metastases, collapse, posterior wall defects, the laterality of injection, and the injected
cement volume were analyzed as potential risk factors. Multivariate analyses were conducted to identify the inde-
pendent risk factors.

Results: The cement leakage was found 64 in 113 treated vertebrae (56.63%), in which the incidence of each type
was shown as below: spinal canal leakage 18 (15.93%), intravascular leakage around the vertebrae 11 (9.73%), and
intradiscal and paravertebral leakage 35 (30.97%). Tomita classification (P = 0.019) and posterior wall destruction (P =
0.001) were considered strong risk factors for predicting cement leakage in general. The multivariate logistic analysis
showed that defects of the posterior wall (P = 0.001) and injected volume (P = 0.038) were independently related to
the presence of spinal canal leakage. The postoperative visual analog scale (VAS) and activities of daily living (ADL)
scores showed significant differences compared with the pre-operative parameters (P < 0.05). No significant differ-
ences were found in every follow-up time between the leakage group and the non-leakage group for pain manage-
ment and improvement of activities in daily life.

Conclusion: In our study, Tomita classification and the destruction of the posterior wall were independent risk fac-
tors for leakage in general. The defects of the posterior wall and injected volume were independently related to the
presence of spinal canal leakage. The PVP procedure can be an effective way to manage the pain.
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Introduction
The spine is considered one of the most common tumor
metastatic sites, and the incidence rates increase year by
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lumbar spine (20%) and cervical spine (10%) make up
the rest [1]. Depending on the exact size, location, and
extent, patients may suffer from severe pains, deficits
in the abilities of daily life, and neurological symptoms,
in which pain is the predominant one [2]. Traditionally,
analgesics, radiotherapy, and surgical procedures can be
applied to relieve the pain. Among them, surgical proce-
dures were considered the first choice, especially when
spinal instability led to axial pain or spinal cord compres-
sion occurred. Compared with open surgery, minimally
invasive surgeries like percutaneous vertebroplasty (PVP)
had innate advantages of less trauma and time for those
patients with short life expectancy [3-5].

PVP is a minimally invasive, image-guided therapy that
is widely accepted and adopted for palliative treatment.
The polymethyl methacrylate (PMMA) bone cement
is injected at sites of vertebral lesions by a percutane-
ous puncture to restore vertebral height and stability. It
had been used to treat osteoporotic vertebral collapse
[6], benign lesions (vertebral angiomas [7], monosto-
tic fibrous dysplasia [8], etc.), and malignant tumors [9].
According to previous research, PVP was proven to be
an effective and safe way to relieve pain [2, 5] and stabi-
lize the vertebrae when applied alone or combined with
some novel strategies [10—12]. Moreover, patients treated
with PVP needed less recovery due to the small trauma.
Thereby, it was considered the ideal choice for patients
whose general condition is relatively poor, with decreased
pain, less blood loss, and shorter hospital stays [5].

The major complication after PVP is cement leakage, as
many previous studies had found [6, 9, 13—15]. Although
it may not result in symptoms in an overwhelming
number of cases. Based on the existing studies about
osteoporotic vertebra compression fractures (OVCF) fol-
lowing PVP, the incidence of cement leakage ranged from
the lowest 5% to 80% for the highest. However, the inci-
dent rate of that in malignant tumors varies from 50% to
nearly 100% due to the potential posterior wall deficits
and rich blood supply [6, 9, 14, 16]. To our best knowl-
edge, there is still little research to explore the risk factors
for cement leakage in spine metastases.

Therefore, in this study, we aim to evaluate potential
risk factors for cement leakages in patients with spinal
metastases after PVD, evaluate the therapeutic capac-
ity of PVP, and analyze the relationship between clinical
parameters and the occurrence or not of leakage.

