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ORIGINAL RESEARCH
INTERVENTIONAL

Combined Treatment of Brain AVMswith Use of Onyx
Embolization Followed by Radiosurgery

L. Pierot, K. Kadziolka, F. Litré, and P. Rousseaux

ABSTRACT

BACKGROUND AND PURPOSE: The treatment of cerebral AVMs is complex, reliant on interventions such as embolization, surgery, and
radiosurgery, or a combination of these modalities. To date, treatment with the embolic agent Onyx, followed by radiosurgery, has not
been evaluated. The goal of this study was to evaluate the safety and efficacy of this combination in a homogeneous, monocentric series.

MATERIALS AND METHODS: From April 2003 to June 2008, a total of 20 patients (11 women and 9 men; age range, 10–55 years) were
treated for AVMs with Onyx embolization followed by radiosurgery. AVM sizes were �3 cm in 7 patients and �3 cm in 13 patients.
Modalities and complications of the procedure were analyzed as well as the long-term clinical and anatomic outcomes (2–5 years after
treatment).

RESULTS: Of 17 patients evaluated by DSA after radiosurgery, 10 (58.8%) were observed to have complete occlusion of the AVM nidus.
Complete occlusionwas observed in 5 (71.4%) of 7 Spetzler-Martin grade I–II AVMs and in 5 (50.0%) of 10 Spetzler-Martin grade III–IV AVMs.
Complete occlusion was observed in 4 (80.0%) of 5 AVMs of�3 cm and 6 (50.0%) of 12 AVMs of�3 cm. One of 20 patients had significant
worsening of clinical status (mRS�2) at long-term follow-up.

CONCLUSIONS: In this preliminary series, the safety and efficacy of combined treatment byOnyx embolization followedby radiosurgery
are quite satisfactory, with a low rate of clinical complications (5.0%) and a 58.8% rate of complete obliteration of the AVM.

ABBREVIATIONS: DMSO� dimethyl-sulfoxide; mRS� modified Rankin Scale; n-BCA� n-butyl cyanoacrylate

Cerebral AVMs are associated with significant morbidity and

mortality related to intracerebral hemorrhage, seizures, and

progressive neurologic decline.1 The treatment of cerebral AVMs

can be quite complicated, and indication for treatment in some

clinical situations is controversial (eg, for asymptomatic AVMs).

Moreover, several modalities of treatment are available (surgery,

radiosurgery, and embolization), and these modalities can be

used in combination for some AVMs.

Several techniques are available for embolization, dependent

on the embolization agent used and technique of microcatheter-

ization. For many years, embolization with n-BCA has been stan-

dard clinical practice for the treatment of brain AVMs. In the last

10 years, n-BCA has been progressively replaced by Onyx (ev3,

Irvine, California), a copolymer that precipitates when coming

into contact with blood.2-5 The progression of Onyx when in-

jected into a brain AVM follows a lavalike flow pattern and is not

associated with the risks of gluing the distal portion of the micro-

catheter as when using n-BCA. Onyx injections can be more pro-

longed and controlled compared with n-BCA, making it possible

to occlude larger portions of the nidus during each injection.

The combination of embolization and radiosurgery is often

used in the treatment of brain AVMs; however, the effectiveness

of this combination remains controversial. Some series have sug-

gested that embolization before radiosurgery was associated with

lower obliteration rates and worse outcomes.6,7 Several mecha-

nisms have been suggested to explain lower obliteration rates,

including recanalization of the nidus after embolization, en-

hanced angiogenesis after embolization (as demonstrated in ani-

mal models), difficulty in delineation of the nidus after emboliza-

tion, and beam attenuation by the liquid embolization material.

In most studies dedicated to the combination therapy of em-

bolization followed by radiosurgery for the treatment of brain

AVMs, particles or glue were used as the embolization agent.6,8,9

To our knowledge, no study to date has evaluated embolization

with Onyx followed by radiosurgery. To very precisely evaluate
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tal Maison-Blanche, 45, rue Cognacq-Jay, 51092 Reims Cedex; e-mail: lpierot@gmail.
com

http://dx.doi.org/10.3174/ajnr.A3409

AJNR Am J Neuroradiol ●:● ● 2013 www.ajnr.org 1

 Published February 7, 2013 as 10.3174/ajnr.A3409

 Copyright 2013 by American Society of Neuroradiology.



the combined therapy of Onyx embolization and radiosurgery, we

conducted a monocentric, retrospective study, with all patients

having very homogeneous modalities of treatment with emboli-

zation and radiosurgery.

