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Abstract

Purpose This study aims to determine whether outcomes following vertebroplasty with high viscosity cement are superior
to low viscosity cement and non-inferior to kyphoplasty in the setting of vertebral compression fractures.

Methods We searched for randomized controlled trials and cohort studies assessing cement leakage rate in adult patients with
VCFs who underwent vertebroplasty with high (HVCV) or low viscosity cement (LVCV) augmentation, or kyphoplasty (KP)
in PubMed, Embase, Ovid, The Cochrane Library, and Web of Science from inception up to December 2019. Two authors
extracted data and appraised risk of bias. We performed pairwise meta-analyses in R to compare differences between three
treatments and network meta-analysis using frequentist random-effects models for indirect comparison. We used P-score to
rate the overall certainty of evidence. The primary outcome was cement leakage rate.

Results Five RCTs and eight cohort studies with 840 patients and a total of 1280 vertebral bodies were included in the
systematic review and network meta-analysis. Compared to LVCYV, the relative risk for cement leakage following HVCV
and KP was 0.42 (95% CI 0.28-0.61) and 0.83 (95% CI 0.40-1.68), respectively. Our pooled results suggested that HVCV
(P-score =0.99) was better than KP (P-score=0.36) in cement leakage rate.

Conclusions The present network meta-analysis demonstrated that HVCV may be associated with lower risk of cement
leakage among patients with VCFs as compared to other augmentation techniques. Future prospective studies will validate
the findings of this analysis and further elucidate the risk of symptomatic cement leakage.
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MM Multiple myeloma

ODI Oswestry Disability Index

OVCF Osteoporotic vertebral compression fracture

PMMA  Polymethyl methacrylate

PVP Percutaneous vertebroplasty

RF-TVA Radiofrequency targeted vertebral
augmentation

RR Relative risk

VCF Vertebral compression fracture

Introduction

Vertebral compression fractures (VCFs) lead to severe back
pain, loss of mobility, spinal deformities, neural compromise,
and even paralysis [1]. The most common cause of vertebral
compression fracture is due to osteoporosis [2]. By 2025, 3
million osteoporotic fractures and $25 billion in related health
care costs will occur in the USA [3]. Of these, vertebral com-
pression fractures account for one-fourth of all osteoporosis-
related fractures [4].

Percutaneous vertebroplasty (PVP) and kyphoplasty (KP)
are preferred procedures in treating vertebral compression
fractures due to faster recovery, pain relief, and restoration
of vertebral height [4]. However, cement leakage remains an
important complication following these procedures with an
incidence rate as high as 63-87% reported in the literature
[5]. Cement extravasation can occur through fracture fissures
or through the vertebral vein fissures [2]. This may result in
infection, paralysis, vessel damage, pulmonary embolism, or
even death [2]. Several studies have shown that cement viscos-
ity is the main factor determining cement leakage [6—18]. High
viscosity cement product softens faster, requires less mixing
time, provides a more sufficient working phase [19], and thus
reduces the chance of extravasation. Kyphoplasty, on the other
hand, has also been suggested to be a solution to this issue.

Direct comparison between high viscosity cement ver-
tebroplasty and kyphoplasty has been sparsely reported in
the literature. In the relative absence of direct comparisons,
network meta-analyses offer a potential solution by allowing
pooling of both direct and indirect evidence, thus allowing
for more precise estimation of effect sizes. Hence, the aim of
this study was to perform a systematic review and network
meta-analysis to compare the rate of cement leakage fol-
lowing high viscosity cement vertebroplasty, low viscosity
cement vertebroplasty and kyphoplasty.

Methods
Research protocol and search question

The search protocol was based on the following PICO
question: for patients with vertebral compression fractures

(population of interest), does vertebroplasty with high vis-
cosity cement augmentation provide lower cement leakage
rate compared to vertebroplasty with low viscosity cement
augmentation (comparator) and kyphoplasty (compara-
tor). The review protocol was developed as indicated by
the PRISMA statement guidelines and was registered with
PROSPERO (ID: CRD42020187185). Both cohort studies
and randomized controlled studies were included.

