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Abstract
Percutaneous vertebroplasty is a
safe and successful method for the
treatment of vertebral lesions due to
osteoporotic fractures, metastatic
lesions or haem angiomas. The proce-
dure involves the percutaneous injec-
tion of polymethyl methacrylate
(PMMA) into a pathological vertebral
body. The technique is described in
detail together with potential compli-
cations.

Strict adherence to selection crite-
ria, a multidisciplinary approach and
the need for excellent imaging equip-
ment are stressed.

Introduction
Percutaneous vertebroplasty has

been performed in France by inter-
ventional radiologists since 1984 and
involves the percutaneous injection of
polymethyl methacrylate (PMMA)
into a pathological vertebral body.'
Currently the same procedure is also
being used for the treatment of
metastatic lesions in different parts of
the skeleton (e.g. the acetabulum), but
for the purposes of this article I will

confine the discussion to the treat-
ment of vertebral lesions.

The first cases in France were
specifically for the treatment of
aggressive or symptomatic vertebral
haemangiomas, but in Europe the
procedure is currently being used
mainly for the treatment of primary
and secondary malignancies of the
vertebrae. In the USA the procedure
is more commonly used in the
treatment of osteoporotic vertebral
fractures than in malignant lesions.
This is in part because in the USA it is
largely a patient-driven procedure,
with the patients having Internet
'savvy' and referring themselves
directly. In 1998 there were 10 - 12
physicians performing the procedure
in the USA; by 2001, 500 interven-
tional radiologists had been trained
and were performing percutaneous
vertebroplasties.

The procedure is minimally inva-
sive and leads to marked reduction or
cure of pain together with the
mechanical strengthening of the
bone. It is usually done as an out-
patient procedure with a success rate
of between 80% and 90%.2 The
PMMA leads to the stabilisation of the
bone fragments. It reaches a temper-
ature of 60 - 70° C on setting, the same
temperature reached during the use of
radio frequency ablation in the treat-
ment of metastatic deposits.' The
result is that this heat generated also
leads to lysis of underlying tumour
cells.

Vertebroplasty requires a multidis-
ciplinary approach and strict selection
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criteria are needed to ensure the safe-
ty and success of the procedure.

Vertebroplasty must not be mis-
taken for kyphoplastywhere a balloon
is first inserted into the collapsed ver-
tebra to try to restore some height
before cement is injected.

Indications
Osteoporotic vertebral
fractures

Sixty per cent of postmenopausal
women have osteopenia, of whom
40% will develop osteoporotic frac-
tures, with between 400 000 and
500 000 such fractures occurring
annually in the USA. Approximately
one-third of these patients develop
chronic pain of life-altering severity
that is unresponsive to conservative
management." Vertebral fractures are
associated with increased morbidity
and mortality and may lead to loss of
the patient's independence. They are
a leading cause of admissions to nurs-
ing homes. Conservative manage-
ment may be complicated by pneu-
monia, DVT and pulmonary emboli.

Although pain may last for
months a number of patients respond
well to conservative management and
therefore vertebroplasty should not be
attempted before a trial of conserva-
tive management has been attempted.
The duration obviously ranges with
individual patients but a timespan of
2 - 3 weeks is currently being used.
However, current findings are that
patients who have had a fracture pre-
viously treated by vertebroplasty, fre-
quently refuse even to attempt conser-
vative therapy when they have anoth-
er fracture.

Malignancies
Lymphoma, myeloma and

metastatic lesions are the most com-
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monly treated vertebral malignancies.
These cause pain by infiltration and
due to the collapse of the vertebra.

Although radiation has been used
up to now this does not give the same
rapid pain relief or stability as one
would get with vertebroplasty. It is
currently being used in conjunction
with vertebroplasty in some centres.

Conservative management of
malignant lesions has the same possi-
ble complications as can be expected
during conservative management of
osteoporotic fractures, while surgery
has a much higher morbidity; mortal-
ity and cost in patients who often have
limited life expectancy. By compari-
son vertebroplasty leads to partial or
complete pain reduction in 80 - 90%
of patients within the first 72 hours."
In addition surgery is contraindicated
when multiple levels are affected.

The clearest indications for verte-
broplasty are in patients complaining
of severe, focal and mechanical back
pain related to neoplastic vertebral
collapse, without epidural involve-
ment.'