Material and methods

Selection of patients

This study was approved by the ethics committee of The
First Affiliated Hospital of Chongqing Medical Univer-
sity. And the informed consent was waived for the ret-
rospective study. We retrospectively reviewed patients
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with metastatic spinal tumors treated after PVP at our
department between Jan. 2015 to Dec. 2020. The inclu-
sion criteria are shown as follows: (1) spine metastases
confirmed by histopathological diagnosis using biopsy;
(2) severe and intractable pains which can be attributed
to the lesion; (3) treated with PVP; (4) osteolytic or mixed
lesions. Exclusion criteria were (1) primary spinal tumor,
(2) spinal cord and/or nerve root compression, (3) patho-
logical vertebral due to tuberculosis, (4) vertebral frac-
tures due to another cause such as osteoporosis, and (5)
the previous history of receiving PVP.

The major surgical indication for all patients was the
unbearable pain due to the osteolytic destruction at the
level of pathological vertebral sites. Moreover, the symp-
toms could not be relieved by any formal conservation
treatments.

Methods

Surgical procedure

In our study, all the surgeries were conducted by the sen-
ior spinal surgeons in our department. The procedure
was performed in a prone position under local anesthe-
sia. The initial image was acquired with the help of C-arm
to locate the targeted site. Under the guidance of C-arm
X-ray (Ziehm Imaging Systems), the 11- or 13-gauge
puncture needle was unilaterally or bilaterally inserted
through the pedicle until it reached the posterior one-
third of vertebrae, then advanced into the vertebral body.
In this stage, the diseased vertebral tissue could be taken
for biopsy through the walking tunnel. Finally, polym-
ethylmethacrylate (PMMA) was slowly injected into the
fractured vertebral body. The cement volume and com-
plications were recorded accordingly.

Data collection

Pre-operative patients’ demographics

The following data were obtained from the electronic
medical record system: age, sex, body mass index (BMI),
smoking history, alcohol-drinking history, primary can-
cer type, chemo/radiotherapy history, other metastases,
number of pathological vertebrae, collapse, the destruc-
tion of the posterior wall, the injected volume of PMMA,
instrumentation (single or bilateral), whether leakage or
not. The primary tumor types were categorized into three
subtypes: slow, moderate, and rapid groups, according to
the Tomita classification. Widely accepted and adopted
to determine the optimal treatment for patients with
spine metastases [17], the Tomita classification distin-
guished the degree of malignancy and prognosis by the
growth speed of primary cancer type [18]. The specific
groups are as follows: (1) slow growth group (breast, thy-
roid, prostate, and so on.); (2) moderate growth group
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(kidney, uterus, and so on); (3) rapid growth group (lung,
liver, and so on) [18].

Clinical evaluation

Postoperative parameters, including the visual analog
scale (VAS) score [19] and activities of daily living (ADL)
score [20] based on the Barthel Index, were recorded.
The Barthel Index is a 10-item measurement of ADL. A
higher Barthel index score indicates a superior capacity
of daily living. The leakage of cement was assessed by
the third party who had not participated in the surgeries.
For all cases, the following data observed in three time
periods which included preoperative, one month postop-
eratively, and the final follow-up (3 months) are shown
below: whether leakage or not, VAS, and ADL.

Assessment of cement leakage

All patients underwent an X-ray and CT scan of the spine
after the procedure. The leakage of cement was evaluated
and recorded as three subtypes: (1) spinal canal leakage;
(2) intravascular leakage around the vertebrae; (3) intra-
discal and paravertebral leakage.

Analysis

The analysis was performed using the IBM SPSS Sta-
tistics 26.0. The D’Agostino-Pearson test was used to
check the normality of distribution for measurement
data which were shown as number (%), mean =+ standard
deviation. The intra-group comparison was conducted by
independent sample ¢-test. One-way ANOVA was used
to compare the difference between multi-groups. Non-
normal distributed variables were presented as medians
and interquartile range (IQR). The comparisons between
groups were performed through the Mann—Whitney
U test and the Kruskal-Wallis test. All count data were
expressed as ratio and compared using a chi-square test
or Fisher’s exact probability method. Differences with a
P-value < 0.05 were considered significant.

