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Abstract

Purpose To evaluate and address the safety of verteb-

roplasty (VP) and kyphoplasty (KP) in terms of rate and

type of cement leakage in the treatment of Multiple Mye-

loma (MM) vertebral fractures.

Methods A total number of 37 treated vertebrae were

evaluated post-operatively by using standard X-rays and

CT scan looking for a cement leakage. VP was done using

a monoportal approach in all cases (18 treated levels, group

A), while KP was done using a monopedicular approach in

9 levels (group B1) and using a bipedicular approach in the

remaining 10 levels (group B2). A computed tomography

was used to establish the presence of any cement leakage

and to determine its localization.

Results Vertebral augmentation through VP and KP

provides immediate pain relief and an improvement of the

quality of life of patients affected by MM but it is gravated

by high risk of cement leakage. Cement extravasation

occurred in 27.7% of total VP procedures and in 21.05% of

total KP procedures, but considering the whole number of

treated levels, it was more common in multi-level VP and

in bipedicular KP, in which a higher quantity of cement

was employed.

Conclusions KP procedure in these patients is slightly

less risky but we suggest doing it with a monopedicular

approach. It’s mandatory to use an high viscosity cement

and we suggest not to use an amount of PMMA over 2 cc

and a previous treatment with bone marrow transplant is

related to a lower risk of cement leakage.
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Introduction

Multiple myeloma (MM) is a neoplastic disease of B-cell

origin, characterized by the accumulation of malignant

plasma cells in the bone marrow. Its incidence varies from

2 to 3 per 100,000 among the general population. Bone

destruction is the most frequent cause of morbidity and

mortality in patients affected by this pathology [1]. Oste-

olytic lesions found in MM patients are in fact caused by an

increased osteoclastic resorption that is not accompanied

by a comparable increase in bone formation, leading to an

unbalanced bone turnover that causes pathological frac-

tures and severe pain.

Evidences of bone involvement at presentation vary

from 70 to 100% of patients [2]. Vertebral involvement can

be observed in 60% of cases at the time of diagnosis and is

cause of chronic pain, reduction of mobility, spinal defor-

mities, pulmonary and neurological complications [3].

Conservative treatment and radiotherapy alone are

usually insufficient to control pain and to restore the

integrity and stiffness of the collapsed vertebra [1].

Vertebral augmentation through vertebroplasty (VP) and

kyphoplasty (KP) has been recently considered an estab-

lished operative procedure for the treatment of osteoporotic

or traumatic vertebral fractures in order to restore the

vertebral body height and to reduce the kyphotic deformity

caused by multiple-level vertebral compression fractures.
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Several authors have reported good results with relatively

low complication rates also in multiple myeloma [1, 4, 5].

Cement leakage through the vertebral body boundaries

is the most commonly described complication of VP and

KP. Cement extravasation can occur through fracture fis-

sures or through the vertebral vein fissures [7, 8]. It is

rarely related to clinical manifestations [6], but it can cause

neurological symptoms and paraplegia, pulmonary embo-

lism, local or systemic reactions to cement and infections

[9, 10]. There is currently little data on the safety of ver-

tebral augmentation in terms of risk of cement leakage

in patients affected by metastatic vertebral compression

fractures.

The aim of this study is to assess the safety of VP and

KP in the treatment of a cohort of 14 patients affected by

MM vertebral fractures, through the evaluation of the rate

and the type of cement leakage and of the related clinical

manifestations.

Materials and methods

From November 2005 to May 2008, 14 patients underwent

a surgical treatment for a MM vertebral fracture. The total

number of vertebrae was 37, all treated with VP or KP.

The study includes 8 men and 6 women with a mean age

of 63 years (range 48–81 years).

The treated levels were included between T7 and L4,

most of the fractures were located at the thoraco-lumbar

junction: 43.2% of fractures (16/37) involved the vertebral

body of T12 or L1 (Fig. 1).

All patients had an X-Ray, MRI, percutaneous biopsy

and all relevant investigations preoperatively. Indication

for vertebral augmentation was the presence of a symp-

tomatic vertebral fracture without neurological deficit and a

positive MRI signal. All Patients were strictly followed by

the hematologists for the further management.

All augmentation procedures were performed in the oper-

ating room, under general anesthesia and under fluoroscopic

guidance. All cases were treated through the use of acrylic

cement, in particular low viscosity polymethylmetacrylate

(PMMA) and using the same surgical technique and the

same instrumentation. Among all patients six underwent

both procedures, six were treated using only KP and two using

only VP.

Vertebral augmentation was always performed through

a transpedicular approach: vertebroplasty was done using a

monoportal technique in all cases (18 treated levels, group

A), while kyphoplasty was done using a monopedicular

approach in 9 levels (group B1) and using a bipedicular

approach in the remaining 10 levels (group B2).

Besides the conventional radiographs in two planes, a

computed tomography (CT) of the level of interest was

used to establish the presence of any cement leakage and to

determine its localization.

