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Abstract

Purpose This study aimed at assessing the cement leak-
age rate and the filling pattern in patients treated with
vertebroplasty, kyphoplasty and stentoplasty with and
without a newly developed lavage technique.

Study design Retrospective clinical case—control study.
Methods A newly developed bipedicular lavage tech-
nique prior to cement application was applied in 64 patients
(45.1 %) with 116 vertebrae, (“lavage” group). A con-
ventional bipedicular cement injection technique was used
in 78 patients (54.9 %) with 99 levels (“controls”). The
outcome measures were filling patterns and leakage rates.
Results The overall leakage rate (venous, cortical defect,
intradiscal) was 37.9 % in the lavage and 83.8 % in the
control group (p < 0.001). Venous leakage (lavage 12.9 %
vs. controls 31.3 %; p = 0.001) and cortical defect leakage
(lavage 17.2 % vs. controls 63.3 %; p < 0.001) were sig-
nificantly lower in the lavage group compared to “con-
trols,” whereas intradiscal leakages were similar in both
groups (lavage 12.1 % vs. controls 15.2 %; p = 0.51). For
venous leakage multivariate logistic regression analysis
showed lavage to be the only independent predictor. Lav-
age was associated with 0.33-times (95 % CI 0.16-0.65;
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p = 0.001) lower likelihood for leakage in compared to
controls.

Conclusions Vertebral body lavage prior to cement aug-
mentation is a safe technique to reduce cement leakage in a
clinical setting and has the potential to prevent pulmonary
fat embolism. Moreover, a better filling pattern can be
achieved.

Keywords Vertebroplasty - Lavage - Leakage - Balloon
kyphoplasty - Complication - PMMA

Introduction

Osteoporotic vertebral compression fracture (VCF) is one
of the most common complications of osteoporosis
affecting estimated 1.4 million people worldwide annually
[1]. Conservative management cannot reverse the kyphotic
deformities that cause biomechanical changes in the spinal
segment and increase the incidence of adjacent vertebral
fractures [1, 2]. Moreover, VCFs result in prolonged hos-
pitalization. The minimally invasive percutaneous vertebral
augmentation techniques of vertebroplasty (VP), balloon
kyphoplasty (KP) and stentoplasty (SP) comprising the
injection of polymethylmethacrylate (PMMA) are effective
procedures for immediate postoperative pain alleviation
caused by VCF [3]. VP and KP are widely accepted
treatments with reported pain relief in approximately
70-100 % [4].

However, augmentation techniques using PMMA must
be done with caution. Potential serious complications may
occur with the intraosseous injection of cement. The risk
of extraosseous cement leakage in various series ranged
between 3 and 74 % [5-8], with resultant neurological
deficits such as radiculopathy and cord compression
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occurring in 0-3.7 and 0-0.5 %, respectively [5, 6, 8§-10].
The risk of pulmonary cement embolism lies between 3.5
and 23 % [11-14]. In addition to unwanted cement
leakage also pulmonary fat embolism occurs as a result of
the displacement of intraosseous bone marrow by the
cement resulting in the occlusion of blood vessels
downstream, most notably in the lungs. The acute con-
sequences of fat embolism may be hypotension, cardiac
arrest, and, in serious cases, sudden death [15-17]. Bone
marrow particles cause microembolization of the arteri-
oles and capillaries of the lungs resulting in an increase in
pulmonary arterial pressure, a systemic arterial hypoten-
sion, and a drop in heart rate [17, 18]. Moreover,
hypotension can be result of cement monomers and
vasoactive mediators gaining access to the circulation [19,
20].

To decrease these types of complication the number of
augmented vertebrae should be limited to six levels per
session or 25-30 cc of PMMA according to Heini et al.
[21], knowing that the cement volume is the most impor-
tant modifiable predictor for pain relief in KP [22]. This
cut-off was empirically determined and means a higher risk
for pulmonary problems when injecting larger volumes. On
the other hand, Aebli et al. demonstrated in an animal study
that already smaller volumes of injected PMMA lead to
measurable cardiovascular changes as hypotension drop of
cardiac output and pulmonary hypertension that may be
fatal in older and/or pulmonary impaired patients [20].
They also showed a cumulative increase of fat embolism in
lung biopsies in sheep after multiple level augmentations
[20].