Results

This study reviewed the medical history, pathology, and
imaging data of 64 patients (36 males and 28 females)
with 113 pathological vertebrae involved. The median
age was 65 years (range: 27-89). Among all the patients
involved, 42 patients (65.63%) were diagnosed with rap-
idly growing cancer. 28 patients (46.88%) reported receiv-
ing standard chemoradiotherapy prior to this surgical
procedure. Moreover, postoperative chemotherapy and
radiotherapy were adapted by 45 patients (73.44%). Of all
the involved vertebrae, the lumbar spine accounted for
66 (58.41%), accounting for the highest, thoracic spine
accounted for the remaining 47 (41.59%). The collapse
or pathological fracture occurred in 44 vertebrae. 89 of
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all the treated vertebrae presented with posterior wall
defects. The patients’ demographics and clinical and radi-
ographic features are shown in Table 1.

A total of 64 vertebrae was found suffering from bone
cement leakage, in which the incidence of each type was
shown as below: spinal canal leakage 18 (15.93%), intra-
vascular leakage around the vertebrae 11 (9.73%), and
intradiscal and paravertebral leakage 35 (30.97%). Table 2
demonstrates the univariate analysis of cement leakage in
general, in which six factors were confirmed to be the risk
factors. These factors included Tomita classification (P

Table1 The patients’ demographics and clinical and
radiographic features
No of patients 64
No. of treated vertebrae 113
Gender

Male 36

Female 28
Mean age (range, years) 65 (27-89)
BMI (range, kg/m?) (16.16-30.47)
Smoking history

Yes 28

No 36
Drinking history

Yes 19

No 45
Previous chemo/radiotherapy

Yes 28

No 36
Post-OP chemo/radiotherapy

Yes 45

No 19
Primary cancer type

Slow 14

Moderate 8

Rapid 42
Other metastases

Yes 19

No 45
Number of metastatic vertebrae (range) (1-27)
Treated vertebra level

Thoracic 47

Lumbar 66
Collapse

No 69

Yes 44
Posterior wall destruction

Yes 89

No 24

Injected bone cement volume (range, ml) 484 +£1.70(1.2-9)
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Table 2 Univariate analysis for the occurrence of cement
leakage in general
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Table 3 Multivariate logistic analysis for the occurrence of
cement leakage

