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BACKGROUND AND PURPOSE: To be radiopaque, BAVM embolization products must contain high-
atomic-number materials, which may also attenuate photon beams delivered with radiosurgery. This
“shielding effect” has been invoked to explain why radiation therapy may be less effective for
previously embolized BAVMs. To evaluate the impact of embolization material on radiation dose, we
measured and compared the dose delivered to the center of an AVM model, before and following
embolization with various materials in a LINAC.

MATERIALS AND METHODS: Two in vitro AVM models were constructed by drilling interconnected
tubular perforations in plastic water phantoms to simulate nidal vessels. Phantoms were designed to
allow the positioning of a radiation detector at their center. One model was embolized with Onyx 18
and a second model, with a combination of Indermil, Lipiodol, tungsten powder, and Onyx 18. The
radiation delivered was compared between embolized and nonembolized controls following irradiation
with a standard 250-cGy dose.

RESULTS: The mean dose of radiation delivered to the model embolized with Onyx alone was 244 �
5 cGy before and 246 � 5 cGy following embolization. The mean dose of radiation delivered to the
model embolized with various agents was 242 � 5 cGy before, and 254 � 5 cGy after embolization.

CONCLUSIONS: Embolic material did not reduce the radiation dose delivered by a LINAC to the center
of our experimental BAVM models. The shielding effect may be compensated by scattered and
reflected radiation.

ABBREVIATIONS: BAVM � brain arteriovenous malformation; LINAC � linear accelerator; n-BCA �
n-butyl cyanoacrylate; Z � atomic number

The main goal of BAVM treatment is to prevent intracranial
hemorrhage. The benefit of prophylactic treatment of un-

ruptured BAVMs is uncertain.1 Therapeutic management
may consist of 1 or a combination of different approaches,
including endovascular embolization, surgery, and radiosur-
gery. The choice of treatment technique depends on the size
and location of the BAVM. Embolization alone can occasion-
ally cure BAVMs, but this technique is more frequently used to
decrease the risks of surgery or reduce the size before radiation
therapy.

BAVM embolization before radiation therapy remains,
however, controversial. Some authors claim that embolization
before radiation therapy reduces the final obliteration rate.2-6

Materials of high atomic number (Z) are added to embolic
agents for radiopacity, which may attenuate the dose of radi-
ation delivered in radiosurgical treatments through a “shield-
ing effect,” thereby compromising a known determinant of
successful BAVM obliteration.7

To evaluate the impact of embolization material on the
radiation dose delivered, we constructed a BAVM model that
permitted the measurement of radiation doses delivered be-
fore and following the deposition of embolization material in
the simulated BAVM.

Materials and Methods
Two in vitro BAVM models were constructed by drilling interconnected

tubular perforations to simulate nidal vessels in plastic water-calibration

phantoms (plastic water, CIRS, Norfolk, Virginia) (Fig 1A). Models were

configuredtopermitpositioningofawater-equivalentdetector(Gafchromic

EBT film; ISP, Wayne, New Jersey) in the center of the phantom.

The first model (A), measuring 2 � 2 � 4 cm, with 1-mm-diameter

channels was embolized with Onyx 18 (ev3, Irvine, California), a commonly

used liquid embolic agent containing ethylene-vinyl alcohol copolymer, di-

methyl-sulfoxide, and tantalum (Z � 73) added for radiopacity. Onyx is

presented in a micronized powder form (35% weight/volume). The second

model (B), measuring 4 � 4 � 8 cm, with 1- to 5-mm-diameter channels,

was embolized by using various and multiple agents in greater quantity: n-

BCA (Indermil; Henkel Loctite, Dusseldorf, Germany) with ethiodized oil

(Lipiodol, Andre Guerbet, Aulnay-sous-Bois, France) and Onyx 18. We also

addedtungsten(Z�74)totheembolicmaterial toobtainamore important

shieldingeffect. Inclinicalpractice,Lipiodol(Z�53foriodine), tantalum,or

tungstenisaddedton-BCAandaccountsfortheshieldingeffect.Plainradio-

graphs of the BAVM models were taken to ensure that radiopaque emboli-

zation material filled the channels (Fig 1B).

Afterappropriatepositioningofthewater-equivalentdetectorat thecen-

ter of the phantom, we irradiated BAVM models with 250 cGy, by using a

standard 4-arc stereotactic treatment plan on a LINAC (beam energy of 6

mV)(Fig2A, -B)andcomparedmeasuredradiationdoses for theembolized

models and the equivalent nonembolized controls. Each experiment was

repeated twice.