MATERIALS AND METHODS
Patient Population
All patients treated for brain AVMs in our department are pro-

spectively included in a data base. In 2003, our department started

using Onyx for AVM embolization. All patients treated by Onyx

embolization and radiosurgery were included in our present se-

ries. To have a sufficient follow-up period after radiosurgery, we

evaluated only patients treated by radiosurgery before June 2008

and did not exclude patients treated with both n-BCA and Onyx.

The following data were collected for every patient: sex, age,

clinical presentation, and AVM location and size. Spetzler-Martin

grade was calculated.10

The study was approved by the Institutional Review Board of

Reims.

Treatment Strategy
Indications for treatment as well as modalities of treatment were

defined on a multidisciplinary basis (neurologists, neurosur-

geons, neuroanesthesiologists, and neuroradiologists). In brief, in

the case of ruptured AVMs, surgery was performed emergently in

the event of a compressive hematoma; in this situation, resection

of the brain AVM was performed at the same time, if possible. In

other ruptured AVMs, the choice of treatment was based on AVM

anatomy (location, size, etc) and the patient’s condition. Surgery

and embolization were the first options because they are associ-

ated with an immediate result. When embolization was chosen as

the first-line treatment, the first embolization session was usually

performed at least 1 month after the bleeding event.

For ruptured AVMs, radiosurgery was used in selected cases as

a complementary treatment in cases of incomplete treatment with

surgery or embolization, or as first-line treatment if the AVM was

untreatable by surgery or embolization.

For unruptured AVMs, indications for treatment were based

on the balance between natural history and the risks associated

with the treatment. Embolization was often used as the first-line

treatment followed by radiosurgery in the case of incomplete

embolization.

No treatment was performed when it was estimated that suf-

ficient reduction of the AVM nidus would not be obtained by

Onyx embolization to make radiosurgery feasible.

When embolization was selected as the first-line treatment,

the goal was primarily to reduce the volume of the nidus as much

as possible, with the objective being complete occlusion. If com-

plete occlusion was not obtained by embolization alone, subse-

quent treatment was performed (surgery or radiosurgery).

Modalities of treatment were precisely explained to the patient

and his or her family, and informed consent was obtained.

Embolization Procedure
Embolization treatment was performed as a staged treatment,

with most cases requiring several sessions. The interval between

sessions was approximately 6 weeks.

All procedures were performed with patients under general

anesthesia by use of a biplane angiography system. A 6F sheath

was placed in the femoral artery and a 6F guiding catheter inserted

into the carotid artery or vertebral artery according to AVM anat-

omy. A flow-directed DMSO-compatible microcatheter (Mara-

thon, UltraFlow, or Apollo; ev3) was navigated into the nidus.

Superselective angiography was subsequently performed to pre-

cisely analyze the angioarchitecture of the nidus, the venous

drainage, and to confirm the stable position of the microcatheter

distal tip. Onyx was used as the first-line embolic agent except in

the case of high-flow direct fistulas or when the microcatheter was

inserted in a short feeding pedicle. In these circumstances, n-BCA

was used.

For Onyx embolization, the microcatheter was flushed with

normal saline, and the deadspace was filled with DMSO (0.25

mL). Onyx was then slowly injected under subtracted fluoro-

scopic control. In the event of reflux or passage of Onyx in the

draining veins, Onyx injection was interrupted for 30 seconds to 2

minutes and then restarted. At the end of the procedure, the mi-

crocatheter was removed by gentle traction.

Staged sessions of embolization were usually performed to

progressively reduce the size of the circulating nidus and induce

moderate nidal and perinidal changes to avoid hemorrhagic com-

plications. During a session, embolization was usually interrupted

after 1 hour or when approximately 5-mL volume of Onyx had

been injected.

Treatment by embolization was interrupted when it was no

longer possible to access the nidus or to inject Onyx into the

nidus.

Radiosurgical Procedure
Radiosurgery was performed with a Leksell Gamma Knife Unit

(Elekta, Norcross, Georgia). In all cases, radiosurgery was per-

formed several weeks or months after AVM embolization to irra-

diate a hemodynamically stable AVM. The treatment target (re-

sidual nidus) was defined by 3D stereotactic MR imaging and

DSA. The embolized nidus was usually not included in the radia-

tion targeting. On the contrary, the origin of the draining veins

was usually included in the radiation targeting.