Features No leakage =49 Leakage=64 P Features OR (95%Cl) P
Previous chemo/radio- 0414 Tomita classification 2.060 1.124-3.776 0.019
therapy Post-OP chemo/radiotherapy 2,679 0822-8734 0.102
No 23 (46.9%) 35 (547%) Vertebra level 0724  0232-2253 0577
Yes 26(53.1%) 29 (45.3%) Posterior wall destruction 19.706 3.653-106.297 0.001
Tomita classification 0026 pjected laterality 0369 0.118-1.151 0086
Slow 10(204%) 19 (29.7%) Injected volume 0698 0476-1024 0066
Moderate 2 (4.1%) 11 (17.2%)
Rapid 37 (75.5%) 34 (53.1)
Post-OP chemo/radio- 0.002
therapy posterior wall (OR = 0.121, 95% CI = 0.034-0.423, P =
No 5(10.2%) 23 (35.9%) 0.001) and injected volume (OR = 1.499, 95% CI = 1.022-
Yes 44 (89.8%) 41 (64.1%) 2.199, P = 0.038) (Table 5) were independently related to
Other metastasis 0.795 the presence of spinal canal leakage (Fig. 1).
No 31(63.3%) 42 (65.6%) As for the pain management and improvement of ADL,
Yes 18.(36.7%) 22 (34.4%) the VAS scores before and after surgery were shown as
Vertebra level 0.030 follows: 8.00 (6.00-9.00) pre-operation, 4.00 (2.00—6.00)
Thoracic 26 (53.1%) 21 (32.8%)
Lumbar 23 (46.9%) 43 (67.2%)
Collapse 0.866 Table 4 Univariate analysis for the occurrence of cement
No 30 (62.5%) 39 (60.9%) leakage in the spinal canal
Yes 18 (37.5%) 25(39.1%) Features Other =95 Spinal canal =18 P
Posterior wall destruction <0.001
No 2 (4.1%) 22 (344%) 5:3;%;,5 chemo/radio- 0.092
Yes 47 (95.9%) 42 (65.6%) No 49 (51.6%) 9(50.0%)
Injected laterality 0.002 Vs 46 (48.4%) 9 (50.0%)
Single 25 (51.0%) 15 (23.4%) , o
) Tomita classification 0.739
Bilateral 24 (49.0%) 49 (76.6%) Slow 25 (26.3% 4(22.2%)
Injected volume 5.75 (4.00-6.00) 4.00 (3.00-6.00) 0.007 Moderate 10 (10.5%) 316.7%)
Rapid 60 (63.2%) 11 (61.1%)
= 0.026), postoperative chemoradiotherapy (P = 0.002), E? esfags chemorradio- 0359
the level of treated vertebrae (P = 0.03), posterior wall No 22 (23.2%) 6 (333%)
destruction (P < 0.001), injected laterality (P = 0.002) Ves 73 (76.8%) 12 (66.7%)
and injected volume (P = 0.007). Then, we conducted a Other metastasis 0736
multivariate logistic analysis to find out the factors that No 62 (653%) 1161.1%)
are independently related to cement leakage. Two fac- Yes 33 (34.7%) 7 (38.9%)
tors were validated to be statistically significant: Tomita . "\ 0789
classification (odds ratio (OR) = 2.060, 95% confidence Thoracic 39 41.1%) 8 (44.4%)
interval (CI) = 1.124-3.776, P = 0.019) and posterior wall Lurmbar 56 (58.9%) 10 55.6%)
destruction (OR = 19.706, 95% CI = 3.653-106.297, P = Collapse 0.962
0.001) (Table 3). Besides that, we also found that injected No 58 (61.7%) 11 61.1%)
laterality (P = 0.086) and injected volume (P = 0.066) Vs 36 (38.3%) 7 (38.9%
approached statistical significance. Posterior wall destruction 0.001
In a further step, we developed a logistics regression " 15 (15.8% 9 (50.0%)
model to investigate the risk factors associated with the Vs 50 (84.29%) 5 (50.0%
leakage into the spinal canal compared to others. As ) )
. X . Injected laterality 0.019
shown in Table 4, posterior wall destruction (P = 0.01), Single 38 (40.0%) 2 (11.1%)
injected laterality (P = 0.019), and injected volume (P Bilateral o (60‘0%) 6 (Sé %%)
= 0.02) could be the potential factors. The multivari- _ ‘ ‘
Injected volume 450 (3.00-6.00) 6.00 (4.00-7.12) 0.020

ate logistic analysis results validated the defects of the




Wang et al. World Journal of Surgical Oncology ~ (2022) 20:112

Table 5 Multivariate logistic analysis for the occurrence of
cement leakage in the spinal canal

Features OR (95%Cl) P

Posterior wall destruction 0.121 0.034-0423 0.001
Injected laterality 3472 0.642-18.783 0.148
Injected volume 1.499 1.022-2.199 0.038

immediately after surgery, 2.00 (2.00-4.00) at 1 month
after surgery, and 2.00 (0-4.00) at 3 months after sur-
gery. The ADL scores before and after surgery were
shown as follows: 80.00 (55.00-100.00) pre-operation,
90.00 (80.00—100.00) at 1 month after surgery, and 80.00
(80.00-100.00) at 3 months after surgery. In detail, 45/64
(70.31%) patients experienced a decrease in VAS scores
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no less than 3 points after PVP. And as compared to the
pre-operative VAS and ADL scores, postoperative evalu-
ation parameters were all showed significant differences
(P < 0.05) (Figs. 2 and 3). As for the subgroup analysis
(Table 6), the preoperative pain scores were 8.00 (6.00—
9.75) and 8.00 (6.00—-8.00), with no significant difference
between them was found (P = 0.191). The pain relief
after surgery immediately shows no statistical difference
(P = 0.293): 4.00 (2.00-6.00) and 4.00 (2.00-4.00). Fur-
thermore, the VAS score dropped to 2.00 (2.00—4.00) and
2.00 (2.00-4.00) (P = 0.444)1 month following surgery,
2.00 (0.00-4.00) and 2.00 (1.00-3.50) for three months
after receiving PVP (Table 6). Apart from this, there
was no statistically significant difference in post hoc
pain relief scores between 2 sets in each measurement
moment. Only a few percent of patients experienced the
improvement of daily life: 100.00 (72.50-100.00) and