Results

In a previous work [11], the results in terms of pain relief,

vertebral body height restoration and correction of the

kyphotic deformity concerning above described patients

have already been published.

Aim of this study is to evaluate the risk of cement

leakage in MM patients and to posteriorly analyze it in

order to prevent this kind of complication.

Standard post-operative x-rays and a CT scan were

employed in order to evaluate the rate of extravertebral

cement leakage.

Cement leakage was observed in 6/14 patients (42.9%):

4 of these patients (66.6%) underwent a multilevel ver-

tebroplasty and, in particular, 3 vertebrae were treated in 3

patients and 2 vertebrae in 1 patient (Fig. 2).

Considering all treated vertebrae, 9/37 levels (24.3%)

showed a cement extravasation. Among this percentage,

5/9 levels (55.6%) were treated through VP and 4/5 were

Fig. 1 Distribution of the treated levels with reference to the adopted

procedure

Fig. 2 Flow-chart explaining the percentages of cement leakage

considering the whole number of treated patients
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multilevel treatments: considering the full sample of VP,

the total percentage of procedures that caused a leakage

corresponds to 27.7%. 4/9 levels (44.4%) that showed a

leakage were treated through KP: 1/4 and 3/4 were

treated, respectively, using unipedicular and bipedicular

KP (Fig. 3).

Considering the full sample of KP, the total percentage

of procedures that caused a leakage corresponds to 21.05%.

Among all the leaking vertebrae, 5/9 were treated using

unipedicular vertebroplasty (group A), 3/9 using bipedic-

ular kyphoplasty (group B2) and 1/9 using unipedicular

kyphoplasty (group B1).

Cement extravasation involved, after vertebroplasty, the

anterior space in two cases and the lateral space in two cases,

while after kyphoplasty it involved the anterior space in three

cases and the adjacent disk in two cases. No posterior leakage

was observed at all. None of these patients had previously

been treated with a bone marrow transplant. All cases of

cement extravasation were asymptomatic.

Discussion

Skeletal involvement is one of the main causes of mor-

bidity in Multiple Myeloma. Myelomatous osteolytic

destruction often affects the spinal column, implying ver-

tebral collapse and severe pain. Because of the increase of

survival times due to modern oncologic treatments, a

timely intervention to control pain in patients affected by

MM vertebral fractures is necessary.

Vertebroplasty (VP) and Kyphoplasty (KP) are minimally

invasive procedures used to reduce the intensity of pain and to

improve the quality of life of patients affected by osteoporotic

vertebral compression fractures. Few papers have reported the

results of VP and KP in the treatment of metastatic spine

lesions [2, 4, 5].

Leakage of cement after VP and KP may lead to serious

complications as embolism and neurological problems as

myelopathy and radiculopathy and, in rare cases, death [12,

13].

Few studies about the surgical treatment of osteopenic

insufficiency fractures reported a lower risk of cement

extravasation during KP: as the cement has to fill an empty

cavity created by the inflation of a balloon tamp, its injection

can occur at a lower pressure than in VP [14].

In the review by Taylor et al. [15], cement leakage was

significantly higher with vertebroplasty (40%) than with

kyphoplasty (8%), and 3% of vertebroplasty leaks were

symptomatic whereas no kyphoplasty leaks were reported

to be symptomatic. Hulme et al. [16] found similar rates of

extravasation for vertebroplasty (41%) and kyphoplasty

(9%), with subsequent clinical complications occurring in

3.9 and 2.2% of vertebroplasty and kyphoplasty cases,

respectively.

Frankel’s comparative study [17] reported a percentage

of cement extravasation that corresponded to 15% of KP

cases and 8% of VP cases.

The lack of balance between osteoclastic resorption and

bone addition that characterizes MM osteolytic lesions

makes the bone structure particularly weak and the risk of

cement leakage particularly dangerous. Eck’s work on

minimally invasive treatment of spinal tumors showed that

cement leakage occurred in 19.7% of VP cases and 7%

of KP [18], and Fourney’s study reported a leakage rate

corresponding to 9% of VP and 0% of KP procedures [19].

Nevertheless, Kose’s comparative study [20] recorded

no cement leakages in patients treated with either KP or

VP.

Figures 4 and 5 compare the percentages of cement

leakage in MM and in osteoporosis respectively during VP

and KP as reported in the literature.

According to this data, in our study cement extravasa-

tion occurred in 27.7% of total VP procedures and in

21.05% of total KP procedures.

Even if our results show a little advantage for KP, it

should be stated that, considering all treated levels, the

highest percentage of leakage (44.4%) was found in multi-

level VP. This result could be mostly done by the pathol-

ogy’s severity, that increases when MM involves more

levels, but there should be also a technical problem done by

the fact that the surgeon, trying to use a single dose of

PMMA to treat multiple levels, injects the cement at higher

pressure.