Haemangiomas
Painful destructive vertebral hae-

mangiomas (VH) are very rare.
Surgical alternatives to vertebroplasty
are invasive and require hardware. In
these cases vertebroplasty can be con-
sidered as an embolisation with bone
cement.

Radiological signs of aggressive-
ness include: (i) progressive involve-
ment of the vertebral body; (ii) exten-
sion to the neural arch; (iii) collapse of
the vertebral body; and (iv) increasing
soft tissue mass.

Pre-procedural
work up

Vertebroplasty needs a multidisci-

plinary approach involving endocri-
nologists, oncologists, orthopaedic
and neurosurgeons. The patients
need a thorough neurological evalua-
tion prior to the procedure. It is criti-
cal to ensure that the pain is related to
the specificvertebral compression and
this must be confirmed by clinical
evaluation under screening prior to
the procedure. Identification of the
collapsed vertebra under screening
followed by direct pressure should
replicate the pain the patient is experi-
encing.

Clotting profiles are obtained as a
coagulation disorder is seen as an
absolute contraindication unless cor-
rected. An MR! is done prior to the
procedure to help determine the more
acute level causing the symptoms, as
this may be problematic in patients
with more than one affected vertebra
on plain films. It is also important to
exclude: (i) epidural or foraminal
involvement; (ii) cord compression;
(iii) tumour extension into the spinal
canal or extensively into the pedicles;
and (iv) other causes of pain.

Informed consent is obviously
mandatory and we also like to have a
family member present at this stage.
The procedure, possible complica-
tions and expected outcome are dis-
cussed in detail. We tend to stress pos-
sible complications and downplay
outcome as this helps in patient selec-
tion. Patients not experiencing severe
pain often back down at this stage
whereas patients with severe pain are
less concerned.

Contraindications
Coagulation disorders are an

absolute contraindication and need to
be corrected prior to the procedure if
possible. Neurological symptoms
related to the compression by the
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abnormal vertebral body or tumour
extension are also considered a con-
traindication to the procedure.

Extension and involvement of the
posterior aspect of the vertebral body
is seen as a relative contraindication.
The more experienced interventional
radiologists are doing these cases
more frequently.

A neurosurgeon must be available
in case emergency decompressive
surgery is required.

Technique
The procedure is done on an

outpatient basis. Prior to the proce-
dure a single N dose of antibiotics is
given (e.g. 1 g of cefazolin/Ancef).
The mixture of tobramycin with the
cement has been advocated but is sel-
dom used.

Conscious sedation is adminis-
tered to the patient but more impor-
tantly good local anaesthetic needs to
be given, with special attention being
given to the periosteum. This is of
more value than the N sedation and
we use Macaine because of its longer
action. The patient is carefully mon-
itored throughout the procedure. We
have only done two patients under
general anaesthesia, both of whom
were experiencing severe pain from
their metastatic lesions and could not
lie still.

With the patient in the prone posi-
tion access to the vertebral body is
obtained via the pedicle under screen-
ing and CT guidance is not needed.!"
Most centres use a bipedicular
approach although one can also do a
unipedicular puncture at a more
acute angle, with the result that the tip
of the needle is situated close to the
midline of the vertebra. The needle is
placed at the junction of the anterior
one-quarter and posterior three-
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Fig. 1a,b,c. A patient with severe pain due to an
osteoporotic fracture showing movement on breath-
ing. Good fil/ing is obtained with the patient being
pain free after management.

quarters of the body (Fig. la.b,c). As
the main venous channels of the ver-
tebral body are located in the equato-
rial plain these should be avoided by
inferior placement.

We use a bevelled 11Gor 13G nee-
dle depending on the size of the verte-

bra. This has two distinct advantages.
Firstly one can guide the needle to a
certain degree as the sharp end of the
needle cuts into the bone and tends to
guide the neecUein that direction. For
this reason we rotate the bevel to the
outside when going through the pedi-
cle so as not to penetrate the medial
wall of the pedicle. Once one is
through the pedicle and into the body
it is advisable to rotate the bevel 180
degrees so that the sharp aspect of tlle
bevel will guide the needle more to the
centre of the body. The second reason
for using a bevelled needle is that one
can rotate it during injection of
PMMA and this helps in guiding the
flow of the cement.