Fig. 1 A 27-year-old female patients with breast cancer presented with T11 pathological fracture. a Preoperative CT showed the destruction of
posterior wall and mild compression of the vertebral body. b Postoperative CT presented the leakage of cement into the spinal canal
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Fig. 2 The VAS score before and after surgery
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Fig. 3 The ADL score before and after surgery
Table 6 The pain management and improvement of ADL
Outcome Groups P
Leakage(n = 64) No leakage(n = 49)

Pre-OP VAS score 8.00 (6.00-9.75) 8.00 (6.00-8.00) 0.191
Immediate Post-OP VAS score 4.00 (2.00-6.00) 4.00 (2.00-4.00) 0.293
Post-OP VAS score at 1 month 2.00 (2.00-4.00) 2.00 (2.00-4.00) 0.444
Post-OP VAS score at 3 months 2.00 (0.00-4.00) 2.00 (1.00-3.50) 0.822
Pre-OP ADL score 85.00 (62.50-100.00) 80.00 (52.50-97.50) 0.244
Post-OP ADL score at 1 month 100.00 (72.50-100.00) 80.00 (80.00-100.00) 0.124
Post-OP ADL score at 3 months 100.00 (70.00-100.00) 80.00 (80.00-100.00) 0.226
Post-OP VAS score change after surgery immediately 3.50 (2.00-5.75) 4.00 (2.00-4.00) 0.762
Post-OP VAS score change after 1 month 450 (3.00-6.00) 4,00 (3.00-6.00) 0.895
Post-OP VAS score change after 3 months 5.00 (3.00-6.75) 5.00 (2.50-6.00) 0.852
Post-OP ADL score change after 1 month 0.00 (0.00-15.00) 0.00 (0.00-25.00) 0.689
Post-OP ADL score change after 3 months 0.00 (0.00-15.00) 0.00 (0.00-25.00) 0.564

80.00 (80.00-100.00) (P = 0.124) at 1 month postopera-
tively, 100.00 (70.00-100.00) and 80.00 (80.00—100.00) (P
= 0.226). Similar to the VAS score, no significant differ-
ence was found between the 2 groups.

Discussion

Spine metastases can lead to constant pain at the lesion
site, pathological vertebra fractures, and impaired
neurological functions [3]. The severe and intracta-
ble pain caused by mechanical instability, which was

due to loss of spinal integrity as a result of a neoplas-
tic process, can be the main complaints and constraints
of daily life such as walking abilities [21]. So, the core
of the management of metastatic spinal tumors is to
relieve the pain, restore the stability of the spine, pre-
vent the lesion from growing, and improve the quality
of life [22]. However, due to the rather low life expec-
tancy and bad personal performance, it is always hard
to conduct open surgery for such patients. In contrast,
minimally invasive interventions such as radiotherapy;,
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chemotherapy, and PVP/PKP can be more easily
acceptable. Compared with nonsurgical procedures,
PVP can relieve or eliminate the pain to a large extent,
restore the height of vertebrae and slow the progression
of the lesion.

According to the reported researches, the main com-
plication of PVP is cement leakage, in which the inci-
dence ranged from 5 to 80%. In the vast majority of
clinical studies, cement leakage is asymptomatic and has
no clinical consequences. However, some rare and life-
threatening complications had been reported. Through
the vena cava or paravertebral systems, the leakage could
lead to some catastrophic complications such as intracar-
diac cement embolism, pulmonary embolism, and even
death [23-25]. Some other researches also reported that
leakage could lead to spinal cord compression or ther-
mal injury [26, 27]. So it is of vital importance to figure
out which clinical factors can affect the leakage. Nearly
a meta-analysis that enrolled 22 studies validated that
intravertebral cleft, cortical disruption, low cement vis-
cosity, and high injected volume of cement could be the
high-risk factors for patients with OVCF [16]. However,
patients with spine metastases maybe were at increased
risk for cement leakage due to umor invasion, bone
destruction, and abundant blood supply. On the contrary,
very few studies could be found to examine this point.