Eligibility criteria and primary outcome

Studies were eligible if they met the following criteria: (1)
included patients with vertebral compression fractures who
underwent vertebroplasty or kyphoplasty; (2) provided infor-
mation on cement viscosity used in augmentation; (3) obser-
vational or interventional studies published in the English
language till December 2019; and (4) reported the primary
outcome of interest: cement leakage rate (defined as number
of leakage levels/fractured vertebral levels). Relevant exclu-
sion criteria included: (1) single-arm follow-up studies, case
reports, case series, reviews, basic science experiments, and
animal or cadaver studies; (2) studies including vertebral
compression fractures caused by infection or immunosup-
pression; (3) conference abstracts.

Search strategy and study selection

We searched PubMed, Embase, Ovid, The Cochrane Library,
and Web of Science for articles in a systematic approach
utilizing the combination of keyword and Medical Subject
Heading (MeSH) terms adjusted for each database. The most
recent search was performed on 7 January 2020. Recursive
search using bibliographies of obtained articles was also
performed.

Two reviewers independently evaluated titles and
abstracts for eligibility and full-text evaluation. All disagree-
ments between reviewers were resolved through discussion.

Data collection and quality assessment

The following data were extracted by two reviewers: study
characteristics (author, year of publication, region of study,
data source, study design, period of study), study arms,
sample size, patient age, cement leakage rate, complications
from cement leakage, inclusion criteria of each study, and
the specific definition of each treatment arm.

Risk of bias and study quality was assessed by two
reviewers independently using Newcastle-Ottawa Scale,
while GRADE assessment was performed to evaluate con-
fidence in effect estimates. All discrepancies were resolved
by discussion.
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Statistical analysis and quantitative data synthesis

We performed network meta-analysis using the “netmeta”
statistical package (version 1.2-0, https://cran.r-project.org/
web/packages/netmeta/index.html) [20, 21] in R (R version
3.6.0) and estimated network meta-analysis models with a
frequentist approach derived from graph theoretical methods
[22]. The raw data were transformed into a contrast-based
format and was used to estimate the relative risk and 95%
ClI for each pairwise comparison. We used these data to con-
duct a network meta-analysis using random-effects model-
ling by adding the estimated heterogeneity 72, based on the
Dersimonian—-Laird estimator [23], to the variance of each
comparison. Direct comparisons were depicted in the form
of network graphs, with vertices demonstrating treatments
and thickness of edges corresponding to number of studies.
Comparison-adjusted funnel plots were constructed to assess
publication bias and small study effects [24].

As for binary outcome assessment, we calculated a pooled
relative risk with 95% CI to summarize the relative efficacy
of each treatment. The results were visualized using forest
plot with LVCYV as the reference group. Ranking of treat-
ment was generated using P-score, which has been shown to
be equivalent to the SUCRA score [25], ranging from O to 1.
A higher P-score indicates a higher probability of being the
best treatment option. Forest plots were divided into a direct,
indirect, and network estimate to evaluate the consistency
between direct and indirect evidence in our network meta-
analysis. Since I? value was found to increase with larger
pooled samples [26], we used 7> to measure heterogeneity,
with 0.04, 0.16, and 0.36 corresponding to a low, moderate,
and high degree of heterogeneity, respectively [27]. We fur-
ther performed subgroup analyses based on treatment com-
parison to evaluate heterogeneity within studies. Sensitivity
analyses were also performed in the presence of publication
bias, significant heterogeneity, or estimate effect size in dif-
ferent diagnosis groups.

Results

Literature search and selection process

A total of 280 articles were identified through database
searching. After removal of duplicates and screening for
titles and abstracts, 28 full-text articles were reviewed for
eligibility, with 13 studies included for quantitative synthesis
(Fig. 1).