The cement viscosity issue is also a crucial parameter
that is associated with the risk of cement leakage [23, 24].
Injecting PMMA at a low viscosity leads to a scattered,
fingerlike, uncontrolled cement distribution pattern and, as
a consequence, an increased chance of cement leakage. By
the injection of the cement at higher viscosity, a uniform
and better-controlled filling pattern can be achieved. Dur-
ing polymerization of commonly used PMMA cements, the
viscosity steadily increases. Hence, the cement should be
injected at the latest time point possible to have cement that
is viscous enough to prevent leakage and extravasation
[25-27].

Based on these considerations a lavage technique for
vertebroplasty was developed, which enables the surgeon
to wash out the intertrabecular bone marrow of the ver-
tebraec before PMMA injection. This leads theoretically to
a reduction of fat embolism by reducing the intravertebral
resistance and injection forces [28]. In a cadaveric feasi-
bility study Benneker et al. tested the lavage technique in
24 intact vertebral bodies harvested from five osteopenic
or osteoporotic human cadaver spines [29]. The study
showed a reduction of injection forces that allows the use

@ Springer

of more viscous PMMA cement. This lowers potentially
the risk of cement leakage and fat embolization and
makes vertebral augmentation safer [29]. It could be
shown in a sheep model that lavage of the bone marrow
prior to VP prevents cardiovascular complications, redu-
ces injection forces and allows a better control of cement
distribution pattern with less leakage [30, 31]. The
advantages of lavage technique were not yet assessed in
clinical studies.

In our hospital a simplified lavage technique prior to
vertebral augmentations using PMMA cement in vertebral
fractures is used since 2012.

The objective of this study was to assess radiologically
the filling patterns of the cement and the cement leakage
rates in patients treated with VP, KP or stentoplasty (SP)
with and without lavage.

Materials and methods
Patient sample

The local medical ethical committee of the authors’ insti-
tution approved the study.

The study included 142 consecutive patients with
osteoporotic VCF who were treated in the period from
January 2012 to August 2014 in our hospital. Osteoporotic
VCF was diagnosed primarily on the basis of simple a.-p.
and lateral standing X-ray of the spine and confirmed in
computed tomography.

Four surgeons were involved in the study, and, overall,
215 levels were augmented in the 142 patients. Two sur-
geons consequently applied the newly developed lavage
technique prior to cement application in 64 patients
(45.1 %) with 116 vertebrae (1.8 vertebrae per patient).
These were assigned to the interventional “lavage” group.
Two other surgeons used a conventional cement injection
technique and treated 78 patients (54.9 %) with 99 verte-
brae (1.3 vertebrae per patient), who were assigned to
“controls”.

Surgical technique

Three types of vertebral augmentation were used: VP, KP
and SP. All procedures took place under general anesthe-
sia. The reduction of the fractures was supported by prone
patient positioning on a special mattress on the operating
table to aggravate the lordosis and promote partial height
restoration via ligamentotaxis. A bipedicular approach with
the Jamshidi needles under fluoroscopic imaging was used
in all patients. Cement preparation was performed
according to the manufacturer’s manual (Vertecem V+,
Synthes, Bettlach, Switzerland), injection of cement was
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stopped when either a sufficient filling of the vertebra was
achieved (endplate to endplate) or cement leakage was
observed.

In the kyphoplasty group a standard kyphoplasty device
(SYNFLATE—Vertebral Balloon System, Synthes Bett-
lach, Switzerland), for the stentoplasty a standard stento-
plasty device (VBS—Vertebral Body Stenting System,
Synthes, Bettlach, Switzerland) was used according to the
manufacturer’s manual. All reviewed cases were done with
and bipedicular approach. After reduction of the fracture,
cement injection was performed under fluoroscopic imag-
ing as usual.

Lavage technique

The lavage procedure was performed with two 20 ml
standard syringes (Injekt™ Syringe 20 ml LL, B. Braun
Medical AG, Sempach, Switzerland) connected to the top
of the each Jamshidi needle (Fig. 1). One of the syringes
was filled with 10 ml saline solution. By the application
of suction to the contralateral syringe, a negative pres-
sure inside the vertebral body was produced. This neg-
ative pressure sucked in the saline solution from the
filled syringe through the vertebral body. Thus, the
intravertebral bone marrow was washed out. After filing
the empty syringe with saline-bone-marrow solution the
syringe was discarded. Then the lavage procedure was
performed the other way around changing the positions
of the filled and empty syringes. Two lavages in each
direction resulted in a total of four lavages for each
vertebral body. Usually after the 3rd passage the aspi-
rated fluid is nearly clear.