In our study, cement leakage was found in 64 out of
113 treated vertebrae (56.63%), in which the incidence
of each type was shown as below: spinal canal leakage
18 (15.93%), intravascular leakage around the vertebrae
11 (9.73%), and intradiscal and paravertebral leakage
35 (30.97%). Like some prior studies, Zhu SY et al. [28]
reported a 64.0% leakage rate for osteolytic metastases,
Corcos G et al. [9] found the incidence for osteolytic/
mixed spinal metastases was 55%, and Trumm CG et al.
[29] showed a 58% leakage rate. Whereas, we also found
that the incidence of our study is much higher than other
researches. Zhang TY et al. [30] reported a 32.5% and Cui
Y et al. [31] reported a 34.9% leakage rate. These findings
could be underestimated due to the lack of CT examina-
tion after surgery.

Of all the candidate metrics in our study, defects of the
posterior wall and Tomita classification were validated
as the independent risk factors of leakage in general, as
reported previously by Cui Y et al. [28, 31]. Then, we con-
ducted a further study to identify the risk factors of spinal
canal leakage due to the other two subtypes were usu-
ally asymptomatic. The subtype of spinal canal leakage
can result in the compression of the spinal cord or nerve
roots. Multivariate logistic analysis showed injected vol-
ume of cement, and the incompleteness of the posterior
wall was validated as the independent factors for the high
incidence of leakage. Although a 15.93% leakage rate was
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reported in our study, no neurological deficits were found
in the treated patients.

According to prior studies, the first and most common
site of involvement is the posterior half of the vertebral
body, which contributes to the destruction of posterior
wall [32]. So previous researches suggested that PVP
should be taken seriously for vertebrae with posterior
wall defects. In a study conducted by Sun HP et al. [15],
it is of high risk to perform PVP for vertebra metastases
with destructions of posterior wall, increasing with the
degree of posterior wall defects. However, the presence
of posterior wall defects did not impact the prognosis.
Different from Corcos G et al. [9] had reported, they
found that cement leakage could be avoided or controlled
by taking care when the cement reaches the posterior
wall. Some surgical skills had been reported to reduce the
possibility of leakage. Sun HP et al. [15] suggested that
orthopedic surgeons could inject a little cement in the
perilesional normal areas to prevent the displacement of
cement. Yang HL et al. introduced another surgical pro-
cedure in which the cement injection should stop in time
when it reaches the lateral margin or when one-fourth
of the distance to the posterior wall of vertebra left [33].
Another challenging surgical method suggested by them
is blocking the defect areas with high-viscosity cement
[33]. It was also reported that the morphology of the pos-
terior wall in thoracic vertebrae may had potential asso-
ciation with the incidence of spinal canal leakage, and the
posterior 1/6 of the vertebral body should be taken as the
finish line to avoid further cement displacement [24].

According to Tomita classification, the primary tumors
were categorized as three subtypes based on the speed
of growth [18]. However, there are little researches to
further investigate the association between the type
of tumor and leakage rate. Corcos G et al. [9] reported
a lower vascular cement leakage rate in lung can-
cer patients and attributed this phenomenon to the
intravertebral pressure which was relied on the density
of cells and the type of histologies. Some other research-
ers had also found out that metastasis of breast cancer
is more likely to encounter the leakage of cement [31].
The leakage through the intravascular approach could be
divided into several ways: (1) segmental vertebral veins;
(2) anterior external vertebral venous plexus; (3) tumor
reflux vein. According to previous researches [34, 35], the
destruction of the venous system due to vertebral frac-
tures could be the protective factor of cement leakage.
Moreover, the destruction of the posterior vertebral wall,
which resulted from tumor invasion, was widely consid-
ered a risk factor of cement leakage. In the vast major-
ity of cases, the severity of tumors’ invasion was closely
related to the abundant blood supply and the tumor
reflux vein [31]. We suppose that the growth speed of
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the tumor can reflect the severity and blood supply of the
tumor, which may contribute to the high rate of cement
leakage. Unfortunately, no digital subtraction angiogra-
phy (DSA) was performed for patients. Besides that, we
could not analyze the effect of each exact tumor type on
leakage due to the small-sample study. So, more clinical
experiments are needed to investigate the potential links.