Study characteristics

Our network meta-analysis included five randomized con-
trolled trials and eight cohort studies (two prospective, six
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retrospective) with a total of 840 patients. Across studies, the
mean patient age ranged between 65 and 80 years, and while
on average, 70% were females (range 44-93%) (Table 1).
The included studies were conducted in China (7 studies,
n=575)[9, 13-16, 18], Italy (2 studies, n="74) [7, 10], USA
(1 study, n=380) [8], Germany (1 study, n=60) [6], Greece
(1 study, n=47) [12], and Netherlands (1 study, n=64) [11].
Eleven articles included patients with osteoporotic VCF
(OVCEF), others included VCF caused by multiple myeloma
[10], other malignant tumours [12], and symptomatic angi-
oma (Table 2) [7]. All studies were active comparator, with
eight articles comparing HVCV and LVCV [6, 7,9, 11, 14,
16—18], three comparing HVCV and KP [8, 13, 15], and two
comparing KP and LVCV [10, 12]. Inclusion criteria, crite-
ria used to determine cement leakage, and follow-up period
for each individual study are listed in Supplemental Table 1.

Cohort description and treatment definition

In one of the eight studies comparing HVCV to LVCYV, the
authors used medium viscosity cement: Disc-O-Tech (Disc-
O-Tech Medical Technologies Ltd., Israel) [11]. In one of
the three studies comparing HVCV to kyphoplasty, the
author used radiofrequency targeted vertebral augmentation
(RF-TVA) instead of original vertebroplasty [8]. In one of
the two studies comparing KP to LVCYV, the authors utilized
high viscosity cement (HVC) in the KP arm [12]. Table 1
summarizes treatment details, while product and brand of
cement used in each study are summarized in Table 2. In
HVCYV arm, five studies used Confidence delivery system
[6,7,13, 15, 17], and three studies used Heraeus product [9,
14, 18]. Further details for definition of HVC as provided in
each study are shown in Supplemental Table 2.

Methodological quality and assessment of risk
of bias

The methodological quality of included studies was assessed
using Newcastle—Ottawa Quality Assessment Scale (Sup-
plemental Table 4). Strength of evidence was assessed using
the GRADE approach; confidence in estimates was found
to be moderate (Supplemental Table 5). Network graph
demonstrated the structure of our network meta-analysis,
with width of the edge corresponding to number of studies
(Supplemental Fig. 1). When the data were pooled, moder-
ate heterogeneity was observed (z2=0.22), and no signifi-
cant inconsistency was noted between treatment designs
(P=0.95). Subgroup analysis revealed low heterogeneity for
“HVCYV versus LVCV” and “HVCYV versus KP” pairwise
comparisons (z2=0.09 and 0.07, respectively) and high het-
erogeneity for “KP versus LVCV” (z*=1.59) (Fig. 2). Egg-
er’s test revealed significant asymmetry (P =0.03), indicat-
ing the presence of publication bias (Supplemental Fig. 2).
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Fig. 1 Flow of identification, screening, eligibility, and inclusion

Cement leakage rate

Cement extravasation was detected using X-ray or computed
tomography or both in the included studies (Supplemental
Tablel). Crude cement leakage rate for HVCV, LVCYV, and
KP was 0.24, 0.57, and 0.19, respectively. Table 3 sum-
marizes the rate of cement leakage reported by each study.
Effect estimates from direct and network comparisons, along
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with the ranking of treatment, are summarized in Table 4,
while Fig. 3 demonstrates consistency in direct, indirect,
and network comparisons. HVCV was found to have a lower
risk of cement leakage than LVCV by direct comparison
(RR=0.40; 95% C1=0.28-0.61). However, indirect pair-
wise comparisons did not reveal a significant difference
between any treatment. After pooling direct and indirect esti-
mates, HVCV was found to be associated with lower leakage
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Table 1 Study characteristics

