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AHHOTAUNA

Llennb — oueHUTb pe3ynbTaTbl KIIMHUYECKUX W PEHTFEHONOMMYECKUX UCCe0BaHMiA B OTHOLLEHWUM 6e3onacHocTh U 3¢-
deknBHocTH ycTpoictBa Vessel-X (Dragon Crown Medical Co., Ltd Shandong, Kutait), npuMeHsiemMoro Ans neyeHns cuMn-
TOMaTMYHbIX NEPesIoMOB MO3BOHKOB C NOBPEXAEHNEM 1 6e3 NoBpeXAeHNs 3afiHel CTEHKU NO3BOHKa M/unu obenx 3aMblka-
TeNbHbIX NIACTUHOK.

Mamepuaner u Memodel. PeTpocneKTBHO 006cneaoBaHo 66 NaUMEHTOB, NEPeHECLIMX 92 XMpYPrUYecKux BMeLUaTelb-
CTBa B CBA3M C CUMMTOMATUYHBIMM NepesioMaMu Ten No3BOHKOB B nepuof ¢ 19 mapta no centabpb 2020 r. Bce nepenombl
OblAM pa3geneHbl Ha 2 NOATPYNMbl: CNOXHbIE (36 NEPENOMOB C MOBPEXAEHWUEM 3aiHEN CTEHKU U/MAM 00EMX 3aMblKaTeslb-
HbIX NACTUHOK NO3BOHKOB) M NPOCTLIe (BCe OCTaNbHble). Pe3ynbTaThl IeYeHUs OLLeHUBANM MO YUCTIOBOI PENTUHTOBOI LKane
(Numerical rating scale, NRS) u uxaexcy HetpyaocnocobHocTu Ocsectpu (Oswestry disability index, ODI) 3a aeHb 4o xvpypru-
yecKoro BMeLLaTenbCTBa U Yepes 1, 6 n 12 mec HabnoaeHus. BoccTaHoBneHUe BbICOTHI MO3BOHKOB TaKXKE OLEHWBANK NMYTEM
CPaBHEHWUA PEHTTEHOMIOMMYECKUX CHUMKOB [0 U NOC/E BMELLATENbCTBA.

Pe3ynsmamel. Bcero nponeyeHo 92 no3soHKa (58 NOACHUYHBIX U 34 rpyLnHbIX), B 24 cnyyasx — C NOMOLLbI0 MHOMOYpOB-
HeBbIX NpoLeayp. Yactota TexHnyeckoro ycnexa coctauna 100%, BbisBeH NULLb 0AUH Cyyaii BeccMNTOMHONM NapasepTe-
BpanbHoi yTeukm LeMeHTa. B obenx noarpynnax oTMeyanacb JOCTOBEpPHas CTaTUCTMUYeCKas pasHULA MeXay noKasaTensiMmu
NRS u ODI B soonepaumoHHbIi nepuog, 1 Yepes 1, 6 u 12 Mec Habntoaenus (p <0,05), a TakKe B OTHOLIEHWM BbICOTbI MO3BOH-
KOB NPy CPaBHEHWM LaHHbIX A0 M nocne onepaumu (p <0,05). JocToBepHO 3HaUMMOIA pasHULbI B OTHOLLIEHUW BOCCTAHOBIIEHNS
BbICOTbI MO3BOHKOB CPEAM COXKHBIX M NPOCTLIX NEpPeNoMoB He Habnoaanock.

3aknwyerue. Cocyponnactuka — be3onacHblil M 3QEKTUBHBIA METOL, NeYeHUst NPOCTbIX U CAOXHBIX 60Ne3HEHHbIX
MepesioMoB NO3BOHKOB, 06eCNeYMBatLLMIA 3HAUMTENIbHOE YMEHBLUEHWE CUMNTOMATUKM, OTAMYHBIA KOHTPOJIb YTEUKM LIEMEHTa
W Ha[iexalliee BOCCTAHOB/EHWE BbICOTHI MO3BOHKOB.

KnioueBble cnoBa: cocyaonnactuka; ocTeoniaCTUKa; nepesioMbl MO3BOHKOB; yTe4YKa LeMeHTa; BOCCTAaHOBJIEHWE BbICOThI
NO3BOHOYHUKaA.