Follow-Up
Patients underwent MR imaging every 6 months or 1 year. Con-

trol DSA was performed 3 years after radiosurgery but was some-

times advanced or delayed according to MR imaging results. If,

after 3 years, the AVM was not completely obliterated, a multidis-

ciplinary decision was made regarding further strategy of

treatment.

We evaluated clinical status before and after treatment, and at

the time of final DSA control (2–5 years after radiosurgery) by

using the mRS scoring system (0: no symptoms; 1: minor symp-

toms; 2: some restrictions in lifestyle; 3: significant restrictions;

4: partially dependent; 5: fully dependent; 6: death).

RESULTS
Patient Population
A total of 20 patients (11 women and 9 men; age range, 10 –55

years) were treated for a brain AVM by Onyx embolization fol-
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lowed by radiosurgery from April 2003 to June 2008 (Table).

Clinical presentation was hemorrhage in 8 patients, epilepsy in 6

patients, and progressive deficit in 3 patients. Three AVMs were

asymptomatic.

Initial assessment (before any treatment) showed that AVM

Spetzler-Martin grade was I in 3 patients, II in 7 patients, III in 5

patients, and IV in 5 patients. AVM size was �3 cm in 7 patients

and �3 cm in 13 patients. No AVM was greater than 6 cm. Loca-

tion of the AVM was the frontal lobe in 12 patients, the temporal

lobe in 5 patients, the parietal lobe in 1 patient, the thalamus in 1

patient, and the corpus callosum in 1 patient.

Modalities of Treatment
For all patients, the multidisciplinary neurovascular local group

decided that, according to the clinical presentation and the ana-

tomic characteristics of the AVM, surgery was not indicated. The

treatment strategy was to start with Onyx embolization sessions to

reduce the size of the nidus as much as possible or to cure it. If

there was incomplete occlusion of the nidus, the decision was to

complete the treatment with radiosurgery.

The number of embolization sessions was 1 in 3 patients, 2 in

2 patients, 3 in 3 patients, 4 in 4 patients, 5 in 6 patients, and more

than 5 in 2 patients (7 and 8 sessions). All patients were exclusively

or partially treated with Onyx. Five patients were partially treated

with glue. In 1 patient, treatment was started before Onyx was

available in our department. In 3 patients, n-BCA was used to

treat high-flow direct fistulas. In 1 patient, n-BCA was used after

AVM rupture during microcatheterization (see below). The total

volume of Onyx injected (cumulated sessions) was 0.25 to 12.8

mL (mean, 4.4 mL).

For all patients in whom the treatment strategy was predefined

as embolization followed by radiosurgery, radiosurgery was effec-

tively performed after completion of the embolization sessions. If

the residual nidus evaluated by MR imaging/MR angiography and

DSA was considered too large for radiosurgery, further reduction

by embolization was discussed.

Radiosurgery was performed 1 to 36 months after the last em-

bolization session. The delay for radiosurgery was �6 months in 3

patients (1, 3, and 5 months, respectively), 6 – 8 months in 13

patients, and �8 months in 4 patients (12 months in 2 patients, 16

months in 1 patient, and 36 month in 1 patient). The volume of

radiated nidus was between 0.5 and 12.1 mL.

Anatomic Results
Anatomic results were not evaluated by DSA in 3 patients. Two

patients were lost to follow-up. One patient refused control DSA.

Of 17 patients evaluated by DSA after radiosurgery, 10 had

complete occlusion of the AVM nidus (Fig 1). Complete occlu-

sion was depicted by DSA performed at 2 years in 2 patients, 3

years in 4 patients, 4 years in 2 patients, and 5 years in 2 patients.

Residual nidus was depicted at 3 years in 3 patients and at 4

years in 4 patients. Residual nidus was treated by Onyx emboliza-

tion and radiosurgery in 2 patients and radiosurgery alone in 3

patients. In 2 patients, another control angiogram will be per-

formed after 1 year.

Complete occlusion was observed in 5 (71.4%) of 7 Spetzler-

Martin grade I–II AVMs and in 5 (50.0%) of 10 Spetzler-Martin

grade III–IV AVMs. Complete occlusion was observed in 4

(80.0%) of 5 AVMs �3 cm and 6 (50.0%) of 12 AVMs �3 cm.

Complications and Clinical Status
Intraoperative rupture was observed in 2 patients, during cathe-

terization in 1 patient (immediately treated by glue injection), and

after Onyx injection in 1 patient. No clinical modification was

observed in the first patient. Transient worsening of a pre-existing

deficit was observed in the other patient.