Study Country, duration of ~ Study type Treatment strategies ~ Patient number Sex: Female% Mean age (yo)
follow-up used (Male/Female)
Anselmetti, 2008 [7]  Italy 02/2006— RCT High viscosity cement 30 80.00 (6/24)  71.3+7.8
vertebroplasty
Low viscosity cement 30 93.33 (2/28) 732+6.4
vertebroplasty
Nieuwenhuijse, 2010  Netherlands Prospective cohort ~ Medium viscosity 34 70.59 (10/24)  70.7
[11] 08/2002—08/2007 cement vertebro-
plasty
Low viscosity cement 30 86.67 (4/26) 74.3
vertebroplasty
LaMaida, 2012 [10] Italy 11/2005— Retrospective cohort Kyphoplasty 14 Not provide Not provide
05/2008 Low viscosity cement
vertebroplasty
Georgy, 2013 [8] USA not provided Retrospective cohort Radiofrequency 45 68.89 (14/31) 74
targeted vertebral
augmentation (RF-
TVA)
Balloon kyphoplasty 35 80.00 (7/28) 80.8
Korovessis, 2014 [12]  Greece 03/2010— RCT Balloon kyphoplasty 23 56.52 (10/13)  71+13
03/2012 with high viscosity
cement augmenta-
tion
Kiva procedure 24 54.17 (11/13)  70=+11
Wang, 2015 [15] China 01/2012— Prospective cohort  High viscosity cement 53 77.36 (12/41)  69.43+8.94
02/2014 vertebroplasty
Balloon kyphoplasty 54 74.07 (14/40)  68.63+8.39
Zeng, 2015 [16] China 01/2009— Retrospective cohort High viscosity cement 20 55.00 (18/22) 66.4+9.8
08/2014 vertebroplasty
Low viscosity cement 20
vertebroplasty
Zhang, 2015 [17] China 12/2010— RCT High viscosity cement 14 85.71 (2/12) 75.5+9.3
12/2012 vertebroplasty
Low viscosity cement 18 83.33 (3/15) 75.8+9.3
vertebroplasty
Sun, 2016 [13] China 01/2010— Retrospective cohort High viscosity cement 46 73.91 (12/34) 65.4+2.6
08/2013 vertebroplasty
Kyphoplasty 52 73.08 (14/38) 65.2+3.3
Zhang, 2017 [18] China 05/2013— Retrospective cohort High viscosity cement 36 66.67 (12/24) 72.03+7.44
0172015 vertebroplasty
Low viscosity cement 30 66.67 (10/20) 70.43+6.95
vertebroplasty
Guo, 2017 [9] China 09/2009— RCT High viscosity cement 50 50.00 (25/25) 77.2+8.1
09/2015 vertebroplasty
Low viscosity cement 50 44.00 (28/22) 75.4+6.8
vertebroplasty
Tang, 2019 [14] China 01/2015— Retrospective cohort High viscosity cement 38 73.68 (10/28) 78.50+6.29
07/2017 vertebroplasty
Low viscosity cement 34 79.41 (7/27) 78.41+7.77
vertebroplasty
Alhashash, 2019 [6] Germany 04/2012—  RCT High viscosity cement 30 60.00 (12/18) 68.63+6.9
12/2013 vertebroplasty
Low viscosity cement 30 56.67 (13/17) 71.53+7

vertebroplasty
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Table 2 Cement brands and patient characteristics

Treatment arm  Cement brand

Confidence Type I; Disc-O-Tech, Israel

Mendec Spine; Tecres, Sommacampagna, Italy
Disc-O-Tech, Disc-O-Tech Medical Technologies Ltd., Israel
OsteoPal-V, Heraeus Medical, Germany

Not provided, only mentioned first generation low viscosity PMMA

StabiliT Vertebral Augmentation System (DFINE Inc, San Jose, CA)
Dough-Type; Zimmer, Warsaw, IN