Highly associated with the maintenance and restora-
tion of vertebrae height, the cement volume of injection
was considered to be associated with the leakage in many
previous studies [9, 16, 25, 31, 36]. Surprisingly, no asso-
ciation was found in many studies between the injected
volume and pain management after PVP [37, 38]. So a
large amount of cement injection will not contribute to
the benefit of surgery; instead, it may increase complica-
tions. According to the experience reported by Zhu SY
et al. [28], less than 3.5 ml of cement in thoracic vertebrae
and 4ml in lumbar vertebrae are safe to prevent leakage.
Similar to the finding by Chew, equal to or greater than 4
ml of cement volume may lead to a higher complication
rate [39]. To balance the pain management and leakage,
the study conducted by Nieuwenhuijse et al. reported
that intravertebral cement volume of an optimal value of
24% is a safe threshold [40]. Therefore, surgeons should
balance the benefits and harms carefully during the
whole procedure.

Recently, a meta-analysis confirmed that PVP could
effectively relieve the pain in patients with spine metas-
tases, based on the data of 22 included researches [13].
According to one previous study, an average of 3.2 score
improvement of VAS score was reported [41]. Our result
coincided with some prior studies [42]. Surprisingly, no
significant differences were found in every follow-up
time between the leakage group and the non-leakage
group. Nevertheless, we can conclude that PVP can be an
effective way to manage pain based on the data. Moreo-
ver, pain relief can be achieved immediately after the sur-
gery and last a long time. Unlike pain management, the
improvement of ADL seemed to be less. We ascribe this
to several reasons. Firstly, multiple other bone metasta-
ses outside the surgical site may still limit the activities
of daily life. Second, various comorbidities would be the
restriction of improvement of outcomes.

In some recent studies, patients with a lower filling
rate (less than 0.646) of vertebrae and injected vol-
ume of cement were more likely to suffer from local
bone destruction progression (LBDP) within 6 months
[43], which would be a divergence from the original
intent of the PVP procedure. However, in our analy-
sis, the injected volume of cement was strongly associ-
ated with the occurrence of cement leakage. Previous
literature on the subject has also suggested the same.
Nevertheless, the cement killed tumor cells by the heat

Page 8 of 10

generated in the process of polymerization, and the
higher amount of cement injected, the higher tempera-
ture reached, according to the principle [44]. In other
words, the amount of cement is positively correlated
with the efficiency of local tumor control and the inter-
val to LBDP. What is apparent is that as the amount of
bone cement used increases, the incidence of cement
leakage and other complications also increases. To
address this issue, some novel combined surgery had
been introduced to reduce tumor volume and control
the injected volume of cement safely, such as radiofre-
quency ablation (RFA) and '*’I seed implantation [10-
12]. However, these technologies are still at the initial
and exploratory stage in the current situation. Further
research will be needed to allow for greater generali-
zation and application. So, a better control of cancer
progression and a lower risk of cement leakage were
conflicting and controversial. In clinical practice, the
decision was largely dependent on the clinical experi-
ence and awareness of the surgeon, which resulted in a
lack of consensus on this point. Therefore, in the future,
a large-sample multicenter study with a long-term fol-
low-up is required to determine an optimal injected
volume range for patients with spine metastases.

Despite that, our research had several limita-
tions. First and foremost, the retrospective nature of
the small-sample study may be associated with bias.
Secondly, there are still some factors that were not
included in this study, such as the viscosity of cement,
the time of surgery, and so on. Thirdly, only thoracic
and lumbar spines were included in our study.

Conclusion

The leakage of cement is the most frequent and com-
mon complication for metastatic spinal tumors after
PVP. In our study, Tomita classification and the
destruction of the posterior wall were independent
risk factors for leakage in general. And defects of the
posterior wall and injected volume were independently
related to the presence of spinal canal leakage. The PVP
procedure can be an effective way to manage the pain.
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