Patient and AVM characteristics, treatment data, and anatomic outcome

Pt
No. Sex/Age Presentation

AVM Embolization Radiosurgery

Outcome
SM Grade
(I–IV)

Size
(cm) Location

Sessions
(n)

Onyx
Volume
(mL)

Delay*
(month)

Volume
Radiated
(mL)

1 M/35 Hemorrhage I 1.1� 0.7 Parietal 1 0.25 6 0.6 CO
2 F/45 Asymptomatic I 1.2� 0.8 Temporal 1 0.45 12 0.5 CO
3 F/55 Hemorrhage I 1.3� 1.2 Frontal 1 1.0 16 0.6 RN
4 M/28 Hemorrhage II 2.5� 2.0 Frontal 4 0.65 8 1.2 CO
5 F/15 Asymptomatic II 2.0� 1.2 Temporal 4 2.65 36 0.9 Ongoing
6 F/12 SM deficit II 2.0� 1.3 Frontal 2 3.2 8 3.0 Ongoing
7 M/42 Hemianopsia II 2.0� 1.0 Frontal 3 3.35 6 0.9 CO
8 M/50 Asymptomatic II 3.8� 2.7 Temporal 5 5.0 7 2.9 RN
9 M/28 Epilepsy II 4.2� 2.5 Frontal 7 8.75 6 5.2 Ongoing
10 F/10 Epilepsy II 3.2� 1.5 Frontal 5 2.45 7 1.1 CO
11 F/39 Motor deficit III 3.3� 1.7 Frontal 2 1.7 5 7.8 CO
12 M/29 Epilepsy III 3.9� 2.7 Frontal 5 4.45 6 3.2 RN
13 F/26 Epilepsy III 3.1� 2.0 Frontal 5 5.95 8 0.7 RN
14 M/41 Hemorrhage III 3.7� 1.1 Corpus callosum 5 4.5 8 6.7 CO
15 M/25 Epilepsy III 3.9� 2.5 Temporal 8 12.8 8 4.9 RN
16 F/45 Hemorrhage IV 3.4� 1.9 Temporal 3 3.5 12 5.5 CO
17 M/23 Hemorrhage IV 4.0� 2.4 Frontal 3 5.2 6 7.9 RN
18 F/37 Epilepsy IV 4.1� 1.9 Frontal 5 6.5 6 5.3 CO
19 F/31 Hemorrhage IV 3.2� 2.3 Thalamus 4 3.3 1 2.9 RN
20 F/49 Hemorrhage IV 3.9� 2.8 Frontal 4 12.3 3 12.1 CO

Note:—F indicates female; M, male; SM Spetzler-Martin grade; CO, complete occlusion; RN, residual nidus.
* Delay between embolization and radiosurgery.
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Three patients had transient deficit (without hemorrhage) af-

ter 1 session of embolization. Two patients had partially regressive

deficit after 1 embolization session. Of these, 1 had hemiparesis

with favorable evolution, and 1 had hemiparesis and aphasia with

complete recovery of hemiparesis but only partial recovery of

aphasia. This deficit was the result of a thromboembolic

complication.

Clinical status was permanently worsened by embolization in

2 patients (10.0%), with a final mRS score of 1 in 1 patient and 2 in

1 patient. No clinical modification was observed due to radiosur-

gery. No deaths and no intracranial hemorrhages were observed

during the follow-up period.

Pretreatment mRS score was 0 in 18 patients. Preoperatively, 1

patient had an mRS score of 1 (hemiparesis related to basal gan-

glia bleeding), and another patient had an mRS score of 2 (aphasia

related to a pretreatment stroke). Posttreatment mRS was 2 in 2

patients, with an initial mRS score of 0 related to embolization

complications. Of these, 1 patient showed good recovery with a

final mRS score of 1 at the final clinical evaluation.

Final clinical evaluation was mRS score of 0 –1 in 18 patients

and 2 in 2 patients (pre-existing to treatment in 1 patient). Signif-

icant modification of the clinical status (mRS �2) was observed in

only 1 patient (5.0%).

DISCUSSION
The treatment of brain AVMs is often complex and is frequently

performed by use of a combination of treatment modalities. One

common treatment combination is embolization followed by ra-

diosurgery. Several years ago, embolization was mostly performed

by using glue, but the effectiveness of this embolization agent is

limited because it can only be injected during a relatively short

duration that limits the nidus volume occluded per injection. The

advantage of Onyx is that it is a precipitating agent rather than a

polymerizing agent. This allows for longer injection durations

and makes it possible to achieve better occlusion of the nidus in 1

injection.