Osteopal V, Spinal column stabilization; Heraeus Medical GmbH, Hanau,
Germany

Tecres, Verona, Italy

Confidence Spinal Cement System, DePuy Spine Inc, Raynham, MA, USA
OSTEOPAL V (Heraeus Medical GmbH, Wehrheim, Germany)

Not provided

Confidence; DePuy Spine, Raynham, MA
Vertebroplastic; DePuy Acromed, Raynham, MA
Confidence, DePuy Spine, USA

Kyphon, Sunnyvale, USA

Osteopal V, Heraeus Medical GmbH, Germany
Mendec Spine, Tecres S.P.A. Italy

Heraeus Medical GmbH, Germany

Tecres S P A, Italy

Heraeus Medical GmbH, Wehrheim, Germany
Tecres S.P.A., Sommacampagna, Italy
Confidence Spinal Cement System, DePuy Spine Inc, Raynham, MA, USA

Study Patient characteristic
Anselmetti, 2008 [7] OVCF, malignancy, HVCV
MM, angioma LVCV
Nieuwenhuijse, 2010 [11] OVCF MVCV
LVCV
LaMaida, 2012 [10] MM KP
LvVCV
Georgy, 2013 [8] OVCF, malignancy =~ RF-TVA
KP
Korovessis, 2014 [12] Malignancy KP+HVC
Kiva+LVC
Wang, 2015 [15] OVCF HVCV
KP
Zeng, 2015 [16] OVCF HVCV
LvCvV
Zhang, 2015 [17] Severe OVCF HVCV
LvCv
Sun, 2016 [13] OVCF HVCV
KP
Zhang, 2017 [18] OVCF HVCV
LvCv
Guo, 2017 [9] Severe OVCF HVCV
LvCv
Tang, 2019 [14] OVCF HVCV
LvCvV
Alhashash, 2019 [6] OVCF HVCV
LvCcv

Osteopal V, Heraeus Medical GmbH, Wehrheim, Germany

as compared to KP (RR=0.51; 95% CI=0.26-0.98). HVCV
was also associated with a lower risk of cement leakage as
compared to LVCV (RR=0.42; 95% CI=0.28-0.61) and
was ranked first (P-score =0.99) among all three treatments
(Fig. 4). KP was associated with lower cement leakage as
compared to LVCV but was not statistically significant
(RR=0.83; 95% CI=0.40-1.68) and was ranked second
(P-score =0.36). Most studies reported higher rate of com-
plications related to cement leakage following LVCV (Sup-
plemental Table 3).

Sensitivity analyses

We performed sensitivity analysis after determination of
publication bias (exclusion of one study comparing MVCV
to LVCV [11]). The treatment ranking remained the same,
with P-score of 1.00, 0.47, and 0.03, respectively (Supple-
mental Fig. 3). We further excluded Georgy 2013 [8] (com-
paring RF-TVA to KP) and Korovessis 2014 [12] (comparing
KP to Kiva with LVC) to conduct more precise sensitivity
analyses. No significant heterogeneity or inconsistency was

found, and the ranking of treatment remained the same, with
P-scores of 0.99, 0.49, 0.02, respectively (Supplemental
Fig. 4). To find out whether cohort studies influenced the
result, sensitivity analysis including only RCTs was per-
formed, which showed HVCYV provided the lowest cement
leakage rate (Supplemental Fig. 5). Similar results were
found in sensitivity analyses with studies including OVCF
patients only (Supplemental Fig. 6), studies utilizing Confi-
dence product in HVCYV cohort only (Supplemental Fig. 7),
and following exclusion of studies using RF-TVA in HVCV
group (Supplemental Fig. 8).