Among patients who underwent a multi-level VP that

showed a leakage, none had previously been treated with a

bone marrow transplant. Differently, patients that under-

went a multi-level treatment who had previously been

Fig. 3 Flow-chart explaining the percentages of cement leakage

considering the whole number of treated vertebrae. The highest risk of

cement leakage was observed in monopedicular multilevels VP and in

bipedicular KP
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treated with bone marrow transplant did not show any

leakage: an enhanced control of the pathology is therefore

probably related to a lower risk of cement leakage.

Considering the rate of KP procedures that showed a

cement extravasation, the highest percentage of leakage

(33.3%) was found in bipedicular KP, while monopedicular

KP showed a leakage in 11.1% of cases, that is the lowest

percentage of leakage considering the whole number of

treated levels. The high rate of PMMA extravasation in

bipedicular KP could be caused by the higher quantity of

inserted cement: in fact, in monoportal KP a total quantity

of 2 cc of PMMA was used, while biportal KP implied the

Fig. 4 Percentages of cement

leakage in MM and in

osteoporosis during VP as

reported in the literature

Fig. 5 Percentages of cement

leakage in MM and in

osteoporosis during KP as

reported in the literature
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use of at least 3 cc of PMMA (Figs. 6, 7, 8, 9). This could

prove a correlation between the quantity of used cement

and the risk of its leakage.

The cement employed in this work was a first generation

low viscosity PMMA, and this could be another reason for

the high rate of cement leakage we observed: cement

thickness is in fact a key feature in controlling the intra-

vertebral cement filling. An experimental study [21] com-

pared cement leakage and filling behavior of two existing

delivery systems, respectively characterized by high vis-

cosity and low viscosity: superior results were obtained

with the high-viscosity system that showed an increase of

filling uniformity and a reduction of cement leakage.

Different techniques can be used to prevent leakage; in

addition to the use of high viscosity cement, radiopaque

substances, as tungsten, tantalum powder, barium sulphate

or zirconium dioxide can be added to PMMA in order to

facilitate fluoroscopic visualization to monitor possible

cement extravasation [22]. Another of these techniques is

the eggshell procedure, during which, after the reduction

with the KP balloon, a small amount of doughy cement is

injected into the cavity, and then the balloon reinserted and

reinflated: once the cement hardens, the cavity can be filled

with cement, whose leak is prevented by the eggshell

structure [23].

None of these techniques was employed in this study.

Fig. 6 Preoperative X-rays of a patient with multiple pathological fractures at the thoraco-lumbar junction (T12-L1-L2)
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As regards the localization of cement extravasation, an

interesting work [24] analyzed postoperative CT scans of

patients that underwent VP for osteoporotic compression

fractures and classified the patterns of leakage into three

groups: those through the basivertebral vein (type B), via the

segmental vein (Type S) and through a cortical defect (type

C). Type B leaks proceed via the vascular foramen and in the

spinal canal; they spread along the epidural venous plexus.

Type S leaks usually proceed horizontally, along the seg-

mental veins and they can reach the neural foramina. Type C

leaks may invade any area through a cortical defect,

including the disc space, the spinal canal, the neural foramen

and outside the vertebra. In this study, all leakages were

interpreted as type C leaks, occurred through a cortical

defect, and none of them involved the spinal canal. This can

be explained considering that the injection of cement into

such a fragile and compromised vertebral body easily creates

fissures through which cement leaks.

In our study, cement extravasation was always asymp-

tomatic and involved the anterior space in two cases and

the lateral space in two cases after VP, while it involved the

anterior space in three cases and the adjacent disc in two

cases after KP. Leaks into the adjacent disc space occurred

only after KP, and never after VP suggesting a possible

implication of the inflated balloon tamp in the genesis of

this kind of extravasation.

Conclusions

Even if vertebroplasty shows a slightly higher rate of leak-

age, the poor quality of bone in MM, the necessity of a multi-

Fig. 7 MRI scan with T1 and T2 weight images
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level treatment and the use of a higher quantity of cement

seem to influence the risk of cement leakage more than the

choice of one or the other technique.

The higher risk of cement extravasation and compli-

cation is in patients treated with multilevel vertebroplasty

and untreated with bone marrow transplant (44.4%),

Fig. 8 CT scan showing the severe bone destruction observed during multiple myeloma involvement

Fig. 9 Postoperative X-rays after the KP procedure done with a bipedicular approach. There is a cement leakage within the disc above L2
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while the lower risk is in monoportal kyphoplasty

(11.1%).

Kyphoplasty procedure in these patients is slightly less

risky but we suggest to do it with a monopedicular

approach and to place the balloon as much as possible in

the center of the vertebral body in order to avoid an acci-

dental injury of the upper vertebral body plate.

It is mandatory to use high viscosity cement and we

suggest not using an amount of PMMA over 2 cc because

in our hands it is associated with a higher risk of leakage.

In summary, VP and KP appear to be safe procedures in

the treatment of MM vertebral lesions but, considering the

remarkable fragility of the bone in MM, it is important to

meticulously evaluate the surgical indication before the

procedure, in order to avoid any possible posterior leakage.

A previous treatment with bone marrow transplant and,

therefore, an enhanced control of MM, is related to a lower

risk of cement leakage.
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