The use of Onyx is associated with an increasing number of

AVMs cured by embolization alone.2,4,11 In our initial series of

brain AVMs treated with Onyx, the percentage of brain AVMs

cured by embolization alone was 8.3%.2 Several years later, this

FIG 1. Left frontal AVM. A, Left internal carotid angiogram (lateral view) shows the AVM before treatment. B, Onyx cast after the first
embolization session.C, Left internal carotid angiogram (lateral view) shows the AVM after the first embolization session.D, Onyx cast after the
second embolization session. E, Left internal carotid angiogram (lateral view) shows theAVMafter the second embolization session. F, Onyx cast
after the third embolization session. G, Left internal carotid angiogram (lateral view) shows the AVM after the third embolization session. H,
Onyx cast after the fourth embolization session. I, Left internal carotid angiogram (lateral view) shows the AVM after the fourth embolization
session. J, Onyx cast after the fifth embolization session. K, Left internal carotid angiogram (lateral view) shows the AVM after the fifth
embolization session. L, Left internal carotid angiogram (lateral view) shows complete cure of the AVM at 5 years after radiosurgery.
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percentage has increased to 23.5% in the

entire population of brain AVMs and

36.7% for brain AVMs whose size is �3

cm.11 However, complete anatomic

cure is not always obtained with Onyx

embolization alone, and a complemen-

tary treatment is sometimes necessary.

Previous reports have shown that sur-

gery is feasible after Onyx embolization,

but controversy prevails regarding the

efficacy of radiosurgery after emboliza-

tion.12 In 2007, Andrade-Souza et al6 re-

ported a series of 47 patients treated by

glue embolization followed by radiosur-

gery. This group was compared with a

matching group of 47 patients treated

exclusively by radiosurgery. The data

from this series suggested that emboli-

zation before radiosurgery was associ-

ated with a lower obliteration rate (47%

compared with 70% in patients treated

exclusively by radiosurgery). More re-

cent series dealing with the treatment of

brain AVMs by embolization followed

by radiosurgery showed higher rates of

nidus obliteration. Zabel du Bois et al8

reported complete obliteration in 67%

of patients at 3 years and 78% at 4 years

for AVMs treated with Histoacryl

(Braun, Melsungen, Germany) emboli-

zation and radiosurgery. Recently,

Blackburn et al9 showed that staged en-

dovascular embolization with Histoacryl followed by stereotactic

radiosurgery provides an effective means to treat large AVMs (�3

cm), obtaining a high rate of AVM obliteration after this com-

bined treatment (81%). In our series, the rate of complete oblit-

eration after Onyx embolization and radiosurgery is in a similar

range as in series of patients treated with Histoacryl embolization

and radiosurgery (58.8%). In a recent series dealing with 86 pa-

tients treated with Onyx embolization, complete occlusion was

obtained by embolization alone in 16 patients (18.5%).13 Forty-

eight patients were treated by embolization and radiosurgery, and

23 of 30 patients with 3-year follow-up DSA had complete oblit-

eration (76.7%).

Comparing our results with radiosurgical series is difficult be-

cause the populations of patients are different from one series to

another according to AVM size (or volume) and to other ana-

tomic factors, as well as therapeutic factors (linear accelerator/

gamma knife, radiation strategy, dose, etc). In one of the most

recent series dealing with gamma knife treatment, the rate of

6-year AVM obliteration was 71.4%, which is relatively close to

our rate, considering that most of our patients were evaluated at 3

or 4 years.14

In our series, complete occlusion was more frequently ob-

tained in grade I–II AVMs compared with grade III–IV AVMs

(71.4% and 50%, respectively). In fact, the critical factor is likely

AVM size with a higher rate of obliteration in AVMs �3 cm

(80.0%) compared with AVMs �3 cm (50.0%). Similar results

were reported by Zabel du Bois et al8: complete obliteration was

90% in AVMs grade I–II and 59% in AVMs grade III–IV, and

92% in AVMs �3 cm and 60% in AVMs �3 cm.