Kak uutnpoBatb

Masala S., Lacche A., Zini Ch., Mannatrizio D., Marcia S., Bellini M., Guglielmi G. BesonacHocTb 1 3 deKTYBHOCTb YpECKOMXHOM COCYA0MNIACTMKM C NPUMEHe-
HueM ycTpoiicTaa Vessel-X npy neYeHn cuMNToOMaTYHbIX NepenioMoB rpyaHbIX v NosiCHUYHbIX No3BoHKoB // Digital Diagnostics. 2022. T. 3, N° 2. C. 98-107.
DO https://doi.org/10.17816/DD88685

Pykonucb nonyyena: 18.11.2021 Pykonucb opo6peHa: 10.05.2022 Ony6nukoBaHa: 21.06.2022

A
3KO®BEKTOP Jnuensmna CC BY-NC-ND 4.0
© Konnek1s agTopos, 2022


https://creativecommons.org/licenses/by-nc-nd/4.0/

file:///L:/!%20My%20Job%27s/!%20DD%202-2022/add%2026-06/ 
https://crossmark.crossref.org/dialog/?doi=10.17816/DD88685&domain=PDF&date_stamp=2022-07-14

99

ORIGINAL STUDY ARTICLES Vol 3(2) 2022 Digital Diagnostics
DOI: https://doi.org/10.17816/DD88685

Safety and efficacy of percutaneous vesselplasty
(Vessel-X) in the treatment of symptomatic
thoracolumbar vertebral fractures
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ABSTRACT

AIMS: to assess radiological and clinical outcomes, in terms of safety and efficacy, of symptomatic vertebral fractures with
and without posterior wall and\or both endplates involvement, treated with vesselplasty technique (Vessel-X, Dragon Crown
Medical Co., Ltd Shandong, China).

MATERIALS AND METHODS: We retrospectively evaluated 66 patients who underwent 92 vesselplasty procedures,
performed for the treatment of symptomatic vertebral body fractures from March 19 to September 2020. We divided the
fractures in two subgroups: 36 vertebral fractures with posterior wall and/or both endplates involvement, which we defined
complex, while all the others were defined simple. Numerical Rating Scale (NRS) and Oswestry Disability Index (ODI) values has
been registered 1 day before the procedure and at 1, 6 and 12 months follow-up. We also evaluated vertebral height restoration
by comparing pre-interventional with post-interventional imaging.

RESULTS: 92 vertebrae were treated (58 lumbar, 34 thoracic), with 24 multilevel procedures. We observed a technical
success rate of 100%, without major complications; a single case of asymptomatic paravertebral cement leak was reported.
Both simple and complex subgroups registered a significative statistical difference in NRS and ODI between preoperative and at
1, 6 and 12 months (p <0.05). A significant statistical difference was demonstrated in vertebral height comparing pre-operative
and post-operative data (p <0.05). No significant difference in vertebral height restoration was observed between simple and
complex vertebral fractures groups.

CONCLUSIONS: Vesselplasty represents a safe and effective technique for the treatment of both simple and complex painful
vertebral fractures, granting a significant reduction of symptoms, excellent cement leakage control and proper vertebral height
restoration.

Keywords: vesselplasty; osteoplasty; vertebral fractures; cement leakage; vertebral height restoration.
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INTRODUCTION

In the last decades, a significant increase has been
observed in the number of vertebral augmentation
procedures (VAP) for the treatment of vertebral fractures
(VFs), with the development of more advanced techniques.
All these interventions cause excellent results, with reduced
complication rates and a better cost—benefit ratio compared
to open surgical procedures [1-3].

The VAP term comprises several treatment options that
can be subdivided into simple percutaneous vertebroplasty
(PVP), percutaneous kyphoplasty (PKP), and percutaneous
implant techniques (PIT) [4], which all aim to reduce and
possibly eliminate pain symptoms by fracture consolidation
and, whenever is possible, to restore paraphysiological
vertebral body height (VBH) by injecting bone-filling material
(BFM) under image guidance [4].

Although BFM injection is thoroughly monitored via
fluoroscopy imaging, it can leak outside the vertebrae into
the adjacent spaces in 7%-30% of VAPs [5-7].