After the lavages the augmentation of the vertebral body
was performed as usual, aiming for a large cement volume
(“endplate-to-endplate” distribution). In the kyphoplasty
and the stentoplasty groups lavage was performed prior to
balloon dilatation (after creating the working channel, prior
to ballon insertion).

Fig. 1 Lavage technique: lavage procedure with two 20 ml syringes:
a attachment of one empty syringe and one filled syringe to the 8 Ga
Jamshidi-Biopsy needles located in vertebral pedicules; b application

Radiological assessment and outcome measures

Preoperative a.-p. and lateral X-ray were taken prior to
surgery. Postoperative X-ray was performed on the first
postoperative day. The X-rays were assessed on the PACS
Sectra Workstation in the DICOM format (IDS7, Sectra,
Sweden). All fractures were classified according to the AO-
Magerl classification [32]. The fracture level and type of
augmentation (VP, KP and SP) were assessed.

Cement filling pattern was analyzed on the postoperative
X-ray images and classified based on a four-gradient scale
into insufficient filling pattern (<25 % of the vertebra),
medium filling pattern (25-50 %), sufficient filling pattern
(50-75 %) and endplate-to-endplate filling pattern
(100 %). Any cement located outside the vertebra was
considered leakage and was classified based on their
location: via the segmental or basivertebral vein (=venous
leakage), through a cortical defect or through the endplate.
If the leakage was into the spinal canal or into the inter-
vertebral foramen it was judged as “posterior leakage”.
Both cement filling pattern and cement leakage were
assessed by an independent evaluator who was blinded to
the group assignment.

Statistical analysis

For the descriptive statistics, means and standard devia-
tions were calculated and minimum and maximum values
extracted. The non-parametric Wilcoxon rank-sum test was
used for comparison of continuous and the Chi-square test
for categorical variables.

A binomial multivariate logistic regression model was
built to find out predictors for (1) an overall leakage, (2)
for a venous leakage, (3) for cortical defect leakage and
(4) for a leakage into intervertebral disc based on all
cemented levels. Stepwise selection was used in these
models. Furthermore, a multivariate linear regression was
calculated to find predictors. Following covariates were

of suction (negative pressure) to the empty syringe; ¢ suction in of the
intravertebral bone marrow and the saline solution from the
contralateral syringe
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included in the models: patient age, sex, fracture type,
grouped segments (Th1-Th10, Th11-Th12, L1-L5), aug-
mentation technique (KP, ST, VP) and the treatment group
(lavage, control).

The significance level was set to 0.05 throughout the
study. All statistical analyses were conducted using SAS
9.4 (SAS Institute, Inc., Cary, NC, USA).

Results
Patient characteristics

Patient characteristics are shown in Table 1. The distribu-
tions of patient characteristics was similar between the
groups with the exception of the proportions of the fracture
types. Prophylactic augmentation was more common in the
lavage group while the fracture pattern Al.2 was more
common in the controls (p < 0.001) (Table 1). Due to the
same number of balloon-assisted procedures (VP and SP)
in both groups (25.8 % in the lavage vs. 25.3 % in the non-
lavaged group) we did not further split up the groups
regarding the augmentation techniques.

Outcome parameters
Leakage rate

There were 44 vertebrae (20 patients) with 49 leakages in
the lavage group, and 83 vertebrae (68 patients) with 109

leakages in the control group (vertebra-based p < 0.001;
Table 2).

The proportion of overall, venous and cortical defect
leakages were different in favor of the lavage group
(p < 0.001; Table 2), while the proportion of intradiscal
leakages was similar (p = 0.51; Table 2). Posterior leak-
age was very rare (n = 5).

Overall leakage

The multivariate logistic regression analysis for an overall
leakage based on all cemented levels showed lavage and
fracture type, but not age, sex and grouped segments, to be
independent predictors. Moreover, augmentation technique
(VP, KP, SP) could not be shown to be a predicting factor
for leakage. A prophylactic cement augmentation was
associated with 0.39-times [95 confidence intervals (95 %
CD 0.16-0.99; p < 0.001] lower likelihood for an overall
leakage in comparison to fracture. Lavage was associated
with 0.13-times (95 % CI 0.07-0.27; p = 0.005) lower
likelihood for an overall leakage in comparison to control.