Several potential problems can be encountered when radio-

surgery is performed after Onyx embolization. The delineation

of the target for radiosurgery is potentially difficult because of

fragmentation of the nidus by the previous embolization and

MR and CT artifacts related to the presence of Onyx during the

scan. To avoid the potential risk of having multiple small resid-

ual nidi, our strategy for embolization is to progressively oc-

clude adjacent nidal portions as much as possible. This means

that the selection of arterial pedicles for embolization is critical,

and it should be made in such a way that homogeneous nidal

occlusion is obtained. If Onyx is producing significant MR and

CT artifacts, radiosurgical treatment planning is a critical step,

and modified inhomogeneity corrections must be introduced to

improve the results.15

In their publication, Andrade-Souza et al6 suggested that

glue deposited in the nidus can attenuate the dose applied by

radiosurgery to the AVM by as much as 10%–15%. Recent stud-

ies, however, demonstrate that prior embolization with n-BCA

or Onyx does not significantly reduce the target dose to brain

AVMs treated with gamma knife radiosurgery.16 Another po-

tential problem in AVMs treated with embolization and radio-

FIG 2. Right frontal AVM. A, Right internal carotid angiogram (lateral view) shows the AVM
before treatment. B, Right internal carotid angiogram, noninjected and unsubstracted (lateral
view), shows the Onyx cast after 5 embolization sessions and before radiosurgery. C, Right
internal carotid angiogram shows the residual nidus before radiosurgery. D, Right internal ca-
rotid angiogram shows a residual nidus 4 years after radiosurgery.
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surgery is recanalization of the embolized AVM compartments;

however, recanalization was mainly observed in the case of par-

ticulate embolization or when the feeding pedicle and not the

nidus was occluded by the embolic agent. Intranidal injection of

glue or Onyx is probably the appropriate way to avoid late recan-

alization of embolized compartments.

In our series, the global clinical outcome 2– 4 years after em-

bolization and radiosurgery was quite satisfactory. A worsening of

the clinical status with a mRS �2 was observed permanently in

only 1 case (1/20 [5.0%]), and this was related to a thromboem-

bolic complication that occurred during a session of emboliza-

tion. No bleeding and no deaths were observed in this series. In

their very large series of patients treated with Onyx embolization,

Saatci et al4 also reported low morbidity and mortality rates (7.1%

and 1.4%, respectively). Blackburn et al9 also reported good clin-

ical outcome after combined treatment by embolization and ra-

diosurgery in 21 patients with large AVMs (0% mortality, 0% major

permanent neurologic morbidity, 20% permanent minor neurologic

morbidity). In the series reported by Andrade-Souza et al,6 excellent

outcome (complete obliteration of the nidus and no deficit) was

more frequent in patients treated with radiosurgery alone (64% vs

47% in patients treated with embolization and radiosurgery), but the

clinical outcome was not analyzed separately.

Our strategy of treatment, singularly in cases of ruptured

AVMs but also in unruptured AVMs, is to use therapeutic modal-

ities that will provide an immediate occlusion of the AVM (sur-

gery or embolization). When surgery is difficult, impossible, or

potentially associated with clinical worsening, the next option will

be embolization. Radiosurgery is used in combination with Onyx

embolization when embolization alone will not succeed in ob-

taining total obliteration of the nidus or as part of a preplanned

therapeutic association (singularly in front of large AVMs). Ra-

diosurgery can also be used as the only treatment when the nidus

is small and difficult to approach by the endovascular approach.

Our study had several limitations. One limitation was that our

series was monocentric and retrospective, with a small patient

population (20 patients with 3 years or more of DSA follow-up in

17 patients). The goal, however, was to analyze a population of

patients treated in a homogeneous way, with a standardized tech-

nique of Onyx embolization and a homogeneous technique for

radiosurgery. A second limitation of our study is that 2– 4 years of

follow-up DSA were not obtained for all patients. Contrary to

other studies, we chose not to use MR imaging/MR angiography

to evaluate anatomic results, as our personal experience is that

these techniques may lead to a false diagnosis of complete occlu-

sion. A third limitation was that, because our study was describing

a relatively small population of patients treated in a homogeneous

way, it was not possible to answer important and relevant questions,

such as efficacy of radiosurgery alone in small AVMs, appropriate

AVM volume reduction by embolization for optimal radiosurgery,

respective value of Onyx and glue in preradiosurgical embolization,

and optimal targeting and dosimetry for radiosurgery.

CONCLUSIONS
In this preliminary series of patients with AVMs treated with

Onyx embolization followed by radiosurgery, the safety and effi-

cacy of this treatment combination were quite satisfactory, with a

58.8% rate of complete obliteration and a low rate of clinical com-

plications (5.0%). This treatment combination can be proposed

for the treatment of brain AVMs when a single-technique treat-

ment is not feasible or as an alternative treatment to embolization

followed by surgery, especially in cases of unruptured AVMs.
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