A correlation between high volume injections of BFM and
its leakage has been demonstrated; the presence of cortical
bone defects of the vertebra represents an additional risk
factor for the occurrence of this complication. Moreover, to
prevent an undesired BFM leakage in the epidural space with
potentially serious complications, several studies excluded
patients with posterior wall defects [8].

Many devices have been developed during the last years
to reduce the incidence of this complication; therefore,
our retrospective study aimed to share our experiences in
using the vesselplasty technique (Vessel-X, Dragon Crown
Medical Co., Ltd Shandong, China), a dedicated PIT with
a container made of polyethylene terephthalate (PET), a
non-stretchable material with 100-pm porosity, to restore
the VBH and prevent BFM leakage. Furthermore, when the
pressure inside the container is greater than the surrounding
resistance, BFM starts to interdigitate through the pores
equally in all directions, without concentrating in the locus
of minor resistance of the vertebral body (Fig. 1).

METHODS AND MATERIALS

Study design

A retrospective single-center study on a relatively small
sample size.

Patients

In our study, 66 patients (16 males and 50 females,
with a mean age of 73.1 year) with 92 painful dorsolumbar
vertebral body fractures who were resistant to conservative
management were included in the study; among them, 56
were associated with severe osteoporosis, 4 with multiple
myeloma, 2 with metastatic breast cancer, and 4 were
traumatic.

Vol 3 (2) 2022
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Fig. 1. Vessel-X device, made of a mesh of Polyethylene
Terephthalate (PET), a non-stretchable material that has a porosity
of 100-pm.

Patients with active infection, a fracture, or an abnormal
vertebral body that is not causing pain or clinical problem;
with very old fractures, coagulopathy, spinal cord or nerve
impingement causing radicular pain, osteoblastic metastasis,
and bone metastasis that extended to the epidural space; and
who already underwent other VAP were excluded.

Patients with endplate interruption and/or posterior wall
defect documented with magnetic resonance (MR) and/or
computed tomography (CT) were classified to the “complex”
subgroup, which had VFs related to osteoporosis (N = 19),
traumatic fracture (N = 3), multiple myeloma (N = 2), and
metastatic breast cancer (N = 2).

A total of 24 patients underwent a multilevel procedure
in the same intervention (3 levels, N = 2; 2 levels, N = 22).

The numerical rating scale (NRS) score and Oswestry
disability index (ODI) have been evaluated 1 day before the
procedure and at 1, 6, and 12 months after.

MRI follow-up was performed at 1, 6, and 12 months,
whereas CT was performed at 1 and 12 months post-
intervention.

Imaging analysis

Preoperative VBH was obtained by measuring anterior,
central, and posterior heights with MRI and/or CT;
postoperative VBH was calculated immediately after the
Vessel-X implantation with fluoroscopic images and at 1, 6,
and 12 months post-intervention with MRl and at 1 and 12
months with CT.

Vertebral height restoration (VHR) was calculated by
measuring the difference between pre- and postoperative
height, with control measurement of the adjacent untreated
vertebral bodies as a reference.

Procedure

Procedures have been performed in our dedicated
angiosuite under local anesthesia and ongoing antibiotic
prophylaxis based on CIRSE guidelines [4].



https://doi.org/10.17816/DD

ORIGINAL STUDY ARTICLES

Digital Diagnostics

g !
at 3
i

F
1
1

-
o

14 e NN

:
.

T

Fig. 2. (a-d): Intraoperatory positioning of Vessel-X device. BMF starts to spread out of the PET container only after it reached its

maximum size. (e): VR reconstruction of Vessel-X.

The patient was placed in the prone position, and, under
fluoroscopic guidance, the target vertebra was centered and
the arc rotated to display the chosen transpedicular path. Then,
the trocar, a spinal needle of 8-G with a variable length of
90-150 mm was advanced until it reached the vertebral body.

The target position lies immediately after the posterior
wall in lateral projection and toward the midline in A-P
projection and at midway between the two endplates.

Vessel-X has two dimensions and we chose which one to
use in the preoperative based on the vertebral size. Then, it
was positioned and filled with BFM (mean quantity = 3.30.8
mL/vertebra). BFM is a high viscosity acrylic-based radiopaque
bone cement.

After injecting BFM, Vessel-X loses its tubular shape in favor
of a cylindrical conformation until a predefined size is reached.