Discussion

Although direct and indirect comparisons were not signifi-
cant due to scarcity of studies, our study generated network
effects and demonstrated that the risk for cement leakage
seems to be higher following kyphoplasty as compared
to HVC vertebral augmentation. This is the first network
meta-analysis to indirectly compare kyphoplasty versus
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Fig.2 Subgroup analysis Study Risk Ratio RR 95%-Cl Weight

based on pairwise comparison

demonstrating the heterogeneity HVCV vs LVCV

between studies Anselmetti 2008 - 0.26 [0.16; 0.44] 9.9%
Nieuwenhuijse 2010 0.81 [0.68; 0.97] 11.8%
Zeng 2015 —&T 0.31 [0.07; 1.38] 4.2%
Zhang 2015 —— 0.43 [0.20; 0.95] 7.9%
Zhang 2017 - 0.34 [0.19; 0.62] 9.2%
Guo 2017 0.38 [0.27; 0.53] 11.0%
Tang 2019 - 0.30 [0.15; 0.61] 8.4%
Alhashash 2019 = » 0.44 [0.23; 0.83] 9.0%
Random effects model < 0.42 [0.30; 0.60] 71.4%
Heterogeneity: /% = 81%, t* = 0.0917, p < 0.01
KP vs LVCV
LaMaida 2012 —a— 0.76 [0.24; 2.38] 5.8%
Korovessis 2014 : 8.59 [0.48; 154.59] 1.5%
Random effectsmotdet EO=f=00=3782745-761 7.3%
Heterogeneity: I° = 57%, t* = 1.5887, p = 0.13
HVCV vs KP :
Georgy 2013 — 0.43 [0.11; 1.63] 4.9%
Wang 2015 - 0.43 [0.21; 0.87] 8.6%
Sun 2016 T 0.91 [0.41; 2.02] 7.9%
Random effects model i 0.57 [0.19; 1.72] 21.3%
Heterogeneity: /“ = 3%, t° = 0.0732, p = 0.36 :
Random effects model L 2 0.47 [0.33; 0.66] 100.0%
Prediction interval : 1_- : ] [0.13; 1.68]

vertebroplasty with high viscosity cement augmentation.
Studies have shown a higher risk of cement leakage due to
intravertebral cleft, cortical disruption, low cement viscosity,
and high volume of injected cement [28].

Yeom et al. [29] described cement leakage and classi-
fied it into three types: via basivertebral vein, via segmental
vein, and through cortical defect and revealed that cortical
fracture of the vertebral body is the main cause of leakage.
Lower viscosity cement would have higher propensity to
leak through an endplate fracture [30].

HVC, due to a low Reynolds number, stabilizes the forces
underlying cement flow, thus spreading more uniformly than
low viscosity cements that follow the path of least resistance
[31]. The current literature shows significant heterogeneity
in the definition of high and low viscosity cement. Some
define HVC according to manufacturer’s classification, while
other studies base it on the surgeon’s subjective definition.
Among HVC products, there remains a significant variability
in the commercial brand utilized [6-9, 14—17]. Variation
in brands may be responsible for differences in working
time to achieve high viscosity from one product compared
to another. Confidence (Depuy) showed a working time at
a high viscosity for 9 min immediately after mixing [32],
while Osteopal (Heraeus) has a working time ranging from
1.5 min to 11 min depending on room temperature [33].
Variability in working times might be responsible for differ-
ences observed in rate of cement leakage. On the other hand,
surgeon protocol for HVC, if not using a HVC product, may
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or may not have been provided in detail in each study. The
lack of a clear definition might have decreased objectiveness
and generalizability and may have also influenced the dif-
ferences observed in cement leakage rates. Although HVCV
has lower cement leakage from our direct and indirect evi-
dence, LVCV may also have advantages such as increased
middle vertebral body height [13], equivalent pain relief
[16], and similar improvement in ODI score as compared
to HVCV [9].