Venous leakage

The multivariate logistic regression analysis for a venous
leakage also based on all cemented levels showed lavage to
be the only independent predictor. Lavage group was
associated with 0.33-times (95 % CI 0.16-0.65;
p = 0.001) lower likelihood for such a leakage in com-
parison to control.

Table 1 Patient characteristics

of the treatment groups Patient characteristics Lavage Controls p value
N patients 64 78 -
N vertebrae 116 99 -
Mean age in years £+ SD 743 £ 11.5 749 £ 11.4 0.76
Age range 42-96 48-92 -
Female (%) 76.6 68 0.26
Fractured vertebrae (N) 79 89 -
Th1-Th10 (%) 18.1 9.1 0.15
Th11-12 (%) 29.3 30.3
L1-L5 (%) 52.6 60.6
No fracture/prophylactic augmentation (%) 33.6 6.1 <0.001
Al1.2 (%) 24.1 50.5
Al.3 (%) 27.6 30.3
A3.1 (%) 12.1 12.1
Other (Al.1, A2.1, A2.3) 2.6 1
KP (%) 17.2 10.1
SP (%) 8.6 15.2 0.14
VP (%) 74.1 74.8

Significant differences are marked in bold

SD standard deviation
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(TﬁIIELeg2pagzrt§?1;e]zkr:§2i}:;san d Outcomes Lavage Control p value
extent of leakage) in the groups n=116 n=9
Insufficient filling pattern <25 % (%) - 1 <0.001
Medium filling pattern 25-50 % (%) 2.7 12.2
Sufficient filling pattern 50-75 % (%) 64.3 74.5
Endplate-to-endplate filling pattern 100 % (%) 33 12.2
Vertebrae with a leakage: overall (N [%]) 44 [37.9] 83 [83.8] <0.001
Vertebrae with a leakage: venous (N [%]) 15 [12.9] 31 [31.3] 0.001
Vertebrae with a leakage: cortical defect (N [%]) 20 [17.2] 63 [63.6] <0.001
Vertebrae with a leakage: intradiscal (N [%]) 14 [12.1] 15 [15.2] 0.51
Extent of leakage, overall: <2 mm (N [%]) 27 [61.4] 36 [43.4] 0.1
Extent of leakage, overall: 2-10 mm (N [%]) 14 [31.8] 40 [48.2]
Extent of leakage, overall: >10 mm (N [%]) 2 [4.6] 7 [8.4]

Significant differences are marked in bold

Cortical leakage

The multivariate logistic regression analysis for a cortical
leakage revealed fracture type and lavage to be the inde-
pendent predictors. Lavage group was associated with
0.15-times (95 % CI 0.08-0.30; p < 0.001) lower likeli-
hood for cortical leakage in comparison to control.

Filling pattern

The distributions of cement filling patterns were different
between the groups in favor of the lavage group
(p < 0.001; Table 2). In terms of the extent of leakage the
groups were similar (p = 0.10; Table 2). No difference in
filling pattern could be found between the different aug-
mentation techniques (VP, KP, SP).

Discussion

The objective of this study was to investigate whether
lavage used in PMMA augmentation techniques in the
treatment of VCFS has a positive effect on the cement
filling pattern and can reduce the risk of cement leakage.

The developed easy and cost-effective lavage technique
with two syringes showed to be feasible and reproducibly
applicable in the augmentation of osteoporotic and osteo-
penic fractured and non-fractured vertebral bodies.

So far few experimental and animal studies focused on
the effect of bone-marrow removal of the vertebral body
prior to PMMA application. It could be shown that (jet)-
lavage does not cause cardiovascular reaction in combi-
nation with contralateral application of vacuum and can
significantly decrease the embolic load in sheep [30].
Similar results, significant reductions of cement leakage,
were found by Mohamed et al. [33], using an unipedicular

aspiration technique (without lavage) in a vertebroplasty
model.

In the current clinical study we did not investigate the
aspirated fluid. The analysis of the relation of fat and blood
in the aspirate is actually subject of an ongoing study.