The BFM maximum pressure inside the container, before
it starts to spread outside, is associated with the relative
resistance of the surrounding bone density, which is different
between fresh and old fractures or young and osteoporotic
bone. Once this pressure is reached, it starts to penetrate
the micropores interdigitating between the trabecular spaces
and stabilizing the container with the subsequent lifting of
vertebral endplates.

Technical success was defined as the correct placement
and implant of the Vessel-X (Fig. 2).

Ethical statement
Formal consent is not required for this type of study.

Statistical analysis

NRS and ODI were presented as descriptive statistics,
such as the mean, standard deviation, median, and

DOI: https://doiorg/1017816/DD88685

interquartile range, before and at 1-, 6-, and 12-months
follow-up.

To detect statistically significant changes in NRS and 0DI
in the post-treatment period and to compare the results with
the pre-treatment period, both paired t-test and Wilcoxon
matched-paired signed-rank test were used.

The null hypothesis of no difference between pre- and
post-treatment was then assumed for each series of scores.

All analyses were performed using Matlab (The
MathWorks Inc., Natick, MA, USA).

RESULTS

A total of 92 vertebrae have been treated (58 lumbar and
34 thoracic; range, D5-L5) using Vessel-X with a technical
success rate of 100%.

The bipedicular approach was the preferred method at
lumbar levels, whereas the monopedicular approach was
performed in the thoracic vertebrae.

A multilevel procedure was performed in 24 patients
(3 levels in 2; 2 levels in 22).

No major complication occurred; a single case of
asymptomatic paravertebral leak in a L1 traumatic complex
fracture without involving the spinal canal or nerve roots was
observed in both MRI and CT control at 1 month.

No new fractures in the adjacent vertebral bodies were
reported during the 12-month follow-up period.

In 10 patients with pathological and traumatic fractures,
MRI scan at 6 and 12 months confirmed the absence of bone
marrow edema in the target vertebra and the adjacent ones.

We observed a significant decrease in 0DI values from
a preoperative mean of 73.2+7.9 to the mean values of
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Fig. 3. (a): CT scan: Sagittal reconstruction of a complex vertebral
fracture. (b): Post-operative CT control. Vessel-X is perfectly placed
without BFM leakage.

14.143.3, 13.8+3.6, and 14.0+2.9 at 1-, 6-, and 12-months
follow-up, respectively (p < 0.05) (Fig. 3).

The preoperative mean NRS of 7.3+1.2 dropped to 1.8+1.3,
2.140.8, and 1.7+1.0 at 1, 6, and 12 months (p < 0.05). (Fig. &)

No statistically significant difference was observed in the
two VF subgroups based on standard deviation.

The mean preoperative anterior VBH was 11.3+2.2 (range
7-15) mm and increased to 14.0+1.7 (range 10-19) mm) at
post-procedure (p < 0.05).

The mean preoperative central VBH was 11.9+2.5 (range
6—17) mm and increased to 16.1+1.8 mm at post-procedure
(p < 0.05).

Mean preoperative posterior VBH was 16.4+2.5 (range
10-22) mm and increased to 19.5+1.6 (range 23-16) mm at
post-procedure (p < 0.05).

No statistically significant differences were observed
based on VHR between the simple and complex VF subgroups.

In VBs treated with bilateral access, the distribution of
BFM was more homogeneous than in the monopedicular

0DI score

Vol 3 (2) 2022
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approach. However, no difference was observed in VBH
restoration between bipedicular and monopedicular groups.

DISCUSSION

One of the main complications of VAP is represented by
undesired cement leakage outside the target vertebral body.
A large meta-analysis conducted by Zhan Y. et al. showed
an incidence rate of cement leakage of 54.7% and 18.4%
for percutaneous vertebroplasty and percutaneous balloon
kyphoplasty, respectively [9].

To reduce the risk of cement leakage, many devices
have been developed including the Vessel-X. In our study,
short-term follow-up results are promising; the complete
technical success with just a single case of asymptomatic
cement leakage (1.08%) indicates that vesselplasty is a safe
and effective technique for VF treatment, including those
with endplates and/or posterior wall interruption highly at
risk for adverse events. No clinically significant side effects,
infection, or neural damages were observed.