Some centres do vertebral phle-
bography on all patients prior to
administration of the PMMA. The
rationale is that if the tip of the needle
is in a big draining vein, one will need
to advance the needle further forward
to try and reposition outside the
draining vein. Withdrawing the nee-
dle is not of help, as the contrast tends
to follow the tract to the vein. If we are
positioned in a large vein we do tend
to advance the needle, but this is sel-
dom of any help. What is important is
to try to get a thicker consistency of
PMMA to inject as this will not drain
away as easily and basically embolises
the proximal draining vein. The
group at Johns Hopkins have done
205 consecutive cases without phle-
bography, and have not reported any
serious complications." It is impor-
tant to flush the contrast out of the
needle with saline as it may otherwise
be difficult to distinguish between
contrast and PMMA at initial injec-
tion. The contrast sometimes also
tends to pool in the vertebral body,
making evaluation of cement injec-
tion more difficult. This contrast can
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also be washed out with some saline
but does take a little longer and as one
has limited time before the PMMA
hardens, it is important not to mix the
PMMA before one is ready to inject.

If no vertebral phlebogram was
done one should still fill the needle
with saline so as to prevent the possi-
ble complication of air embolism
when injecting the cement.

Under optimal fluoroscopy the
PMMA is injected into the body. The
correct composition of the mixture
with regard to the concentration of
barium sulphate and PMMA is
important, as this will affect the time
the mixture takes to set. Previously
these had to be mixed before adminis-
tration, but currently there are prod-
ucts on the market which are ready
and easy to use and are no more
expensive than the original mixtures.
With the current products one has
about 10 minutes working time,
which is ample. Cooling the liquid
prior to mixing lengthens the time
before setting and this may be useful
when more than one level will be
done. The consistency is roughly that
of melted ice cream prior to the injec-
tion.

The cement is injected under later-
al screening until it can be seen in the
posterior part of the body (Fig.
2a,b,c). The quality of the fluoroscopy
unit is extremely important as visuali-
sation of the cement during injection
is one of the most important aspects
of the procedure. Most of the serious
complications documented have been
associated with poor visualisation.

The patients are followed up for
3 - 4 hours in the unit before being
discharged home. They are phoned
on day 1 and day 8 after the proce-
dure.
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Fig. 2 a,b,c. A 39-year-old patient with colon carci-
noma and a single metastatic deposit in the L2 ver-
tebra. She was not a neurosurgical candidate and
had already had radiotherapy. The patient had
extreme pain and a unilateral approach was used
for needle placement. Good vertebral filling was
attained and the patient was pain free on day 2.

Complications
The most important part in pre-

venting complications is in realising
that pain relief is not related to the
amount of cement injected." The
complication rate is, however, directly
related to the amount of PMMA
injected. The rate of complications is
very low and numerous series have

not shown any complications.
Most serious complications are

due to the leakage of contrast into the
adjacent structures. Because this may
lead to compression of nerve roots,
etc. it must not be performed in a set-
ting where no neurosurgeon is avail-
able for emergency decompressive
surgery.

Clinically significant complica-
tions with vertebroplasty occur pre-
dominantly in patients with spinal
metastases, but in most of these cases
they resolve with medical treat-
ment.":"

In osteoporotic patients rib frac-
tures have occasionally occurred due
to the pressure needed to advance the
needle through the pedicle.

Two deaths have been reported in
the USA. In both instances the proce-
dure was done under a C-arm in
theatre with the patient under general
anaesthesia and seven or more levels
were done. It is generally accepted
that only under exceptional circum-
stances should more than two levels
be done at a time.

One case of significant pulmonary
embolism was reported in a 41-year-
old female patient. She responded
well on anticoagulant therapy."

Conclusion
Vertebroplasty is a safe and suc-

cessful method for the treatment of
vertebral lesions due to osteoporotic
fractures, metastatic lesions or hae-
mangiomas.

Numerous studies have been done
on the procedure and although rela-
tively new in South Africa, it is well
documented in Europe and the USA.
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Strict adherence to the selection
criteria and a multidisciplinary
approach are needed.

The few complications reported
have been associated with excessive
PMMA injection, once again stressing
the need for excellent imaging condi-
tions.
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