We could show that with the newly developed
bipedicular lavage technique a significant reduction of
radiological visible cement leakage can be achieved,
especially for the potentially dangerous venous leakage, for
which lavage was the only independent predictor. Reasons,
therefore, may be that by decreasing of the intravertebral
resistance the injection of higher viscous cement is possible
and the initial path of least resistance is no longer the
segmental vein but the vertebral body itself.

For cortical defect leakage fracture type could be shown
to be independent predictor additionally to lavage. While
other studies found a higher complication and leakage rate
in the augmentation of burst fractures [34], in our study
population A1.2 fractures (wegde-impaction) showed a
higher leakage rate compared to other fracture forms. The
cause for this may be iatrogenically higher PMMA inser-
tion pressures in an attempt to achieve endplate-to-endplate
filling in this fracture type, in which one endplate is still
intact.

It is known that by the use of higher viscous cement a
more uniform cement filling with an increased leakage rate
is achievable [25]. Moreover, it has been shown that
removing bone marrow fat by lavage allows injecting more
cement leading to a more homogenous distribution [28]. It
might be possible that reduced injection pressures after
lavage increase both effects, better filling pattern and less
leakage. Our findings support those results, showing that
the filling pattern in the lavage group is better in terms of a
significant higher rate of endplate-to-endplate fillings in the
lavage group, which is favorable [22]. Unfortunately, we
did not record the amount of injected cement in detail, but
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it can be assumed that the better filling pattern of the lavage
group is due to higher cement volumes at lower leakage
rates. In addition to the missing recording of cement vol-
umes also no measurement of injection pressures have been
made and should be seen as limitations of the study.

The risk of extraosseous cement leakage in various
series ranges between 3 and 74 % [5-7, 35] Even so it is
hard to compare leakage rates between studies, mainly due
to different patient inclusion criteria, methodology (leak-
age determined by CT, radiographs or intraoperative) as
well as cement parameters (type, percentage of filling), in a
review of 69 clinical studies Hulme et al. [5] reported an
average leakage rate of 41 % for vertebroplasty and of 9 %
for kyphoplasty. Compared to this data our lavage group
showed a low leakage rate (12.9 %), especially for the
potentially life threatening venous leakage.

Interestingly we could not find any difference in leakage
rate and cement distribution between vertebroplasty,
kyphoplasty and stentoplasty. Higher leakage rates have
been reported for single-group cohort vertebroplasty stud-
ies compared to kyphoplasty studies [5]. Nevertheless, for
kyphoplasty it has been shown [36] that attempting to fill
the whole vertebra, rather than just the cavity, results in
higher leakage rates similar to rates observed in vertebro-
plasty (33 %). Our attempt to reach an “endplate-to-end-
plate” filling pattern in all three different augmentation
techniques may contribute to our findings.

We could not find any complications directly associated
with the new lavage technique. Theoretically there might
be a minimal risk of increased blood loss due to the pro-
cedure. As we lavaged four times with a 20-ml syringe the
maximum additional blood loss could be 80 ml. Anyway in
our patients we did not have problems with postoperative
anemia. So far we have not done a qualitative analysis of
the aspirate. Previous not-published animal studies suggest
the percentage of fat/blood varies largely between 5 and
15 % for the first passage. Actually a prospective study is
ongoing investigating this topic specifically.

There are some limitations of the study to be mentioned.
Fracture age, which may affect the augmentation process, was
not available in all patients and, therefore, could not be inte-
grated into the multiregression analysis. Nevertheless, from
our experience it does not affect the lavage process per se. The
comparison of two vs. two independent surgeons may be one
other limitation potentially causing bias. Anyway, as all sur-
geons in the department have the same philosophy, used
identical cement and cannulas and underwent the same sur-
gical training, we believe it to be valid to compare all the four.

However, in combination with other techniques, which
help to prevent cement leakage, like sequential application
[4] and use of ultra-high viscous cement, the lavage tech-
nique is promising to reduce potentially life threatening
cardiopulmonary events.
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Conclusions

Removing intravertebral bone marrow by lavage is inex-
pensive, safe, feasible and has the potential to reduce fat
embolism and PMMA leakage in vertebroplasty or ballon
kyphoplasty. Therefore, it may be useful for preventing
potentially life threatening complications in patients with
impaired cardiopulmonary function. Moreover, a better
filling pattern can be achieved.
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