Additionally, intradiscal cement leak has been shown
to increase the risk of subsequent new fractures of the
adjacent vertebral bodies [10-16]; in our study, no intradiscal
cement leak occurred and no subsequent fracture has been
demonstrated at the 12-month follow-up. We believe this is
related to Vessel-X properties of a controlled BFM distribution
due to a homogeneous spread through its mesh pores, in
contrast to other PIT devices in which the cement expansion
privileges the weakest areas of the fracture, causing leakage
[17,18].

Beyond complication prevention, vesselplasty has
shown excellent clinical results, supported by the significant
reduction in NRS and ODI values during follow-up evaluations.

Bipedicular injection of BFM is reported to provide better
results based on VB stiffness restoration, albeit no significant
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Fig. 4. The index is expressed in percentage points and ranges from 0% to 100%, with the lower limit related to the absence of disability
and the upper limit to the maximum degree of disability (patients are bed-bound).

At pretreatment, the median ODI score was 78% (25th percentile, 70.5%; 75th percentile, 84%); no outliers were identified.

At 1 month post-treatment, the median 0DI score was 14% (25" percentile, 12.7%; 75th percentile, 17%); no outliers were identified.

At 6 months post-procedure, the median 0DI score was 13% (25" percentile, 12%; 75th percentile, 16%); no outliers were identified.

At 12 months post-procedure, the median 0DI score was 13% (25" percentile, 12.4%; 75th percentile, 16%); no outliers were identified.
The mean ODI scores decreased from 73.2+7.9 to 14.1+3.3 at 1 month and 13.8+3.6 at 6 months (p < 0.001).
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Fig. 5. At pretreatment, NRS scores were mostly concentrated on the upper limits of the scale (median, 8; 25" percentile, 7; and 75%"
percentile, 8). The distribution of NRS scores in the post-treatment survey at 1 month (median, 2; 25" percentile, 2; and 75" percentile,

3) at 6 months (median, 2; 25" percentile, 2; and 75" percentile, 3),

and 12 months (median, 2; 25™ percentile, 2; and 75" percentile,

3); no outlier was identified. The mean NRS score was 7.3+1.2 at pre-procedure and decreased to 1.8+£1.3 at 1 month, 2.1£0.8 at

6 months, and 1.7+1.0 at 12 months (p < 0.001).

difference in VB strength, due to the greater volume of BFM
applied and the symmetric distribution [18]. When possible,
we opted for a monopedicular access at the thoracic level
and a bipedicular for lumbar procedures, mainly for the
higher axial load forces at this level, in which we believed
that a greater quantity of BFM was required. As for VHR,
no significant difference was observed between the two
approaches.

Regarding VHR, stability at post-treatment represents
an important target. Several studies have shown that after
percutaneous kyphoplasty, an important reduction in VBH
routinely occurs, probably due to an inhomogeneous BFM
distribution. PKP procedure requires balloon inflation inside
the VB and successive withdrawal to allow cement injection
of cement, causing a partial collapse of the vertebral body,
resulting in negative effects on height restoration [5,17,18].

Conversely, this event is more common in standard PVP
when the fracture remains unstable. In this case, a new PVP
intervention is advocated; however, it must be noted that
the risk of undesired cement leakage is greatly increased
19, 19-22].

In our series, we did not observe any perceivable
difference in VBH between the procedure final control
and follow-up assessment, suggesting how the Vessel-X
device offers good support for the fractured vertebral body
preventing its collapse.

Furthermore, vesselplasty guarantees shorter exposure
time to ionizing radiation, as for the first 2 mL of injected
BFM, no fluoroscopic control is required. Then, a fluoroscopy
examination is necessary for every 0.25 mL of BFM injected
until the desired VBH is reached [17].

Limitations

Our study presents some limitations: it is a retrospective
single-center study and on relatively small sample size.

DOI: https://doiorg/1017816/DD88685

However, our results are encouraging and, if confirmed,
would allow patients with exclusion criteria like interrupted
posterior wall to be treated.

CONCLUSION

Vesselplasty technique using Vessel-X may be considered
an effective and safe option for the treatment of standard and
complex VFs.

Due to its design, Vessel-X guarantees optimal control
of BFM distribution with a reduced rate of cement leakage
and shorter fluoroscopy time compared to PVP and PKP
procedures.

Vessel-X has also shown good clinical results with a
significant reduction of NRS and 0DI values post-treatment.

However, to further validate these results, prospective
randomized trials are necessary.
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