Results
The nonembolized model A controls had a mean dose of ra-
diation delivered of 244 � 5 cGy (247 and 240 cGy for indi-
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vidual experiments). Following embolization with Onyx 18,
this model received a mean radiation dose of 246 � 5 cGy (245
and 247 cGy). The limitations of measurement certainty of the
film (�5 cGy) showed no definitive differences in the pre- and
postembolization doses delivered to the model embolized
with Onyx 18.

The model B control received a mean radiation dose of
242 � 5 cGy (245 and 238 cGy) and 254.0 � 5 cGy (256 and
252 cGy) after treatment of the model with multiple varied
embolization agents in common clinical use. An unexpected
slight increase in radiation dose following embolization was
found for model B.

Discussion
Some nonrandomized cohort publications2-6 concluded that
BAVM embolization before radiosurgery may have decreased
the expected final rate of cure. One proposed reason was that
high Z materials present in embolization products created a
shielding effect responsible for the decrease in delivered dose.
There have been supportive in vitro experiments to buttress
this hypothesis: Andrade-Souza et al8 showed that a glue mix-
ture (embucrilate � Lipiodol) was responsible for the down-
stream radiation reduction proportional to the Lipiodol con-
centration, but they only used a single beam. Against this
hypothesis, Nath and Yue9 tested the shielding effect of metal-
lic encapsulation and radiographic contrast agents for cathe-
ter-based intravascular brachytherapy, by using both photon-
and �-emitting radionuclides, and showed that if the shielding
effect was present when low-energy photon emitters were
used, it became minimal for high-energy photons (range of
energy used in radiation therapy). Wilczek et al10 tested the
dose perturbation induced by different stents in brachyther-
apy and noticed that the shielding effect exists and depends on
the strut thickness and mesh attenuation rather than on the
atomic number of the metal. Shtraus et al11 found that the

measured attenuation of Onyx placed in a bottle was 3%
higher than the attenuation of water.

Light ion beams can also be used in radiosurgery, with clin-
ically and radiobiologically interesting results, especially for
large BAVMs.12 Measuring the dose pertubation by various
high Z metallic devices used to shield critical structures, Das et
al13 showed that electron beams gave a dual effect of dose
reduction and dose enhancement, depending on the thickness
and distance from the interface. Thin metal devices may en-
hance the dose on the transmission side and hence lose their
shielding effect.

In our experiment, we did not find any attenuation of the
photon beam in the center of our AVM model, either with
Onyx alone or other high Z substances. The fact that photons
are delivered through multiple arc beams and rebound of ra-
diation on high Z material (backscatter effect) may explain the
observed compensation for the theoretic shielding effect.

Without a randomized study, which would be very difficult
to realize, it is impossible to prove that embolization has a
negative effect on the outcome of BAVMs treated with radio-
surgery. Nevertheless, if this effect exists, it can be explained by
reasons other than a direct attenuation of the photon beam by
high Z materials:

1) Recanalization of the embolized nidus can decrease the
cure rate.14 Natarajan et al15 reported a rate of 14.3% of recan-
alization with Onyx at the time of the 6-month follow-up
examination.

2) AVMs present a high angiogenic activity,16 which can be
attenuated after radiation therapy.17 Embolization may in-
duce hypoxia, which makes the tissue less radiosensitive and
increases the angiogenic activity of the BAVM,18,19 rendering
it an active instead of a static lesion.20,21 Moreover, it has been
shown that hypoxia-inductible factor and vascular endothelial
growth factor are expressed more frequently in embolized
than in nonembolized BAVMs18 in surgical specimens.

Fig 1. A, Cylindric AVM model: a plastic water phantom with a tubular perforation (model A). B, X-ray radiography of the model B showing the radiopacity of the embolic agent. The film
is positioned in the center of the phantom.

Fig 2. A, Planification of standard treatment with 4 arcs of the AVM model A. B, Isodoses curves for AVM model A positioned in a brain phantom.
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3) A good definition of the key target volume in radiosur-
gery is essential.22 CT and some MR imaging sequences may be
useless when artifacts generated by embolic agents are sub-
stantial. As a consequence, definition of the margins of the
nidus is at best an approximation, and the dose delivered to
the BAVM margin is imprecise.11

Conclusions
Embolization material did not reduce the radiation dose de-
livered by a LINAC to the center of our experimental AVM
models. The theoretic shielding effect from high Z materials
used in embolization products is most likely compensated by
backscatter effects and by multiple entry points of x-ray beams
in current clinical use. If preradiosurgical embolization re-
duces the obliteration rate of the BAVMs, it may occur
through other mechanisms.
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