Most of the studies (a total of 8) comparing HVC to LVCs
found that high viscosity cement (HVC) has reduced leakage
rate compared with low viscosity cement (LVC). However,
there was a variability observed in the location of leakage.
Zhang et al. and Wang et al. [15, 17] reported a lower leak-
age rate of cement in the disc space, but not the epidural
space, paravertebral area, and peripheral vein. Further,
Zhang et al. [18] showed that HVC reduced leakage within
the paravertebral area and vein but not the disc or intraspi-
nal space. Anselmetti et al. [7] indicated that the leakages
in the vein and the disc space were also significantly lower
with HVC as compared to LVC. The advantage of KP is
the ability to restore vertebral height through destruction
of the trabeculae and expanding the segment with a bal-
loon before adding the cement, allowing a potentially better
reduction of the fracture [34]. This, however, might increase
operative time as compared to vertebroplasty alone [35].
Chen et al. [1] also demonstrated higher subsequent verte-
bral compression fractures following kyphoplasty. While our
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Table 3 Cement leakage rate

Study Group of comparison Treatment arm Number of Number of Cement leak- Risk Ratio, CI
leakage VB operated VB age rate (%)

Anselmetti, 2008 [7] HVCYV versus LVCV HVCV 14 98 14.29 0.26

LvCcv 50 92 54.35 (0.16-0.44)
Nieuwenhuijse, 2010 [11] HVCYV versus LVCV MVCV 48 67 71.64 0.81

LvCv 51 58 87.93 (0.68-0.97)
LaMaida, 2012 [10] KP versus LVCV KP 4 19 21.05 0.76

LvCvV 5 18 27.78 (0.24-2.38)
Georgy, 2013 [8] HVCYV versus KP RF-TVA 3 57 5.26 0.43

KP 6 49 12.24 (0.11-1.63)
Korovessis, 2014 [12] KP versus LVCV KP+HVC 4 43 9.30 8.59

Kiva+LVC 0 41 0.00 (0.48-154.59)
Wang, 2015 [15] HVCYV versus KP HVCV 9 68 13.24 0.43

KP 22 72 30.56 (0.21-0.87)
Zeng, 2015 [16] HVCV versus LVCV HVCV 2 26 7.69 0.31

LvCvV 6 24 25.00 (0.07-1.38)
Zhang, 2015 [17] HVCYV versus LVCV HVCV 5 17 29.41 0.43

LvCvV 15 22 68.18 (0.20-0.95)
Sun, 2016 [13] HVCYV versus KP HVCV 9 54 16.67 0.91

KP 11 60 18.33 (0.41-2.02)
Zhang, 2017 [18] HVCYV versus LVCV HVCV 9 36 25.00 0.34

LvVCV 22 30 73.33 (0.19-0.62)
Guo, 2017 [9] HVCYV versus LVCV HVCV 27 98 27.55 0.38

LvCV 63 86 73.26 (0.27-0.53)
Tang, 2019 [14] HVCYV versus LVCV HVCV 7 38 18.42 0.30

LvCvV 21 34 61.76 (0.15-0.61)
Alhashash, 2019 [6] HVCYV versus LVCV HVCV 9 37 24.32 0.44

Lvcv 20 36 55.56 (0.23-0.83)

Table4 Summarized treatment effects from network meta-analysis
for relative risk of cement leakage

HVCV 0.57 (0.27; 1.20)
0.51 (0.26; 0.98) KP
0.42 (0.28; 0.61) 0.83 (0.40; 1.68)

0.40 (0.27; 0.60)
1.20 (0.32; 4.52)
LVCV

Treatment comparisons should be read from left to right, with column
compared to row. Treatment in top left position is ranked as best after
network meta-analysis of direct and indirect effects. Direct compari-
sons are demonstrated in the upper right triangle and network com-
parisons in the lower left triangle. Values are relative risk (95% confi-
dence interval)

results demonstrate that HVCYV provided the lowest cement
leakage rate, available evidence also indicates it may also
be associated with fewer complications related to cement
leakage as compared to KP [15]. Also, the shorter operative
time following HVCV may allow time to tackle serious com-
plications associated with cement leakage. The procedural
cost is also an important consideration for decision-making.

Three studies directly compared HVCV to kyphop-
lasty. All studies had a minimum of 1-year follow-up data

available for comparison [8, 13, 15]. Only Wang et al. [10,
12] showed a decreased cement leakage from high viscos-
ity cement vertebroplasty compared to kyphoplasty [15].
Differences in primary pathology (neoplastic as compared
to osteoporosis) must also be taken into consideration for
interpretation of these results. Only two studies directly
compared LVCV to kyphoplasty and demonstrated that
LVCV was non-inferior to kyphoplasty in rate of cement
leakage. Korovessis et al. [12] demonstrated similar leakage
rates with Kiva implant (low viscosity PMMA) compared to
balloon kyphoplasty among patients with spinal metastasis.
LaMada et al. [10] showed similar cement leakage in multi-
ple myeloma patients.

Due to the lack of studies directly comparing HVCV
and kyphoplasty, our aim was to pool the limited evidence
from the literature to allow a network comparison. Different
techniques have been described to prevent cement leakage
in the literature. Besides the use of high viscosity cement,
radiopaque substances, such as tungsten, tantalum pow-
der, barium sulphate, or zirconium dioxide, can be added
to PMMA, to improve fluoroscopic visualization as well as

@ Springer
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Fig.3 Net splitting forest plot Number of
demonstrating the contribution Comparison Studies
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ency between each comparison Direct estimate 3
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Cement leakage rate

Fig.4 Forest plot demonstrating the relative risk of cement leakage
compared to LVCV and ranking of treatment arms by P-score

monitor any potential cement extravasation [36]. Another
technique described is the eggshell procedure: after reduc-
tion with the KP balloon, a small amount of doughy cement
is injected into the cavity, and then the balloon is reinserted
and reinflated. Once the cement hardens, the cavity can be
filled with cement, whose leak is prevented by the eggshell
structure [37].

The complexity of cement leakage includes not only the
technique, but also yield stress, viscoelastic properties, and/
or cohesiveness of the fluid. Besides viscosity as a primary
factor for cement leakage, the injection device and technique
also are important factors for leakage. It is described that
the diffusion of cement within the vertebral body should
be a “uniformly expanding cloud” rather than the “fingers
of a glove”, which indicates uncontrolled spread due along
paths of lower resistance in the vertebral body [31]. In vitro
experiments have demonstrated that HVC may achieve this
more effectively [38].

Strengths and limitations
Most of the existing studies provided pairwise compari-
sons only. Our network meta-analysis leveraged direct

and indirect evidence to perform multiple treatment com-
parison and addressed the current paucity of evidence

@ Springer
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comparing HVCV and KP. The systematic search strategy

allowed us to identify qualified articles and to summarize
surgical technique as well as brands of cement used in the
procedure.

However, the patient population included in our study
implied a certain heterogeneity. Although most patients
were operated due to OVCF, some were operated for tumour
metastasis, multiple myeloma, or symptomatic angioma. We
attempted to address this using sensitivity analyses, which
demonstrated consistent results. Among studies comprised
of OVCF patients, two included patients with severe OVCF:
defined as the vertebral body collapsed to less than one-third
of the original height. Besides, specific nuances in treatment
procedure, chosen cement, and operative setting could also
impact the final outcome. Lastly, although we included five
randomized controlled trials, it was nearly impossible to
accomplish truly blinded randomization for both operator
and patient. Nevertheless, our study did illustrate promising
findings and paved the road for further prospective studies
in the future.

Conclusion

Our network meta-analysis demonstrated that HVCV, com-
pared with other treatment options, has the lowest relative
risk of cement leakage for patients with vertebral compres-
sion fractures. Similar results were found in sensitivity
analyses, with lower heterogeneity and inconsistency. Future
prospective studies will validate these findings and further
elucidate if HVCV may be superior to KP.
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